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The association between B vitamins supplementation
and adverse cardiovascular events: a meta-analysis
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Abstract: This study is to explore the association of adverse cardiovascular events with B vitamins supplementation.
Rev.Man 5.1 and Stata 11.0 software were applied for the meta-analysis. The number of cardiovascular events
was collected and calculated using indicates of odds ratio and 95% confidence intervals in a fixed-effects or a
random-effects model when appropriate. The study includes 15 studies which consists of 37,358 study objects
(experimental group: 19,601; control group: 17,757). This study showed that the pooled ORs was 1.01 (95% CI =
0.96~1.06, P > 0.05) for objects with Experimental group (B vitamins supplementation) vs. Control group (placebo
or regular treatment), which suggests no significant differences were found in the overall effect of the number of
cardiovascular events between the two groups. Further stratification of subgroup analysis indicates no significant
differences were found between the two groups as well. There were also no publication bias existing by the Egger’s
linear regression test (P > 0.05). Our result indicates that the number of cardiovascular events in experimental
group using B vitamins supplementation during the treatment is equal to placebo or regular treatment group thus

further studies is necessary.
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Introduction

Cardiovascular disease is one of the main risks
of death around the world [1, 2], the annual
mortality is higher than any other diseases. It
has been shown to increase with symptomatic
disease locations as well [3]. Cardiovascular
disease recurrences after acute coronary syn-
drome remain high [4], patients with cardiovas-
cular disease risk is difficult to distinguished
[5]. Study showed that high plasma homocyste-
ine level is a risk factor which influences mor-
tality [6] and cardiovascular disease [7]. Study
also suggested folic acid, vitamins B6 and vita-
mins B12 may lower homocysteine level after
intake from diet [8]. B vitamins supplementa-
tion can lower plasma total homocysteine level
[9]. Cardiovascular diseases rates would be
higher with elevated plasma homocysteine lev-
els [10], but whether elevated plasma homo-
cysteine levels were associated with cardiovas-
cular disease is uncertain, and it was indicated
that the association between them was causal
[41]. Current studies showed that the supple-

mentation of vitamin B reduces the risk of
hyperhomocysteinemia, but it is uncertain if
vitamin B supplementation reduces the rate of
cardiovascular diseases [12]. Furthermore, rec-
ent studies with vascular diseases failed to
prove the association between B-vitamin sup-
plementation and cardiovascular diseases [13].

The association between B vitamins supple-
mentation and adverse cardiovascular events
for objects in the studies is controversial [8, 10,
11, 13-17]. In order to achieve a comprehen-
sive understanding regarding the effect of the
difference between B vitamins supplementa-
tion and placebo of the objects in the study, we
consider to perform a meta-analysis of the pub-
lished studies.

Materials and methods
Source of material

We retrieved the relevant trials up to September
2013 from several public databases, including
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PubMed, Medline, Springer, Elsevier Science
Direct, Cochrane Library and Google scholar.
The key words “B vitamins supplementation”,
“cardiovascular events”, “folic acid”, “complica-
tion”, “stroke”, “coronary heart disease”,
“study” and “trial” were used for to retrieve
data. At the same time, references from
searched studies were verified for additional
reports. We collected information from all full-
published English papers. Meeting or confer-
ence abstract papers are excluded.

In the assumption of differences may occur
(such as the included literature was not consis-
tent with another investigator), a third investi-
gator (C) will make additional assessment. If
the third investigator’ assessment is consistent
with one of them, then the discussion should
be made for the final decision of the included
literatures.

Inclusion and exclusion standards of studies

The comparison between experimental group
(B vitamins supplementation) and control group
(placebo or regular treatment) were provided in
the papers, the study design was randomized
controlled trial (RCT), the effect size of the num-
ber of cardiovascular events was odds ratio
(OR), and sample size or range of age were not
limited. Studies which not described cardiovas-
cular events data in the review or report, redu-
plicated studies or records, and not comparing
experimental group vs control group were
excluded.

Evaluation of quality and extraction of data

We evaluated the quality of the study using
JADAD score. We developed and extracted the
data after all investigators received prior train-
ing. Data items including study details (e.g., the
first author’'s name, research year of the study,
year publication, location of participants, desi-
gn of studies.), and participants characteristics
(e.g., age, gender and sample size). Two investi-
gators (A and D) extracted the data indepen-
dently using the standard protocol, and the
third investigator (E) reviewed their results of
studies. Discrepancies were resolved by dis-
cussing within our research team or contacting
the original investigators via e-mail. We record-
ed the first author’'s name, year of publication,
sample size, country, mean duration of follow
up, and folic acid food reinforcement in experi-
mental group vs. control group.
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Meta-analysis methods

The meta-analysis combined the OR of adverse
cardiovascular events in the objects of study
between experimental group and control group,
and then studies were stratified by sample size,
mean duration of follow-up and folic acid food
reinforcement, using subgroup analysis.

The overall or pooled estimation of the Odds
ratio (OR) was obtained using Mantel-Haenszel
method in the fixed effect model [18] or using
DerSimonian and Laid method in the random
effect model [19]. We assessed the within- and
between-study variation or heterogeneity by te-
sting Cochran’s Q-statistic [20]. We also quanti-
fied the effect of heterogeneity using I?= 100%
x (Q-df)/Q [21]. A significant Q-statistic (P <
0.10) or I*-statistic (I? > 50%) indicates hetero-
geneity across the studies, and then the ran-
dom effects model was used for meta-analysis.
The fixed effects model was used as
alternative.

Evaluation of publication bias

We evaluated the publication bias using Egger’s
linear regression test [22], which measures
funnel plot asymmetry by the natural logarithm
scale of the effect size.

Statistical analysis

The meta-analysis was performed using the
Review Manager 5.1 software (Cochrane Coll-
aboration, http://ims.cochrane.org/revman),
and the publication bias of the included studies
were calculated using the STATA package v.11.0
(Stata Corporation, College Station, TX, USA).
All the P-values were two-sided. P value less
than 0.05 considered statistically significant,
while P value less than 0.1 considered statisti-
cally significant in heterogeneity analysis.

Results
Characteristics of eligible studies

Overall, 1,062 papers potentially relevant to
the search terms (PubMed: 352; Medline: 108;
Springer: 153; Elsevier Science Direct: 99;
Cochrane Library: 31; Google Scholar: 319).
Figure 1 illustrates the study selection process.
After removing duplicates or irrelevant studies,
96 studies were potentially relevant. During
abstracts screening, 49 articles were excluded
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1062 potentially relevant reports identified and screened (Pubmed, 352;
Medline, 108; Springer , 153; Elsevier Science Direct, 99;
Cochrance Library, 31; Google Scholar.319.)

l

96 potentially relevant reports after duplicates orirrelevant papers removed

49 excluded by review of abstract
(22 reviews; 27 not reported cardiovascular events)

A
47 retrieved for detailed assessment

32 excluded by review of full text

*| (15 for just onlyreported B vitamins supplementation
data but not for comparison; 17 due to not available data)

15 separate studies included in meta-analysis

Figure 1. Flow diagram for the selection of studies.

(22 were review articles; 37 not report the car-
diovascular events). Forty seven studies remai-
ned for full publication review, 32 of which were
excluded (15 only reports B vitamin supple-
mentation data but no comparison; 17 provides
no available data).

Table 1 showed 15 studies [6-17, 23-25] in the
meta-analysis, and the characteristics of
included studies were presented. The included
studies were published between 2002 and
2010. A total of 37,358 objects of study (experi-
mental group: 19,601; control group: 17,757)
were considered in the meta-analysis. The stu-
dies’ sample size was between 81 and 12,064,
and the average age was between 56.0 and
72.2 years old. Six studies reached 5 in Jadad
score, six studies reached 4, and the rest of
three studies were 3 (Table 2).

Overall effects of the number of cardiovascular
events

The summary of the meta-analysis for the num-
ber of cardiovascular events between experi-
mental group and control group is shown in
Table 3 and Figure 2. There were 15 separate
studies consisting of 37358 objects of study
(experimental group: 19601; control group:
17757) been analyzed in the meta-analysis. No
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heterogeneities were found between studies
(Q*>=16.71, I?’= 16.4%, P > 0.1) were found, so
we used the fixed effects model to compare the
number of cardiovascular events between this
two groups. The overall meta-analysis showed
that there were significant differences (OR =
1.01, 95% CI = 0.96 to 1.06, P > 0.05) between
the two groups, suggesting that the number of
cardiovascular events of study objects in exper-
imental group may be higher than control gro-
up.

Subgroup analyses of the number of cardio-
vascular events

We performed subgroup analyses stratified by
sample size, mean duration of follow-up and
folic acid food reinforcement. As shown in Table
3, the further stratification of subgroup analy-
sis indicates that for patients with experimental
group vs. control group the pooled OR was 1.02
(95% CI = 0.97~1.08, P > 0.05) in studies with
sample size more than 1,000; 0.87 (95% CI =
0.73~1.03, P > 0.05) in studies with sample
size less than or equal to 1000; 1.02 (95% CI =
0.96~1.08, P > 0.05) in studies with mean
duration of follow-up more than 36 months;
0.97 (95% CI = 0.86~1.09, P > 0.05) in studies
with mean duration of follow-up less than or
equal to 36 months; 0.99 (95% CIl = 0.92~1.07,
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Table 1. Characteristics of studies included in the meta-analysis

S | Mean dura-  Folicacid  Experimental group (B vitamins supplementation) Control group
ample . .
Study Country size tion offollow-— food rein- - sample  Age, years Therapeutic schedule Male  Sample Age, years Therapeutic schedule Male
up, months ~ forcement  size  (mean) P %)  size  (mean) P (%)
Switzerland 553 6 No 272 63.4+10.6 Folic acid (1 mg/d), 79 281 61.8+11.0 Placebo 82
vitamin B12 (cyanoco-
Schnyder, 2002. [23] balamin, 0.4 mg/d), and
vitamin B6 (pyridoxine
hydrochloride, 10 mg/d)
Righetti, 2003. [14] Italy 81 12 No 51 64+2 Folic acid (5 or 15 mg/d) 45 30 64+3 Regular treatment 43
USA 3680 24 Yes 1827  66.4+10.8 Folic acid (2.5 mg/d), vita- 62 1853  66.2+10.8 Folic acid (0.02 mg/d), 62
Toole, 2004. [24] min B12 (0.4 mg/d), and vitamin B12 (6 micro g/d),
vitamin B6 (25 mg/d) and vitamin B6 (0.2 mg/d)
Wrone, 2004. [25] USA 510 24 Yes 342 59.5+15.4 Folic acid (5 or 15 mg/d) 50 168 61.3+14.6 Folic acid (1mg/d), 50
Liem, 2005. [15] The Netherlands 593 42 No 300 NA Folic acid (0.5 mg/d) NA 293 NA Regular treatment NA
Zoungas, 2006. [16] Australia 315 43 Yes 156 56113 Folic acid (15 mg/d) 73 159 56114 Placebo 63
Norway 2815 36 No 1872  63.2+11.7 Folic acid (0.8 mg/d), vita- 73 943 62.6+11.4 Placebo 75
Bonaa, 2006. [7] min B12 (0.4 mg/d), and
vitamin B6 (40 mg/d)
Canada 5522 60 Yes 2758 68.8+7.1  Folic acid (2.5 mg/d), vi- 71 2764 68.9+6.8 Placebo 71
Lonn, 2006. [8] tamin B12 (1 mg/d), and
vitamin B6 (50 mg/d)
Righetti, 2006. [12] Italy 88 29 No 37 63.9+1.6  Folic acid (5 mg/d) 65 51 65.1+1.9 Regular treatment 49
USA 2056 38 Yes 1032  65.4+12.0 Folic acid (40 mg/d), vi- 98 1024  66.2+11.5 Placebo 98
Jamison, 2007. [6] tamin B12 (2 mg/d), and
vitamin B6 (100 mg/d)
The Netherlands 701 36 No 353 NA Folic acid (5 mg/d), vita- 52 348 NA Placebo 51
Heijer, 2007. [17] min B12 (0.4 mg/d), and
vitamin B6 (50 mg/d)
USA 5442 87 Yes 2721 62.8+8.8 Folic acid (2.5 mg/d), vi- NA 2721 62.8+£8.8 Placebo NA
Albert, 2008. [13] tamin B12 (1 mg/d), and
vitamin B6 (50 mg/d)
Canada 619 60 Yes 307 72.2+6.6  Folic acid (2.5 mg/d), vi- 67 312 72.2+6.5 Placebo 66
Mann, 2008. [10] tamin B12 (1 mg/d), and
vitamin B6 (50 mg/d)
Norway 2319 38 No 1540 61.4+10.1 Folic acid (0.8 mg/d), vita- 80 779 62.0+9.9 Placebo 77
Ebbing, 2008. [9] min B12 (0.4 mg/d), and
vitamin B6 (40 mg/d)
X The United 12064 80 No 6033 NA Folic acid (2 mg/d), vita- 83 6031 NA Placebo 83
Armitage, 2010. [11] Kingdom min B12 (1 mg/d)
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Table 2. Jadad scoring items of each eligible study for meta-analysis

Was the randomization Was the study Was the method of Was there a descrip-

Study Vr\;a:dt:neﬂi??y method described and  described as  blinding described  tion of withdrawals ;?:?eds
appropriate? double-blind?  and appropriate? and dropouts?
Schnyder, 2002. Yes NA Yes Yes Yes 4
Righetti, 2003. Yes Yes No No Yes 3
Toole, 2004. Yes Yes Yes Yes Yes 5
Wrone, 2004. Yes Yes Yes Yes Yes 5
Liem, 2005. Yes Yes No No Yes 3
Zoungas, 2006. Yes NA Yes Yes Yes 4
Bonaa, 2006. Yes Yes Yes Yes Yes 5
Lonn, 2006. Yes Yes Yes Yes Yes 5
Righetti, 2006. Yes Yes No No Yes 3
Jamison, 2007. Yes NA Yes Yes Yes 4
Heijer, 2007 Yes Yes Yes NA Yes 4
Albert, 2008. Yes Yes Yes Yes Yes 5
Mann, 2008. Yes Yes Yes NA Yes 4
Ebbing, 2008. Yes Yes Yes NA Yes 4
Armitage, 2010. Yes Yes Yes Yes Yes 5
Table 3. Pooled odds ratios for experimental group versus control group in meta-analyses
Subgroups No. .of Random model Test of heterogeneity ;)ELJgti?gastitc;e:tbfiZ;
studies OR (95% Cl) Z  Pvalue Q Pvalue I?(%) t P value

Overall effects 15 1.01(0.96,1.06) 0.28 0.78 16.74 0.27 164 -1.80 0.09
Sample size

More than 1000 7 1.02(0.97,1.08) 0.80 0.42 3.78 07124 00 033 0.75

Less than or equal to 1000 8 0.87(0.73,1.03) 1.62 0.11 9.79 020 285 -111 031
Mean duration of follow-up

More than 36 months 8 1.02(0.96,1.08) 0.58 0.56 5.7 058 0.0 -044 0.68

Less than or equal to 36 months 7 0.97 (0.86, 1.09) 0.58 0.56 1045 0.11 426 -1.69 0.15
Folic acid food reinforcement

Yes 7 0.99(0.92,1.07) 0.21 0.83 388 069 00 093 0.39

No 8 1.02 (0.95,1.09) 0.58 0.56 1255 0.08 442 -244 0.05

P > 0.05) in studies with folic acid food rein-
forcement; and 1.02 (95% CI = 0.95~1.09, P >
0.05) in studies without folic acid food rein-
forcement, respectively.

Evaluation of publication bias analysis

The Egger’s linear regression test (Table 3)
showed no publication bias existing in our study
(P> 0.05).

Discussion

Many studies [8, 10-12, 16, 17] reported the
comparison of effect between B vitamins sup-
plementation and adverse cardiovascular eve-
nts. Nevertheless, the studies indicate differ-
ent consequences due to low statistical power
or small sample size. To explore and signify the
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association, we performed a meta-analysis of
15 studies which includes 37,358 objects of
study (experimental group: 19601; control
group: 17757). The meta-analysis showed the
pooled OR was 1.01 (95% CI = 0.96~1.06, P >
0.05) for objects with B vitamins supplementa-
tion vs. Placebo, which suggested no significant
differences were found in the overall effect of
the number of cardiovascular events between
the two groups. Further stratification of sub-
group analysis indicates no significant differ-
ences between the two groups as well.

Observational studies have demonstrated that
the concentration of total homocysteine in
blood is associated with risk of coronary artery
disease (CAD) and stroke [26]. Clinicians and
trialists have difficulty with identifying which
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Experimental Control

udy o bg ern ota ents ota
Albert, 2008. 406 2721 390 2721
Armitage, 2010. 1537 6033 1493 6031
Bonaa, 2006. 369 1872 172 943
Ebbing, 2008. 219 1540 97 779
Heijer, 2007. 43 353 50 348
Jamison, 2007. 523 1032 525 1024
Liem, 2005. 49 300 56 293
Lonn, 2006. 519 2758 547 2764
Mann, 2008. 90 307 80 312
Righetti, 2003. 13 51 11 30
Righetti, 2006. 17 37 32 51
Schnyder, 2002. 42 272 64 281
Toole, 2004. 249 1827 257 1853
Wrone, 2004. 42 342 16 168
Zoungas, 2006. 77 156 86 159
Total (95% CI) 19601

Total events 4195 3876

Heterogeneity: Chi? = 16.74, df = 14 (P = 0.27); I’ = 16%
Test for overall effect: Z = 0.28 (P = 0.78)

17757 100.0%

Odds Ratio Odds Ratio

1.05 [0.90, 1.22)
1.04 [0.96, 1.13]
1.10 [0.90, 1.35)
1.17 [0.90, 1.51]
0.83[0.53, 1.28)
0.98 [0.82, 1.16)
0.83 [0.54, 1.26]
0.94 [0.82, 1.07)
1.20[0.84, 1.71]
0.59 [0.22, 1.56)
0.50 [0.21, 1.19]
0.62 [0.40, 0.95]
0.98 [0.81, 1.18]
1.33[0.72, 2.44)
0.83 [0.53, 1.29]

1.01 [0.96, 1.06)

I t
0.2 0.5 1 2 5
Favours experimental Favours control

Figure 2. Forest plot of cardiovascular events with experimental group vs. control group.

patients is highest risk for cardiovascular eve-
nts [5]. Study suggested that serum homocys-
teine level would be associated with cardiovas-
cular events, which predicts that patients would
happen adverse cardiac events with the serum
homocysteine level [23], thus high serum total
homocysteine in the body should be consid-
ered as a risk factor for cardiovascular events
in human [25]. Because plasma total homocys-
teine levels can be easily lowered by oral admin-
istration of folic acid, trials to investigate whe-
ther cardiovascular disease could be prevented
by such homocysteine-lowering therapy were
called for [26].

Several limitations of this study should be dis-
cussed. Firstly, the sample size of some recruit-
ed studies were small [15], more high-quality
studies is needed to test and verify the associ-
ation of adverse cardiovascular events with B
vitamins supplementation. Therefore, we per-
formed earnest study for all-published reports
and used explicit means for research selection,
data extraction and analysis.

Conclusions

Our study indicates that the number of cardio-
vascular events in experimental group with B
vitamins supplementation during the treatment
is equal to placebo or regular treatment group.
Thus, further studies are necessary.
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