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Background: Diverse conclusions have been drawn regarding the association of homocysteine (HCY)
deficiency and supplements of B vitamins with fracture incidence in older adults. The aim of this meta-
analysis was to investigate the association of HCY and B vitamins (folate, vitamin B12, and B6) with fracture
incidence in older adults and whether supplements of B vitamins reduce the risk of fracture.

Methods: The PubMed, Embase, and Cochrane library databases were systematically searched from their
inception dates to 1 July 2019 to identify relevant published articles. Meta-analysis was performed to pool
hazard ratios (HRs) or risk ratios (RRs) and 95% confidence intervals (Cls) using a random effects model.
Results: A total of 28 studies fulfilled the inclusion criteria. High serum HCY was an independent risk
factor for fractures in older persons (HR =1.25, 95% CI: 1.12 to 1.40), but only at the highest quartile
level (>15 pmol/L) (HR =1.71, 95% CI: 1.37 to 2.12), rather than the second and third quartile. Multiple
sensitivity and subgroup analyses supported the consistency and stability of this result. A severe deficiency
of folate, instead of vitamin B12 and B6, was found to increase the risk of fracture in older adults (HR
=1.46, 95% CI: 1.06 to 2.02; 1.24, 95% CI: 0.79 to 1.95; 1.36, 95% CI: 0.90 to 2.06, respectively). For the
interventional effect, there was no significant association of combined folate and vitamin B12, combined
folate, vitamin B12 and B6, or single vitamin B6 supplementation with the decrease of fracture risk.
Discussion: This meta-analysis revealed that significantly elevated serum level of HCY is positively
associated with fracture incidence in older adults, yet the necessity and threshold for intervention by B
vitamins require further large-scale high-quality clinical trials to validate.
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Introduction

The increased prevalence of aging-related fractures among
people worldwide leads to a higher morbidity and mortality
accompanied by a heavy economic burden on public health
(1-3). Multiple factors, including deterioration of bone
mineral density (BMD), low body mass index, malnutrition,
neurological diseases, and metabolic disorders such as
diabetes and homocystinuria contribute to the elevation of
fracture incidence in older adults (4-8). Some risk factors
such as low bone density, calcium deficiency and vitamin D
deficiency have been well investigated. However, ageing-
related metabolic products, as potential risk factors and
promising interventional targets for fractures in older
adults, were poor investigated but has drawn ever-increasing
attention in the last two decades. Among them, the role
of homocysteine (HCY), one of the most investigated
metabolites in geriatric cardiovascular diseases, in aging-
related fractures remains unclear.

The sulfur-containing amino acid, HCY, is produced
during the metabolism of methionine. Numerous studies
have shown that HCY is a risk factor of aging-related
diseases, such as cardio-/cerebrovascular diseases, diabetes,
and neural disease (9-13). In addition, accumulated
evidence indicates that high serum homocysteine
(HHCY) is associated with higher incidence of skeletal
deformities, including osteoporosis, which is a key risk
factor for osteoporotic fracture (5,14,15). Furthermore, the
intervention of HCY using B vitamins has been reported
to reduce the incidence of targeted aging-related diseases
(10,11,16,17). Hence, we hypothesized that the risk of
osteoporotic fractures, as a major aging-related problem,
can also be reduced by supplementation of B vitamins.

Folate, vitamin B12, and vitamin B6, as members of the
B vitamin group, are the 3 key enzymes in the metabolism
of HCY that can be conveniently supplemented in the older
community via nutrient intake (18). Evidence shows that
supplementation of folate, vitamin B12, and/or vitamin
B6 lower the level of serum HCY which in theory can
subsequently reduce osteoporotic fracture incidence (15).
However, mixed conclusions have been drawn regarding
the association between the supplements of B vitamins with
fracture incidence in older adults (15,19-21).

There is a range of factors influencing fracture incidence,
among which the compromise of BMD plays one of the
most key roles in increasing fracture risk in the older
population. Accumulating evidence has stated a strong
association of HHCY with a decrease of BMD (22-24).
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Recent studies have shown that HCY-lowering intervention
can also improve BMD, indicating the causation of HCY
and BMD (6,23,25-27). Furthermore, 1 study (25) analyzed
cross-sectional data involving 6,100 participants from 3
large Dutch studies including the cross-sectional data of the
B-PROOF (B-Vitamins for the Prevention of Osteoporotic
Fractures) study and 2 cohorts of the Rotterdam Study (RS-
T and RS-II), and confirmed this association.

The underlying mechanism may be its effect on
osteoclasts and osteoblasts, but the natural mechanism
remains unclear (28). Both iz vitro and in vive studies have
indicated that HHCY can disrupt the process of collagen
cross-linking in bone tissue and then cause compromised
bone strength (29-32). Moreover, owing to HCY’s role in
cerebrovascular and neural diseases, it has emerged from
increasing evidence that HCY can increase the risk of stroke
and Parkinson’s disease, harming the coordination function
and subsequently raising the risk of falling and fracture
incidence (11,33).

The aim of this meta-analysis was to investigate the
association of HCY and B vitamins (folate, vitamin B12, and
B6) with fracture incidence in older men and women and
whether supplementation with B vitamins can reduce the
risk of fracture.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2514).

Methods

This meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Review
and Meta-analyses statement (PROSPERO identifier:
CRD42019122586).

Search trials

Published articles were retrieved utilizing two methods.
First, 3 scientific databases (PubMed, Embase, and the
Cochrane Library) were searched to identify published
articles evaluating the association of HCY, deficiency
and supplements of B vitamins (folate, vitamin B12, and
B6) with the incidence of fracture using a combination of
keywords and MeSH terms “homocysteine”, “homocysteic

acid”, “HCY”, “vitamin”, “cobalamin”, “cyanocobalamin”,

“B12”, “pyridoxal®, “pyridoxine”, “pyridoxamine”, “B6”,
“folate”, “folic acid”, “folacin”, “B9” AND “fracture”

OR “bone”. Second, all reference lists of relevant articles
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(reviews, systematic reviews, meta-analyses, and included
studies) were further screened manually to retrieve
additional studies that were not listed in the databases.
The last search was updated on 1 August 2020 with no
restrictions on language, date, or journal of publication.

Inclusion and exclusion criteria

Studies were selected based on the following inclusion
criteria: (I) participants, mean age of people enrolled in the
trials was older than 50 years; (II) interventions, high or
low level of HCY, folate, vitamin B6, or B12; (III) control
group, high or low level of HCY, folate, vitamin B6, or B12;
(IV) outcome, trials evaluated the relationship of HCY,
folate, vitamin B6, or B12 with the risk of fracture; and (V)
study design, randomized or quasi-randomized controlled
clinical trials, retrospective/prospective matched cohort
studies.

The exclusion criteria were as follows: (I) comments,
reviews, meta-analysis, editorials, and other non-original
trials; (I) congress proceedings and abstracts; (III) animal
experiments; and (IV) studies providing no data to calculate
evaluation indexes [hazard ratio (HR) or risk ratio (RR)].
For articles containing overlapping data, those presenting
the most comprehensive data or that were published the
most recently were selected. We first removed redundant
and unrelated records by reading titles and abstracts. Then
the full texts of remainders were downloaded to confirm
their eligibility based on above criteria.

Quality assessment

The methodological qualities of eligible studies were
estimated utilizing two methods based on data type. First,
for the data of dichotomous variables, the Newcastle-
Ottawa Scale (NOS) with 9 factors considered was used. A
score of 1 was given to a study for each item. The quality
scale ranged from a score of 0 to 9 and studies with high
scores were considered good reports. Studies with scores >7
were regarded as high-quality reports.

Second, a quality assessment tool based on Cochrane
risk-of-bias criteria was used to evaluate the methodological
quality of the included studies involving the data of
randomized controlled trials (RCTs). This tool contains
7 items used to assess bias in each trial that included the
randomization sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting,
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and other bias, and each paper was described as low risk,
high risk, or unclear risk.

Data extraction

"To reduce potential bias, 2 investigators (A & B) conducted
the process of data extraction blindly and independently.
Any discrepancies were resolved by consultation with a
third investigator. Each included study deemed appropriate
for inclusion listed the first author’s surname, publication
year, journal, country of origin, participant characteristics
(number, age, and gender), doses of folate, vitamin B6,
or vitamin B12; baseline serum, follow-up, fracture type,
statistical index, and adjustments factors of Cox-regression.
If the studies had more than two groups or factorial designs
and permitted multiple comparisons, the information and
data that ruled out more factors was extracted. When those
data were our outcomes of interest, we pooled them with
the data from primary trials.

Statistical analysis

The correlation of folate, vitamin B6, vitamin B12, or HCY
with fracture incidence was assessed by calculating the
pooled HRs or RRs and their 95% confidence interval (CI).
Based on the practice recommendation of the Cochrane
Handbook, heterogeneity was assessed using the I-square
(I’) statistic. Meanwhile, an I’<50% was considered not
significant. When heterogeneity was significant, the
potential sources of heterogeneity were identified by
analyzing the methodological variability of the included
studies. To reduce potential bias, a random-effects model
was used for all subgroup meta-analyses. Additionally,
sensitivity analysis was performed by omitting studies 1 by 1
to evaluate the impact of a single trial on the overall pooled
estimate. Egger’s test was used to evaluate the possibility
of publication bias. The software STATA, version 12.0
(Stata Corp, College Station, TX, USA), was applied for all
statistical analyses, and P<0.05 was considered statistically
significant.

Results
Selection process

The detailed article search and study selection process are
listed in Figure 1. A total of 23,376 articles were retrieved
after the initial search of the chosen electronic databases.
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Studies identified in medical databases
PubMed (n=17,345) Embase (n=11,362) Cochrance (n=571)

Excluded through duplicates (n=5,902)

Excluded through titles and abstracts

¢ No data to caclulate HR, RR or OR (n=58)
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studies, review and meta-analysis) manually (n=1)

(n=28)

Studies met the included criteria

Figure 1 Study selection flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Of the 23,376 articles scanned, 23,260 failed the selection
criteria, and the 116 remaining articles were subjected to
full-text check. Among them, 89 studies were excluded
because 11 articles presented no fracture data relating to
serum level of HCY; 31 studies were involved in the level
of HCY and osteoporosis; 10 studies were involved in the
relationship of gene polymorphism and homocysteinemia;
6 were involved in the relationship of gene polymorphism
and fracture; 14 were reviews; 5 were meta-analyses; 9 were
irrelevant articles; 1 was a study rationale and design; 1 was
a survival analysis; and 1 article was retracted (Table S1). Of
the included studies, 1 was identified as originating from
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the reference list of the relevant studies scanned for in the
databases. After rigorous selection, eventually, 28 studies
involving 60,318 participants (26,508 non-interventions and
33,810 therapeutic interventions) were used for the meta-
analysis.

Study characteristic and quality assessment

The detailed characteristics of the studies utilized in the
meta-analysis are presented in Tables 1-3. Articles were
published between 2004 and 2019, with sample sizes
ranging of 189-12,064 participants. All included studies
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Table 2 Characteristics of the included studies involving the effectiveness of folate, vitamin B12, and/or vitamin B6 on fractures

Treatment (intake mg/d) Plasma HCY level (umol/L)

Study, year Country Treatment/ Women Age () Follow up
Placebo  No. (%) Folate VitB12 VitBe (vears) Baseline Follow-up Change
Araghi et al. 2019 Netherlands 1,298 598 (46.1) 71.0 0.4 0.5 - 5-7 14.0 (12.8-15.9) - -
(68.0-76.0)
Garcia Lopez et al. 2018 Norway 1,021 370(36.2) 57.4+9.5 1 - - 3 9.80+2.90 8.85+2.18 -0.88+2.19
Garcia Lopez et al. 2017 Norway 1,708 398 (23.3) 62.7+11.2 0.8 0.4 40 3.2-3.4 12.17+2.78 8.84+3.22 -2.97+3.76
1,703 390 (22.9) 62.3+10.9 0.8 0.4 - 3.2-3.4 12.06+4.69 9.13+3.71 -2.82+4.57
1,705 401 (23.5) 62.0+10.9 - - 40 3.2-3.4 12.30+5.60 12.25+5.04 0.20+4.65
1,721 421 (24.5) 62.3+10.7 - - - 3.2-3.4 12.29+5.06 12.42+5.26 0.46+4.61
van Wijngaarden et al.  Netherlands 1,461 736 (50.4) 74.0+6.6 0.4 0.5 - 2-3 14.3 (13.0-16.5) 10.3 (8.9-12.0) -4.4+3.3
2014 1,458 725 (49.7) 74.2+6.4 - - - 2-3 14.5 (13.0-16.7) 14.3 (12.3-17.0) -0.2+4.1
Gommans et al. 2013  New Zealand 580 - - 2 0.5 25 0.5-10.5 14.3+8.5 10.54.8 -
584 - - - - - 0.5-10.5 14.3+6.1 -
Yazdanpanah et al. 2007 Netherlands 5,304 - 67.66+7.75 + + + - - - -
Sawka et al. 2007 Canada 2,758 796 (28.9) 68.8+7.1 2.5 1 50 - 11.5+7? 9.3+7? -
2,764 763 (27.6) 68.9+6.8 - - - - 12.3+7? -
Armitage et al. 2010 UK 6,033 2,052 (17.0) 64.2+8.9 2 1 - 84 mo 13.5+4.8 - 3.3+0.2
6,031 - - - 84 mo -

+, plus; —, minus; ? standard deviation indicates that standard deviation is unknown. SD, standard deviation; HCY, homocysteine.

Table 3 Characteristics of the included studies evaluating the association of the level of plasma folate, vitamin B12, vitamin B6 with fracture risk

Vit B6, Follow-up Fracture

Study, year Country Subjects Women, n (%) Age mean (SD) HCY, umol/L  Folate, nmol/L Vit B12, pmol/L Mol (vears) type
Ravaglia et al. Italy 702 374 (53.3) 73.0+6.0 >15 <9.30 <190 <14 4 All
2005
Dhonukshe- Netherlands 1267 652 (51.5) 76+6.6 >16 - <200 - 3 All
Rutten et al.
2005
Gerdhem et al. Sweden 996 996 (100.0) 75 141 - - - 7 All
2007
946 946 (100.0) 75 - - 308 - 7 All
978 978 (100.0) 75 - 18 - - 7 All
Gjesdal et al. Norway 4,482 2,445 (54.6) 65-67 >15 - - - 12.6 Hip
2007 .
4,490 2,453 (54.6) 65-67 - <2.9 - - 12.6 Hip
4,487 2,450 (54.6) 65-67 - - - - 12.6 Hip
McLean et al. USA 1,002 603 (60.2) 75.3+4.9 >14 <7 <148 <20 4 Hip
2008
Lietal. 2014 China 292 190 (65.1) 53.7-55.3 (43.9, Per 5 increase Per 10 increase Per 100 - - Hip
63.5) increase
Torbergsen Norway 189 135 (71.4) 82.6+8.6 - - - - - Hip
et al. 2015

SD, standard deviation; HCY, homocysteine.
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Study ID HR (95% CI) Weight %
McLean et al. 2004 —o—|—: 0.78 (0.45,1.33) 273

—_—— 1.07 (0.64,1.78)  2.93

Jl—o— 1.92(1.18,3.10)  3.13

—e 1.67 (0.54,5.14)  0.89

* 2.07 (0.70,6.09)  0.95

! < 3.84 (1.38,10.70) 1.05

Meurs et al. 2004 - 1.30(1.10,1.50)  6.37

——— 1.40(1.10,2.80) 3.25

Dhonukshe-Rutten et al. 2005 ——e—.— 1.70 (0.80, 3.50) 1.78

T *> 2.60(1.10,6.50)  1.33

Ravaglia et al. 2005 e B a— 1.60(0.88,2.92)  2.39

Sato et al. 2005 —o——: 0.83(0.61,1.27)  4.12

+ 1.18 (0.53,3.06)  1.36

—e 1.55(0.74,451) 129

[ 227 (1.38,4.56)  2.40

Sato et al. 2005* —_—— 1.13(0.69,1.57) 3.7

—_— 0.84 (0.57,1.12)  4.41

:—0— 2.42(1.21,3.63) 268

Gerdhem et al. 2007 —_— 0.82(0.43,1.12)  3.16

Gjesdal et al. 2007 —_— 0.85(0.52, 1.38)  3.09

t——— 153 (0.91,257) 2.88

—— 216 (1.20,3.89) 2.46

—— : 0.44 (0.19,1.01)  1.47

——— 0.81(0.36,1.86)  1.51

- 152 (0.64,3.58) 1.40

Perier et al. 2007 —_—— 1.30(0.70,2.30) 242

s — 1.10 (0.60,2.00)  2.38

—_——— 1.50(0.80,2.70)  2.35

Zhu et al. 2009 —_—— : 0.76 (0.51,1.12)  3.87

—_—— 0.94 (0.65,1.37)  4.06

Enneman et al. 2012 ——— 1.28 (0.69, 2.38) 2.29

:—o— 1.82(1.02,3.22) 253

—T— 1.50(0.81,2.77) 2.31

Maghraoui et al. 2012 ——t— 1.02 (0.66, 1.58) 3.49

-t 1.35(0.87,2.09)  3.49

—_—— 1.21(0.66,2.21)  2.37

Lewerin et al. 2014 —— 1.38(1.11,1.72)  5.70
Overall (I-squared = 45.0%, p = 0.002) O 1.25(1.12,1.40)  100.00

NOTE: Weights are from random effects analysis :
|
.0935 1 10.7

Figure 2 Forest plot of the pooled results involving the association of HCY level with fracture risk. HCY, homocysteine.

were rated as high-quality via the risk of bias assessment
(Figure S1).

HCY and fracture risk

A total of 13 trials (5,14,34-44) evaluating the association of
HCY level with fracture risk demonstrated that an increased
homocysteine level was an independent risk factor for
osteoporotic fractures in older persons (HR =1.25, 95% CI:
1.12 to 1.40) (Figure 2). Subgroup analysis by excluding two
trials without HR data and sensitivity analysis performed
by omitting studies 1 by 1 demonstrated consistent results.
No significant publication bias was identified using Egger’s
test (P>0.05, Figure S2). Furthermore, no significant
difference was observed in fracture risk between women

(5,14,34,37-43) and men (5,14,34,39,44) (HR =1.20, 95%

© Annals of Translational Medicine. All rights reserved.

CI: 1.06 to 1.37; 1.41, 95% CI: 1.02 to 1.94) (Figure 3).

HCY stratification and fracture risk

For different levels of HCY, the results of meta-analysis
generated from 10 studies (5,14,34,36-40,42,43) showed
that a HCY level in the highest quartile (or >15 pmol/L)
was associated with an increased risk of fracture (HR
=1.71, 95% CI: 1.37 to 2.12); however, the second and
third quartile generated from 8 studies (5,36,37,39-43)
showed no significant association (HR =0.96, 95% CI: 0.80
to 1.16; 1.14, 95% CI: 0.95 to 1.37) (Figure 4). Sensitivity
analyses performed by excluding 2 trials that provided
insufficient data to calculate the HR and its 95% CI or 3
studies involving only participants with stroke, diabetes,
and cardiovascular diseases, respectively, demonstrated
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Study ID HR (95% ClI) Weight %
Women :

McLean et al. 2004 ——t—T 0.78 (0.45, 1.33) 3.07
————— 1.07 (0.64, 1.78) 3.30
e e 1.92 (1.18, 3.10) 3.53
Meurs et al. 2004 - 1.30 (1.10, 1.50) 7.39
Dhonukshe-Rutten et al. 2005 —_— 1.70 (0.80, 3.50) 1.99
Sato et al. 2005* —— 1.13 (0.69, 1.57) 4.21
—— , 0.84 (0.57,1.12) 5.03
—— 242 (1.21,3.63) 3.02
Gerdhem et al. 2007 —_— : 0.82 (0.43, 1.12) 3.57
Gjesdal et al. 2007 —_— 0.85 (0.52, 1.38) 3.49
————— 153(0.91,257) 3.24
—— 2.16 (1.20, 3.89) 2.76
Perier et al. 2007 —_— 1.30 (0.70, 2.30) 2.72
—_—— 1.10 (0.60, 2.00) 2.67
—_— 1.50 (0.80, 2.70) 2.63
Zhu et al. 2009 + : 0.76 (0.51, 1.12) 4.39
——r 0.94 (0.65, 1.37) 4.62
Enneman et al. 2012 ——— 1.28 (0.69, 2.38) 2.57
—— 1.82(1.02,322) 284
——— 150(0.81,2.77)  2.60
Maghraoui et al. 2012 —_—— 1.02 (0.66, 1.58) 3.95
——— 1.35(0.87,2.09) 3.95
—— 1.21(0.66, 2.21) 2.65
Subtotal (I-squared = 43.1%, p = 0.015) <|> 1.20 (1.06,1.37)  80.19
Men :
McLean et al. 2004 —t 1.67 (0.54, 5.14) 0.99
, -+ 2.07(0.70,6.09)  1.06
| * 3.84 (1.38,10.70) 1.16
Meurs et al. 2004 ——— 1.40 (1.10, 2.80) 3.67
Dhonukshe-Rutten et al. 2005 : + 2.60 (1.10, 6.50) 1.48
Gjesdal et al. 2007 —_—— 0.44 (0.19, 1.01) 1.64
—_———t—— 0.81 (0.36, 1.86) 1.68
Lo~ 1.52 (0.64, 3.58) 1.56
Lewerin et al. 2014 —_—— 1.38 (1.11,1.72) 6.57
Subtotal (I-squared = 47.7%, p = 0.054) <> 1.41(1.02,1.94)  19.81
1
Overall (I-squared = 44.6%, p = 0.004) <> 1.24 (1.10,1.40)  100.00
NOTE: Weights are from random effects analysis :
|

.0935

10.7

Figure 3 Forest plot of the pooled results involving the association of HCY level with fracture risk of men and women. HCY, homocysteine.

consistent results.

HCY and fracture site

Meta-analysis results generated from 2 studies (38,39)
showed that high HCY level was associated with an
increased risk of total fractures (HR =1.13, 95% CI: 1.01 to
1.26) as well as nonvertebral and hip fractures (HR =1.36,
95% CI: 1.15 to 1.60; 1.58, 95% CI: 1.24 to 2.00), rather
than vertebral fractures (HR =1.13, 95% CI, 0.54 to 2.38)
(Figure 5). Based on HCY levels, a subgroup analysis for
hip fractures demonstrated that the results did not change
either with overall data (HR =1.19, 95% CI: 0.96 to 1.48), or
in the second, third, and highest quartile (HR =0.77, 95% CI:
0.56 to 1.06; HR =1.18, 95% CI: 0.87 to 1.61; HR =1.53,95%

© Annals of Translational Medicine. All rights reserved.

CI: 1.24 to 1.89, respectively) (Figure S3).

Folate, vitamin B12, vitamin B6 and fracture risk

Our analysis revealed that 4 trials (35,39,45,46), 3 trials
(34,35,39), and 2 trials (35,45) evaluating serum folate level,
vitamin B12, and vitamin B6 with fracture risk had found
that a severe deficiency of folate, instead of vitamin B12 and
B6 increased the risk of fracture in older adults (HR =1.46,
95% CI: 1.06 to 2.02; 1.24, 95% CI: 0.79 to 1.95; 1.36, 95%
CI: 0.90 to 2.06). Meanwhile, low serum folate, vitamin
B12, and vitamin B6 level was not significantly associated
with an increased risk of fracture (HR =0.79, 95% CI: 0.56
to 1.12; 1.01, 95% CI: 0.43 to 2.38; 1.16, 95% CI: 0.64 to
2.10) (Figure 6).
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Study ID HR (95% Cl) Weight %
Quartile 2 :
MclLean et al. 2004 —- 1.67 (0.54, 5.14) 1.29
—_—— 0.78 (0.45, 1.33) 3.33
Sato et al. 2005 -*- 1.18 (0.53, 3.06) 1.88
Sato et al. 2005* —-0:— 1.13 (0.69, 1.57) 4.17
Gjesdal et al. 2007 +- T 0.85(0.52, 1.38) 3.65
—_—— | 0.44 (0.19, 1.01) 2.01
Perier et al. 2007 —— 1.30(0.70, 2.30) 3.03
Zhu et al. 2009 + : 0.76 (0.51, 1.12) 4.29
Enneman et al. 2012 —_— 1.28 (0.69, 2.38) 2.90
Maghraoui et al. 2012 —_— 1.21(0.66, 2.21) 2.98
Subtotal (I-squared = 6.6%, p = 0.381) < : 0.96 (0.80, 1.16) 29.52
1
Quartile 3 !
McLean et al. 2004 - -<- 2.07 (0.70, 6.09) 1.37
—4:— 1.07 (0.64, 1.78) 3.51
Sato et al. 2005 — 1.55 (0.74, 4.51) 1.80
Sato et al. 2005* —_— 0.84 (0.57, 1.12) 4.69

Gjesdal et al. 2007 —:—0— 1.53 (0.91, 2.57) 3.46
—_—— 0.81(0.36, 1.86) 2.05
Perier et al. 2007 — 1.10 (0.60, 2.00) 2.99
Zhu et al. 2009 —_— 0.94 (0.65, 1.37) 4.44
Enneman et al. 2012 —l—O— 1.82(1.02, 3.22) 3.14
Maghraoui et al. 2012 [t 1.35(0.87, 2.09) 3.99
Subtotal (l-squared = 16.8%, p = 0.288) o 1.14 (0.95, 1.37) 31.45
1
Quartile 4 or (HCY > 15umol/L) :
McLean et al. 2004 1 - 3.84 (1.38, 10.70) 1.49
——— 1.92(1.18, 3.10) 3.69
Meurs et al. 2004 | e 2.00 (1.40, 2.70) 4.76

Dhonukshe-Rutten et al. 2005

Sato et al. 2005
Sato et al. 2005*
Gerdhem et al. 2007

4 2.60 (1.10, 6.50) 1.84

——————— 1.70 (0.80, 3.50) 2.36
| ———— 2.27 (1.38, 4.56) 3.01
—— 242 (1.21, 3.63) 3.28

| 0.82(0.43,1.12) 3.71

Gjesdal et al. 2007 —— 2.16 (1.20, 3.89) 3.07
1.52 (0.64, 3.58) 1.93
Perier et al. 2007 —f—%— 1.50 (0.80, 2.70) 2.96
Enneman et al. 2012 T 1.50 (0.81, 2.77) 2.92
Maghraoui et al. 2012 ——t— 1.02 (0.66, 1.58) 3.99
Subtotal (I-squared = 45.7%, p = 0.036) :<> 1.71(1.37,2.12) 39.02
Overall (l-squared =52.1%, p = 0.000) é 1.29 (1.12, 1.49) 100.00

NOTE: Weights are from random effects analysis

.0935

I
10.7

Figure 4 Forest plot of the pooled results involving the association of HCY stratification and fracture risk. HCY, homocysteine.

Folate, vitamin B12, and/or B6 supplementation and
fracture risk

In 2 trials (6,21) the results of evaluating participants receiving
vitamin B6 supplements vs. placebo or no treatment showed no
significant association with fracture risk (HR =0.62, 95% CI:
0.28 to 1.39). As shown in Figure 7, similar results generated
from 2 trials (15,17) involving dual supplementation (folate and
vitamin B12) and 3 trials (19-21) with triple supplementation
(folate, vitamin B12, and B6) were concluded (HR =1.00, 95%
CI: 0.88 to 1.14; HR =0.97, 95% CI: 0.79 to 1.19).

Discussion

In 2004, 2 RCT5 (5,14) reported by the New England Fournal

© Annals of Translational Medicine. All rights reserved.

of Medicine indicated that HHCY was associated with higher
fracture risk in the older population. However, with the
exception of a study conducted in 2005 which was retracted
by the Fournal of the American Medical Association (JAMA)
in 2016 stating a significant effect on reducing fracture risk
in the osteoporotic population by fortification with folate
and vitamin B12 (47), a number of prospective randomized
cohort intervention trials in the following decade failed
to show HCY as an intervention target (15,19-21).
The underlying reason for this mixed evidence to date
awaits unravelling. Therefore, this meta-analysis was
performed to investigate this inconsistence by systematically
assessing the association of HCY, folate, vitamin B12,
and B6 with fracture risk and whether supplements of B
vitamins reduce risk of fracture in the older population.
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Study %
ID HR (95% Cl) Weight
Nonvertebral Fracture Quartile 2 :
Gjesdal et al. 2007 —_—— 0.85(0.52, 1.38) 3.51
Gjesdal et al. 2007 + ! 0.44 (0.19, 1.01) 1.49
LeBoff et al. 2009 _.—I_ 0.85 (0.54, 1.35) 3.83
Subtotal (I-squared = 2.8%, p = 0.357) L 0.77 (0.56, 1.06) 8.82
Nonvertebral Fracture Quartile 3
Gjesdal et al. 2007 e 1.53(0.91, 2.57) 3.21
Gjesdal et al. 2007 - 0.81(0.36, 1.86) 1.54
LeBoff et al. 2009 —_—— 1.10 (0.71, 1.69) 412
Subtotal (I-squared = 0.0%, p = 0.393) <9 1.18 (0.87, 1.61) 8.86
Nonvertebral Fracture Quartile 4
Gerdhem et al. 2007 —_1— 1.17 (0.88, 1.36) 8.00
Gerdhem et al. 2007 ——|+— 1.30 (0.77, 1.69) 4.65
Gerdhem et al. 2007 + 1.67 (1.01, 2.17) 4.81
Gjesdal et al. 2007 L —— —— 2.16 (1.20, 3.89) 266
Gjesdal et al. 2007 + 1.52 (0.64, 3.58) 1.41
LeBoff et al. 2009 ——————— 1.37 (0.86, 2.19) 3.72
Subtotal (I-squared = 7.6%, p = 0.368) > 1.36 (1.15, 1.60) 2527
Vertebral Fracture Quartile 4
Gerdhem et al. 2007 —_— 1.50 (0.90, 1.94) 4.79
Maghraoui et al. 2012 4 0.68 (0.27, 1.70) 1.26
Subtotal (I-squared = 58.7%, p = 0.120) <:’>— 1.13 (0.54, 2.38) 6.04
Nonvertebral Fracture Quartile 1-4
Yazdanpanah et al. 2007 <+ 0.59 (0.31, 1.13) 229
Gommans et al. 2013 _‘I_ 0.94 (0.59, 1.50) 3.73
Gommans et al. 2013 e o e 0.94 (0.59, 1.50) 3.73
Gommans et al. 2013 <+ 0.87 (0.32, 2.40) 1.07
Gommans et al. 2013 —_—— 0.74 (0.45, 1.23) 3.36
Lewerin et al. 2014 + —— 1.66 (1.17, 2.35) 5.34
Lewerin et al. 2014 —_— 1.05 (0.75, 1.50) 5.38
Sawka et al. 2015 1.17 (0.88, 1.58) 6.37
Lopez et al. 2017 —_: 1.12(0.80, 1.58) 5.48
Lopez et al. 2017 —_—— 1.10(0.75, 1.62) 477
Subtotal (I-squared = 28.5%, p = 0.182) P~ 1.06 (0.91, 1.24) 4152
Vertebral Fracture Quartile 1-4
Yazdanpanah et al. 2007 - 0.71(0.28, 1.79) 1.24
Gommans et al. 2013 . 0.80 (0.21, 2.97) 0.64
Lewerin et al. 2014 o e — 1.43(1.02, 2.01) 5.50
Sawka et al. 2015 * 0.71(0.36, 1.41) 2.10
Subtotal (I-squared = 37.9%, p = 0.185) _ T 1.00 (0.64, 1.56) 9.48

1
Overall (I-squared = 33.9%, p = 0.043) é 1.13 (1.01, 1.26) 100.00
NOTE: Weights are from random effects analysis :

I
19 1 5.26

Figure 5 Forest plot of the pooled results involving the association of HCY level and fracture risk at different sites. HCY, homocysteine.

Based on the existing evidence and results in this meta-
analysis, intervention of HCY is supposed to have a
beneficial effect on osteoporotic fracture in elderly people.
The metabolism of HCY has been investigated by multiple
studies to uncover possible prevention targets to reduce
the serum level of HCY. Among them, folate, vitamin
B12, and vitamin B6, the 3 critical enzymes involved
in the metabolism of HCY, are considered effective
and are subsequently viewed as promising intervention
candidates for fracture incidence in older adults thanks

© Annals of Translational Medicine. All rights reserved.

to their convenient supplementation by oral intake (18).
Evidence has shown that combined folate and vitamin
B12 supplementation for 2—4 years could reduce HCY by
2-5 mmol/L (21); while the single application of vitamin B6
has failed to display a significant effect on reducing serum
HCY level. Furthermore, the effect on reducing HCY
caused by the combined fortification of folate and vitamin
B12 is not changed by either the addition or absence of
vitamin B6 supplementation (21). In addition, there is
limited evidence showing that vitamin B2 may also play a
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Study ID

Folate Deficient
Ravaglia et al. 2005

He et al. The role of HCY and B vitamins in osteoporotic fracture

HR (95% Cl)  Weight %

g 1.95(1.10, 3.47) 6.20

McLean et al. 2008 o 1.20(0.78,1.86) 8.1
Urano et al. 2014 —_— 1.71(1.04,2.79) 725
Gjesdal et al. 2007 —_— 1.90 (1.13,3.17) 6.94
*> + 0.65(0.29, 1.48) 3.98
Subtotal (I-squared = 42.3%, p = 0.139) - 1.46 (1.06,2.02) 32.49
I
Vitamin B12 Deficient :
Ravaglia et al. 2005 > 1.11(0.58,2.12) 5.45
Dhonukshe-Rutten et al. 2005 *- > 220(1.10,4.40) 4.96
Gjesdal et al. 2007 —_— 0.78 (0.46, 1.34)  6.70
— 1.46 (0.65, 3.28) 4.02
Subtotal (I-squared = 47.4%, p = 0.127) <$— 1.24 (0.79,1.95) 21.12
1
Vitamin B6 Deficient 1
Ravaglia et al. 2005 > 1.12(0.59,2.13) 5.45
McLean et al. 2008 t * 1.56 (0.90, 2.68) 6.56
Subtotal (I-squared = 0.0%, p = 0.442) -=<> 1.36 (0.90, 2.06) 12.01
1
Vitamin B6 Low :
McLean et al. 2008 < 1.16 (0.64,2.09) 6.00
Subtotal (I-squared = .%, p =.) e E 1.16 (0.64,2.10) 6.00
1
I
Folate Low 1
McLean et al. 2008 -+ : 0.72(0.41,1.26) 6.36
Gjesdal et al. 2007 T 1.00 (0.58, 1.73)  6.55
+ : 0.60 (0.28, 1.29) 4.36
Subtotal (I-squared = 0.0%, p = 0.517) _ 0.79 (0.56, 1.12)  17.27
1
Vitamin B12 Low |
Gjesdal et al. 2007 —_— 0.68 (0.40, 1.15) 6.78
L * 1.64 (0.76, 3.53) 4.33
Subtotal (I-squared = 70.8%, p = 0.064) . 1.01(0.43,2.38) 11.11
NOTE: Weights are from random effects analysis :
| I
227 1 44

Figure 6 Forest plot of the pooled results involving the association of folate, vitamin B12, vitamin B6, and fracture risk.

role in the metabolism of HCY and can possibly reduce
HCY with intervention (27). In this investigation, there was
insufficient data concerning vitamin B2 supplementation to
support our analysis of its effectiveness.

Encouragingly, a number of studies have confirmed
the positive association of folate with BMD, encouraging
more large-scale RCTs to validate the beneficial effect of
folate fortification on BMD in older adults, although no
significant association was observed between BMD and
either vitamin B6 or vitamin B12 (6,23,25-27,48). However,
researchers have long been perplexed by whether HCY is a
culprit or a bystander of fracture in the elderly population.
Although the combined application of folate and vitamin
B12 can reduce HCY, the present meta-analysis revealed
that this intervention was not associated with a lower risk of
fracture in older people. A similar phenomenon was noted
in a recent large-scale meta-analysis (49) confirming that
vitamin D and/or with calcium supplementation was not

© Annals of Translational Medicine. All rights reserved.

associated with the decrease of fracture risk in community-
dwelling older adults, whereas many trials had previously
validated that calcium and vitamin D supplementation could
significantly improve BMD (50-52). If folate, vitamin B12,
and vitamin B6 share similar mechanisms, the underlying
reason that no threshold-effect on fracture risk was observed
by intervention of HCY might be that the intervention was
not applied to a properly targeted population, subsequently
attenuating the effect on reducing HCY level. Based on this
hypothesis, we performed a further subgroup analysis to
investigate participants with different serum HCY levels.
Intention-to-treat participants by serum HCY was separated
into 4 groups: the lowest quartile, the second quartile,
the third quartile, and the highest quartile. Our subgroup
analysis generated encouraging results showing that only
the highest quartile of HCY instead of the other 3 quartiles
increased the fracture risk in older people. Furthermore,
we reviewed all the intervention trials and found that the
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Study 1D HR (95% Cl) Weight %
Vitamin B6 E
Yazdanpanah et al. 2007 . : 0.53 (0.27, 1.04) 4.19
€ + : 0.34(0.18,0.64) 4.62
Lopez et al. 2017 :——0— 1.19 (0.83, 1.72) 9.69
Subtotal (I-squared = 84.6%, p = 0.002) -C:> 0.62(0.28,1.39)  18.50
|
Folate+vitamin B12 :
Wijngaarden et al. 2014 ++— 1.08 (0.84, 1.40) 13.38
—_—— 0.84(0.58,1.21)  9.60
—0—;—— 0.81(0.54,1.21)  8.63
Armitage et al. 2010 -;—0— 1.04 (0.88, 1.24) 16.71
Subtotal (I-squared = 0.0%, p = 0.477) . > 1.00 (0.88, 1.14) 48.32
|
Folate+vitamin B12+vitamin B6 :
Gommans et al. 2013 —ﬁ— 0.94 (0.59, 1.50) 7.20
:I 0.87 (0.32, 2.40) 2.1
+ . 0.80(0.21,2.97)  1.27
—0—:—— 0.74 (0.45,1.23)  6.51
Sawka et al. 2007 :——0— 1.17 (0.88, 1.58) 12.00
Lopez et al. 2017 *> I 0.71(0.36, 1.41) 4.1
Subtotal (I-squared =0.0%, p = 0.603) <:> 0.97 (0.79, 1.19)  33.19
1
Overall (I-squared = 43.2%, p = 0.048) ¢> 0.90 (0.77, 1.05) 100.00
NOTE: Weights are from random effects analysis E
T T

18

1

5.56

Figure 7 Forest plot of the pooled results involving the association of folate, vitamin B12, and/or B6 supplementation and fracture risk.

mean level of serum HCY, except that of a subgroup in the
B-PROOF study, was below 15 pmol/L, which implies that
the intervention was not applied to the correct population,
leading to no significant effects on decreasing fracture
risks (15,19-21,53). Moreover, the subgroup analysis in the
B-PROOF study (15,53), with participants over 80 years
old and extended follow-up evidence of higher HCY level
participants with baseline serum HCY of 15.3 pmol/L
(13.6-18.2 pmol/L), supported our hypothesis.

Regretfully, the studies included in our meta-analysis
provided no data regarding the extent of lowering HCY.
There was 1 study that reported a mean reduction of
HCY of 4.5 pmol/L after a 2-year intervention of folate
and vitamin B12 (15), while others had a lowering effect
of less than 3 pmol/L (6,17,19-21), indicating a potential
bias caused by various interventions. Concludingly, all the
evidence to date supports the hypothesis that only older
people with HCY levels of 15 pmol/L (highest quartile) or
above need supplementations of folate and vitamin B12.
We also found that the evidence for beneficial effects of
vitamin B6 application was not consistent. Garcia Lopez
et al. stated that intervention with folate and vitamin B12

© Annals of Translational Medicine. All rights reserved.

combined with vitamin B6 did not produce a greater
effect on reducing serum HCY. Contrarily, an overdose
of vitamin B6 was positively correlated with the fracture
incidence possibly owing to its toxic effect (21). Therefore,
any supplementation of vitamin B6, based on the current
evidence, is not recommended unless a severe deficiency of
vitamin B6 has been confirmed.

Based on the dose-dependent effect of HCY reported in a
study, 15 pmol/L is before the ] point in the standard curve,
indicating a significant effect of B vitamins supplementation
with a higher threshold of serum HCY level (39). Guidelines
regarding the threshold of serum HCY level have been
established in cardiovascular disease, cerebrovascular disease,
and chronic kidney disease over the past decade (9,10,16).
However, consensus can yet be drawn for intervention of
HHCY and osteoporotic fractures due to the inconsistent
results from studies to date. We therefore strongly encourage
more large-scale RCTs focusing on the threshold of HHCY
to investigate if a higher threshold would deliver a significant
intervention effect on fracture risks in older adults.

The supplementation of both vitamin D and B vitamins
has been validated by strong evidence to be ineffective at
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lowering fracture risk in community dwelling older people.
We tend to believe that in the past decades, researchers
have, to some extent, overestimated the beneficial effect
of various nutrients including but not only limited to
calcium/vitamin D and B vitamins on reducing the risk of
osteoporotic fractures in relatively low-risk older people.
In the future, we suggest placing increased emphasis on
more focalized and economically efficient screening of the
high-risk population and the corresponding intervention
to achieve a safer and more economical goal, by which the
public health resource might be appropriately exploited.

In this study, there were several limitations present. First,
no analysis based on evidence to date was able to be carried
out to assess the association of people with >15 mmol/L
HCY with fracture risk. Hence, no direct evidence is
available to validate our hypothesis. Second, HR values from
a 199-participants trial by Sato el al. in 2005 was extracted
from a graph due to the raw data being inaccessible, which
caused some deviation. Besides, some included trials did
not test HCY, folate, vitamin B12, and vitamin B6 in all
participants, which compromised the analytical power.

Conclusions

This meta-analysis revealed that significantly elevated
serum level of HCY is positively associated with fracture
incidence in older adults, yet the necessity and threshold
for intervention by B vitamins (folate, vitamin B12, and
B6) require further large-scale high-quality clinical trials to
validate.
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