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INTRODUCTION

SUMMARY

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.

regular physical activity decrease the incidence of fractures

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.'

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

and increase bone mineral density.?

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.** The mechanism of action
of this vitamin in the microarchitecture of bones is not yet
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well characterized, but it seems to modulate the formation
of collagen or alter the metabolism of osteoblasts, always
in a dose-dependent manner.®” Low levels of vitamin B12
increase the risk of reduced bone mineral density and frac-
tures®’ 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.””

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.

MEeTtHOD

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.'

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.!»?
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Of the nine cross-sectional studies included in the
present review, two found an association between vitamin
B12 and BMD. Clarke et al.” 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.,”® 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.** 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.,”* 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.'® 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
etal., 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

2,529 records identified through

database search

Publications in languages other than English, Portuguese and Spanish

1,612 excluded:
<2006

Full text not available.

917 articles selected for evaluation

based on title and abstract

Observational or longitudinal studies and case-control studies

892 excluded:

in humans not included.

Interventions with %CHO <20% and >40%

25 full texts evaluated for eligibility

Studies that evaluated only markers of bone remodeling (1)

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

8 full text articles excluded:

Systematic review with meta-analysis (1)

17 studies included

FIGURE 1 Flowchart of the studies evaluated for eligibility and included in the review.

Rev Assoc Mep Bras 2017; 63(9):801-809

803



Macéo LLG T AL,

(sanunuoo)

Ang yam Apuesyiugis
Pa31EB[3.40D 33BIUI PIDE D1]0) 1BYI PIIBDIpUl SazA|eue 3S14 24N10B4) PUB ING YIM 71 g pPue

|BUOI1235-5504D ‘S4BaA G 2y YSl4 24N1DB4) 4O QNG pU® 69 ‘74 suiweda Jo uoneiuawa|ddns

saeak | 40y

‘s1eak @G pue ¢y UIIMIAQ
pade ‘esnedouawiiad

Ul uaWOM ysiue(] 698°|

Apnas [euoneAIasqo

0z800C “'I®

Mo 79 ‘69 ‘719 u2am1aq UONEIDOSSE dAIISOd OU SEM d4dY | pue 21Ul A1B121P JO UOIIRIDOSSY [eutpnuiBuo| aadadsold 19 dpewuley
saeaf 1 104
SSO| au0q 4918243 USWOM pu® udW Aap|a Ut aan1oedy sseaf G/ jo a8e uraw Yam
2IM PalBIDOSSE SEM 9g UIWIEBIIA JO UOIIBIUDUOD BwSE|d diy jo >su pue sso| auoq yam USWOM pUB UdW ZO0 |
JaM07 *24mdely diy JO YSII PasEaIOUl YlIM PIIBIDOSSE aulaIskoowoy pue ‘z|g pue g ‘og Apnis [euoneAIaSqO £800C “|®
91BIDPOI 249M 9g PUE 7| g SUILUEIIA JO SUOITBIIUIDUOD MOT]| - SUIWEIIA JO SUOITBIIUIDUOD BLISE|] jeutpnui8uon 39 UBIPW
saeaf G 4oy
(110°0=d) s|oA3| 18|04 WinI3s yum Ajpanisod ‘98esane uo sieaf G pade
Pa1e[2.4103 SIBIA G 91 JIAO UOIIBLIBA (JIAIG 4O 2184 AU | ding pue  ‘uawom [esnedouswisod /| |
ANg Yyam aurshowoy aulaIsAooWwoy ‘z g PUB g SUILLEIIA Apnis [euoneasasqo 5800 “|®
Mo pU® Z|g UIWEIIA JO UOIIBIDOSSE OU SEM 243y | —  JO S[2A9] WINJIS UIIMIDQ UOIIBIDOSSY [eutpnuuo| aandadsoud 32 1poeUSe)
S
9JNIDBUY YIM PIIB[ALIOD A[9SI9AUT SEM ) BIUI dUIXOPLIA] sieah /
(AjpAnnadsas ‘z00°0=d ‘90°0=g 50l x L=d ‘60°0=9) 01 9 40J J2AO 4O GG pade
AING Y3IM gg PU® 9g SUILLEIIA JO UOIIBIDOSSE dAIISOd S24NIDBIY JOSISU PUB QNG USWOM puB udw yoIng +0€S
S94NIOBY JO NSl oyl pue ING YImzlg pue g ‘99 ‘zd suiwela Apnis [euoneAIasqo /00T “|B 32
Mo YIIM Z1 g PUB 6g SUILIEBIIA JO UOIIBIDOSSE OU SEM 249y | - JO EIUI AIBIAIP JO UOIIEBIDOSSY [eutpnuiBuo| aandadsouq  yeueduepzex
3SL1 24N1DBJ) PUE S|9AJ| 91B|O UIIMIDQ UOIIBIDOSSE sieah ¢| 40y ‘saeak
35J2AUI UB SBM 2431 Udwom Suowe AuQ 'siapuad S9UNIDBIY JO SL PUB “YAHLIN D <— /9-59 pade ‘uawom pue
420Q Ul 24N1DBJY JO ¥SII LI PISBAIOUI dUIANSADOWOH V8671 PUB | < D//9 sadhiouad jo  uaw ueiSamioN A4apR 99/ %
saunioedy diy yam pajedosse wsiydiowAjod ‘71 g pue gg suiweln Apnis [euonBAIaSqO 012007 I
ydiy 10U 249M 2dA10UdS Y4 H LN dYd PUB Z g UIWEIIA - ‘aura1sAd0WOY JO S[aA3| BLISE|] [eurpnaiSuo| aanndadsoud 19 epsalp
ding pue UaWOoM ysilg
(AjpAnoadsau ‘zg 0=d ‘QuIAzua Y4HLIN Y3 Jo adhrouad jesnedouawasod gz¢
pue | 0=d) 10u a1om Z| g pue 9g utwedaing (zo'0=d) ‘719 PU® 69 ‘9g SulWelIA JO Apnis [euoneAlasqo 012002
31BIBPON ANG Yam paitedosse Aueoyiudis a1om s|aAd| 21e[0 - S|9A9] winuds ‘auidisAdowoy ewse|d |[BUOIDIS-SSOUD) | 12 sauleg
saipms [esiSojoiwapidy
(3avn) aduspine urepy aeaf pue
Jo Ayend s)nsay uonuaAIalU| so|qenep  syuedpnaed pue uiseg sioyany

‘SjjnsaJ ulew Jiayj pue w_ﬂ_E.mm |euy ay3 ui papn|dul salpnis ||e jo \A;NEESW .H .—-m<_|—o

Rev Assoc Mep Bras 2017; 63(9):801-809

804



Viramin B12, BONE MINERAL DENSITY AND FRACTURE RISK IN ADULTS: A SYSTEMATIC REVIEW

(sanuruoo)

sieak g ¢| 40j ‘surah {7

S34N10®.J JO 3SL AY) PUB SUILLBIIA g JOLI0 Ayl pUe 7| g pu® G u2amiaq pasde ‘uaw
JO yeaul A1B121p 9Y2 UIIMIAQ UOIIBIDOSSE OU SBM UL | saunaoedy diy Jo dsu aya yum puU® UaWOM 3saUIYD) G| €9
UaLW Ul 30U ING UALOM J3P|O Ul 24mdely diy Jo su pue Zld Pue 6d ‘9g ‘cg ‘cd ‘19 sulwela Apnis [euoneAIasqo 1E10C
91BIIPOIN  9g UIWEIIA JO 3¥EIUI AIBIDIP UBIMID] dIYSUOIIR[DI ISIIAU| 4O yeIUI AIBIDIP JO UOIIBIDOSSY [eurpnaiSuo| aandadsoud “|e19 1reQg
dINg 01 69 UlWEBIIA JO sieaf G9 pue G UIMIaq
S|[9A3] WNJIIS PUE S|[9D POO|q paJ pue pade uawom ueneos) L¢|
AINg Yyam auiaasAdowoy ausAdowoy jo sjpas) ewse|d ‘71 g Apnas 22210T I
Mo pUB g PUB 7 g SUILUBIIA JO UOITBIDOSSE OU SBM 343y | - UILLBIIA JO S[9AJ| WINIIS JO UOIIB|Y  [BUOIBAIISO |BUOIIDIS-SSOID) 39 yequIiny

sieaf g/ 01 0G) uswom
6 0

ueljizedg [esnedouawisod g/

(¢6°0=d) ang pue z1g uiwein AWg Pue Z1g ulwela Apnas \7L0T “Ie
moT 10 s|aA9| Bwise|d U2IMIIQ UOIBIDOSSE OU SBM 243y | - JO S|9A9| BWSB|  |BUOIIBAIISQO |BUOIIDIS-SSOJD) 19 1ISBYD|RY|
dINg 03 pa3B[24 JOU 34aM Inq (x1D pue dvg) Suippowau
uawom 211040d0a1so Ul JaySiy uam S|aA3| auIISAO0WOH au0q Jo siaddew pue gING YyaIm  uswom [esnedousunsod oz |
“SuljPpoWRI 210G JO SIBYIBW PUB QNG YIM 69 19 pue 69 suiweaia ‘duiasfoowoy Apmas »0L0T “|®
91BIIPON pUE Z|g SUILUBIIA JO UOIIBIDOSSE 9AINISOd OU SBM U3y | JO S[9A3| WINJIS JO UONEB|RY  [BUOIBAIISQO |BUOIIDIS-SSOD) 39 N|30|IjeH
“SUOITBIILIDUOD GG MO| YIIM S|BNPIAIpUI ssauwdIY3
Ul J2MO] SI SS3L3DIYI JB|NJaqRI] “SulwelIA X3|dwod-g Jejndaqen pue qNg ‘(4oddrw
O S[9A3| MO| Y3IM S|BNPIAIPUL UI J3MO| 34 S|PA3| DO uondJosas auoq) vyl ‘(4vpew  Asejdoayuie diy yaum patean
aulaiskoowoy UONBWLIO) 2UOQ) DO YIM Zlg  UdW PUB LUAWOM UBWRD 6
JO QNG PUE ‘pazA|BUE SUILLIBIIA JALI0 Y1 SB ||oM SB puUE 6g ‘9g SulwelIA ‘Duiaiskoowoy Apnas ,600C “|®
31BJIPOIN Z1g UILUBIIA U9IMIAQ UOITBIDOSSE dAISOd Ou SBM UL | - JO S|9A3| WINJIS JO UOITBIDOSSY  [BUOIIBAJISQO |BUOIIDRS-SSOID) 13 UIR3IS|OH

eluadoaiso yam

350141 4O UaWOM [ewLIou 01 paJsedwod sisolodoaiso yam

uaWoMm ul JaySiy 24 01 PUNOJ 3IIM S|9AJ| dUIAISADOWOH UIWoMm ysijan

JNW3y 3ya Jo 3dau ang yam |esnedouawisod g/ |
pue auids Jequin| aya ui sis010doalso Yaim paieidosse 719 pue gg sulwelia ‘Quiaisioowoy Apnas 12600Z “I®
91BIOPOIN 3J9M ‘G JO 3SOU1 10U INQ ‘Z g UIWBIIA JO S[2AJ] WNIIS JO S[9A9| WINJIS JO UOIIB|Y  |BUOIIBAIISCO |BUOIIDIS-SSOID) 39 2umjzog
(3avn) aouspne urepy aeaf pue
Jo Ayend s)nsay uonuaAIalU| so|qenep  syuedpnaed pue uiseg sioyany

‘SjjnsaJ ulew Jisyj pue m_ﬁ._E.mm |euy ay3 ui papn|oul salpnis ||e jo \ALNEEJW A.HEOUV .H .—-m<_|—o

805

Rev Assoc Mep Bras 2017; 63(9):801-809



Macéo LLG T AL,

“Bupjurjssou) apndadoja [eulwasifxoque) x| D ‘asereydsoyd auijey|y auog o119ads :dyg sereydsoyd pioy UBISISIY 21BILE] — iy L UI12AD0315Q 1D 9SBIINPAY 18|0J0pAYRI | AUBAYIBIN 4H LN ‘Aaisuaq [esaully duog :AQING

dnoug Juawiean
aya ut Apuedyiudis paseaudap sPAd| dutRIsAdoWOoH

a3e jo suaeak (g 4ano syuedidiied Suowe saunioely

£Q ulwenryo Nj 009 +
69 uiwennjo 8 ooy pue
zLg ulwen jo 3d gos

Jo sasop Ajrep :uawiea|

saeaf g 4oy (7/jowrd

0S-7 1) auiaashoowoy

JO SUOIBJILUDUOD

ydiy pue sieak g9 <

pade ‘syuedidnued ajeway

pue 2JBW Y2INQ 616°C

ut uondnpas e sem asaya dnou3qns Juawiaean aya uj €Q UlweA saandely onolodoaiso ‘el [BOIUID 107 B2
sdnos3 usamiaq  jo N| 009 + ogeoe|d 1uanaid 01 uoneauswa|ddns pajjosuod-oqasejd  uapaeeSulipy
YSiH  s24n1o®uy JO dSi Ayl Ul uodNPal JuBdYIUSIS OU SEM U3y | JO SISOP A|Iep :|04Iuo) 719 PUE 6g UIWBIIA pauIquIoD) ‘puljg-a|qnop ‘paziwopuey uea
3r 00S Z1g ulwelia SIUIA3 JB|NDSBAOIGRID
Bw gz :9g ulwein Sw g pue saposida 3ua2a. yam
Ip12® 21]0J) SUIWBIIA 3SBISIP JB|NDSBAOIGID YIM  SIX3S 304 4o saudned 491°g
st aumoel pue sulwela  xa|dwod g ‘680%=N sjuaned ur saunidely jo aduapioul [eun
g YIIM JUILIIBAIY UIIMII] LIOIIBIDOSSE OU SEM 243U | JUaWIBAI) 0GIdE|d 31 2SBAIDIP P|NOM SUILIEBIIA [es1uld pajjosauod-o0qaoeld +2€10T I
ydiy dnouS 1uaWIBALl AYD UI JIIMO| 3IIM S[2A3| AUIRISAIOWOH $/0p=N :[04uoD x3]dwoo-g jo uoneiuawo|ddng ‘puljg-3|qnop ‘paziiopury 19 SUBWIWOND
S[eM3 [edtuld
anwg yam
P2IEID0SSE 10U 949M S|9A9| ¢ | g UIWEIIA WnJas "gINg
323U [BJOWR) pue duIds JBqUIN| YIIM PIIEB|III0D A[asiaAul amwg yam  uawom jesnedouswisod g¢|
pue sdnoug 49430 3yl ul ueyl uswom U_UOLO&OmumO clLg ulweliAa pue NE_Uuw\AUOEO_._ \A—Ujum «S10C
MO ur 1aySiy Apueoyiugis auam sjaAs| aulIsAdoWoY WNIAS JO S|9A9] WINJ3S JO UOIIEBIDOSSY  [BUOIIBAIIS]O [BUOIIDAS-SSOUD) [ 32 LIyeg
aseasip oeljad
J10j JUaWIBAA JpUN (7 JO aTe
UudWIoM Ul NG YIIM 341 JSAO USW PUB USWOM (| |
10U Ing USW Ul NG diy pue [BloWway 4oy SUlUILIAIDP 719 pue 69 ‘og ‘g suiwean Apmas «SL0T
MO Apueoyiudis auam g | g UIWeIIA JO S[aA3| WinJas AjuQ - JOSNIE3s [BUOILIINU JO LUOIIBIDOSSY  [BUOITBAIISO [BUOIIDAS-SSOUD) |8 I8 3¥IE|D
ANE Y2M PaieIDOSSe A[10241p 10U SBM 7 | g UILLEBIIA saeah 06 <
-auids sequiny ayd sisoiodoaiso  paSe uswom uedLIBWY 908T
U1 s15010d 03150 JO 3SLI PASBAIDUI YIIM PIIBIDOSSE 2UIM JOSI pUB QNG YIM 71 g UlWelA Apnas SL0T
ysiH pIoB dluojeW [Ay3aW pue aurIskdowoy Jo s|aAs| ySiy - pU® 3uI23sA>0WOY JO UOIIBIDOSSY  [BUOIBAIISQO [BUONDIS-SSOID  “|B 32 A39|IBg
(3avn) aouspne urepy aeaf pue
Jo Ayend s)nsay uonuaAIalU| so|qenep  syuedpnaed pue uiseg sioyany

‘SjjnsaJ ulew Jisyj pue m_ﬁ._E.mm |euy ay3 ui papn|oul salpnis ||e jo \ALNEEJW A.HEOUV .H .—-m<_|—o

Rev Assoc Mep Bras 2017; 63(9):801-809

806



Viramin B12, BONE MINERAL DENSITY AND FRACTURE RISK IN ADULTS: A SYSTEMATIC REVIEW

indirectly involved in the metabolism of homocysteine
(Hcy) and methyl malonic acid (MMA), two functional
biomarkers of vitamin B12 deficiency.? Methylmalonic
acid is a sensitive marker for vitamin B12 deficiency.?”

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.!®2

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.?” In addition, homocysteine levels, also linked

to osteoporosis and fractures,'>!618

30,31

are higher in postmeno-
pausal women,’**' 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. 1222

Six longitudinal studies with large population cohorts
were included. Of these, only one found association of
vitamin B12 with BMD. McLean et al.? 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.** Morris
et al.® 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 S5 years of age.

Neither Yazdanpanah et al.,’ Rejnamark et al.?! or Dai
et al.® 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.Itis 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.’® 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.?>3*

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.® 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.”
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 2 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.**

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 éssea e risco de fraturas
em adultos: uma revisio sistemdtica

Objetivo: Consolidar as informagdes disponiveis acerca
dos efeitos da vitamina B12 sobre a densidade mineral
Ossea e o risco de fraturas, com destaque para ensaios
clinicos, dados observacionais e longitudinais realizados
com humanos.

Meétodo: Foi realizada uma revisio sistemadtica da litera-
tura dos tltimos dez anos sobre o papel da vitamina B12
na densidade mineral dssea e no risco de fraturas em
populacdes de todas as idades e para ambos os sexos, com
busca de artigos nos bancos de dados eletronicos: PubMed,
Science Direct, Medline e SciELO. Como estratégia de
busca de dados incluiram-se os descritores: B12 Vitamin
and Bone Mineral Density e B12 Vitamin and Risk of
Fractures. A qualidade das evidéncias dos artigos incluidos
foi avaliada pelo sistema GRADE.

Resultados: Apds a andlise dos titulos e dos resumos
dos artigos, a estratégia de busca resultou em 25 refe-
réncias, das quais 17 artigos preencheram os critérios
de elegibilidade. Esta revisdo fornece evidéncias de que
o papel da vitamina B12 sobre a densidade mineral éssea
ou o risco de fraturas ainda precisa ser mais bem elucida-
do. As controvérsias encontram respaldo na heterogenei-
dade das metodologias utilizadas para o diagndstico da
vitamina B12 e também na variedade de populag¢des pre-
sentes entre os estudos.

Conclusio: Ainda nio estd bem estabelecido o real im-
pacto da deficiéncia de vitamina B12 na satide dos ossos
e sobre os mecanismos associados ao metabolismo dsseo.
E de suma importancia a realizacio de mais estudos es-
clarecedores, principalmente em grupos vulneraveis como
as mulheres pés-menopausa e os idosos, grupos estes
bastante afetados pela deficiéncia dessa vitamina.

Palavras-chave: satide éssea, suplementacio de vitamina
B12, risco de fratura.
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