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Objective: To consolidate information available on the effect of vitamin B12 on 
bone mineral density and fracture risk, with emphasis on clinical trials, 
observational and longitudinal data conducted in humans. 
Method: A systematic review of the literature of the past decade on the role of 
vitamin B12 in bone mineral density and fracture risk in subjects of all ages and 
both sexes was performed by means of a PubMed, Science Direct, Medline and 
SciELO database search. Articles included in this review were identified using 
the search terms: B12 Vitamin and Bone Mineral Density and Vitamin B12 and 
Risk of Fractures. Evidence quality of the included articles was evaluated by 
GRADE system.
Results: A total of 25 original studies were identified. After reviewing the titles 
and abstracts of articles, only 17 articles met the inclusion criteria. The present 
review provides evidence that the role of vitamin B12 on bone mineral density or 
fracture risk should be further elucidated. Controversies are explained by 
heterogeneity of methodologies used for the diagnosis of vitamin B12 and also by 
differences among populations investigated on the studies.
Conclusion: A real effect of vitamin B12 deficiency in bone health and the 
mechanisms associated with bone metabolism is not well established yet. It is 
extremely important to carry out more clarifying studies about this theme, 
especially with vulnerable groups such as postmenopausal and elderly women, 
as is well-known that they are greatly affected by deficiency of this vitamin.

Keywords: bone health vitamin, B12 vitamin supplementation, fracture risk.

introduction
Osteoporosis is an important public health issue that can 
worsen over the years and increase financial spending 
within the context of a worldwide trend of increased life 
expectancy. This is a chronic, multifactorial disease, char-
acterized by a decrease in bone mineral density and dete-
rioration of the skeletal structure microarchitecture, lead-
ing to fragility and increased susceptibility to fractures.1

Several factors are associated with the etiology of 
bone mass loss, some of them having a nutritional origin. 
It is well established that preventive strategies such as 
calcium and vitamin D supplementation associated with 

regular physical activity decrease the incidence of fractures 
and increase bone mineral density.2 

It is thus very important to identify risk factors for 
osteoporosis and to adopt interventions that may reduce 
the likelihood of fracture, assisting individuals who may 
benefit from faster screening for osteoporosis, thereby 
avoiding its negative repercussions regarding health and 
quality of life.

Some studies on the promotion of bone health have 
demonstrated the involvement of vitamin B12 in the qual-
ity of bone structure in humans.3-5 The mechanism of action 
of this vitamin in the microarchitecture of bones is not yet 



Macêdo LLG et aL.

802 rev aSSoc Med BraS 2017; 63(9):801-809

well characterized, but it seems to modulate the formation 
of collagen or alter the metabolism of osteoblasts, always 
in a dose-dependent manner.6,7 Low levels of vitamin B12 
increase the risk of reduced bone mineral density and frac-
tures8,9 in these individuals. However, the results are not 
yet conclusive and the actual impact of vitamin B12 defi-
ciency on bone health and the mechanisms associated with 
bone metabolism is not well established.

Recent research has shown an association between 
vitamin B12 deficiency and increased risk of low bone 
mineral density, while other studies do not present con-
sistent results.7-9 

In this context, our main objective in this review is to 
consolidate the available information about the effects 
of vitamin B12 on bone mineral density and fracture risk, 
obtained mainly from clinical trials, observational data 
and longitudinal studies conducted in humans. 

Method
Our study consists of a systematic review of literature, 
with search for articles in the following electronic data-
bases: National Library of Medicine (PubMed), Science 
Direct, Medical Literature Analysis and Retrieval System 
Online (Medline) and Scielo. The bibliographic search 
was carried out between May and July, 2016. As a data 
search strategy, we included descriptors restricted to the 

“title,” “summary” and “article descriptors” (mesh terms) 
fields: B12 Vitamin and Bone Mineral Density and B12 
Vitamin and Risk of Fractures.

We included articles from the past ten years, written in 
English, Spanish and Portuguese, which evaluated the role 
of vitamin B12 on bone mineral density in populations of 
all ages and both sexes, including original articles/research 
that made the full version of the article available. Editorials, 
letters to the reader, review articles, articles that did not 
offer access to complete content, and those that were pub-
lished in other foreign languages were excluded, as well as 
those assessing the role of vitamin B12 in other disorders 
such as dementia, myasthenia, and more.

Aiming at the adequate methodological quality of the 
systematic review, the selection was performed by three 
independent evaluators, strictly following the inclusion 
and exclusion criteria. The articles were evaluated first by 
title and then by abstract, and disagreements were resolved 
by consensus among researchers. The reference list of the 
articles identified in the electronic search was also reviewed 
in order to find studies that could contribute signifi-
cantly to our review of the literature.

To grade the quality of the evidence and the strength 
of the recommendations found in the results of the articles 

included in our review, we used the GRADE (Grading of 
Recommendations Assessment, Development and Evalu-
ation) system, adopted by the Cochrane Collaboration. In 
the GRADE system, the quality of evidence is classified 
into four levels: high, moderate, low and very low.10

results
In all, 2,529 articles were identified through search in 
electronic databases; 1,612 were excluded based on the 
initial criteria (publications written in the past 10 years 
in English, Spanish or Portuguese, with full text available). 
Of the remaining 917 articles, 892 were eliminated, as 
they did not include longitudinal or observational stud-
ies, or case-control studies performed in humans. Thus, 
25 full texts were examined and 17 were included in our 
review. Of these, eight studies were excluded: one was a 
systematic review with meta-analysis; another study eval-
uated only markers of bone remodeling; and in six stud-
ies the bone mineral density and/or risk of fractures of 
the individuals was not investigated (Figure 1).  

Overall, six longitudinal studies, nine cross-sectional 
studies and two randomized, double-blind, placebo-con-
trolled clinical trials evaluating BMD and/or fracture risk 
in adult humans were found. Chart 1 shows the main 
results and the quality of the evidence presented by the 
included studies.

discussion
The association between bone health and vitamin B12 
alone or with other B vitamins has been extensively stud-
ied in the most diverse populations, as shown in Chart 
1. Our review provides evidence that the role of vitamin 
B12 in bone mineral density or fracture risk needs to be 
better elucidated. 

Among the 17 studies analyzed in our systematic 
review, only three found an association between vitamin 
B12 and fracture risk and/or bone mineral density. Four-
teen studies did not find such an association. The con-
troversies are supported by the heterogeneity of the meth-
ods used to diagnose B12 hypovitaminosis, such as: 
investigation of dietary intake of vitamin B12, plasma or 
serum vitamin levels and analysis of methylmalonic acid. 
The populations participating in the studies analyzed 
also differed: Dutch, Brazilians, Americans, Norwegians, 
Britons, Danes, Turks, Germans, Croats and Chinese.

The first studies that related vitamin B12 to bone 
problems, such as BMD reduction and fractures, were 
performed in individuals with pernicious anemia. An 
increased risk of fractures was found among the study 
participants.11,12
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FIGURE 1 Flowchart of the studies evaluated for eligibility and included in the review.

917 articles selected for evaluation 

based on title and abstract

1,612 excluded:

< 2006

Publications in languages other than English, Portuguese and Spanish 

Full text not available.

8 full text articles excluded:

Systematic review with meta-analysis (1)

Studies that evaluated only markers of bone remodeling (1)

Studies that did not evaluate BMD or fracture risk (6)

892 excluded:

Observational or longitudinal studies and case-control studies  

in humans not included.

Interventions with %CHO <20% and >40%

25 full texts evaluated for eligibility

17 studies included

2,529 records identified through 

database search

Of the nine cross-sectional studies included in the 
present review, two found an association between vitamin 
B12 and BMD. Clarke et al.9 were the first to study the 
association between B vitamins (dietary intake and serum 
levels) and BMD in patients with celiac disease aged over 
20 years. A significant association was found only between 
serum levels of vitamin B12 and BMD in the hip and neck 
of the femur among men. No significant association be-
tween serum levels of vitamin B12 (or any other biomark-
er of B-complex vitamins) and BMD was observed in 
women. Based on the findings of this study, the authors 
highlight the protective role of vitamin B12 in bone health, 
especially in individuals with celiac disease. However, since 
the study was done exclusively in patients with celiac 
disease, it would not be possible to extrapolate these find-
ings to a healthy population.

In a recent work by Bailey et al.,13 serum levels of vita-
min B12 were not directly associated with BMD, but the 
main functional indicator of this vitamin, methylmalonic 
acid, as well as serum homocysteine levels, were signifi-
cantly associated with the risk of developing osteoporosis.

Holstein et al.14 concluded that only markers of bone 
formation (osteocalcin) were increased in individuals who 
had higher serum levels of B-complex vitamins, including 
B12. However, in the same study, no significant differ-
ences were found in the trabecular thickness of individuals 

with high and low serum levels of vitamin B12, thus ques-
tioning the true role of vitamin B12 in the turnover of 
bone biomarkers. It should be noted that this study in-
volved patients diagnosed with osteoarthritis. The bone 
properties of those suffering from this disease may differ 
from those of the healthy population.

In a study by Bozcurt et al.,15 postmenopausal wom-
en with low BMD in the femoral neck and in the vertebrae 
had significantly lower serum levels of vitamin B12. Also, 
homocysteine levels were higher in women diagnosed 
with osteoporosis than in normal or osteopenic patients. 

Baines et al.16 stated that the risk of osteoporosis in 
postmenopausal women was associated with a reduced 
folate concentration and increased homocysteine con-
centration in the blood. Although there was no significant 
association between vitamin B12 and BMD in this study, 
reduced serum levels of vitamin B12, B6 and folate were 
associated with an increase in plasma homocysteine con-
centrations and adverse effects on bone health. Rumbak 
et al.,17 in turn, stated that among healthy women, regard-
less of menopausal status, aged 45-65 years, there was 
insufficient evidence that vitamin B12, homocysteine or 
folate levels were related to BMD.

Physiologically, in humans, vitamin B12 acts as an 
essential cofactor for two enzymes: methionine synthase 
and L-methylmalonyl-CoA mutase, both directly and 
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indirectly involved in the metabolism of homocysteine 
(Hcy) and methyl malonic acid (MMA), two functional 
biomarkers of vitamin B12 deficiency.26 Methylmalonic 
acid is a sensitive marker for vitamin B12 deficiency.27

Low levels of vitamin B12 in conjunction with folate 
and vitamin B6 deficiency are closely related to the me-
tabolism of homocysteine (Hcy). Hyperhomocysteinemia 
is associated with increased markers of bone remodeling 
and, consequently, increased risk of fracture. Thus, hy-
perhomocysteinemia caused by deficiency of vitamin 
B12 as well as folate may be considered as new risk fac-
tors for osteoporosis related to the deficiency of these 
micronutrients.18,28

During perimenopause, there is an increase in the 
rate of remodeling and loss of bone mass at each cycle of 
remodeling, caused by the decrease in circulating levels 
of estrogen.29 In addition, homocysteine levels, also linked 
to osteoporosis and fractures,13,16,18 are higher in postmeno-
pausal women,30,31 and are inversely related to folate levels 
and possibly vitamin B12, two essential cofactors for re-
methylation to methionine. The other cross-sectional stud-
ies with postmenopausal women in our review found no 
association between serum or plasma levels of vitamin 
B12 and BMD.1,22,24 

Six longitudinal studies with large population cohorts 
were included. Of these, only one found association of 
vitamin B12 with BMD. McLean et al.3 concluded that 
low concentrations of vitamins B12 and B6 were associ-
ated with increased risk of hip fracture and the risk re-
mained high even after adjusting for homocysteine and 
BMD. In that same study, individuals who were grouped 
as vitamin B12 deficient had a greater tendency to lose 
bone mass compared to the group of individuals who had 
higher vitamin B12 concentrations. 

In agreement with these findings, the Framignham 
Osteoporosis study, developed with the participation of 
2,576 American men and women, found a positive relation 
between serum vitamin B12 levels (< 148 pg/mL) and hip 
BMD in men and vertebral BMD in women. These results 
corroborate the information that vitamin B12 is a modifi-
able risk factor for the prevention of osteoporosis.32 Morris 
et al.33 also found evidence in which vitamin B12 status 
indicators (serum levels and methylmalonic acid) and 
serum homocysteine levels were associated with BMD in 
American men and women (n=1,550) over 55 years of age.

Neither Yazdanpanah et al.,19 Rejnamark et al.21 or Dai 
et al.23 found any association between dietary intake of 
vitamin B12 and bone mineral density and/or risk of frac-
tures. It should be noted that cobalamin levels were verified 
through food surveys (food frequency questionnaires and 

food registry). There was no analysis of serum levels of B 
vitamins to assess the actual nutritional status of vitamin 
B12. It is noteworthy that such a result of the dietary intake 
of this vitamin could be biased because it is self-reported. 

A study by Gjesdal et al.18 with a high level of evidence 
according to the GRADE score showed no association 
between plasma levels of vitamin B12 and the risk of 
hip fractures. 

None of the two randomized, double-blind, placebo-
controlled trials in our review found evidence of a positive 
effect of vitamin B12 (and other B-complex vitamins) 
supplementation on the risk or incidence of osteopo-
rotic fractures. In both studies, serum homocysteine lev-
els were lower in the groups receiving B complex supple-
mentation (Chart 1), but there was no reduction in 
fracture risk between the control and treatment groups.25,34  

The experimental trials are also contradictory regard-
ing the action of vitamin B12 on bone tissue. The direct 
action of vitamin B12 on osteoblasts was observed, based 
on the functional and dose-dependent proliferative re-
sponse found when two osteosarcoma cell lines were 
stimulated with cyanocobalamin.6 While investigating 
the impact of vitamin B12 and folate deficiency on the 
healing of fractures in mice, although hyperhomocyste-
inemia was detected in this group, there were no changes 
in bone repair in the context of this nutritional alteration.35 
Taken together, the experimental data from these studies 
are of potential clinical relevance, despite using different 
experimental models.

In the randomized study of B-Probe intervention 
(2,919 participants ≥ 65 years) who underwent explor-
atory subgroup analyzes involving people over 80 years 
of age, combined vitamin B12 and folic acid supplemen-
tation had a beneficial effect in preventing osteoporotic 
fractures. However, another outcome found in this study 
was the association of treatment with the increased inci-
dence of cancer, recommending caution regarding the 
supplementation of these vitamins in the elderly.34

conclusion
The association between vitamin B12 levels, low bone 
mineral density and risk of fractures has been described 
in the literature, but the studies are quite heterogeneous 
and the results are contradictory. So far, the actual impact 
of vitamin B12 deficiency on bone health and the mecha-
nisms associated with bone metabolism are not well estab-
lished. Further studies are of paramount importance, es-
pecially in vulnerable groups such as postmenopausal 
women and elderly individuals, both greatly affected by 
vitamin deficiency. This also reinforces the relevance of 
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identifying individuals who may benefit from appropriate 
therapy intervention in time to reduce morbidity and mor-
tality associated with decreased bone mineral density.

resuMo

Vitamina B12, densidade mineral óssea e risco de fraturas 
em adultos: uma revisão sistemática

Objetivo: Consolidar as informações disponíveis acerca 
dos efeitos da vitamina B12 sobre a densidade mineral 
óssea e o risco de fraturas, com destaque para ensaios 
clínicos, dados observacionais e longitudinais realizados 
com humanos.
Método: Foi realizada uma revisão sistemática da litera-
tura dos últimos dez anos sobre o papel da vitamina B12 
na densidade mineral óssea e no risco de fraturas em 
populações de todas as idades e para ambos os sexos, com 
busca de artigos nos bancos de dados eletrônicos: PubMed, 
Science Direct, Medline e SciELO. Como estratégia de 
busca de dados incluíram-se os descritores: B12 Vitamin 
and Bone Mineral Density e B12 Vitamin and Risk of 
Fractures. A qualidade das evidências dos artigos incluídos 
foi avaliada pelo sistema GRADE. 
Resultados: Após a análise dos títulos e dos resumos 
dos artigos, a estratégia de busca resultou em 25 refe-
rências, das quais 17 artigos preencheram os critérios 
de elegibilidade. Esta revisão fornece evidências de que 
o papel da vitamina B12 sobre a densidade mineral óssea 
ou o risco de fraturas ainda precisa ser mais bem elucida-
do. As controvérsias encontram respaldo na heterogenei-
dade das metodologias utilizadas para o diagnóstico da 
vitamina B12 e também na variedade de populações pre-
sentes entre os estudos.
Conclusão: Ainda não está bem estabelecido o real im-
pacto da deficiência de vitamina B12 na saúde dos ossos 
e sobre os mecanismos associados ao metabolismo ósseo. 
É de suma importância a realização de mais estudos es-
clarecedores, principalmente em grupos vulneráveis como 
as mulheres pós-menopausa e os idosos, grupos estes 
bastante afetados pela deficiência dessa vitamina.

Palavras-chave: saúde óssea, suplementação de vitamina 
B12, risco de fratura.
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