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Background: B vitamins (including folate, B6, and B12) supplementation can effectively and easily modify high plasma ho-
mocysteine (Hcy). However, the role of Hey in the pathogenesis of osteoporotic fracture and bone turnover is
still controversial. This meta-analysis aimed to assess the impact of B vitamin supplementation on occurrence
of any osteoporotic fracture and bone turnover by pooling the results of previous studies.

Material/Methods: Relevant randomized controlled trials (RCTs) were searched in databases. Data integration and analysis were
done by using Review Manager 5.3 (the Cochrane Collaboration). The risk ratio (RR) and corresponding 95% con-
fidence intervals (CI) of fracture (intervention vs. control) were estimated. Changes in bone turnover indicators
(continuous data), weighted mean difference (WMD), and corresponding 95% (Cl) were pooled for estimation.

Results: Based on the results of 4 RCTs, this meta-analysis failed to identify a risk-reducing effect of daily supplemen-
tation of B vitamins on osteoporotic fracture in patients with vascular disease and with relatively normal plas-
ma Hcy. In addition, we also did not find any positive effects of B vitamin supplementation on bone turnover.

Conclusions: B vitamin supplementation might not be effective in preventing fracture and improving bone turnover. However,
the possible benefits in selective populations, such as populations with very high plasma Hcy and from regions
without B vitamin fortification should be explored in the future.
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Background

Osteoporosis is a metabolic skeletal disorder characterized
as decreased bone strength and significantly increased risk
of fracture [1]. The most common osteoporotic fracture sites
include hip, spine, and wrist. Particularly, spine and hip frac-
tures are associated with poor outcomes, which usually re-
quire hospitalization and surgery [2,3]. In addition, these frac-
tures also significantly increase the risk of disability, morbidity,
and mortality [4]. Therefore, simple interventions that can de-
lay the onset of osteoporosis or lower the risk of osteoporot-
ic fracture are needed.

Plasma homocysteine (Hcy), which is formed by the demeth-
ylation of dietary methionine, has been postulated as a nov-
el and potential risk factor of osteoporotic fractures [5]. High
plasma total homocysteine levels are associated with accel-
erated bone loss in men and premenopausal women [6]. A
large prospective study found that the population group with
the highest quartile of tHcy had 2 times higher risk of fracture
[7]. A recent meta-analysis based on 14 863 patients also con-
firmed that all fracture risk of the highest Hcy quartile group
compared with the lowest quartile group was 1.59 (95% Cl
1.30-1.96) [8]. Although several studies have been performed
to explore the relationship between Hcy and osteoporosis, it
is still not clear whether the association is causal, confound-
ed, or biased due to reverse causality [9,10].

B vitamin (including folate, B6, and B12) supplementation can
effectively and easily modify high plasma Hcy [11,12]. Therefore,
it is possible to determine whether tHcy is a causal risk factor
of bone fracture and how it affect bone metabolism in terms
of bone turnover markers through comparing B-vitamins vs.
placebo in randomized controlled studies (RCTs). In fact, sev-
eral relevant RCTs were performed, but the results are conflict-
ing. Due to uncertainties about the role of Hcy in pathogenesis
of osteoporotic fracture and bone turnover, this meta-analy-
sis aimed to assess the effect of B vitamin supplementation
(folate, B6, and B12) on occurrence of any osteoporotic frac-
tures and bone turnover by pooling results of previous studies.

Material and Methods

Searching and screening of studies

Studies were searched in Embase, PubMed, and ClinicalTrial.
gov databases. To search for qualified studies, the following
searching and screening criteria was used: (“homocysteine”)
AND (“B vitamin” OR “folate” OR “B12” OR “B6”) AND (“osteo-
porosis” OR “osteoporotic” OR “fracture” OR “bone turnover”)
AND (“randomized controlled trial” OR “RCT” OR “controlled
trials”). To avoid missing any qualified studies, we performed
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a manual search of reference lists of included trials and rel-
evant reviews. Trials were included regardless of publication
status and language.

Inclusion and exclusion criteria

The trials included in this meta-analysis had to qualify simul-
taneously for the following criteria: (1) randomized controlled
trials; and (2) studies comparing effect of B vitamin supple-
mentation vs. placebo on fracture risk or bone turnover indica-
tors. Studies meeting any the following criteria were excluded:
(1) case report, animal study, or review; (2) studies with de-
tailed outcome data (RR of fracture or changes of bone turn-
over) not extractable.

Data extraction

Two authors independently performed data extraction and
data analysis. A third author was responsible for cross-check-
ing the data. Disagreements were solved by discussion and
consensus. Generally, the following information and data were
extracted from the included trials: the family name of the first
author, year of publication, features of patients included, num-
ber of participants, average age, sex, total plasma Hcy con-
centration at baseline, treatment (B vitamins used for supple-
mentation and control), the period of intervention, outcome
indicators measured, and whether there was significant Hcy
reduction caused by the intervention. If the outcomes were
reported with different units, unit conversion was performed
before pooling the data.

Qualities assessment of trials included

Quality assessment of the trials was performed according to
the recommendation of the Cochrane Handbook for Systematic
Reviews of Interventions. Generally, 6 items were used to as-
sess the bias of the RCTs: adequate sequence generation, al-
location concealment, blinding, incomplete outcome data ad-
dressed, free of selective reporting, and free of other bias. The
bias risk was reported as low risk of bias or high risk of bias.

Statistical analysis

Data integration and analysis were performed using Review
Manager 5.3 (the Cochrane Collaboration). The risk ratio (RR)
and corresponding 95% confidence intervals (Cl) of fracture
(intervention vs. control) were pooled for overall estimation.
As to the changes of bone turnover indicators (continuous
data), weighted mean difference (WMD) and corresponding
95% (Cl) were pooled for overall estimation. Chi-square based
Q test and 12 value were used to assess between study hetero-
geneity, which were also used to determine the methods used
for making estimation. A random effect model (DerSimonian
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Figure 1. The searching and screening process.

and Laird method) was used when p <0.1 in Q test or I? >50%,
which indicate significant heterogeneity. Otherwise, the fixed
effect model based on Mantel-Haenszel method was applied.
If unacceptable high heterogeneity was observed, the sourc-
es of heterogeneity were further explored. If significant clini-
cal heterogeneity, subgroup analysis will be performed. p<0.5
in Z test is considered as statistically significant.

Results

Studies included in this meta-analysis

Based on searching in the database by using the preset selec-
tion criteria, eight RCTs involving 26,707 participants were fi-
nally included in this meta-analysis. The overall searching and
screening process is described in Figure 1. Quality assessment
of the studies is summarized in Figure 2. Generally, the qual-
ity of the 8 RCTs was high. Only 2 studies did not have blind
design [13,14]. The key characteristics of the trials were sum-
marized in Table 1. Four RCTs assessed the effect of B vita-
min supplementation on fracture risk [15-18] and 4 RCTs as-
sessed the change of bone formation markers after B vitamin
supplementation [13,14,19,20]. All of the studies reported sig-
nificantly lowered plasma Hcy in the intervention group than
in the control group.

B vitamin supplementation had no effect on fracture risk

Four studies [15-18] involving 26 378 participants assessed
B vitamin supplementation on fracture risk. Among them, 2
studies [16,18] gave patients a combination of folate, B6, and
B12 and 2 studies [15,17] used a combination of folate and
B6. Significant heterogeneity was observed when directly pool-
ing the results of the 4 studies (1>=78%) (Figure 3). Excluding
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Sato et al. study significantly reduced the heterogeneity. In
fact, compared with the remaining 3 studies, Sato et al. study
population was highly selected and characterized as severe
disability, unusually high fracture rate in controls (10 times
higher than the national average of Japan), and very high Hcy
concentrations (mean 19.9 pmol/L) [21]. Therefore, subgroup
analysis was performed by stratifying plasma Hcy. Plasma
Hcy>15pmol/L is usually considered as the boundary of high
plasma Hcy [22]. Thus, stratification is based on this standard.
Only Sato et al. reported significantly reduced fracture risk (RR:
0.25, 95%Cl 0.12-0.53, p=0.0003) (Figure 3). The remaining
3 studies with 25 750 participants found no significant asso-
ciation between B vitamin supplementation and fracture risk
(RR: 1.00, 95%Cl 0.89-1.13, p=1.00) (Figure 3).

B vitamin supplementation had no effect on bone turnover
markers

Four RCTs with 329 participants assessed the change of
bone formation markers after B vitamin supplementation
[13,14,19,20]. One study [13] gave patients folate, B6, and
B12 simultaneously, 1 study [19] used both folate and VB12,
1 study [14] provided VB6 and VB12, and 1 study [20] only
provided folate. Although the combination of B vitamins var-
ied in different studies, all of them reported that the interven-
tion significantly reduced plasma Hcy. Bone formation marker
(ALP) and resorption markers (CTX) were used to assess the ef-
fect of B vitamin supplementation on bone turnover. Generally,
compared with placebo, supplementation of B vitamins had no
significant effect on ALP (WMD: -0.96, 95%Cl: —4.10 to 2.18,
p=0.55, I’=0%) (Figure 4A) and CTX (WMD: -0.01, 95%Cl: -0.06
t0 0.07, p=0.87, 1?=0%) (Figure 4B). Salari et al. [20] study mea-
sured urine CTX instead of serum CTX and their results also
showed that folate supplementation could not change urine
CTX (supplementation vs. placebo, p=0.285).

Discussion

Homocystinuria, a disease characterized as high plasma ho-
mocysteine, usually contributes to distributed bone collagen
profiles due to attachment of Hcy [23], leading to altered bone
collagen fibers and fragile bones. Several epidemiological stud-
ies observed that increased plasma homocysteine concentra-
tion was associated with a higher incidence of osteoporot-
ic fractures [6,24]. Several observational studies found that
high plasma total Hcy level is a potential risk factor of osteo-
porotic fractures. The underlying mechanisms between plasma
Hcy levels and fractures are uncertain. The potential mecha-
nisms include the regulative role of Hcy on bone tissue qual-
ity through altering the properties of collagen crosslink [25],
affecting bone resorption by stimulating osteoclast formation
and activity [26], and inducing mitochondrial dysfunction [27].
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Figure 2. Quality assessment of RCTs included.

-c’@ -
= S = k] ]
£ = 28 T 5
= 154 == S E
S E 22 g€ £
e = =S E EL 5 =
= < =8 g =1 5
s g =] £z £_ o
3 = S O 5 A =
K S .= [=ap= o= S < o5
= S 3 — “— = o5 o=
“A S (== ST S g T = s 2 ]
== 2.8 > c 2c a9 = =
EE == =] = = EE =
s g s S 5 S S A 1= C S S
g2 S22 Eg Eg gc& =8 2
s =2 =& =8 £=2 KE 5
iz [ @ [ @ @ | @ | @] @ | 6
e IO
ww @@ @O0 @]
ey | @ | @ (@ [ @O | @ | @
s @ @ | @ @ O @@
s | @ |2 @ | OO O | C
SO BN BN BN BN BN B
Sawka 2007 ‘ ‘ . . . . .
Shahab-Ferdows 2012 . ? . . ‘ . 5

Table 1. Key characteristics of the RCTs included.

Significant Hcy

Treatment Baseline Hcy Intervention  Outcome i
K reduction by
(umol) (1/C) period measured | )
intervention?
Age 0%/ 1 mg folate + Plasma Hcy;
Green 2007 >6§ 68/67 74.1/74.6 43; 10 mgVB6 + Placebo 19.7/19.3 24 months Serum ALP; Yes
=Y ° 0.5 mg VB12 daily Serum-CTX
Women, 100%/ 0.8 mg folate + Plasma Hey;
Keser 2013 17/14 75.4/75.1 . Placebo 13.7/16.0 4 months Serum ALP; Yes
age 265y 100% 1 mgVB12 daily
Serum-CTX
Plasma Hcy;
Postmenopausal .y
A . 100%/ 1 mg folate osteocalcin;
Salari 2014  osteoporotic 17/14 63.8/64.2 . Placebo 11.7/14.1 6 months Yes
100% daily Serum ALP;
women
urine-CTX
Nonpregnant
Shahab- P
and 1 mg VB6 + Plasma Hcy;
Ferdows i 70/62 39.3/35.5 N.A. . Placebo 11.3/10.4 3 month Yes
2012 nonlactating 0.5 mg VB12 daily Serum ALP
women
Ischemic 54%/ 5 mg folate + Plasma Hcy;
Sato 2005 314/314 71.6/71.2 . Placebo 19.9/19.9 24 months Yes
stroke 54% 1.5 mg VB12 daily RR of fracture
2.5 mg folate +
Vascular disease 29%/ g Plasma Hcy;
Sawka 2007 i 2758/2764 68.8/68.9 50 mgVB6 + Placebo 12.2/12.2 60 months Yes
or diabetes 28% . RR of fracture
1 mg VB12 daily
Armitage Myocardial 17%/ 2 mg folate + Plasma Hcy;
. . 6033/6031 64/64 . Placebo 13.5/13.5 60 months Yes
2010 infarction 17% 1 mg VB12 daily RR of fracture
Gommans 36%/ 2 mg folate + Plasma Hcy;
Stroke or TIA  4089/4075 62.5/62.6 25mgVB6 + Placebo 14.4/14.2 3.4 years Yes
2013 36% RR of fracture

0.5 mg VB12 daily

Hcy — homocysteine; TIA — transient ischemic attack; ALP — alkaline phosphatase; CTX — B cross laps; VB6 — vitamin B6;
VB12 - vitamin B12; | — intervention; C — control; RR - risk ratio; N.A. — not available.
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Supplementation

Control

Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
1.1.1 Plasma Hcy <15 pmol/L
Armitage 2010 253 6033 242 6031 45.9% 1.05[0.88, 1.24]
Gommans 2013 67 4089 78 4075 14.8% 0.86[0.62, 1.18]
Sawka 2007 175 2758 175 2764 32.3% 1.00[0.82,1.23]
Subtotal (95% Cl) 12880 12880 93.9% 1.00[0.89, 1.13]
Total events 495 495
Heterogeneity: Chi>=1.14, df=2 (P=0.57); 12=0%
Test for overall effect: Z=0.00 (P=1.00)
1.1.2 Plasma Hcy >15 pmol/L
Sato 2005 8 314 32 314 6.1% 0.25[0.12,053] —— ——
Subtotal (95% Cl) 314 314 6.1% 0.25[0.12,0.53] ’
Total events 8 32
Heterogeneity: Not applicable
Test for overall effect: Z=3.58 (P=0.00003)
Total (95% Cl) 13194 13184 100.0% 0.95[0.85, 1.08] ‘
Total events 503 527
Heterogeneity: Chi>=13.69, df=3 (P=0.003); ’=78% I } } } } |
Test for overall effect: Z=0.76 (P=0.45) 0.1 0.2 0.5 1 2 5 10
Test for subgroup differences: Chi>=12.50, df=1 (P=0.0004); ’=92% Favours supplementation Favours control

Figure 3. Meta-analysis of the effect of B vitamin supplementation on fracture risk.

A Supplementation Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI IV, fixed, 95% CI
Green 2007 05 71 68 13 12 67 76% ~0.80(-438,27.8] ——
Keser 2013 7.2 16 17 102 248 14 44% —3.00[-18.05, 12.05]
Salari 2014 1.8 103 17 33 138 14 12.9% -1.50[-10.23,7.32] -
Shahab-Ferdows 2012 06 422 70 1 341 62  5.8% —0.40[-13.43,12.63]
Total (95% Cl) 172 157 100.0% -0.96 [-4.10, 2.18] *
Heterogeneity: Chi>=0.10, df=3 (P=0.99); ’=0% F t 1 t {
Test for overall effect: 7=0.70 (P=0.55) =20 -10 1 10 20
Favours supplementation Favours control
B Supplementation Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% Cl IV, fixed, 95% Cl
Green 2007 0.04 0.26 68 0.05 024 67 61.1% -0.01[-0.09, 0.07]
Keser 2013 0.05 0.12 17 002 017 14 389% 0.03 [-0.08, 0.14]
Total (95% 1) 85 81 100.0% 0.01[-0.06, 0.07]
Heterogeneity: Chi?=0.34, df=1 (P=0.56); ’=0% b } } } {
Test for overall effect: 7=0.17 (P=0.87) =20 -10 1 10 20
Favours supplementation Favours control

Figure 4. Meta-analysis of the effect of B vitamin supplementation on bone turnover. (A) Bone formation marker (ALP). (B) Resorption

markers (CTX).

B vitamins play quite important roles in Hcy metabolism. The
effect of B vitamins supplementation on Hcy lowering has
been well recognized. Folic acid supplementation could lower
approximately 25% of plasma homocysteine, while vitamins
B12 and B6 also have additional homocysteine-lowering ef-
fects [28,29]. However, it is not clear if Hcy-lowering therapy
by folic acid, vitamins B6, or B12 supplementation is helpful
in reducing the risk of fracture. In fact, Hcy is considered as
a risk factor of cardiovascular and cerebrovascular risks and

several RCTs were performed to assess the effect of lower-
ing Hcy on stroke risk [15-18]. Considering the putative im-
portant role of Hcy in osteoporosis, these RCTs also explored
the effect of B vitamin supplementation on the risk of frac-
ture. However, due to lower occurrence rate and small number
of fracture events, some of the trials were without sufficient
statistical power to detect the potential beneficial effect [18].
Therefore, it was necessary to make a meta-analysis by pool-
ing previous studies and to make an integrated estimation.
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Based on results of 4 RCTs, this meta-analysis failed to iden-
tify any risk-reducing effect of daily supplementation of B vi-
tamins on osteoporotic fracture in patients with vascular dis-
ease and with relatively normal plasma Hcy.

Although previous in vitro and in vivo studies observed a stim-
ulatory effect of mildly elevated homocysteine on osteoclas-
tic activity and a positive correlation between plasma Hcy and
markers of bone resorption [30-32], few studies have examined
the association between bone turnover markers and homocys-
teine-lowering intervention. The individual RCTs lack statistical
power due to the small number of participants in experimen-
tal and control groups. Based on pooling the results of the 4
RCTs, this meta-analysis did not find any positive effect of B
vitamin supplementation on bone turnover.

Although the number of studies included is relatively small, the
sample size of the included studies, especially those that as-
sessed B vitamin supplementation on fracture risks, is large.
Thus, the statistical power of the findings is strong. However,
the present study also has several limitations. Firstly, the base-
line of the patients included varied significantly in some studies.
For example, the mean baseline folate level of the participants
in the HOPE2 study [16] was approximately 5 times higher than
the participants in Sato’s study in Japan [15]. Therefore, it might
be possible that B vitamin supplementation might not gener-
ate additional benefits for the patients who already have high
serum B vitamin level. Among the 4 RCTs that assessed B vita-
min supplementation and fractures, only Sato’s study observed
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a risk-reduction effect. In fact, the study population was high-
ly selected and characterized as very high plasma Hcy level,
severe disability, and an unusually (10-fold) high fracture risk
rate of the control cases compared to the average Japanese
population of the same age [21]. However, a recent meta-anal-
ysis observed that fortification with certain B vitamins, such
as folate, exert protective effects on Hcy-related cerebrovas-
cular risks and additional supplementation thus had no addi-
tive effect [33]. Therefore, we cannot exclude the possibility
that B vitamin supplementation might have some protective
effects on bone health due to the homocysteine-lowering ef-
fects in countries without folate fortification, such as Japan.

Conclusions

This meta-analysis failed to identify any risk-reducing effect
of daily supplementation with B vitamins (single or combined
use of folate, B6, and B12) on osteoporotic fracture in patients
with vascular disease and with relatively normal plasma Hcy.
In addition, we also did not observe any positive effects of B
vitamin supplementation on bone turnover. However, the pos-
sible benefits in certain populations, such as populations with
very high plasma Hcy and from regions without B vitamin for-
tification, should be explored in the future.
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