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Abstract
Background: The effectiveness of folic acid supplementation in stroke risk has been investigated, however, the available results
are inconclusive and conflicting. The purpose of this systemic review and meta-analysis was to assess the effect of folic acid in
patients with cardiovascular disease (CVD).

Methods:By searching the PubMed, EMBASE, and Cochrane library databases, we conducted a meta-analysis to evaluate effect
of folic acid supplementation in patients with CVD. All-cause mortality, cardiovascular mortality, the risk of coronary heart disease
(CHD) and stroke were summarized; hazard ratios (HR), the relative risk (RR) and its 95% confidence interval (CI) were also calculated.
Fixed effects models were used to combine the data. A total of 12 randomized controlled trials, which involved 47,523 participants,
met the inclusion criteria in this systematic review and meta-analysis.

Results:Our meta-analysis showed that cardiovascular patients who received folic acid therapy had significantly decreased risk of
stroke (RR=0.85, 95% CI=0.77–0.94, Pheterogeneity= .347, I2=10.6%) compared with patients who received control treatment.
However, no significant difference in all-cause mortality (HR, 0.97, 95% CI, 0.86–1.10, Pheterogeneity= .315, I2=15.4%),
cardiovascular mortality (HR, 0.87, 95% CI, 0.66–1.15, Pheterogeneity= .567, I2=0) and risk of CHD (RR, 1.04, 95% CI, 0.99–1.10,
Pheterogeneity= .725, I2=0) were found between the 2 groups.

Conclusion: This meta-analysis suggested that folic acid supplementation significantly reduced the risk of stroke in patients with
CVD.

Abbreviations: CHD = coronary heart disease, CI = confidence interval, HR = hazard ratios, PRISMA = preferred reporting items
for systematic reviews and meta-analyses, RCT = randomized controlled trial, RR = the relative risk.
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1. Introduction

Cardiovascular disease (CVD), a severe disease burden in both
developed and developing countries, will be one of the most
prominent global public health challenges in the 21st century.[1]

In particular in developing countries the CVD burden is
growing. Between 1990 and 2020, coronary heart disease
(CHD) alone is anticipated to increase by 120% for women
and by 137% for men in developing countries.[2] Numerous
studies have suggested that homocysteine may be a modifiable
risk factor for CVD. In experimental studies, homocysteine
causes oxidative stress, damages endothelium, and enhances
thrombogenicity.[3–5] In general, epidemiologic studies have
shown an independent and graded association between
homocysteine levels and cardiovascular risk.[6–9] The observa-
tional data suggest that even mild-to-moderate elevations in
homocysteine increase cardiovascular risk; this observation is
important, because such increases are common and can easily
be corrected with safe and inexpensive therapy. Folic acid is
the most important dietary determinant of homocysteine;
daily supplementation with 0.5 to 5.0mg typically lowers plasma
homocysteine levels by approximately 25 percent.[10] A meta-
analysis of observational studies showed that, with a 25% lower
homocysteine level, the risk of ischemic heart disease and stroke
could be reduced by 11% and 19%, respectively.[11]
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The effectiveness of folic acid supplementation in stroke risk
has been investigated by 2 previous meta-analyses[12,13];
however, the available results are inconclusive and conflicting.
To comprehensively assess the effect of folic acid supplementa-
tion in CVD, we performed this systematic review and meta-
analysis.
2. Methods

The present meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines.[14]
2.1. Search strategy

We searched for relevant studies that were published up to Nov.
2017 through the PubMed, Embase, and Cochrane Library
databases with the following terms and their combinations: “folic
acid”, “cardiovascular”, and “homocysteine”. Two reviewers
independently conducted the search and all disagreements about
eligibility were resolved through discussion with the third expert.
There were no search limitations concerning study design. Only
publications in English language were considered. All scanned
abstracts, studies, and citations were reviewed. Moreover,
references of the retrieved manuscripts were also manually
cross-searched for further relevant publications.
2.2. Selection criteria

The inclusion criteria included:
(1)
 patients with CVD;

(2)
 at least 2 comparison groups, where one received folic acid

supplementation;

(3)
 randomized controlled trials (RCT);

(4)
 having at least 1 of following outcomes: all-cause mortality,

cardiovascular mortality, the risk of CHD, and stroke.
The exclusion criteria included:
(1)
 The studies which used the same population or overlapping
database;
(2)
 The studies with animal models.
2.3. Data extraction and quality assessment

Two investigators independently extracted all the available
data from the included studies according to the descriptions
provided by the authors of the included studies. Any
disagreement was subsequently resolved by discussion with a
third author. The following data from each study were
extracted independently by 2 authors: first author’s name,
year of publication, study location, age and sex of the study
population, interventions, follow-up time, sample size, and
outcomes.We evaluated the quality of RCTs with the Cochrane
Collaboration’s tool for assessing the risk of bias.[15] The
assessment included the following components: random
sequence generation, allocation concealment, blinding of
patients, and study personnel, blinding of outcome assessment,
completeness of outcome data, selective reporting of outcomes,
and other threats to validity (unequal treatment comparisons,
early termination of trial, industry sponsor as author or
involved in data handling and analysis).
2

2.4. Statistical analysis

The meta-analysis was conducted using Stata 12 (Stata-Corp,
College Station, TX). We calculated hazard ratios (HR) of
mortality or the risk ratio (RR) and 95% confidence intervals for
all-cause mortality, cardiovascular mortality, the risk of CHD,
and stroke. The heterogeneity of the studies was assessed using
the Cochran’s Q test (considered significant for P< .10) and was
quantified by the I2 statistic.[16] Primary analyses were performed
using a fixed effects model (Mantel–Haenszel method), and if
there was study heterogeneity (P< .10), a random effects model
was used.[17] Relative influence from each study on the pooled
estimate was assessed by omitting one study at a time for
sensitivity analysis. Publication bias was evaluated by visual
inspection of symmetry of funnel plot and assessment of Begg and
Egger test (P< .05 was regarded as representative of statistical
significance).[18]
3. Results

3.1. Study selection

As shown in Figure 1, we identified 628 studies from our
electronic search. We found additional 4 records by hand
searching reference lists from other relevant articles. According to
inclusion criteria, 589 studies remained after removing the
duplicates. Amongst these, 532 records that were screened for
titles or abstracts, were excluded due to being irrelevant. Among
the remaining 57 papers, 36 articles were excluded for letters,
reviews and meta-analysis, whereas 21 remaining studies
remained were evaluated in detail. Subsequently, 9 more studies
were excluded; 3 that included the same patients, 4 that included
patients with kidney diseases and 2 that not present the usable
data. Finally, we identified 12 RCTs[19–30] including a total of
47,523 participants that fitted our inclusion criteria.

3.2. Characteristics of the studies

The 12 RCTs assessed 47,523 participants, including 24,585
participants who received folic acid supplementation and
22,938 controls. Study characteristics are summarized in
Table 1. The included studies were published between 2002
and 2015. The mean age of patients in each study varied
between 59.1 and 68.9 years old (Table 1). The 12 RCTs were
also assessed qualitatively using tools recommended by the
Cochrane Collaboration for the risk of bias. A graph and
summary of selection bias, performance bias, detection bias,
attrition bias, reporting bias and other bias identified in each
individual RCT is shown in Figure 2A and 2B.

3.3. Quantitative synthesis

All-cause mortality: there were four articles involving 25,282
participants which provided data on all-cause mortality. The
heterogeneity test indicated there was no statistical heterogeneity
(Pheterogeneity= .315, I2=15.4%), and the outcome showed that
all-cause mortality was not significantly different between the 2
groups (HR, 0.97, 95% CI, 0.86–1.10, P= .639) (Fig. 3A).
Cardiovascular mortality: there were 3 articles involving

22,963 participants which provided data on cardiovascular
mortality. The heterogeneity test indicated there was no statistical
heterogeneity (Pheterogeneity= .567, I2=0), and the outcome
showed that cardiovascular mortality was not significantly



Figure 1. Flow diagram of studies identification.

Table 1

Characteristics of the studies included in this meta-analysis.

Authors/year of
publication Country

Male
(%) Mean age

Folic acid
(mg/day)

If plus other
Vitamin B

Intervention

Follow-up Outcomes assessedFolic acid Control

Schnyder/2002[19] Switzerland FA:79 FA: 63.4±10.6Y; 1 Yes 272 281 6–12 mo All cause mortality, cardiovascular
Con:82 Con:61.8±11Y mortality, CHD

Lange/2004[20] Netherlands FA:24 FA: 61.4±9.8Y; 1.2 Yes 316 320 7 mo CHD
Con:30 Con:61.3±10.8Y

Liem/2004[21] Netherlands FA:69 FA: 59Y; 5 No 140 143 12 mo CHD, stroke
Con:70 Con:59Y

Liem/2005[22] Netherlands FA:76 FA: 64.9±9.9Y; 0.5 No 300 293 42 mo CHD, stroke
Con:80 Con:65.5±9.7Y

Bonaa/2006[23] Norway FA:74 FA: 63.4±11.7Y; 0.8 No 1872 943 40 mo CHD, stroke
Con:75 Con:62.6±11.4Y

Lonn/2006[24] Canada FA:71.1 FA: 68.8±7.1Y; 2.5 Yes 2758 2764 60 mo CHD, stroke
Con:72.4 Con:68.9±6.8Y

Righetti/2006[25] Italy FA:64.9 FA: 63.9±1.6Y; 2.5 Yes 37 51 29 mo CHD, stroke
Con:49 Con:65.1±1.9Y

Ebbing/2008[26] Norway FA:80.8 FA: 61.5±10.1Y; 0.8 Yes 1540 779 38 mo All cause mortality, CHD, stroke
Con:76.5 Con:62±9.9Y

Imasa/2009[27] Philippines FA:58.6 FA: 59.1Y; 1 Yes 116 124 6 mo CHD
Con:57.3 Con:59.6Y

Armitage/2010[28] UK 82.9 64.2±8.9Y 2 Yes 6033 6031 80 mo CHD, stroke
Lamas/2013[29] USA FA:83 FA: 65Y; 0.8 Yes 853 855 60 mo All cause mortality, cardiovascular

mortality, CHD, stroke
Con:82 Con:65Y

Huo/2015[30] China FA:41 FA: 60±7.5Y; 0.8 No 10348 10354 60 mo All cause mortality, cardiovascular
mortality, CHD, stroke

Con:41.1 Con:60±7.6Y

CHD=coronary heart disease, Con=Control, FA= Folic acid, M=months, NA=Not available, Y= years.
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Figure 2. Risk of bias assessments for the randomized trials included in themeta-analysis. (A) Risk of bias summary; (B) Risk of bias graph. Symbols. (+): low risk of
bias; (?): unclear risk of bias; (-): high risk of bias.
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different between the 2 groups (HR, 0.87, 95% CI, 0.66–1.15,
P= .321) (Fig. 3B).
Risk of CHD: There were 12 articles involving 47,523

participants which provided data of risk of CHD. The
heterogeneity test indicated there was no statistical heterogeneity
(Pheterogeneity= .725, I2=0), and the outcome showed that risk of
CHD was not significantly different between the 2 groups (RR,
1.04, 95% CI, 0.99–1.10) (Fig. 3C). We probed into detailed
results from subgroup analyses stratified by intervention regimen
(folic acid only or plus B vitamins) (Figure S1A, http://links.lww.
com/MD/D234), daily folic acid dosage (<2mg/day, or ≥2mg/
day) (Figure S1B, http://links.lww.com/MD/D234), and follow-
up time (<40 months, or ≥40 months) (Figure S1C, http://links.
lww.com/MD/D234). All subgroup results were totally consis-
tent with the overall results.
Risk of stroke: There were nine articles involving 46,094

participants which provided data on risk of stroke. The
heterogeneity test indicated there was no statistical heterogeneity
(Pheterogeneity= .347, I2=10.6%), and the outcome showed that
risk of stroke was significantly reduced in folic acid group
compared with control groups (RR, 0.85, 95% CI, 0.77–0.94)
(Figure 3D). When stratified by intervention regimen, a
significantly reduced risk of stroke was found only in folic acid
group (RR, 0.80, 95% CI, 0.70 to 0.93, Pheterogeneity= .750, I2=
0%) (Figure S2A, http://links.lww.com/MD/D234), but not in
plus B vitamins group. When stratified by daily folic acid
dosage, a significantly reduced risk of stroke was found in
dosages <2mg/day group (RR, 0.79, 95% CI, 0.69–0.91,
4

Pheterogeneity= .841, I2=0%) (Fig. S2B, http://links.lww.com/MD/
D234), but not in dosages ≥2mg/day group. With reference to
follow-up time, subgroup analysis revealed a significantly
reduced risk of stroke with follow-up time ≥40 months (RR,
0.86, 95% CI, 0.78–0.95, Pheterogeneity= .182, I2=33.9%) (Fig.
S2C, http://links.lww.com/MD/D234), but not with follow-up
time <40 months.
3.4. Sensitivity analysis

Sensitivity analyses were performed to assess the influence of
individual dataset on the pooled RRs by sequentially removing
each eligible study. As seen in Figure 4, any single study was
omitted, while the overall statistical significance for all-cause
mortality (Figure 4A), cardiovascular mortality (Figure 4B),
CHD (Figure 4C), stroke (Figure 4D) did not change, indicating
the statistical robustness of the obtained results.

3.5. Publication bias

Begg funnel plot and Egger test were performed to assess
publication bias among the literatures. As shown in Figure 5,
there was no evidence of publication bias for all-cause mortality
(Begg test P=1.000; Egger test P= .932) (Figure 5A), cardiovas-
cular mortality (Begg test P=1.000; Egger test P= .555)
(Figure 5B), risk of CHD (Begg’s test P= .537; Egger’s test
P= .754) (Figure 5C) and stroke (Begg test P= .754; Egger test
P= .446) (Figure 5D).
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Figure 3. The effect of folic acid in patients with cardiovascular disease. (A) All-cause mortality; (B) Cardiovascular mortality; (C) Coronary heart disease; (D) Stroke.

Figure 4. Sensitivity analysis of the effect of folic acid in patients with with cardiovascular disease. (A) All-cause mortality; (B) Cardiovascular mortality; (C) Coronary
heart disease; (D) Stroke.

Wang et al. Medicine (2019) 98:37 www.md-journal.com

5

http://www.md-journal.com


Figure 5. Funnel plot for publication bias test. Each point represents a separate study for the indicated association. (A) All-cause mortality; (B) Cardiovascular
mortality; (C) Coronary heart disease; (D) Stroke.
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4. Discussion
In this study, we evaluated the efficacy and safety of folic acid
supplementation in patients with CVD by systematic review and
meta-analysis. To the best of our knowledge, this is the largest
comprehensive meta-analysis assessing the effect of folic acid
supplementation in patients with CVD, which involved 47,523
participants from 12 RCT studies. Our meta-analysis showed
that cardiovascular patients who received folic acid therapy had
significantly decreased risk of stroke compared with patients who
received control treatment. However, there were no significant
differences in all-cause mortality, cardiovascular mortality and
risk of CHD between the 2 groups.
The effectiveness of folic acid supplementation in stroke

prevention is not well established.[31] Clarke et al[12] have
reported a meta-analysis based on 7 trials identifying no
significant benefit of folic acid supplementation on stroke risk.
Our systematic review and meta-analysis, which included 12
RCTs and 47,523 participants, found that folic acid supplemen-
tation significantly reduced the risk of stroke. The varying
strength of the association between folic acid supplementation
and stroke risk across different trials may be due to differences in
study design and study participant characteristics. Li et al[13] have
performed a meta-analysis of folic acid supplementation and risk
of CVD, reveling a 10% lower risk of stroke with folic acid
supplementation, which is consistent with our study. Compared
with their work, we focused on patients with CVD, while Li et al
have analyzed a variety of patients, including heart transplant,
6

esophageal dysplasia, end-stage renal disease, and atherosclero-
sis, etc. Recently, Tian et al[32] conducted a meta-analysis based
on 11 RCT involving 65,790 patients with CVD and found that
the incidence of stroke was significantly reduced in patients with
preexisting CVD, RR 0.90 (95% CI 0.84–0.97, P= .005).
Another meta-analysis conducted by Zhao et al[33] found that
folic acid supplementation could reduce the stroke risk in regions
without folic acid fortification, particularly in trials using a
relatively low dosage of folic acid and with low vitamin B12
levels.
Meanwhile, some limitation of this meta-analysis should be

pointed out. First, the characteristics of participants, the
duration and intensity of treatment, and other design features
varied across studies, which could have influenced the results,
thereby limiting comparability to some extent. Second, because
pooled data that were either published or provided by
individual study authors were used in the analysis, and data
from individual patients or original data were unavailable, our
attempts to perform more detailed relevant analysis and to
obtain more comprehensive results were restricted. Third,
the definitions of the CVD outcomes were somewhat
heterogeneous in the selected trials, and that could have
influenced the interpretation of the results; therefore, we
examined the effect of folic acid supplementation on stroke and
CHD separately. Finally, several studies had small sample sizes
and short follow-up periods which could have reduced the
statistical power.
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5. Conclusions

In summary, our results demonstrated that the folic acid
supplementation significantly reduced the risk of stroke in
patients with CVD. However, further well-designed large studies
might be necessary to clarify the risk of stroke in folic acid group
compared with control.
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