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ABSTRACT 

 

 A Data Distributor or Software Company has given sensitive data to a set of confidential data owners. Sometimes data is leaked and 

found in the unauthorized place. Organization may outsource the data after pre-processing; data might be given to various clients. Data 

leakage happens every day when the sensitive information is transferred to the third party agents when this information is leaked out, and 
then the companies are at serious problem. To manage and protect the confidential information, data leak detection is an important part. 

Data leaks on organization networks may be caused by mistakes of users. There exist solution the semi-honest data owner detect the 

sensitive data with false positive alarms and keyword do not cover enough sensitive data segments for data leak detection.  In this paper, 

we surveyed how to detect the data leaks by using various techniques and how to securely transfer the data by using various encryption 

algorithms. 
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INTRODUCTION 

 

Folate, or folic acid, is also known as vitamin B9. It 

is one of the eight B-vitamins that are also referred 

to as vitamin B complex. The food industry 

differentiates folic acid as the synthetic form of 

vitamin B9, while folate as the natural form found in 

food. The two terms are often interchangeably used. 

All the B vitamins are known generally for energy 

production, converting carbohydrates into glucose, 

and to help the nervous system to function properly. 

 The significance of folate came to prominence 

in the 1970s after a clinical report regarding mothers 

of children with neural tube defects (spina bifida) 

had low vitamin levels [1]. Experimental studies 

later showed causal relationship between neural tube 

defects and folic acid [2, 3]. At around the same 

time, another line of research about folic acid, 

vitamin B6, and vitamin B12, explored their roles in 

heart disease. It started with the hypothesis that 

homocysteine from protein breakdown in the blood 

would contribute to atherosclerosis [4]. A few 

decades later, observational studies emerged 

showing causal relationship between homocysteine 

and heart disease [5, 6] and establish homocysteine 

as a risk factor for coronary artery disease (CAD). 

Folate, vitamin B6, and vitamin B12 are known to 

play key roles in converting homocysteine to 

methionine through the redox-methylation balance 

[7]. If these vitamins are lacking, the redox-

methylation process becomes inefficient and 

homocysteine levels in the blood increase. This in 

turn increases risk for CAD. However, data from 

subsequent interventional studies does not support 

the homocysteine hypothesis in terms of clinical 

outcome for heart disease. The study of Doshi and 

colleagues [8] showed beneficial effect of folic acid 

on endothelial function in CAD, but it also suggested 

that the mechanism is independent of homocysteine, 

and might have been due to other mechanism. Three 

other studies [9-11] came to similar conclusion. Two 

studies concluded that folic acid and B vitamins in 
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high doses had both statistically and clinically 

significant results on subclinical atherosclerosis [12, 

13]. It remains unclear whether homocysteine is a 

cause or a marker of CAD.   

Previous studies on folate and B vitamins had mostly 

looked at homocysteine as an independent risk factor 

and put emphasis on surrogate endpoints [6, 14]. 

This evidence-based review will look at the role of 

folate and B vitamins in reducing incidence of 

cardiovascular endpoints.  

Search method: 

 The search methodology for folate and B 

vitamins in literature published in English language, 

through the Cochrane Central Register of Controlled 

Trials in the Cochrane Library, MEDLINE, 

PUBMED, and EMBASE databases, was for the 

period 2005 to March 2015. The following key 

words, in different combinations, were used: folate, 

folic acid, vitamin B6, vitamin B12, homocysteine, 

homocysteinemia, endothelial dysfunction, 

cardiovascular disease, and cardiovascular 

endpoints. 

 

Results: 

 The search from various databases concerning 

the effects of folic acid and B vitamins on 

endothelial dysfunction and cardiovascular endpoints 

revealed a total of fifteen publications. The 

intervention assessed by most of the trials was a 

combination of folic acid, B6, and B12. Four trials 

used folic acid singularly. All the trials were 

compared with placebo, except for one that 

compared with a much lower dosage of the B 

vitamins. Table 1 summarises the studies selected. In 

all the fifteen studies selected, there was a significant 

effect on lowering of homocysteine by folic acid and 

B vitamins. However this result did not transform 

into significant effects on the cardiovascular 

endpoints in the majority of the studies.  

 Table 2 is a comparison of intervention dosage, 

duration of follow-up, and the results of all the trials 

selected. Different combinations and different 

interventional dosages were used. Trial period varied 

from 2 months to 7.3 years. Three out of the fifteen 

studies produced positive results [15, 19, 22]. Ten 

out of the fifteen studies used high dosage for 

intervention. High dosage is defined as 2mg and 

above of folic acid. The dietary intake reference 

value is 0.4 mg per day. 

 
Table 1: Summary of RCTs on the effects of folic acid and B vitamins in cardiovascular endpoints.  

Trial 
(First author) Investigating n Endpoints Outcome 

Towfighi et 
al. (2014) 

[15] 

Post hoc analysis of the effect of high 
dose B vitamins on stroke patients. 2,993 Primary endpoints: stroke, MI, and death. 

Secondary endpoint: stroke. 

Associated with reduced risk of stroke, MI, 
and death among those older than 67 years. 

Did not impact outcome among those 
below 67 years. 

Edelenyi et al. 
(2012) [16] 

Effect of dietary doses of folic acid, 
B6, and B12 on lowering BP. 2,501 Change in BP. No significant effect in lowering BP. 

Cavalieri et 
al. (2012) 

[17] 

Effect of folic acid, B6, and B12 on 
the progression of stroke patients. 359 Volume change in white matter hyper intensities. 

No significant reduction in the progression 
of brain lesions in presumed cerebral small 

vessel disease. Significant reduction for 
severe cerebral small vessel disease. 

Durga et al. 
(2011) [18] 

Effect of folic acid on atherosclerotic 
progression and arterial stiffening. 819 Change in distensibility in carotid artery. 

No significant slowing down of 
atherosclerotic progression and arterial 

stiffening. 
Papan-dreou 
et al. (2010) 

[19] 

Effect of high dose folic acid in 
lowering BP in children. 26 Change in BP. Significantly reduces BP in children. 

Armi-tage et 
al. (2010) 

[20] 

Effect of folic acid and B12 in 
vascular and nonvascular outcome in 

patients with MI. 
12,064 Coronary death, MI, coronary revascularization, 

stroke, and non-coronary revascularization. 
No significant effect in reducing all 
vascular and nonvascular outcomes. 

Heinz et al. 
(2010) [21] 

Effect of folic acid, B6 and B12 on 
reducing cardiovascular events and 
mortality in end-stage renal disease. 

650 
Primary endpoint: total death. 

Secondary endpoint: fatal and nonfatal 
cardiovascular events. 

No significant effect in reducing risk of 
cardiovascular events in patients with end-

stage renal disease. 
Cagnacci et 
al. (2009) 

[22] 

Effect of high dose and short-term 
folic acid in modifying BP of 

postmenopausal women. 
30 Change in SBP and DBP. Significantly reduces SBP and DBP. 

Imasa et al. 
(2009) [23] 

Effect of folic acid, B6, and B12 on 
secondary prevention of clinical events 

in non-ST segment elevation acute 
coronary syndrome. 

240 Death, nonfatal acute coronary syndrome, and 
serious re-hospitalisation. 

No significant beneficial effect on the 
secondary prevention of cardiovascular 
events with acute angina and non-ST 

segment elevation MI. 

Ebbing et al. 
(2008) [24] 

Effect of folic acid, B6, and B12 as 
secondary prevention in patients with 
coronary artery disease or aortic valve 

stenosis. 

3,096 
All-cause death, nonfatal acute MI, acute 

hospitalization for unstable angina pectoris, and 
nonfatal thromboembolic stroke. 

No significant effect in secondary 
prevention in patients with coronary artery 

disease. 

Albert et al. 
(2008) [11] 

Effect of folic acid, B6, and B12 in 
lowering risk of CVD among high-risk 

women with and without CVD. 
5,442 MI, stroke coronary revascularization, and CVD 

mortality. 

No significant effect in lowering risk of 
primary combined endpoint, or any of the 
secondary outcomes including MI, stroke, 

and CVD mortality. 

Jamison et al. 
(2007) [25] 

Effect of high doses of folic acid, B6, 
and B12 in reducing mortality in 

patients with chronic kidney diseases. 
2,056 

Primary endpoint: all-cause mortality. 
Secondary endpoints: MI, stroke, amputation of all 

or part of lower extremities. 

No significant effect on mortality. No 
significant effect for secondary outcomes 

or adverse events. 

Zoungas et al. 
(2006) [26] 

Effect of high dose folic acid in 
slowing progression of atherosclerosis 
and reducing cardiovascular events in 

patients with chronic renal failure. 

315 

Primary endpoints; intima-media thickness, MI, 
stroke, and cardiovascular death. 

Secondary endpoints: all cardiovascular events, 
change in pulse wave velocity, systemic arterial 

compliance, and augmentation index. 

No significant effect on intima-media 
thickness. No significant effect on primary 

and secondary endpoints. 

Lonn et al. 
(2006) [10] 

Effect of folic acid, B6, and B12 in 
lowering the risk of major 

cardiovascular events in patients with 
vascular disease. 

5,522 Death from cardiovascular causes, MI, and stroke. 
No significant effect in lowering risk of 
major cardiovascular events in patients 

with vascular disease. 

Bonaa et al. 
(2006) [9] 

Effect of folic acid, B6, and B12 on 
secondary prevention in patients who 

had had an acute MI. 
3,749 

Primary endpoints: MI, stroke, and sudden death. 
Secondary endpoints: death from any cause, 
hospitalization for unstable angina pectoris, 

coronary artery bypass surgery, and percutaneous 
coronary intervention. 

No significant effect in lowering risk of 
recurrent cardiovascular disease after acute 

MI. 

MI – myocardial infarction; CVD – cardiovascular disease; BP – blood pressure; SBP – systolic blood pressure; DBP – diastolic blood pressure.  
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Table 2: Comparison of intervention dosage, duration, and results of trials. 
Trial (First author) Intervention dosage Duration Results 

Towfighi et al. (2014) FA: 2.5mg; B6: 25mg; B12: 0.4mg 2 years Positive result 
Edelenyi et al. (2012) FA: 0.56mg; B6: 3mg; B12: 0.02mg 4.7 years Negative result 
Cavalieri et al. (2012) FA: 2mg; B6: 25mg; B12: 0.5mg 2 years Negative result 

Durga et al. (2011) FA: 0.8mg 3 years Negative result 
Papandreou et al. (2010) F     FA: 5mg 2 months Positive result 
Armitage et al. (2010) FA: 2mg; B12: 1mg 6.7 years Negative result 

Heinz et al. (2010) FA: 5mg; B6: 20mg; B12: 0.05mg 2 years Negative result 
Cagnacci et al. (2009) FA: 15mg 3 weeks Positive result 

Imasa et al. (2009) FA: 1mg; B6: 10mg; B12: 0.04mg 6 months Negative result 
Ebbing et al. (2008) FA: 0.8mg; B6: 40mg; B12: 0.4mg 3.2 years Negative result 
Albert et al (2008) FA: 2.5mg; B6: 50mg; B12: 1mg 7.3 years Negative result 

Jamison et al. (2007) FA: 40mg; B6: 100mg; B12: 2mg 3.2 years Negative result 
Zoungas et al. (2006) FA: 15mg 3.6 years Negative result 

Lonn et al. (2006) FA: 2.5mg; B6: 50mg; B12: 1mg 5 years Negative result 
Bonaa et al. (2006) FA: 0.8mg; B6: 40mg; B12: 0.4mg 3.3 years Negative result 

FA – Folic acid. 
 

Discussion: 

Summary of results: 

 This review of homocysteine-lowering 

interventions with folic acid and B vitamins for 

preventing cardiovascular events identified fifteen 

RCTs incorporating 39,862 participants. Trials 

reported using either singular vitamin or different 

combinations of interventional vitamins compared to 

mostly placebo. Trials had different composites of 

cardiovascular endpoints. Three out of the fifteen 

trials reported positive results. Twelve trials reported 

negative results and supplementation of folic acid, 

vitamins B6 and B12 B has no significant effect in 

preventing cardiovascular events. 

 

Homocysteine-lowering effect and cardiovascular 

endpoints: 

 The results of all the trials show that folic acid, 

vitamin B6 and B12 have effects in lowering 

homocysteine. Three of the fifteen selected studies 

reported positive results in cardiovascular endpoints. 

The post hoc study of Towfighi and colleagues [15] 

took a closer look of a much earlier study that 

proclaimed no benefit of lowering homocysteine to 

reduce risk of stroke, myocardial infarction, and 

death [27]. This more detailed analysis segregated 

patients to age below and above 67 years. It reveals a 

24% reduced risk of stroke, myocardial infarction, 

and death in patients older than 67 years given high 

dose folic acid, B6 and B12 to lower homocysteine. 

However, the weakness of the original trial is that it 

was not placebo-controlled. It merely compared the 

effects of high and low dosage of the B vitamins.   

 Two other studies with high blood pressure as 

cardiovascular endpoint revealed significant 

lowering of blood pressure [19, 22]. Both trials used 

high dosage of folic acid, which seems to be in line 

with the suggestion of Moat and colleagues that 

high-dose, and not low-dose folic acid improves 

endothelial function in CAD [28]. The main 

weakness of both the trials is short duration of 

follow-up. One was just two months and the other 

just three weeks.    

 Most of the selected studies are on patients with 

chronic disease conditions, such as myocardial 

infarction, stroke, chronic renal conditions, stenosis 

of coronary arteries, and post menopausal women. 

These patients would most probably suffered severe 

endothelial dysfunction and atherosclerosis, leading 

to ischemic heart disease and eventual myocardial 

infarction or congestive heart failure. The prognosis 

for heart failure is poor [29] even with best current 

available medications. About 50% patients die 

within five years of their initial diagnosis of the 

disease [30]. Ischemic heart disease is a disease 

syndrome where there are multiple risk factors and 

unknown causes. Expecting the reduction of just one 

risk factor, homocysteine, to further reduce the risk 

of CVD may be following proper scientific method 

of enquiry, but clinically, it is an unjustifiable 

expectation.   

 Using B vitamins to reduce homocysteine may 

have protection against atherosclerosis if the 

nutrients are supplemented prior to or during the 

onset of CVD. The positive results of Papandreou 

and colleagues [19] in reducing blood pressure in 

children, and Cagnacci and colleagues [22] in 

reducing blood pressure in post menopausal women; 

suggest the efficacy of homocysteine reduction for a 

non-chronic cardiovascular condition.  

 

Concomitant use of drugs: 

 During the last three decades, the use of statins 

and aspirin for atherosclerosis, myocardial 

infarction, and stroke, has been widespread and a 

forgone conclusion. These medications alter 

symptoms and may obscure the result of intervention 

with B vitamins. The concomitant use of statins and 

aspirin could have biased the results of the fifteen 

selected trials. None of the selected trials have taken 

this confounding factor into consideration. The use 

of statins is undoubtedly effective in cholesterol 

lowering, but they are not without adverse effects.  

 The study of Thavendiranathan and colleagues 

[31] showed that even though statin therapy reduced 

the relative risk of major coronary events, it 

produced non-significant reduction in coronary heart 

disease mortality, and no significant reduction in 
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overall mortality. Another study by Nakazato and 

colleagues [32] showed that statin use is associated 

with 52% increased prevalence and extend of 

coronary calcification compared to non-users. 

Furthermore, it has been suggested that statins may 

cause cancer [33] and increase the risk of developing 

diabetes mellitus [34]. Therefore, in consideration of 

the adverse effects that statins may produce, the little 

benefit those B vitamins may have in reducing 

homocysteine and endothelial dysfunction, may have 

been obscured. 

 

Comparison with other studies: 

 Results from previous reviews show that 

lowering homocysteine with B vitamins has no 

significant difference on the incidence of myocardial 

infarction, stroke, death by any cause, or any of the 

cardiovascular endpoints [35, 36]. Marti-Carvajal 

and colleagues, in their review, concluded that the 

intervention of B vitamins to prevent cardiovascular 

events is not justified [35]. We find that statement 

too strong, and from the results of this review, we 

hesitate to agree.  

 

Need for better-designed studies: 

 There are decades of correlational evidence that 

supports plasma homocysteine and CVD. Until more 

and better-designed studies are in place, the use of B 

vitamins to lower homocysteine for prevention of 

cardiovascular events should not be discarded. To 

test for effects of intervention, study design should 

ideally be comparing a drug verses drug plus B 

vitamins. Otherwise control of bias due to 

confounding factors will be difficult. For example, a 

recent study in China compared the effects of 

enalapril and folic acid verses enalapril alone, on 

stroke and other cardiovascular event, with a median 

follow-up of 4.5 years [37]. The results of this study 

show that enalapril plus folic acid group, compared 

to enalapril alone, has a significant risk reduction in 

first stroke. 

 Future studies on the effects of B vitamins on 

cardiovascular events need to consider carefully 

whether the study is for comparing intervention or to 

investigate the effect on cardiovascular endpoints. If 

it is the latter, then the obvious conclusion of the 

majority of clinical trials that showed negative 

results should have been that B vitamins alone is not 

sufficient to produce significant results in reducing 

cardiovascular events.  

 There is also a need for a multi-nutrient 

approach in ischemic heart disease. The rationale is 

because of complex biochemical processes 

simultaneously involved in this disease. The more 

effective way to address treatment of the disease 

may be using an essential synergistically acting 

nutrient combination, in contrast to using a single 

nutrient or a random select of mixture. 

 

 

Conclusion: 

 Currently there are correlational evidence that 

supports plasma homocysteine and CVD. Causal 

evidence from clinical trials supports the effects of B 

vitamins in lowering plasma homocysteine. But it 

does not support supplementation with B vitamins 

for reducing cardiovascular risk. There is a need to 

persevere in studies of the effects of folic acid and B 

vitamins on cardiovascular events with better trial 

design. Evidential data from past observational 

studies, the results of this review, and the most 

recent published study of Huo and colleagues [37], 

suggest that folic acid, vitamins B6 and B12 should 

be continued as a supplement and prescription as an 

intervention for CVD. 
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