Research Paper

ot ot Y o0 gennlar
Research

J Vasc Res 2005;42:325-330
DOI: 10.1159/000086460

Received: January 11, 2005
Accepted after revision: April 23, 2005
Published online: June 17, 2005

Association of Low Red Blood Cell Folate
Concentrations with Coronary Artery Disease in
Iranians: A Matched Case-Control Study

Jamal Golbahar?

Golamreza Rezaian® Z. Fathi@

Mohammad A. Aminzadeh?

2Department of Biochemistry, Faculty of Medicine, and ® Department of Internal Medicine, Cardiovascular Unit,

Shiraz University of Medical Sciences, Shiraz, Iran

Key Words

Coronary artery disease - Homocysteine -
5-Methyltetrahydrofolate - Red blood cells -
Remethylation pathway

Abstract

Background: It is not fully established whether the in-
creasing risk of coronary artery disease (CAD) is associ-
ated with high plasma homocysteine levels or compo-
nents of the homocysteine remethylation pathway, e.g.
vitamin Bj, or 5-methyltetrahydrofolate (5-MTHF) in
plasma and red blood cells (RBC). In this study, we test-
ed the hypothesis that 5-MTHF in RBC, which represents
the long-term folate status of individuals, may be a more
reliable marker of homocysteine remethylation pathway
disturbances, and its deficiency may be associated with
CAD in Iranians. Methods: Plasma total homocysteine
(tHcy), vitamin B,, and plasma and RBC 5-MTHF were
measured in 200 angiographically documented patients
and 200 controls matched for sex and age. Results: In the
plasma, tHcy levels were significantly higher in cases
compared to controls (geometric mean 12.9 *+ 6.5 vs.
10.6 + 5.6 pumol/l, p=0.04). However, RBC 5-MTHF (527.2
+ 185.9vs. 461.3 = 117.9 nmol/l, p = 0.007) and vitamin
Bq, (254.2 + 132.8 vs. 182.2 + 110.4 pmol/l, p = 0.04)
were significantly higher in controls than patients. RBC
5-MTHF was a strong and independent predictor of plas-
ma tHcey (B = -0.01, p = 0.003, r? = 0.19). Subjects in the

lowest quartile of red-cell 5-MTHF had a 2.5-fold in-
creased prevalence of CAD compared to subjects in the
highest quartile. The association of CAD in the first quar-
tile with red-cell 5-MTHF remained significant when ad-
justed for plasma tHcy, vitamin B;,, hypertension and
hypercholesterolemia (odds ratio, OR 2.3, confidence in-
terval: 1.1-3.9, p = 0.01). However, the association be-
tween CAD in the highest quartile and plasma tHcy de-
creased and became insignificant when adjusted for
red-cell 5-MTHF, vitamin B4,, hypertension and hyper-
cholesterolemia (OR 1.27, confidence interval: 0.96-1.69,
p = 0.11). Conclusion: In this study, the association be-
tween CAD and low RBC 5-MTHF was stronger than with
plasma 5-MTHF and plasma tHcy levels, indicating that
RBC 5-MTHF may be a more stable parameter to study
disturbances in the homocysteine remethylation path-
way in lranians.

Copyright © 2005 S. Karger AG, Basel

Introduction

Homocysteine is a sulfur-containing amino acid, and
its plasma concentrations are determined by genetic fac-
tors and nutritional deficiencies in vitamin Bg, B;, and
folic acid [1]. High plasma total homocysteine (tHcy)
causes oxidative stress and vascular damage and is in-
creasingly recognized as an independent risk factor for
vascular disease in different populations [2-5]. tHcy con-
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centrations above the 80th percentile of normal have
been reported in almost 40% of patients with vascular
disease, including coronary artery disease (CAD) [4]. In
a meta-analysis of 20 prospective studies involving 3,820
participants, lowering of current tHcy concentrations by
3 pmol/l (achievable by increasing folic acid intake)
would reduce the risk of ischemic heart disease by 16%
(11-20%), deep vein thrombosis by 25% (8-38%) and
stroke by 24% (15-33%) [5]. However, recent interven-
tion studies in patients with stable CAD [6] and in pa-
tients with stroke [7] do not support the data from this
meta-analysis.

Differences in the prevalence of vascular disease and
in the effect of hyperhomocysteinemia on vascular dis-
ease among countries and races have been reported [8, 9].
However, there are no documented data regarding the
association of plasma tHcy and the folate status with
CAD in Iranians.

Remethylation of homocysteine to methionine re-
quired 5-methyltetrahydrofolate (5-MTHF) as a methyl
donor and vitamin B, as a cofactor, and hyperhomocys-
teinemia can be associated with low 5-MTHF and vita-
min By,. A deficiency in any of these components could
have an impact on the pathogenesis of CAD.

Homocysteine concentrations and its metabolites can
be varied between body compartments, and it has been
suggested that its levels in plasma might not be an indica-
tion of intracellular processes and hence may not indicate
the risk of CAD [10]. Most previous studies have focused
on the association of plasma tHcy and plasma folate with
CAD and other components of the homocysteine remeth-
ylation pathway. Particularly red blood cell (RBC) folate,
a possible risk factor for CAD, has not been fully investi-
gated. RBC folate reflects the folate status during the past
120 days and thus represents the long-term folate status
of the individuals.

In this case-control study in an Iranian population, we
tested whether low RBC 5-MTHF may be a more reliable
marker of CAD than other components of the homocys-
teine remethylation pathway.

Patients and Methods

Participants

At the time of subject enrolment, relevant data on past medical
history, current smoking habits and drug therapy were obtained
from all study participants. All subjects were of Iranian ancestry
and were not first- or second-degree relatives. This study was ap-
proved by the local ethics committee, and all individuals gave writ-
ten, informed consent. Exclusion criteria for both patients and con-
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trols included age >70 years, cardiomyopathy, diabetes mellitus,
pregnancy, liver dysfunction, a history of anemia and renal dys-
function. Subjects on drug therapy known to interfere with homo-
cysteine metabolism (such as anti-epileptic and antifolate drugs)
and on vitamin supplements, and women receiving hormone re-
placement therapy were excluded from this study. Using the first
three digits of the telephone directory, representing an area in the
Shiraz region, 635 subjects (aged <70 years) were contacted by
phone for interview and sampling, 174 were not interested and 115
were excluded because 19 had a history of cardiovascular disease
(myocardial infarction and unstable angina), 5 were diabetic, 2
were pregnant, 26 had a history of renal dysfunction, 23 had a his-
tory of anemia, 18 were on drug therapy known to interfere with
homocysteine, 10 were on vitamin supplements and 12 women
were on hormone replacement therapy. Out of the 346 subjects, 200
were matched for age, sex and area (lived in the same area of Shi-
raz) with 200 control cases. Patients (n = 489; age <70 years) diag-
nosed with stable CAD in the last 4 months, which was document-
ed angiographically in cardiology outpatient departments or coro-
nary care units at two major university hospitals in Shiraz (Fagihi
and Namazi), were phoned to participate in this study. The crite-
rion for angiographically proven CAD was >50% stenosis in one or
more major epicardial vessel in multiple projections. Out of the 489
patients, 388 agreed to participate and completed the question-
naire; 90 subjects were excluded because 14 had renal dysfunction,
8 were diabetic, 3 had anemia, 1 was pregnant, 49 were on vitamin
supplements, 4 had cardiomyopathy, 3 were on anti-epileptic drugs
and 8 women were on hormone replacement therapy. Therefore,
out of the remaining 298 subjects, 200 were matched for sex, age
and area with the controls. Our laboratory is located on the campus
of the Shiraz University of Medical Sciences in the center of Shiraz,
and the participants had good access to our laboratory from all over
the city. Controls were included within 3 months of patient enrol-
ment.

Analytical Methods

Samples from both cases and controls were obtained within 3
months. Samples for plasma tHcy were taken in the fasting state
(overnight), placed on ice and centrifuged within 1 h, and the sep-
arated plasma was stored at —70°C until assayed. Additional fasting
samples were collected for serum creatinine, cholesterol, plasma
5-MTHF, RBC 5-MTHF and vitamin B,. Plasma tHcy were ana-
lyzed by high-performance liquid chromatography after the reduc-
tion in plasma disulfides with tris(2-carboxyethyl)phosphine, pre-
cipitation of proteins with trichloroacetic acid, derivatization with
7-fluoro-2,1,3-benzoxadiazole-4-sulfonate and fluorescent detec-
tion [11]. The inter-assay coefficient of variation for the determina-
tion of tHcy in plasma was less than 7.2%.

Plasma and RBC 5-MTHF and vitamin B;, were measured us-
ing commercially available radioassay kits (Simul TRAC-SNB; ICN
Pharmaceuticals, Costa Mesa, Calif., USA). The intra- and interas-
say coefficients of variation for the determination of plasma 5-
MTHF were less than 5.8 and 8.9%, respectively, being less than
6.1 and 9.2% for RBC 5-MTHF and less than 6.2 and 7.5% for
plasma vitamin By, respectively.

The use of any tobacco was defined as current smoking. Hyper-
tension was defined as a systolic blood pressure =140 mm Hg or a
diastolic pressure of =90 mm Hg, or treatment with angiotensin-
converting enzyme inhibitors, angiotensin II receptor antagonists,
[-blockers, vasodilators and calcium channel blockers. Hypercho-
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lesterolemia was considered present if subjects were taking lipid-
lowering drugs such as statins, clofibrate, gemfibrozil and resins or
had a serum cholesterol =6.5 mmol/l. Serum creatinine and cho-
lesterol were determined with enzymatic photometry.

Statistical Analysis

Student’s t test for continuous variables and x> analysis for fre-
quency measures were used to determine statistically significant
differences in cardiovascular risk factor levels between cases and
controls. The normality of distribution of any variable was assessed
using the Kolmogorov-Smirnov test and where skewed (tHcy, plas-
ma 5-MTHF was positively skewed) logarithmically transformed
to reduce kurtosis, and then geometric means were calculated. The
logarithmic transformations were also used in further statistical
analysis.

Pearson’s correlation coefficients were used to examine the cor-
relation between plasma tHcy and RBC 5-MTHF with other car-
diovascular risk factors in controls. Partial correlation was used to
examine the correlation of plasma 5-MTHF and vitamin B, with
tHcey controlling for RBC 5-MTHF and also between RBC 5-
MTHEF with plasma tHcy controlling for plasma 5-MTHF and vi-
tamin By,. Stepwise multiple regression analysis was used to deter-
mine predictors of plasma tHcy and RBC 5-MTHF in controls.

Quartiles (25%) of tHcy, RBC/plasma 5-MTHF and vitamin
B, concentrations were determined in controls. Logistic regression
was used in both univariate and multivariate analysis to determine
the crude odd ratios (OR) of RBC and plasma 5-MTHF, plasma
tHcy and vitamin By, and adjusted OR for RBC 5-MTHF and
plasma tHcy for CAD and their 95% confidence intervals. Con-
founding variables such as hypertension, hypercholesterolemia,
plasma vitamin By, and plasma tHcy were selected a priori and
adjusted in the multivariate model for RBC 5-MTHF. In addition,
the OR of plasma tHcy were also adjusted for hypertension, hyper-
cholesterolemia, plasma vitamin B, and RBC 5-MTHF. The sta-
tistical analyses were performed using SPSS software. All reported
p values are two tailed.

Results

Baseline Characteristics

The characteristics of the cases and the controls are
shown in table 1. Student’s paired t test and x2 analysis
showed that the presence of hypertension and hypercho-
lesterolemia was significantly different between cases and
controls. In addition, plasma tHcy, a component of the
remethylation pathway, was significantly higher in cases
than controls whereas RBC 5-MTHF and vitamin B,
were significantly higher in controls than cases. The con-
centrations of plasma 5-MTHF were not statistically sig-
nificant between the cases and the controls.

Correlates of Plasma tHcy and RBC 5-MTHF

Results from the Pearson correlation coefficient
showed that among all the variables listed in table 1, plas-
ma tHcy was significantly and negatively correlated with

RBC Folate Deficiency and CAD

Table 1. Characteristics of the cases and the controls

Characteristics Cases Controls p value
(n = 200) (n = 200)
Age, years 50.2+10.3 49.6x11.2 0.71
Males, % 54 52 0.86
Body mass index 25.6+3.7 26.5+3.3 0.68
Current cigarette smokers, % 38 29 0.17
Hypertension, % 43 17 <0.001
Hypercholesterolemia, % 38 19 0.003
Creatinine, pmol/l 743+10.6  71.6x22.1 0.39
RBC 5-MTHF, nmol/l 461.3+117.9 527.2+185.9 0.007
Plasma 5-MTHF, nmol/1* 9.7+4.6 10.3+£4.7 0.11
Plasma tHcy, pmol/I? 12.9£6.5 10.6£5.6 0.04

Plasma vitamin B,, pmol/l 182.2+110.4 254.2+132.8 0.04

Results are expressed as means = SD.
4 Results are expressed as geometric means + SD.

plasma 5-MTHF (r = -0.35, p = 0.003), RBC 5-MTHF
(r=-0.42,p < 0.001) and plasma vitamin B, (r = -0.35,
p =0.002). The significant negative correlation of plasma
5-MTHF and vitamin B, with plasma tHcy became in-
significant when this correlation was controlled for RBC
5-MTHEF, yielding r values of —0.08 (p = 0.45) and -0.10
(p = 0.36) for plasma 5-MTHF and vitamin B,, respec-
tively. Among all the variables, RBC 5-MTHF was sig-
nificantly correlated with plasma 5-MTHF (r=0.68,p <
0.001), vitamin B, (r=0.64,p < 0.001) and plasma tHcy
(r=-0.42, p < 0.001). The negative correlation of RBC
5-MTHF with plasma tHcy remained significant (r =
—0.25, p =0.035) when this correlation was controlled for
plasma 5-MTHF and vitamin By,.

Predictors of Plasma tHcy and RBC 5-MTHF

Stepwise multiple regression analysis showed that the
independent predictor of plasma tHcy was RBC 5-MTHF
(B =-0.01, p = 0.003, r? = 0.19) when all the variables
listed in table 1 were used in the model. The results from
stepwise multiple regression analysis to determine the
predictors of RBC 5-MTHF showed that the main inde-
pendent predictors of RBC 5-MTHF were plasma 5-
MTHF (B = 0.16, p = 0.01) and vitamin B, (§ = 0.50,
p =0.02).

Prevalence of CAD

Table 2 shows the OR for CAD comparing each quar-
tile of RBC and plasma 5-MTHF, plasma vitamin B,
and plasma tHcy concentrations with those of the first
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Table 2. OR of CAD for quartiles of plasma tHcy, RBC and plasma
5-MTHF and plasma vitamin B, determined in controls

Cases Controls OR (95% CI) p value
(n =200) (n=200)
RBC 5-MTHF
<384 68 42 2.8 (1.5-4.9) <0.001
2.3(1.1-3.9)% 0.01
385-454 42 40 1.8 (0.91-3.3) 0.06
1.6 (0.5-4.1)* 0.11
455-646 58 63 1.5 (0.87-2.6) 0.12
1.3 (0.77-3.4) 0.22
>646 32 55 1.0
Plasma 5-MTHF
<8.2 70 42 1.8 (1.0-3.2) 0.03
8.3-9.7 36 46 0.89 (0.49-1.6) 0.69
9.8-12.9 48 62 0.87 (0.50-1.5) 0.62
>12.9 46 50 1.0
Vitamin B,
<174 76 70 1.0 (0.6-1.8) 0.89
175-218 48 48 0.95(0.53-1.7 0.87
219-304 32 40 0.76 (0.4-1.4) 0.39
>304.5 44 42 1.0
tHcy
<8.4 90 108 1.0
8.5-11.5 34 36 1.1 (0.63-2.0) 0.65
0.97 (0.59-1.3)>  0.89
11.6-15.7 26 20 1.56 (0.78-3.1) 0.17
1.02 (0.77-1.35)*  0.93
>15.7 50 36 1.67 (0.97-2.8) 0.04

1.27 (0.96-1.69)° 0.11

CI = Confidence interval.

2 Adjusted for plasma tHcy, vitamin By,, hypertension and hy-
percholesterolemia.

b Adjusted for RBC 5-MTHF, vitamin B,,, hypertension and
hypercholesterolemia.

quartile. In the first quartiles of RBC 5-MTHF and plas-
ma 5-MTHEF, the prevalence of CAD was more than 2.5-
and 1.5-fold increased compared with the highest quar-
tiles. In subjects in the fourth quartile of tHcy, the preva-
lence of CAD was more than 1.5-fold increased compared
with the subjects in the lowest quartile. The association
between CAD and RBC 5-MTHEF in the first quartile re-
mained significant when adjusted for plasma tHcy, vita-
min By,, hypertension and hypercholesterolemia. How-
ever, the association between CAD and plasma tHcy in
the highest quartile tHcy became insignificant when ad-
justed for RBC 5-MTHEF, vitamin B,,, hypertension and
hypercholesterolemia.
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Discussion

The most important result from this study is that the
association of low 5-MTHF concentrations in RBC with
CAD is stronger than any other major component of the
homocysteine remethylation pathway.

There was a general disequilibrium of the homocyste-
ine remethylation cycle in patients with CAD compared
with controls. This was characterized by higher tHcy con-
centrations, lower concentrations of 5-MTHF and B, in
plasma, and lower 5-MTHF concentrations in RBC in
patients compared with controls (table 1). The difference
in the RBC 5-MTHEF concentrations between controls
and cases was more pronounced and significant than in
other components of the homocysteine remethylation
pathway examined in this study.

Univariate and multivariate analyses of plasma total
tHcy with other components of the remethylation path-
way showed that there was a stronger and independent
correlation of plasma tHcy with RBC 5-MTHEF than plas-
ma 5-MTHF and plasma vitamin B;,. Furthermore, step-
wise multiple regression analysis showed that RBC 5-
MTHEF is the main and independent predictor of plasma
tHcy in controls when adjusted for other variables such
as plasma 5-MTHF, vitamin B,, hypertension and hy-
percholesterolemia. In addition, results from logistic re-
gression analysis showed that the association of CAD
with decreasing RBC 5-MTHF was stronger than those
with decreasing plasma 5-MTHF, plasma vitamin B,
and increasing plasma tHcy concentrations (table 2). The
correlation between CAD and tHcy was also weaker and
became insignificant at the highest quartile of plasma
tHcy when adjusted for RBC 5-MTHF, vitamin B, hy-
pertension and hypercholesterolemia. Therefore, results
from this study suggest that folate in the RBC is a more
stable parameter to study the association of components
of the homocysteine remethylation pathway with CAD in
Iranians.

In most studies, the folate status has so far been mea-
sured in plasma and has been mostly regarded as a deter-
minant of tHcy concentration, but its association with
CAD has been inconsistent: some found an association
[12, 13] in contrast to others [14-17]. This is because
plasma folate may not be a true indicator of the folate
status as it can be impaired by exogenous factors such as
drugs and diet, which could mask the association between
folate and homocysteine status and the risk of CAD.
However, results from this study are consistent with a few
reports that found a positive association of RBC 5-MTHF
with CAD [12, 17, 18]. Folate concentrations in RBC are
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regarded as indicators of the long-term folate status and
are not affected by exogenous factors. While the com-
monly determined folate concentrations in plasma or se-
rum represent the circulating folate, determining 5-
MTHEF in RBC assesses the intracellular folate status and
may reflect the folate status during the past 120 days [19]
and thus the amount of folate available as a cofactor in
the metabolism of homocysteine.

In this study, the intra-erythrocyte 5-MTHF content
was nearly 50-fold higher than that of plasma 5-MTHF
and it has been established that the transport and incor-
poration of plasma folate into erythroblasts is facilitated
by folate receptors during erythropoiesis [20]. Progressive
deficiency of plasma folate will therefore first induce a
decrease in the RBC 5-MTHF concentrations. Folic acid
fortification has been reported to increase RBC 5-MTHF
concentrations, and it has been used as the main indica-
tor of the folate nutritional status and folate insufficiency
to establish the new dietary reference intakes [21]. Con-
sistent with this study, a cross-sectional study from the
Framingham Heart Study in the US [22] and the CO-
MAC multicenter case-control study in Europe [18] dem-
onstrated that low plasma folate, low folate intake (Fra-
mingham Heart Study) and low RBC folate (European
COMAC study) were associated with CAD and vascular
disease, respectively. In addition, recently RBC 5-MTHF
has also been reported as a better marker to study the as-
sociation between tHcy and the remethylation pathway
and venous thromboembolism compared to plasma 5-
MTHEF and homocysteine [23].

The beneficial effect of folate on endothelial function
has been reported and was initially thought to be a con-
sequence of the reduction in plasma tHcy concentrations.
However, recent studies suggest that other mechanisms
beside the lowering effect of plasma tHcy by folic acid
may be involved in the beneficial effects of folate on vas-

References

cular endothelial function. Folic acid therapy has been
reported to improve endothelial function in patients with
CAD with normal fasting plasma tHcy [24, 25]. In vitro
studies suggest that folate itself is an effective free radical
scavenger and inhibitor of microsomal lipid peroxidation
[26]. In addition, folic acid supplementation may have
beneficial effects by improving the bioavailability of tet-
rahydrobiopterin, a cofactor required for nitric oxide syn-
thase activity [1] or by directly acting on endothelial nitric
oxide via pteridine binding at the active site of nitric ox-
ide synthase [27].

In this study, to eliminate the effects of confounding
factors, cases and controls were matched for age and sex,
and individuals who took vitamins were excluded. Fur-
thermore, sampling in cases and controls was carried out
at the same time of the year.

However, although this case-control study proves an
association, it remains debatable whether RBC 5-MTHF
concentrations are causally related to CAD. To prove this
association, further prospective randomized studies in-
cluding patients receiving folate supplementation to re-
duce CAD are required.

In conclusion, this study firstly described the associa-
tion of plasma tHcy and folate status with CAD in Irani-
ans. In addition, results from this study suggest that folate
measurements in RBC seem to be the most reliable mark-
er indicating S-MTHEF deficiency and disturbances in the
homocysteine remethylation pathway in association with
CAD in Iranians.

Acknowledgment

We thank the office of the Vice Chancellor for Research Affairs,
Shiraz University of Medical Sciences, for supporting this work
(grant 81-1435).

»>

>3

Moat SJ, Lang D, McDowell IF, et al: Folate,
homocysteine, endothelial function and car-
diovascular disease. J Nutr Biochem 2004;15:
64-79.

Hankey GJ, Eikelboom JW, Ho WK, van
Bockxmeer FM: Clinical usefulness of plasma
homocysteine in vascular disease. Med J Aust
2004;181:314-318.

Kalra DK: Homocysteine and cardiovascular
disease. Curr Atheroscler Rep 2004;6:101-
106.

RBC Folate Deficiency and CAD

>4

»5

»6

Graham IM, Daly LE, Refsum HM, et al: Plas-
ma homocysteine as a risk factor for vascular
disease. The European Concerted Action Pro-
ject. JAMA 1997;277:1775-1781.

Wald DS, Law M, Morris JK: Homocysteine
and cardiovascular disease: Evidence on cau-
sality from a meta-analysis. BMJ 2002;325:
1202-1206.

Liem A, Reynierse-Buitenwerf GH, Zwinder-
man AH, Jukema JW, van Veldhuisen DJ: Sec-
ondary prevention with folic acid: effects on
clinical outcomes. J Am Coll Cardiol 2003;41:
2105-2113.

»7

>3

Toole JF, Malinow MR, Chambless LE, et al:
Lowering homocysteine in patients with isch-
emic stroke to prevent recurrent stroke, myo-
cardial infarction, and death: the Vitamin In-
tervention for Stroke Prevention (VISP)
randomized controlled trial. JAMA 2004;291:
565-575.

Alfthan G, Aro A, Gey KF: Plasma homocys-
teine and cardiovascular disease mortality.
Lancet 1997;349:397.

J Vasc Res 2005;42:325-330

329



»>9

> 10

>11

> 12

»13

> 14

Chambers JC, Obeid OA, Refsum H, et al:
Plasma homocysteine concentrations and risk
of coronary heart disease in UK Indian Asian
and European men. Lancet 2000;355:523-
527.

Molloy AM, Daly S, Mills JL: Thermolabile
variant of 5,10-methylenetetrahydrofolate re-
ductase associated with low red-cell folates: im-
plications for folate intake recommendations.
Lancet 1997;349:1591-1593.

Gilfix BM, Blank DW, Rosenblatt DS: Novel
reductant for determination of total plasma ho-
mocysteine. Clin Chem 1997;43:687-688.
Girelli D, Martinelli N, Pizzolo F, et al: The
interaction between MTHFR 677 C—T geno-
type and folate status is a determinant of coro-
nary atherosclerosis risk. J Nutr 2003;33:
1281-1285.

Silberberg JS, Crooks RL, Wlodarczyk JH,
Fryer JL: Association between plasma folate
and coronary disease independent of homocys-
teine. Am J Cardiol 2001;87:1003-1004.
Hung J, Beilby JP, Knuiman MW, Divitini
MI: Folate and vitamin B-12 and risk of fatal
cardiovascular disease: cohort study from Bus-
selton, Western Australia. BMJ 2003;326:
131.

> 15

»16

»17

> 18

19

20

L )

Folsom AR, Nieto FJ, McGovern PG, et al: ®»22 Sclhub J, Jacques PF, Bostom AG, et al: As-

Prospective study of coronary heart disease in-
cidence in relation to fasting total homocyste-
ine, related genetic polymorphisms, and B vi-
tamins: the Atherosclerosis Risk in Commu-
nities (ARIC) study. Circulation 1998;98:
204-210.

Giles WH, Kittner SJ, Croft JB, Anda RF,
Casper ML, Ford ES: Serum folate and risk for
coronary heart disease: results from a cohort of
US adults. Ann Epidemiol1998;8:490-496.
Michalis LK, Pappas K, Tweddel A, et al: Rel-
atively low red cell folate levels and acute cor-
onary syndromes. Coron Artery Dis 2001;12:
665-668.

Robinson K, Arheart K, Refsum H, et al: Low
circulating folate and vitamin B6 concentra-
tions: risk factors for stroke, peripheral vascu-
lar disease, and coronary artery disease. Euro-
pean COMAC Group. Circulation 1998;97:
437-443.

Herbert V: Development of human folate defi-
ciency; in Picano MF, Stockstad ELR, Gregory
JF (eds): Folic Acid Metabolism in Health and
Disease. New York, Wiley-Liss, 1990, pp 195-
210.

Antony AC: Megaloblastic anemia; in Hoff-
man R, Benz EJ, Shattil S, Furie B, Cohen HJ
(eds): Hematology: Basic Principles and Prac-
tice. Philadelphia, Churchill Livingstone,
1991, pp 394-423.

Choumenkovitch SF, Jacques PF, Nadeau
MR, Wilson PW, Rosenberg IH, Selhub J: Fo-
lic acid fortification increases red blood cell fo-
late concentrations in the Framingham study.
J Nutr 2001;131:3277-3280.

330

J Vasc Res 2005;42:325-330

»23

»24

»25

»26

27

sociation between plasma homocysteine con-
centrations and extracranial carotid-artery ste-
nosis. N Engl J Med 1995;332:286-291.
Quere I, Perneger TV, Zittoun J, et al: Red
blood cell methylfolate and plasma homocys-
teine as risk factors for venous thromboembo-
lism: a matched case-control study. Lancet
2002;359:747-752.

Joshi R, Adhikari S, Patro BS, Chattopadhyay
S, Mukherjee T: Free radical scavenging be-
havior of folic acid: evidence for possible anti-
oxidant activity. Free Radic Biol Med 2001;30:
1390-1399.

Doshi SN, McDowell IF, Moat SJ, et al: Folate
improves endothelial function in coronary ar-
tery disease: an effect mediated by reduction
of intracellular superoxide? Arterioscler
Thromb Vasc Biol 2001;21:1196-1202.
Doshi SN, McDowell IF, Moat SJ, et al: Folic
acid improves endothelial function in coronary
artery disease via mechanisms largely indepen-
dent of homocysteine lowering. Circulation
2002;105:22-26.

Hyndman ME, Verma S, Rosenfeld RJ, Ander-
son TJ, Parsons HG: Interaction of 5-methyl-
tetrahydrofolate and tetrahydrobiopterin on
endothelial function. Am J Physiol Heart Circ
Physiol 2002;282:H2167-H2172.

Golbahar/Rezaian/Fathi/Aminzadeh





