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Abstract: Nutrition is one of the most important modifiable factors involved in the development and maintenance of good 

bone health. Osteoporosis, a metabolic skeletal disease characterised by decreased bone mass and increased fracture risk, 

is a growing public health problem. B vitamins are a class of water-soluble vitamins that play important roles in cell 

metabolism. Though these vitamins share similar names, research shows that they are chemically distinct vitamins that 

often coexist in the same foods. In general, dietary supplements containing all eight are referred to as a vitamin B complex. 

Among the various risk factors for osteoporosis, calcium and vitamin D have well-established protective roles. Dietary 

modification is one effective approach for prevention of osteoporosis in the general population. The evidence, however, is 

not entirely consistent and as yet no clear mechanism has been defined to explain the potential link between B-vitamins and 

bone health. This review shows the emerging evidence of the supporting role of certain B Vitamins as modifiable factors 

associated with bone health. 
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INTRODUCTION:  

 

Vitamins are essential for normal physiological functioning of the body and are a group of organic compounds which are not 

synthesised endogenously by the body and henceforth have to be taken in small quantities from the diet. Vitamin deficiency 

accelerates the bones loss and leads to demineralization in bones which can be a major cause for hip fractures among elderly. 

Osteoporosis is a disease that affects many millions of people around the world. Then osteoporosis has no signs or symptoms until 

a fracture occurs – this is why it is often called a ‘silent disease’. The WHO definition of osteoporosis is a bone mineral content 

(BMC) or bone mineral density (BMD), measured by techniques such as dual-energy X-ray absorptiometry, that is more than 22.5 

SD below the young adult mean for the population[1]. The enhancement in bone fragility and continuous increase in fracture risk 

is characterised by destruction of the micro structure of bone tissue and by low bone mass [2]. Several reviewers have reported that 

other nutrients may also play important physiological roles in promoting bone health although calcium and vitamin D have been 

studied widely as essential factors for healthy bone [3]. Bone is a dynamic tissue which is in a constant state of remodelling where 

bone formation usually outweighs bone resorption, after a period of three decades bone resorption is favoured and bone loss ensues, 

which in turn predisposes older individuals to weaker bones and increased risk of fracture [4]. Osteoporosis as a result is not painful 

but the bones which are broken can cause significant pain, disability and even mortality. The most common sites for osteoporotic 

fractures are the, hip, spine and wrist with both spine and hip fractures are accompanied by considerable disability and increased 

morbidity and mortality.  

The B vitamins are a group of nutrients that have been investigated for their possible roles in fracture risk and bone health. B 

vitamins generally serve as cofactors for the enzymes that are involved in the energy-producing metabolic pathways for fats, 

carbohydrates and proteins. B vitamins also play an important role in maintaining functions of the nervous system and B vitamins 

(including folate, B6, and B12) supplementation can effectively and easily modify high plasma homocysteine (Hcy). Each specific 

vitamin B (B1, B2, B3, B6, folate, and B12) has other roles in bone physiology as well.  There are many articles related on B 

vitamins and bone health which mainly highlights on B9 (folate) and B12 (cobalamin) and B9 (folate), which help in the re-

methylation of homocysteine metabolism and they are its cofactors [5] [6] [7]. This review gives information on the relationship 

between the B- vitamins and bone health and the vitamins in influencing bone quality, bone structure, bone mass and fracture risks 

from other reviewed and published articles. 
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NUTRITION AND B VITAMINS: 
The B-vitamins comprise a group of eight water soluble vitamins that perform essential, closely inter-related roles in cellular 

functioning, acting as co-enzymes in a vast array of catabolic and anabolic enzymatic reactions. Their collective effects are 

particularly prevalent to numerous aspects of brain function, including energy production, DNA/RNA synthesis/repair, genomic 

and non-genomic methylation, and the synthesis of numerous neurochemicals and signalling molecules. The B Vitamins are 

thiamine (B1), riboflavin (B2), niacin (B3, also called nicotinamide or nicotinic acid amide), pantothenic acid (B5), pyridoxine 

(B6), biotin (B7), folic acid or folate (B9) and cobalamin (B12). In terms of their origins, the B vitamins are typically synthesised 

by plants, with their synthesis in plant chloroplasts, mitochondria and the cytosol carefully regulated to the plant’s fluctuating 

requirements. In the plant they perform the same cellular functions as the roles that they will go on to play in the animals that 

consume them Though these vitamins share similar names, research shows that they are chemically distinct vitamins that often 

coexist in the same foods. A healthy diet can provide all the B Vitamin necessary to keep the body healthy, easily reaching the 

recommended dietary intakes. However, many people have an unbalanced diet, low in healthy foods (fruits, vegetables, meat, fish, 

cheese, eggs, legumes and cereals), and meaning that they do not get the recommended amounts. Especially in older persons, those 

with the highest fracture risk, intake is often a problem, and more importantly, the absorption of Vitamin B12 is reduced, leading 

to Vitamin B12 deficiencies in the elderly. In general, vitamin B complex is referred to as dietary supplements containing all eight 

B vitamins. Although most vitamins are derived ultimately from plants, they are often consumed indirectly from higher up the food 

chain in foods of animal origin, including meat, dairy and eggs; sometimes in forms that have already undergone some form of 

initial tailoring for bioactivity B vitamins are found in whole unprocessed foods. Processed carbohydrates such as sugar and white 

flour which tend to have lower B vitamin than their unprocessed parts.  Turkey, liver and tuna have high concentrations of B 

vitamins [8]. Supplements containing B vitamin are generally thought to be safe, but should not be consumed in very large doses. 

Possible side effects can vary, depending on which B vitamin is taken [9]. Good sources for B vitamins include legumes (pulses or 

beans), chili peppers, tempeh, nutritional yeast, brewer's yeast, molasses, whole grain and potato. Another popular means of 

increasing one's vitamin B intake is by the consumption of dietary supplements. B vitamins are also commonly added to energy 

drinks, many of which have been marketed with large amounts of B vitamins [10]. In case of severe deficiency B vitamins and of 

vitamin B12, it may also be delivered by injection to reverse deficiencies. 

 

VITAMIN B1 (THIAMIN):  

Vitamin B1, or thiamin, in the active form, thiamin pyrophosphate (TPP), is an important cofactor for the key enzymes involved in 

the metabolism of carbohydrates, lipids and amino acids [11]. A coenzyme in the catabolism of sugars and amino acids. Whole-

grain foods, wheat germ and yeast extract, and pork meat products are good food sources of vitamin B1. Like other B-complex 

vitamins, thiamine improves the body's ability to withstand stressful conditions and fight against the foreign bodies. It is named B1 

because it was the first B vitamin discovered. The evidence of vitamin B1 and bone health is scarce. In Singapore Chinese Health 

Study, dietary intake of thiamine reduced the risk of hip fracture in either men or women [12]. A recent study has reported that 

thiamin status was deficient among patients with femoral neck fracture but not among those who were admitted for total hip 

replacement [13]. Due to mitochondrial dysfunction in focal regions of the brain, thiamin deficiency can impair energy metabolism 

[14], this in turn can increase the risk of Alzheimer’s disease and cardiac failure, and therefore can increase the propensity to fall in 

the elderly. Vitamin B1 (thiamine) can be found in multivitamins (including children's chewable and liquid drops), B complex 

vitamins, or it can be sold individually. It is available in a variety of forms, including tablets, soft gels, and lozenges. It may also be 

labelled as thiamine hydrochloride or thiamine mononitrate. Thiamine can be administered intravenously also in case of severe 

deficiency. 

 

VITAMIN B2 (RIBOFLAVIN): 

It is a precursor of cofactors called FAD and FMN, which are needed for flavoprotein enzyme reactions, including activation of 

other vitamins. They participate in the oxidation-reduction reactions in the metabolic pathways that are involved in energy 

production. In addition to producing energy for the body, riboflavin works as an antioxidant, fighting damaging particles in the 

body known as free radicals. Free radicals can damage cells and DNA, and may contribute to the aging process, as well as the 

development of a number of health conditions, such as heart disease and cancer. Cereals, meat, fatty fish, and dark-green vegetables 

and good dietary sources of riboflavin. Also, milk and dairy products fortified with B2 are the biggest dietary contributors in 

Western countries [15]. The evidence of vitamin B2 and bone health is scarce, although few observational studies have been carried 

out to determine the relationship between vitamin B2 and bone health. The proposed mechanism on riboflavin and bone health is 

related to the coenzymatic form flavin adenine dinucleotide (FAD), which is a cofactor for the MTHFR enzyme. Studies suggest 

that the reduced activity of the thermolabile MTHFR enzyme seen in the TT genotype is due to the inappropriate loss of its B2 

cofactor, this in turn have reduced activity of the MTHFR enzyme only in the presence of insufficient B2 status in individuals with 

the TT genotype [16]. In the Rotterdam study, the highest risk of fracture was also reported among women who were in both the 

lowest quartile intake of B2 and the TT genotype [17]. 

 

VITAMIN B3 (NIACIN): 

Niacin is an organic compound known as vitamin B3 with 20 to 80 requisite human nutrients. The biosynthesis of B3 in humans is 

through the tryptophan-niacin conversion, where the production depends on other nutritional and hormonal factors, such as vitamin 

B6, B2, and iron, all of which serve as cofactors for the enzymes in the conversion pathway. Niacin is found in variety of foods, 

including liver, chicken, beef, fish, cereal, peanuts, and legumes, and is also synthesized from tryptophan, an essential amino acid 

found in most forms of protein. There are two co-enzyme forms of niacin: nicotinamide adenine dinucleotide (NAD) and 

nicotinamide adenine dinucleotide phosphate (NADP). Both play an important role in energy transfer reactions in the metabolism 
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of glucose, fat and alcohol [18].  A case-control study among postmenopausal Korean women showed that the lowest risk of 

osteoporosis was found in women in quartile two versus the lowest quartile intake of niacin, but there was no significant difference 

in risk among women in the two upper quartiles [19].  In the Singapore Chinese Health Study, no apparent association was found 

between B3 intake and risk of hip fracture. Another study among Japanese women showed a positive significant relationship 

between dietary intake of B3 and BMD in premenopausal women [20]. Although further investigations are needed to study about 

the fracture risks in elders with supplementation of niacin. 

 

VITAMIN B6 (PYRIDOXINE):  

Vitamin B6 is part of the vitamin B group, and its active form, pyridoxal 5'-phosphate (PLP) serves as a coenzyme in many enzyme 

reactions in amino acid, glucose, and lipid metabolism. Vitamin B6 in its metabolically active form is involved in many aspects of 

macronutrient metabolism, neurotransmitter synthesis, haemoglobin synthesis, histamine synthesis and gene expression. The liver 

is the site for vitamin B6 production. Vitamin B6 cannot be synthesized in the body and is therefore obtained from the diet. Vitamin 

B6 is found in a variety of foods, including fish, poultry, nuts, legumes, bananas and potatoes. Doses of Vitamin B6 above 200 mg 

were associated with cancer and neurotoxicity [21].  

The role of vitamin B6 in fracture risk has shown to be independent of BMD and homocysteine, as further adjustment for these two 

variables did not affect the risk estimates substantially [22]. An enzyme required for collagen cross-linking; known as lysyl oxidase 

for which vitamin B6 acts as an essential coenzyme suggesting that low vitamin B6 may be detrimental for collagen cross-linking 

and result in poorer bone mechanical performance [23]. Through the modulation of the transcriptional activation in order to regulate 

the physiological actions of the hormone receptors vitamin B6 acts as a regulator of the steroid hormones including estrogen [24]. 

In another study, which examined older men and women, it has been shown that subjects who showed low plasma concentrations 

of Vitamin B6 (<20 nmol L−1) had been associated with a difference in the bone morphology [25]. 

 

In the Singapore Chinese Health Study, there found to be a dose-dependent inverse association between hip fracture risk and dietary 

intake of B6 among women but not among men. Furthermore, this association was present among women without a history of 

diabetes, but was attenuated and non-significant among women with diabetes. The influence of B6 in risk of hip fracture may get 

modifies by gender and diabetes [26]. The hypothesis produced from the above studies should undergo further clinical trials and 

needs to be validated in further studies. 

 

VITAMIN B12 (COBALAMIN): 

Vitamin B12, also called cobalamin, is a water-soluble vitamin that has a key role in the normal functioning of the brain and nervous 

system, and the formation of red blood cells. It is one of eight B vitamins. It is involved in the metabolism of every cell of the 

human body, especially affecting DNA synthesis, fatty acid and amino acid metabolism [27]. Vitamin B12 exists in several forms 

and contains the mineral cobalt, so compounds with vitamin B12 activity are collectively called “cobalamins”. Methylcobalamin 

and 5-deoxyadenosylcobalamin are the forms of vitamin B12 that are active in human metabolism.The enzyme is also involved in 

the cellular metabolism of carbohydrates, proteins and lipids. The vitamin B12 is only derived from animal sources which includes 

shellfish, meat, eggs and milk products. B12 was the first revealed to be related to osteoporosis and fractures in patients with 

pernicious anaemia [28]. Findings from a small clinical trial showed significantly a subsequent rise in alkaline phosphatase level 

following B12 supplementation in the deficient patients and lower alkaline phosphatase (a marker of bone formation) in vitamin 

B12 deficient patients, such findings suggest a protective effect of vitamin B12 on bone formation [29]. Clemens et al. observed 

that mice deficient in the synthesis of Vitamin B12 have a comparative scarcity of osteoblasts and growth retardation. Evidence 

emerging in vivo suggests that Vitamin B12 may interfere with growth hormone signalling in these mice and exert its downstream 

effects on osteoblasts [30].  A randomized controlled trial had been conducted which tried to determine whether Vitamin B12 and 

folic acid supplementation reduces osteoporotic fracture incidence in hyper homocysteinemic elderly individuals [31]. Data from 

this study show that combined Vitamin B12 and folic acid supplementation had no effect on osteoporotic fracture incidence in an 

elderly population. Moreover, trials involving supplementation of folate, vitamins B12 and B6, and thereby lowering homocysteine 

concentrations, which have failed to bring a turnover in bone health; suggesting that if a benefit of B-vitamin supplementation, or 

homocysteine lowering, on bone health exists, it is independent of any effect on bone turnover [32]. Vitamin B12, in the form of 

cyanocobalamin and occasionally hydroxocobalamin, can be administered parenterally as a prescription medication, usually by 

intramuscular injection [33]. Parenteral administration is typically used to treat vitamin B12 deficiency caused by pernicious anemia 

and other conditions that result in vitamin B12 malabsorption and severe vitamin B12 deficiency. Although Vitamin B12 deficiency 

is known to damage the myelin sheath covering cranial, spinal and peripheral nerves, the biochemical processes leading to 

neurological damage in Vitamin B12 deficiency are not yet fully understood. It is apparent that the interrelationship between the B-

vitamins and bone health is complicated, and probably multi-factorial, which need to undergo further trials to elucidate the 

maximum potential of the mechanisms. 

 

GENETIC STUDIES: 

Several epidemiological studies have been performed investigating the relationship between MTHFR 677C_T polymorphism in the 

gene that encodes for the MTHFR enzyme and fracture risk and bone health [34]. Methylene reductase catalyzes the conversion of 

5,10-methylene-5-methylene, and is used for the methylation of homocysteine to methionine, thereby reducing the concentration 

of homocysteine [8]. The Aberdeen Osteoporosis Screening Study showed that a low intake of riboflavin (vitamin B2) in subjects 

with the TT genotype had a negative effect on the BMD of the femoral neck [35]. The 677C_T polymorphism in the MTHFR gene 

is commonly reported as the most commonly occuring genetic determinant of hyperhomocysteinemia (>15  μmol  L−1). The variant 

enzyme develops a greater intensity to disrupt from the FAD. Riboflavin in the form of FAD acts as a cofactor for MTHFR.  The 
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677C_T polymorphism was linked with BMD at all measured sites, with an increase of 23% in the risk factor for all fractures in 

individuals with the MTHFR 677TT genotype compared with those with the CT or CC genotypes [36]. The Aberdeen Osteoporosis 

Screening Study showed that a reduced intake of riboflavin (vitamin B2) in subjects with the TT genotype had a negative effect on 

the BMD of the femoral neck [35]. The Rotterdam study, regarding osteoporosis, BMD and the onset of vertebral fractures, showed 

that a rise in the levels of homocysteine is a strong factor of indication and independent risk for osteoporotic fractures [36]. A study 

related to this in which the clinicians had examined the association between intake of Hcy-related B Vitamin  (riboflavin, pyridoxine, 

folate and Vitamin  B12) and femoral neck bone mineral density  (FN-BMD) and the risk of fracture in a large population of elderly 

Caucasians and concluded that increased dietary riboflavin and pyridoxine intake was associated with higher FN-BMD [37] [38. In 

the Mendelian studies conducted, it showed that homozygosity for the variant allele (TT genotype) for the ethnic groups occurs at 

a rate of 25%, this leads to a 25% increase in tHcy concentrations than which occurs in individuals with the common genotype 

(CC). Studies have reported that individuals with the TT genotype and low folate levels (<9 nmol L−1) had a lower BMD than 

those with CC or CT genotypes at the same concentration of plasma folate, thereby following and suggesting an important gene-

nutrient interaction [39]. In affirmation to these findings, a Danish Osteoporosis Prevention Study has concluded that individuals 

with the TT genotype had a significantly reduced BMD with low dietary intakes associated with various B Vitamins, including folic 

acid, B12, B6 and riboflavin was concluded by a Danish Osteoporosis Prevention Study [40]. These findings provide data to support 

a detrimental effect of the polymorphism combined with low B vitamin intakes on robust bone health outcomes (i.e., BMD and 

fracture risk) and also show that B Vitamins may have the potential to change any negative effect of this polymorphism on bone 

health. Factors such as variations in age and difference in ethnicity (considerable variation in the frequency of this polymorphism 

between populations) of the populations investigated probably also contribute to inconsistencies among studies [41] [42] [43]. 

 

CONCLUSION: 

There is continuous observational evidence of an association of B-vitamins with bone health. Current evidence from the 

experimental studies have shown various pathways for the effect of vitamin B6 and vitamin B12 on bone physiology. There are still 

conflicting data regarding the relationship between high levels of homocysteine, low concentrations of B Vitamins and low bone 

mineral density. This epidemiological evidence is further reinforced by genetic studies that show an association between the 

common MTHFR 677C_T nutrients 6 polymorphism and the risk of osteoporosis. Certainly, mechanisms related to changes in 

collagen cross-linking may lead to a change in bone structure. Future clinical studies should include dietary information which are 

enriched with B vitamins to examine their effects on bone mineral density, bone turnover and/or fracture risk in elderly individuals, 

and, thus, avoid the potential adverse effects from B vitamin supplementations.  In all the clinical trial conducted the patients had 

normal levels of vitamin C and vitamin D. Additional studies are further required to show that the levels of Vitamin B are causally 

associated with the risk of osteoporosis and whether there are benefits given by the supplementation of Vitamin B for bone health. 
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