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Background & aims: In the initial B-proof, we found inconsistent results of B vitamin supplementation.
However, the debate regarding the effects of B vitamins on age-related diseases continues. Therefore, our
aim was to investigate the long-term effects (5e7 years follow-up) of an intervention with folic acid and
vitamin-B12 supplementation on fracture and cardiovascular disease risk.
Methods: Extended follow-up of the B-PROOF trial, a multi-center, double-blind randomized placebocontrolled trial designed to assess the effect of 2e3 years daily supplementation with folic acid
(400 mg) and vitamin-B12 (500 mg) versus placebo (n ¼ 2,919). Primary outcome was veriﬁed selfreported fracture incidence and secondary outcomes were self-reported cardiovascular endpoints,
which were collected through a follow-up questionnaires Proportional hazard analyses was used for the
effect of the intervention on risk of fracture(s) and logistic regression for the effect of the intervention on
risk of cardiovascular disease.
Results: A total of 1,298 individuals (44.5%) participated in the second follow-up round with median of
54 months [51e58], (n ¼ 662 and n ¼ 636, treatment versus placebo group). Median age at baseline was
71.0 years [68.0e76.0] for both groups. No effect was observed of the intervention on osteoporotic
fracture or any fracture risk after a follow-up (HR: 0.99, 95% CI: 0.62e1.59 and HR: 0.77; 95% CI: 0.50
e1.19, respectively), nor on cardiovascular or cerebrovascular disease risk (OR: 1.05; 95%CI: 0.80e1.44
and OR: 0.85; 95%CI: 0.50e1.45, respectively). Potential interaction by baseline homocysteine concentration was observed for osteoporotic- and any fracture (p ¼ 0.10 and 0.06 respectively), which indicated
a signiﬁcantly lower risk of any fracture in the treatment group with higher total homocysteine concentrations (>15.1 mmol/l). No age-dependent effects were present.
Conclusions: This study supports and extends previous null-ﬁndings of the B-PROOF trial and shows that
supplementation of folic acid and vitamin-B12 has no effect on fracture risk, nor on cardiovascular
disease in older individuals over a longer follow-up period. However, B-vitamin supplementation may be
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beneﬁcial in reducing fractures in individuals with high total homocysteine concentrations, a ﬁnding
which needs to be replicated.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction
Previously, homocysteine-lowering therapy has been suggested
as a potential treatment option for common diseases such as
osteoporosis and cardiovascular disease [1]. An effective method of
normalizing homocysteine concentration is treatment with B-vitamins, which play a central role in homocysteine metabolism [2].
Over the years, several intervention trials have been performed, but
conﬂicting effects of treatment with B-vitamins and homocysteine
were observed for both fracture and cardiovascular outcomes [3,4].
An association between increased homocysteine concentration
and risk of cardiovascular disease and fracture has been observed in
particular in older individuals [5]. Recently within the older BPROOF population, we observed no effect of B-vitamin intervention
on the overall incidence of coronary heart disease, but a signiﬁcantly but slightly lower risk of cerebrovascular events was
observed among females. This was further conﬁrmed by a recent
meta-analysis that also showed a reduced risk of stroke with folic
acid alone and B-complex supplementation [5]. Yet, this metaanalysis included, beside our initial B-PROOF study, studies with
mostly younger individuals which makes it difﬁcult to extrapolate
these ﬁndings to older populations. With regard to fractures, the BPROOF trial did show lower osteoporotic fracture incidence but
only in a subgroup of compliant persons aged 80 years and over [6].
The mechanism of B-vitamins in bone health is not yet completely
understood, but B-vitamins appear to inﬂuence the development of
collagen and alter the metabolism of osteoblasts in a dosedependent manner [7,8]. Moreover, low levels of B-vitamins have
been associated with low bone mineral density (BMD) and
increased fracture risk [9]. The recent meta-analysis by Gracia
Lopez et al., however, did not show a signiﬁcant reduction of fractures after B-vitamin supplementation [10]. From all included RCT's
in this meta-analysis with different dosages of B-vitamins, only our
initial B-PROOF trial had fractures as main outcome and included
older participants [6]. Other trials which included selected patients
with cardiovascular disease or colorectal adenomas, found no signiﬁcant differences in fracture risk (as secondary outcome) between the groups [4,11e13].
Another potential explanation for previous inconsistent and
null-ﬁndings may be the relatively short follow-up time of the
trials. Besides increasing power, prolonged follow-up could account
for the potential latency period between exposure (B-vitamins) till
event. As known, the latency period of coronary heart disease (from
exposure to mortality) may be 10 years or more [14]. Thus, additional post-trial follow-up on risk of fractures and cardiovascular
diseases could provide valuable scientiﬁc information on potential
long-term effects of supplementation [15]. For that reason, this
study aimed to examine the primary and secondary endpoints of
the B-PROOF study (fracture and cardiovascular disease) with a
longer follow-up time to validate our previous ﬁndings [16].
2. Materials and methods
The initial B-vitamins for the Prevention Of Osteoporotic
Fractures (B-PROOF) trial was a multi-center (Erasmus MC Rotterdam, VU University Medical Center Amsterdam (VUmc) and
Wageningen University (WUR), the Netherlands), double blinded,
randomized placebo-controlled study. This trial was designed to

investigate the effect of daily oral folic acid (400 mg) and vitaminB12 (500 mg) supplementation (treatment group) on fracture
incidence as a primary outcome. Secondary outcomes included
amongst others cardiovascular events. Placebo- and treatment
group received daily 15 mg (600 IU) vitamin D3 to ensure a normal
vitamin D status. The duration of the intervention was 2 years, and
this was extended in a subgroup for 1 more year with the aim to
increase power (n ¼ 339 out of 2,919 participants had 3 years
intervention) [17].
The recruitment period was between September 2008 and
March 2011. A total of 2,919 participants aged 65 years and over
with an elevated homocysteine concentration (12e50 mmol/l) were
included in the study. Exclusion criteria were renal insufﬁciency
(creatinine level > 150 mmol/l), history of malignancy (except nonmelanoma skin cancer) in the past 5 years before the recruitment
and use of high dosage of B-vitamins (folic acid intake >300 mg/day
and/or intramuscular injections of vitamin-B12 at recruitment and
baseline). The study protocol of the trial and a detailed description
of the study have been reported elsewhere [17]. The B-PROOF study
was registered in the Netherlands Trial Register (NTRNTR1333) and
ClinicalTrials.gov (NCT00696514). The study protocol was approved
by The Medical Ethics committees of Erasmus MC, VUmc and WU
universities [17]. In 2015, we extended the follow-up of the original
B-PROOF study by sending the participants who gave permission to
contact them additional questionnaires to investigate the longterm effect of the intervention on risk of cancer, fracture and cardiovascular diseases (n ¼ 1,298). The long-term effect on cancer has
been described in a separate paper [18]. The current paper describes the outcomes of the extended follow-up on fracture and
cardiovascular diseases. End of follow-up for this study was
December of 2017.
2.1. Covariates and outcomes
A wide set of measurements (e.g. BMI, medical history, plasma
homocysteine (Hcy), serum folate, vitamin-B12, holotranscobalamin (HoloTC), methylmalonacid (MMA) and 25(OH)
D) was performed at baseline and at 2-y follow-up [17]. The
extended (5-7y) follow-up structured questionnaire was used to
assess self-reported medical history (fractures and cardiovascular
disease (CVD)), alcohol intake and smoking habits. All reported
fractures were veriﬁed with the general practitioner of the participants and were categorized as osteoporotic (all fractures
excluding head, hand, ﬁnger, foot or toe fractures, fractures
caused by trafﬁc accidents or by cancer) or any fracture. CVD was
assessed, in concordance with the original B-PROOF trial outcomes, as self-reported and without date of event. Self-reported
CVD events were also veriﬁed by the GP in order to obtain information on the validity of these events. Cohen's kappa coefﬁcient was calculated for the agreement between the self-reported
and veriﬁed CVD events. For CVD the coefﬁcient was 0.89
(excellent agreement between self-reported and veriﬁed events)
and for Cerebrovascular accident (CVA) 0.72 (fair to good
agreement between self-reported and veriﬁed events). CVD was
classiﬁed as any type of CVD, and subgroups of myocardial
infarction (MI), angina pectoris (AP), hearth failure and cardiac
valve disease were assessed. CVA and Transient Ischemic Attack
(TIA) were included as cerebrovascular disease.
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2.2. Statistical analysis
Mean with standard deviations (SD), or median with interquartile range (IQR) or percentages were reported. Differences
between groups at baseline were tested with t-test for continuous
variables and ManneWhitney U for not normally distributed data.
Chi-squared tests were used for categorical variables.
KaplaneMeier event curve was used for the cumulative event-free
survival on the basis of fracture incidence. The follow-up time was
calculated as the number of months from the baseline measurement until the ﬁrst diagnosis of incident fracture, death (derived
from the national institute ‘Centrum voor familiegeschiedenis’,
CBG), loss-to-follow-up, or end of the study period, whichever
occurred ﬁrst for the participants with complete follow-up. The
incidence rate ratio was calculated on the incidence-rate of fracture
for both treatment groups, which is deﬁned as the number of
events divided by the total sum of the follow-up in each group
(cases/persons years). Participants were analysed based on the
initial treatment allocation (intention to treat principle (ITT)). Unadjusted Cox proportional hazard analyses were conducted with
treatment (treatment vs. placebo group) as the independent variable and the fracture diagnosis as the dependent outcome variable.
Subsequently, per protocol (PP) analyses were performed that
included data only from participants who were compliant during
the intervention (>80% of pills consumed) [17]. Then, cluster proportional hazard model was used to analyse the effect of the
intervention on the multiple osteoporotic fracture risk [19]. Multiple osteoporotic fracture was deﬁned as total osteoporotic fractures during the intervention in the total population.
For the analyses with cardiovascular and cerebrovascular disease
as outcome, binary logistic regression analysis was used for the
population with complete follow-up, due to the absence of a precise
time of onset, a Cox regression analysis was not possible. Selfreported events were used as the dependent factor and the treatment group as the independent factor. Multivariable Cox proportional hazard regression analyses and binary logistic regression
analysis were adjusted for serum HoloTC since this variable differed
signiﬁcantly between the treatment and the placebo group regardless of randomization. All other potential confounders were equally
distributed between both groups. Furthermore, as in the original BPROOF trial, multivariable analyses were performed to test the
interaction between sex, age (continuous) study center, homocysteine concentration, MTHFR polymorphism, vitamin-B12 and folate
level and baseline CVD. Appropriate subgroup analyses were performed when p for interaction was <0.10.
p-Values <0.05 were considered to be statistically signiﬁcant
(except the interaction analysis). Analyses were performed using
IBM SPSS 24, the library survival R statistical packages [20].
3. Results
The baseline characteristics of the total population (initial BPROOF trial with 2e3 years follow-up, n ¼ 2,919) and population
with (n ¼ 1,298) and without 5e7 years follow-up (n ¼ 1,621) are
shown in Table 1. The median or mean values for all variables were
similar for treatment (n ¼ 1,485) and placebo (n ¼ 1,461) group at
baseline, except for serum HoloTC levels, with higher levels in the
treatment group compared to placebo group (65.0 [48.0e86.0] vs.
63.0 [45.0e84]). A total of 1,298 participants (n ¼ 662 in the
treatment group and n ¼ 636 in the placebo group) sent the second
follow-up questionnaire back, with the median age at baseline of
71.0 years [68.0e76.0] for both groups. The median follow-up time
was 54 months [IQR 51e58]. There were some differences in the
baseline characteristics of the participants who did not return the
second questionnaire compared to the participants with 5e7 y
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follow-up. For example, the non-responders were older, with a
higher percentage of women with median age at baseline of 75.0
years [70.0e80.0] for the treatment group (n ¼ 799) and 74.0 years
[70.0e80.0] for the placebo group (n ¼ 822) (Table 1). Furthermore,
the baseline characteristic of the participants with 5e7 y follow-up
was different for vitamin B12 level between placebo and the
treatment group (15.7% vs. 15.0%, respectively).
3.1. Fracture incidence
Table 2 shows the incidence of osteoporotic fractures, any fractures, and the effect of the intervention on these outcomes. The
incidence of osteoporotic fractures was not different between the
treatment and placebo group for participants with complete followup (n ¼ 1,298, 35 vs. 35). However, the incidence of any fractures
tended to be lower in the treatment group compared to the placebo
group (37 vs. 47, p ¼ 0.19). The results of ITT analyses of the effect of
folic acid and vitamin B-12 on veriﬁed ﬁrst osteoporotic fractures in
participants with complete follow-up showed no effect of treatment
of folic acid and vitamin-B12 on ﬁrst osteoporotic fracture and any
fracture risk after a follow-up of 5e7 years in the adjusted model (HR:
0.99, 95% CI: 0.62; 1.59 and HR: 0.77, 95% CI: 0.50; 1.19 respectively,
Table 2 and Fig. 2). PP analyses showed also no effect of the treatment
of folic acid and vitamin-B12 on both osteoporotic fractures and any
fractures in the ﬁnal model (HR: 1.09, 95% CI: 0.66e1.79 and HR: 0.81,
95% CI: 0.52e1.28 respectively, Table 2).
Total fractures and ﬁrst osteoporotic fractures from baseline to the
end of follow-up periods for the total population (participants with
only FU1) and participants with complete follow-up (participants
with FU1 and FU2), are shown in Table S1. Table S3 shows the number
of osteoporotic fractures in the treatment and placebo group at FU1
and FU2 in detail. In Table 2, the effect of the intervention on the
multiple osteoporotic fracture risk is shown. In the total population,
the number of osteoporotic fractures was lower in the treatment
group than in the placebo group (81 vs. 86). The intervention had no
effect on multiple osteoporotic fracture incidence in the total population (HR ¼ 0.93; 95% CI: 0.65e1.33, Table 2).
In the interaction analysis, we found only a signiﬁcant interaction term for homocysteine concentration for the effect of the
intervention on ﬁrst veriﬁed osteoporotic and any fracture (p ¼ 0.10
and p ¼ 0.06 respectively). After stratiﬁcation for homocysteine in
tertiles, the risk of osteoporotic fracture did not signiﬁcantly differ
between the groups. However, we found a lower risk of any fractures for those with homocysteine concentration above 15.1 mmol/l
for the treatment group compared to the placebo group (HR: 0.42;
95% CI: 0.19e0.92, Fig. 1). Baseline characteristics of population
with homocysteine concentration < and  15.1 mmol/l are shown
in Table S2. Besides, we found differences in baseline characteristics
between placebo and intervention group within each category by
homocysteine level. For the participants with homocysteine concentration <15.1 mmol/l (lower two tertiles), weight (p ¼ 0.04),
vitamin B12 level (p ¼ 0.01), smoking (p ¼ 0.03) and kidney
problems (p ¼ 0.04) were different between placebo and intervention group. For the participants with homocysteine 15.1
(higher tertile), there were no differences between placebo and
intervention group in baseline characteristics.
Median homocysteine concentration for the participants with
the extended follow-up changed more after the intervention in the
treatment group in the highest tertile compared to the ﬁrst two
tertiles (3.1 for the ﬁrst tertile and 4.1 mmol/l for the second
tertile, 6.0 for the last tertile, data not shown).
The interaction analysis of the effect of the intervention on multiple fracture incidence showed no signiﬁcant interaction terms for
age, gender, study center and total homocysteine and MTHFR (data
not shown).
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Table 1
Baseline characteristics of total study population (n ¼ 2,919) and the participants with (n ¼ 1,298) and without (1,621) follow-up.

Age (years)b
Sex (%women)
Study center (%)
WU
VUmc
EMC
Education years (%)
Low
Intermediate
High
Height (cm)a
Weight (kg)a
BMI (kg/m2)a
Alcohol consumption (%)
Light
Moderate
Excessive
Smoking status (%)
Current (cigarette)
Homocysteine (mmol/l)b
HoloTC (pmpl/l)b
25 (OH)D (nmol/l)a
Vitamin-B12 (pmol/l)a
MMA (mcgmol/l)a
Folate (nmol/l)a
Folic acid supplement use (% yes)
Vitamin-B12 supplement use (% yes)
Medication use (% yes)
Falls frequency (12 months before baseline)
History of fracture (% yes)
Cardiovascular diseases (%)

Populatio
n with 2-3Y FU (n ¼ 2,919)

Population with
5-7Y FU (n ¼ 1,298)

Population
without 5-7Y FU
(n ¼ 1,621)

Placebo
(n ¼ 1,458)

Treatment
group (n ¼ 1,461)

Placebo
(n ¼ 636)

Treatment
group (n ¼ 662)

Placebo
(n ¼ 822)

Treatment
group (n ¼ 799)

73.0 [69.0; 78.0]
49.7

73.0 [69.0; 78.0]
50.4

71.0 [68.0e76.0]
43.9

71.0 [68.0e76.0]
46.1

75.0 [70.0e80.0]
54.1

74.0 [70.0e80.0]
53.9

29.6
26.8
43.6

29.2
26.4
44.4

23.7
23.4
52.8

20.7
24.3
55.0

34.1
29.4
36.5

36.2
28.2
35.7

53.6
21.1
25.4
169.2 (9.3)
77.8 (13.3)
27.2 (4.0)

52.4
21.1
26.5
169.4 (9.4)
77.9 (13.3)
27.1 (4.0)

47.8
22.5
29.7
170.6 (9.1)
78.7 (12.0)
27.0 (3.5)

48.6
21.2
30.2
170.6 (9.0)
77.0 (13.6)
27.1 (3.8)

57.9
20.0
22.1
168.1 (9.3)
77.2 (14.2)
27.3 (4.3)

55.6
21.0
23.4
168.3 (9.6)
77.0 (13.6)
27.2 (4.1)

66.8
29.0
4.2

68.0
28.5
3.5

74.1
22.9
2.9

66.4
28.9
4.7

69.0
26.9
4.2

70.2
26.4
3.4

9.7
14.4 [13.0e16.7]
63.0 [45.0e84.0]
55.8 (23.9)
282.3 (114.0)
0.3 (0.4)
20.7 (8.7)
14.8
15.2
84.3
32.5
42.9
19.1

9.5
14.3 [13.0e16.5]
65.0 [48.0e86.0]
55.5 (25.8)
288.6 (117.9)
0.3 (0.2)
21.4 (13.9)
14.0
16.4
83.9
32.6
41.3
18.6

8.0
14.1 [12.9e16.0]
65.0 [46.5e87.0]
57.5 (23.9)
287.8 (119.9)
0.3 (0.2)
20.9 (8.1)
14.7
15.7
81.3
30.1
40.3
21.5

9.2
14.0 [12.8e15.9]
66.0 [51.0e87.5]
55.9 (24.9)
283.9 (102.3)
0.3 (0.2)
21.4 (10.0)
13.9
15.0
82.0
31.2
60.3
21.0

11.1
14.8 [13.2e17.2]
60.0 [44.0e82.25]
54.5 (23.9)
278.1 (109.0)
0.3 (0.5)
20.5 (9.1)
14.9
15.6
86.6
34.3
45.0
17.3

9.8
14.6 [13.2e17.2]
62.0 [45.0e84.75]
55.2 (26.5)
292.4 (129.2)
0.3 (0.2)
21.4 (16.5)
14.1
15.5
85.4
33.6
57.3
16.6

FU ¼ Follow-up, MMA ¼ methylmalonacid.
a
Mean (SD).
b
Median (IQR).

Table 2
Effect of folic acid and vitamin-B12 intervention on veriﬁed ﬁrst osteoporotic fracture in participants with complete follow-up (n ¼ 1298).
Outcome

Placebo group
n

Cases/100 PY

Treatment group

5e7 years FU

n

Cases/100 PY

HR [95%CI]a

HR [95%CI]b

1.2
1.3

0.96 [0.60; 1.53]
0.75 [0.49; 1.16]

0.99 [0.62; 1.59]
0.77 [0.50; 1.19]

1.2
1.2

1.04 [0.64; 1.71]
0.79 [0.51; 1.24]

1.09 [0.66; 1.79]
0.81 [0.52; 1.28]

NA

0.92 [0.65; 1.31]

0.93 [0.65; 1.33]

c

ITT analysis (n ¼ 1298: 636 in placebo and 662 in control group)
Osteoporotic fractures
35
1.3
35
Any fractures
47
1.7
37
PP analysis (n ¼ 1245 1325 in placebo and 1336 in control group)c
Osteoporotic fractures
30
1.1
33
Any fractures
42
1.6
35
Multiple fracture incidence analysis (n ¼ 2919 1458 in placebo and 1461 in control group)d
Osteoporotic fractures
86
NA
81

*p < 0.05. HR ¼ Hazard Ratio; ITT ¼ Intention To Treat; PP ¼ Per Protocol; PY ¼ person years, FU ¼ Follow-up.
a
Unadjusted model.
b
Adjusted model for HoloTC (signiﬁcant difference between treatment and placebo group).
c
Values were derived from Cox proportional hazards, ITT, and PP analyses.
d
Values were derived from Cluster proportional hazards.

3.2. Cardiovascular disease and cerebrovascular disease
The incidence of any type CVD, MI, AP, heart failure and/or
cardiac valve disease during the follow-up period for the participants with complete follow-up was higher in the treatment
group compared to the placebo group (130 vs. 120, 20 vs. 18, 43
vs. 42 and 41 vs. 35 respectively), except for cerebrovascular
disease (27 vs. 30). However, the differences were not statistically signiﬁcant (logistic regression analysis, Table 3). Sex and
study center were signiﬁcant modiﬁers in the intervention effect

on any type of CVD (p-for interaction ¼ 0.03 and 0.09, respectively). In addition, sex had a potential interaction with the
intervention effect on heart failure/cardiac valve disease (p-for
interaction ¼ 0.10). After stratiﬁcation for sex, the intervention
showed a higher risk of any type of CVD, heart failure and/or
cardiac valve disease for women compared to men, but these
differences were non-signiﬁcant (for women: OR ¼ 1.53; 95% CI:
0.99e2.35 for any type of CVD and OR ¼ 1.52; 95% CI: 0.78e2.97
for heart failure and/or cardiac valve disease, for men: OR ¼ 0.81;
95% CI: 0.56e1.17 for any type of CVD and OR ¼ 0.71; 95% CI:
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Fig. 1. The effect of folic acid and vitamin-B12 on veriﬁed ﬁrst osteoporotic fracture and any fracture in participants with complete follow-up (n ¼ 1298) stratiﬁed by homocysteine
tertiles (13.2, 13.2e15.1 and 15.1 mmol/l) in the adjusted model (p-for interaction ¼ 0.10 and p ¼ 0.06 respectively). Hcy ¼ Homocysteine, HR ¼ Hazard Ratio.

Fig. 2. KaplaneMeier curve of survival analysis of any type of fractures for the treatment (continue line) and the placebo (dotted line) group.

0.39e1.31 for heart failure and/or cardiac valve disease). After
stratiﬁcation for study center, the intervention showed a higher
risk (not signiﬁcant) of any type of CVD for the participants from
Rotterdam than participants from Amsterdam or Wageningen
(OR ¼ 1.36; 95% CI: 0.93e2.00, OR ¼ 0.80; 95% CI: 0.45e1.42 and
OR ¼ 0.78; 95% CI: 0.44e1.40 respectively).

4. Discussion
The extended follow-up of 5e7 years of a 2-year supplementation with folic acid and vitamin-B12 within a multicenter, randomized, double-blind, placebo-controlled trial in
older adults, showed no effect on incidence of ﬁrst osteoporotic
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Table 3
Effect of folic acid and vitamin-B12 intervention on self-reported cardiovascular outcomes investigated with logistic regression analysis according to the intention-to-treat
principle in participants with complete follow-up (n ¼ 1,298).
Outcome

No. of cases in placebo
No. of cases in treatment
Effect of the intervention treatment group compared to placebo group
group (cumulative incidence) group (cumulative incidence)
Model 1
Model 2
OR [95%CI]

Any type CVD
120 (0.88)
MI
18 (0.33)
Heart failure and/or heart valve 42 (2.00)
Angina pectoris
35 (1.94)
Cerebrovascular disease
30 (0.65)

130 (0.94)
20 (0.44)
43 (2.15)
41 (2.92)
27 (0.69)

1.06
1.07
0.99
1.14
0.86

[0.80;
[0.56;
[0.64;
[0.72;
[0.51;

1.39]
2.05]
1.54]
1.81]
1.47]

p-Value

OR [95% CI]

p-Value

0.71
0.83
0.95
0.59
0.59

1.05
1.08
1.02
1.13
0.85

0.72
0.84
0.98
0.61
0.55

[0.80;
[0.56;
[0.66;
[0.71;
[0.50;

1.39]
2.05]
1.59]
1.80]
1.45]

Model 1: crude model; Model 2: adjusted for HoloTC (signiﬁcant difference between treatment and placebo group); *p < 0.05. OR ¼ Odds Ratio; MI ¼ Myocardial Infarction.
Reference group ¼ placebo group.

or any type of fractures and multiple osteoporotic fractures.
However, after stratiﬁcation, the intervention led to a signiﬁcantly lower incidence of any fractures in the participants with
the highest total baseline homocysteine. Furthermore, the
intervention had no effect on the incidence of CVD or cerebrovascular disease.
No overall long-term effect of 2 years of supplementation of folic
acid and vitamin-B12 on fracture risk was found in our extended
follow-up study. This is in line with the results of recent metaanalysis where no association between homocysteine-lowering
treatment with these B-vitamins and the risk of fracture was
shown including long term follow-up studies [10]. However, only 2
of the 6 included trials had a longer (extended) follow-up (7 years
and 11.1 years) [3,21]. Although the initial B-PROOF trial was also
included in this meta-analysis, differences in study design and
population with B-PROOF should be noted. The study population of
other included trials was younger compared to B-PROOF (62.5e68.8
years). Nevertheless, there was no indication of an age-dependent
effect in our current extended follow-up analyses. The baseline total homocysteine concentration of the included participants was also
different compared to our study (9.8e13.4 mmol/l versus 14.4 mmol/
l). Interestingly, we found a lower fracture incidence for the group
with higher total homocysteine concentration at baseline
(>15.1 mmol/l). The ﬁndings were supported by the tendency toward
fracture reduction in the total group, but not by the ﬁndings on
osteoporotic fractures. Yet the numbers of cases were low in the
stratiﬁed analysis and for this reason, these explorative ﬁndings
should be interpreted with caution. Also, the participants in the
treatment group with higher baseline homocysteine concentration
had a steeper decline of total homocysteine concentration after the
supplementation of folic acid and vitamin-B12 than the participants
with lower baseline homocysteine concentration suggesting that the
effect of the intervention was more pronounced in participants with
higher total homocysteine concentration. This is in line with treatment of vitamin D deﬁciency, where the effect on serum parathyroid
hormone concentration is greater when the baseline serum 25hydroxyvitamin D is lower [22]. In general, vitamin supplementation
may show a threshold effect, working only in deﬁcient people [23]. In
a similar way of reasoning, the effects may soon disappear after
discontinuation of supplementation. This follow-up study reports
outcomes after a follow-up of 5e7 years, including treatment for 2e3
years only, thus, the effect of supplementation may be disappeared.
Besides, from our previous ﬁndings of an increased risk of colorectal
cancer with B-vitamins supplementation, we do not recommend
supplementation of these vitamins in not-deﬁcient general population [18].
It may be speculated that the latter indicates a (intracellular) Bvitamin deﬁciency [24]. As known, B-vitamins lower total homocysteine concentration and play an important role in the homocysteine metabolism [1]. However, the studies of the relation

between high homocysteine concentration and bone show conﬂicting results [25]. From the previous studies which reported an
association between elevated total homocysteine concentration
and fracture risk, it remains unclear whether this could be
explained by disrupted one-carbon metabolism or whether residual confounding by other physiological and lifestyle factors that
associate with hyperhomocysteinemia may play a role [25]. The
one-carbon metabolism can be disrupted by vitamin-B12 and folate
deﬁciencies. However, other causes of hyperhomocysteinemia are
high intake of methionine, certain diseases (chronic renal failure,
hypothyroidism and malignant tumors in the breast, ovary or
pancreas) and ingestion of certain drugs [26e29]. However, in our
study, vitamin-B12 and folate level was not an effect modiﬁer in the
effect of the intervention on fracture risk, suggesting that different
levels of vitamin-B12 and folate would not make a difference in the
risk of fracture. Our population was also not deﬁcient in B-vitamin
measured by different methods (active vitamin-B12, HoloTC and
MMA). Since the methods to detect vitamin-B12 and folate deﬁciency are under debate [30], due to its low biased value of Bvitamin level, the effectiveness of the intervention in the high homocysteine group might be explained by a subclinical deﬁciency of
B-vitamins, that warrants further study.
With regard to the cardiovascular diseases, we found no effect of
the intervention with B-vitamins and risk of cardiovascular diseases in this extended follow-up. However, like the initial B-PROOF
study we found a lower incidence of cerebrovascular events in the
treatment group, but this was not signiﬁcant. In line with our results, an update of a Cochrane review showed no effect of
homocysteine-lowering B-vitamins supplementation compared to
placebo on MI, but they did show a small reduced risk of stroke
with B-vitamin interventions (vitamin B6, B9 or B12 given alone or
in combination compared to placebo RR ¼ 0.90; 95% CI: 0.82e0.99)
[5]. Also, the recent meta-analysis of Jenkins et al. showed reduced
risk of stoke with folic acid alone and B-vitamins with folic acid, B6
and B12 (RR ¼ 0.83; 95% CI: 0.69e0.93 for folic acid treatment and
RR ¼ 0.90; 95% CI: 0.81e1.00 for B-complex treatment) [31].
However, these latter results were driven by one large Chinese trial
of 20,000 participants.
For the effect of the intervention on CVD and heart failure/cardiac valve disease, the risks were higher in women compared to
men, however, the differences were not signiﬁcant. A possible
greater vulnerability of women to folic acid and vitamineB12
supplementation could be explained by the inﬂuences of sex hormones in one-carbon metabolism and the differences between
men and women in the expression level of enzymes in this metabolism [32].There is a gap in the knowledge of CVD in different sex
and age groups, due to under-representation of women and the
older population (because of higher comorbidities) [33]. It has been
suggested that there is more variability of the increased risk factors
by ageing, related to sex differences that could change between
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middle-aged and elderly adults [33]. In addition, heart failure, occurs mostly in (postmenopausal) women [34]. Thus, probably, the
differences in incidence of CVD are due to sex-differences in
baseline risk, regardless of the intervention.
4.1. Strengths and limitations
A strength of our study is that the B-PROOF trial was initially
designed to study fracture risk as primary outcome in an older
population. The extended follow-up period allowed us to study
long-term effects as well as increase power, and it allowed us to
analyse the risk of multiple fractures.
A limitation of our study was that some of the baseline characteristics of the responders were different compared to the total
populations and non-responders of the second follow-up questionnaire. The participants who did not return the second questionnaire, were older, and the high mortality and morbidity rate
within this age group, may have inﬂuenced our results through
competing risk bias. Also, the differed in HoloTC and vitamin-B12
levels. So, the results are less powered and need to be interpreted
with caution. However, the variables were not different between
the treatment and placebo group in responders and nonresponders, respectively, which indicate that the randomisation
and internal validity was still intact.
A second limitation is the self-reported cardiovascular events
used both in the initial and the extended B-PROOF study. However,
the agreement between self-reported and veriﬁed events for CVD
and cerebrovascular events were more than adequate, respectively
0.89e0.72 (excellent and fair to good agreement). Due to missing of
completely veriﬁed data, we were not able to do time to event
analysis for these outcomes. Additionally, events in the subgroups
of CVD (MI, AP, heart failure and cardiac valve disease) as well as
cerebrovascular disease group were too small to conduct in depth
analysis.
Moreover, there were more participants recruited from Rotterdam than other regions (1,285 participants from Rotterdam and, 857
from Wageningen and 777 from Amsterdam). Other differences in
characteristics were found between study centers: participants from
Rotterdam had lower 25(OH)D level, lower SES, higher use of vitamin
D, folic acid and vitamin-B12 supplements, compared to other regions. Also, the incidence of CVD was already higher at the baseline
for the participants from Rotterdam with an extended follow-up.
Nonetheless, after stratiﬁcation by study center, the intervention
showed a higher risk of any type of CVD for participants who were
recruited from Rotterdam, however, not signiﬁcant.
Finally, the population with extended follow-up reported a
lower use of over the counter vitamin B supplements at FU1 and
FU2 compared to the total population at FU1, but the treatment
group reported a higher intake of folic acid and vitamin-B12 supplements compared to the placebo group at FU2. Other differences
between groups might have arisen after the baseline visit and FU1
(for example drug use and other diseases), which we were unfortunately not able to measure. Furthermore, we have no information
about the B-vitamin level and total homocysteine concentration at
FU2 to evaluate the effect of the intervention on actual blood
biomarkers.
In conclusion, in the extended follow-up of B-PROOF, an overall
effect of supplementation of folic acid and vitamin-B12 on fracture
risk, CVD and cerebrovascular risk in older individuals with
elevated homocysteine concentration was not observed. However,
the results of the stratiﬁed analyses suggest a reduced fracture risk
in individuals with higher total homocysteine concentration. This
needs further replication. Currently, we do not recommend supplementation of these B-vitamins in healthy (non-deﬁcient) general population for fracture prevention.
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