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Abstract

Brachial artery flow-mediated dilation (BAFMD) has been proposed as a measurement of the degree and severity of cardiovascular
disease. The purpose of this study was to (1) evaluate the associations between BAFMD and homocysteine, folate, vitamin B,, vitamin Bg;
(2) examine the influence of 5,10-methylenetetrahydrofolate reductase (MTHFR) genotypes on homocysteine levels and BAFMD; and
(3) evaluate the effect of homocysteine on the baseline diameter of the vessel vs BAFMD. A total of 174 healthy research subjects were
examined for BAFMD, homocysteine, folate, vitamin B;,, vitamin B4, and MTHFR genotype, nucleotide 677 C—T. The data indicated a
significant inverse correlation between homocysteine and BAFMD (r = —0.1763, P = .02). There was a significant difference in BAFMD
between MTHFR genotype groups (P = .01) (T/T vs C/C, P = .042; C/C vs C/T, P = .13; T/T vs C/T, P = .003). Homocysteine was
significantly associated with the baseline brachial artery diameter (» = 0.1878, P = .013). The data confirmed a significant inverse
correlation between baseline diameter and BAFMD (r = —0.3321, P = .0001). Regression analysis indicated that the MTHFR genotype,
homocysteine, and age were significant predictors of BAFMD (P = .0001, > = 0.118). When the baseline brachial diameter was
incorporated into the model, the effect of homocysteine on BAFMD disappeared. The present data indicate an association between
homocysteine and BAFMD and reduced BAFMD in individuals with the MTHFR nucleotide 677 T/T genotype, despite similar blood values
for folate and homocysteine. Finally, the data suggest that the effect of homocysteine on vascular reactivity is in part a consequence of its
influence on baseline brachial artery diameter.
© 2007 Published by Elsevier Inc.

1. Introduction involved in homocysteine metabolism, 5,10-methylenetetra-
hydrofolate reductase (MTHFR).

MTHEFR is a critical enzyme in homocysteine metabolism
that regenerates the active form of folate, 5-methyltetrahy-
drofolate, from 5,10-methyltetrahydrofolate. Individuals
with a genetic alteration in the MTHFR enzyme (nucleotide
[nt] 677 C—T), which substitutes a valine for an alanine,
have elevated plasma homocysteine concentrations that
contribute to an increased risk for cardiovascular disease
[7]. Furthermore, individuals with coronary artery disease
have an increased prevalence of the MTHFR variant com-
pared with control subjects [8].

Brachial artery flow-mediated dilation (BAFMD) has
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Plasma levels of homocysteine, an amino acid produced
from the metabolism of methionine, are independently
associated with increased risk for vascular disease [1-5] and
have been shown to augment the effects of other traditional
risk factors [6]. Because of their intimate involvement in
homocysteine metabolism, dietary intakes of folic acid,
vitamin Bj,, and vitamin Bg are associated with homocys-
teine levels and, therefore, possibly the development of
cardiovascular disease. However, this relationship is compli-
cated by the presence of genetic variation in a key enzyme
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study of cardiovascular disease [9]. Assessment of BAFMD
is related to structural changes of the carotid arteries [10],
coronary artery reactivity [11,12], coronary stenosis [13], and
the extent and severity of coronary artery disease [14]. In
addition, an impaired BAFMD has been shown to indepen-
dently predict long-term cardiovascular events in patients
with peripheral artery disease [15]. Likewise, when evaluat-
ing patients with coronary artery disease, BAFMD has been
shown to be an independent prognostic measurement [16-22]
and correlated to coronary events [23].

Because of the prognostic ability of BAFMD, studies
have examined the associations between BAFMD and
cardiovascular disease risk factors, including homocysteine.
However, in this regard, the data are conflicting. An
association between BAFMD and fasting plasma homocys-
teine concentrations was found in subjects with hyper-
homocysteinemia [24,25] and between BAFMD and
postprandial plasma homocysteine concentrations after
methionine loading [26]. Other studies with healthy
individuals, however, showed no correlation between
homocysteine levels and BAFMD [27,28]. The inconsistent

findings in the literature concerning the relationship
between homocysteine and BAFMD may in part be related
to failure to account for a genetic variation in MTHFR.
An additional factor may be a failure to consider the
influence of homocysteine on the baseline diameter of the
vessel. Several traditional cardiovascular disease risk
factors including body mass index (BMI), body surface
area, weight, diabetes, hypertension, dyslipidemia, and an
increased atherosclerosis risk score, influence the baseline
brachial artery diameter [29]. Given that the baseline
diameter is inversely related to the BAFMD measure [30],
it is important to understand that risk factors may exert a
direct or indirect effect on the vessel’s reactivity.
Therefore, the purpose of this study was (1) to evaluate
the associations between serum homocysteine, folate,
vitamin B,, vitamin Bg, and BAFMD; (2) to examine the
possible influence of MTHFR genotype on homocysteine
levels and BAFMD; and (3) to evaluate the effect of
homocysteine on the baseline diameter of the vessel vs
BAFMD. We hypothesized that plasma homocysteine
would be inversely related to BAFMD and that individuals

Table 1
Participant characteristics, biochemical measurements, and brachial artery measurements
Sex n Mean SD Range Minimum Maximum
Age (y) Female 127 56 4.74 21 45 66
Male 47 54%* 6.08 19 46 65
Height (cm) Female 127 163 5.36 31 150 181
Male 47 177* 6.44 31 158 189
Weight (kg) Female 127 71.67 11.97 51.20 47.20 105.60
Male 47 88.10* 12.77 54.80 61.40 116.20
BMI (kg/m?) Female 127 26.94 4.19 19.87 18.57 38.44
Male 47 28.09' 3.47 15.21 21.46 36.67
SBP (mm Hg) Female 127 123 13.61 71 67 168
Male 47 121 13.15 57 85 152
DBP (mm Hg) Female 127 75 6.94 41 60 96
Male 47 76 8.32 34 60 94
Resting heart rate (beats/min) Female 127 66 8.92 48 45 93
Male 47 62%* 9.49 40 43 83
Baseline diameter (mm) Female 127 2.97 41 2.03 2.16 4.19
Male 47 3.81% 44 2.09 2.94 5.03
BAFMD (%) Female 127 5.25 3.89 14.23 —0.97 13.26
Male 47 4.99 2.93 11.28 —0.32 10.96
HDL (mmol/L) Female 127 63 13.68 78 33 111
Male 47 47* 7.49 36 34 70
LDL (mmol/L) Female 127 131 25.20 124 80 204
Male 47 138" 20.94 98 93 191
Triglycerides (mmol/L) Female 127 125 56.50 370 33 403
Male 47 139 84.10 566 25 591
Cholesterol (mmol/L) Female 127 219 27.12 127 164 291
Male 47 213 27.10 126 159 285
Folate (nmol/L) Female 127 13.60 2.23 14.80 4.80 19.60
Male 47 13.35 2.00 10.40 6.40 16.80
Vitamin By, (pmol/L) Female 127 529.99 287.63 1789 166 1955
Male 47 463.48" 155.68 722 187 909
Vitamin By (nmol/L) Female 127 83.89 97.97 515 3.90 519.00
Male 47 82.21 96.42 593 15.50 608.50
Homocysteine (xmol/L) Female 127 7.20 1.85 9.80 3.50 13.30
Male 47 8.83* 1.88 10.50 5.30 15.80

SBP indicates systolic blood pressure; DBP, diastolic blood pressure.

* P = .05.

fp=.01 (females vs males).
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with the T/T genotype would have decreased BAFMD. In
addition, we hypothesize that at least part of the effect of
homocysteine on vasoreactivity is secondary to its effect on
the baseline brachial artery diameter.

2. Materials and methods
2.1. Participants

A total of 174 research subjects were available for study
from the baseline period of the Reversal of Early Athero-
sclerotic Changes (REACH) by Diet study at the Pennington
Biomedical Research Center, Baton Rouge, LA. The
subjects consisted of 47 men and 127 postmenopausal
women. These volunteers were recruited during a screening
period based on an age range of 45 to 66 years, an age- and
gender-adjusted mean low-density lipoprotein (LDL) cho-
lesterol between the 15th and 85th percentile, and high-
density lipoprotein (HDL) cholesterol and triglyceride levels
between the 5th and 95th percentile as defined by National
Health and Nutrition Examination Survey (NHANES) II data
[31]. Exclusions included a history of coronary artery disease
(angina, myocardial infarction, or abnormal electrocardio-
gram), diabetes mellitus, systolic pressure of 160 mm Hg or
higher, or diastolic pressure 95 mm Hg or higher, use of
medications for treatment of elevated lipids or hypertension,
or a history of drug or alcohol abuse. After an explanation of
the study and its benefits and risks, volunteers signed an
informed consent approved by the Pennington Biomedical
Research Center Institutional Review Board.

2.2. Brachial artery assessments

Brachial artery assessments were obtained by high-
resolution ultrasound (Toshiba Powervision SSA-380A with
a 7.5-MHz linear array transducer, Toshiba America, New
York, NY) before, during, and after 5 minutes of forearm
occlusion. Individuals were instructed to fast and refrain
from exercise for 12 hours and alcohol for 48 hours before
the measurements. Ultrasound images were obtained after
15 minutes of supine rest. Images were obtained in
longitudinal view, approximately 4 cm proximal to the
olecranon process, in the anterior/medial plane. Image depth
was initially set at 4 cm, and gain settings were adjusted to
provide an optimal view of the anterior and posterior walls of
the artery. Once settings were optimized they were kept
constant. Imaging was performed on the nondominant arm
with the forearm extended and slightly supinated. Forearm
occlusion consisted of inflation of a blood pressure cuff to

Table 2

240 mm Hg for 5 minutes. Images were recorded on super
VHS videotape for 30 seconds at baseline and continuously
from the final 30 seconds of occlusion until 5 minutes after
release. Digital still images captured during diastole, as
defined by the onset of the QRS complex, were analyzed
using specialized imaging software (Media Cybernetics,
Image-Pro Plus, Silver Spring, MD). Arterial diameters
(millimeters) were calculated as the mean distance between
the anterior and posterior wall at the vessel-blood interface.
Reproducibility of the technique, in our hands, has yielded
average mean differences in vessel diameter change for days
and testers of 1.91% and 1.40% with intraclass correlation
coefficients of 0.92 and 0.94, respectively [32]. In that same
study, the mean absolute difference in BAFMD between
readers was 0.21 + 0.014 mm, with an intraclass correlation
coefficient of 0.90 [32]. Baseline diameter was taken as the
brachial diameter during the resting phase. BAFMD is
defined as follows: peak = (peak diameter after hyperemia
minus the baseline diameter) X 100%/(baseline diameter).

2.3. Laboratory analyses

Fasting blood draws were obtained after the imaging
procedure or on a subsequent day. After aliquoting, samples
were frozen at —80°C until analysis. Plasma homocysteine,
vitamin Bj,, and folate analyses were performed on the
Abbott IMx (Abbott Park, IL) using Abbott IMx total
homocysteine, vitamin B,, and folate reagents, controls, and
calibrators, respectively. Plasma vitamin Bg levels were
determined with ALPCO Diagnostics (Windham, NH)
vitamin Bg (pyridoxal-5'-phosphate) *H radioenzymatic
assay according to standard protocol. Total cholesterol and
triglycerides were determined as part of the lipid profile.
These were analyzed on the Beckman Synchron CX7 (Brea,
CA) using Beckman reagents and calibrators. Sigma
Diagnostics (St Louis, MO) EZ HDL Cholesterol reagent
was used on the Beckman Synchron CX7 for HDL
cholesterol analysis. LDL cholesterol was calculated by
using the Friedewald equation. Genomic DNA was isolated
from buffy coats by the method of John et al [33] and the
prevalence of the nt 677 CT mutation was determined by
polymerase chain reaction and Hinfl restriction enzyme
digestion as described by Frosst et al [34].

2.4. Statistical analysis

Statistical analyses were performed by using SPSS for
Windows (version 11.0, SPSS, Chicago, IL). Data are
presented as means and SDs. To examine the associations
between homocysteine, vitamin Bj,, vitamin Bg, folate, and

Correlations of homocysteine and related factors to brachial artery measurements (N = 174)

Vitamin By, (pmol/L) Folate (nmol/L)

Homocysteine (ymol/L)

Baseline diameter (mm) BAFMD (%)

Vitamin Bg (nmol/L)
Vitamin By, (pmol/L)
Folate (nmol/L)
Homocysteine (xmol/L)
Baseline diameter (mm)

0.31, P = .0001 0.26, P = .001

0.28, P = .0001

—0.17, P = .025 0.09, P = .23 0.06, P = 45
—0.40, P = .0001 —0.06, P = 41 —0.08, P = 31
—0.38, P = .0001 0.06, P = 42 —0.09, P = 24
.19, P = .013 —0.18, P = .02

—0.33, P = .0001
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BAFMD, a partial correlation coefficient with height as a
covariate was used. To examine the influence of the
MTHFR genotype on BAFMD, a multivariate linear model
was used. Finally, to determine the possible direct and/or
indirect effect of homocysteine on BAFMD, multiple
general linear models were compared with and without the
baseline diameter in the model. Significance was tested at
the 95% confidence level (P < .05).

3. Results
3.1. Participant characteristics

Participant characteristics, biochemical measurements,
and brachial artery measurements for all subjects are shown
in Table 1. Participants consisted of 47 men and 127
postmenopausal females within an age range of 45 to
66 years. In addition, most of all participants’ biochemical
analytes were within reference ranges, including a partic-
ipant homocysteine range of 3.5 to 15.8 umol/L (reference
range, 5-15 umol/L).

3.2. Association of homocysteine, folate, vitamin B12, and
vitamin B6 levels and BAFMD

The data indicated strong inverse correlations between
serum homocysteine and serum folate, vitamin Bj,, and
vitamin B¢ (r = —0.38, P = .0001; » = —0.39, P = .001; r =
—0.17, P = .025, respectively) (Table 2). In addition, the data
showed a significant inverse correlation between homocys-
teine and BAFMD (» = —0.18, P = .020) (Fig. 1). In contrast,
the data indicated no significant associations between serum
folate, vitamin B, or vitamin B and BAFMD.

3.3. Influence of MTHFR genotypes on homocysteine levels
and BAFMD

Of the 174 men and women who were analyzed for the
MTHFR C677T genotype, 83 (48%) were homozygous for
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Fig. 1. Correlation between brachial artery flow-mediated dilation and
homocysteine (y = —0.282x + 7.29; r = 0.18, P = .020).
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Fig. 2. The relationship between MTHFR genotype and BAFMD. Data
show the mean + SE for each genotype (C/C genotype, 5.04 + 0.37; C/T
genotype, 5.9 + 0.40; T/T genotype, 3.3 £ 0.75) (T/T vs C/C, P = .042;
C/C vs C/T, P = .13; T/T vs C/T, P = .003).

the common allele, C/C; 20 (11%) were homozygous for the
variant allele T/T; and 71 (41%) were heterozygous, C/T.
No significant group differences for age, BMI, lipids, blood
pressure, heart rate, or baseline diameter were noted
between genotypes. The average folate, vitamin By,
vitamin B4, and homocysteine concentrations were not
significantly different between the 3 MTHFR groups. In
contrast, regression analysis incorporating MTHFR geno-
type and gender, and covarying for age, homocysteine,
folate, and baseline diameter, revealed significant differ-
ences in BAFMD between MTHFR genotype groups (P =
.01) (post hoc comparison: T/T vs C/C, P = .042; C/C vs
C/T, P = .13; T/T vs C/T, P = .003) (Fig. 2). The correlation
of homocysteine and folate by MTHFR genotype is shown
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Fig. 3. Correlation of homocysteine and folate (y = —0.4543x + 16.98;
r = —0.39, P = .001).
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Fig. 4. Hypothetical pathway by which an MTHFR variant increases cardiovascular risk. L-Arg indicates L-arginine; L-Cit, L-citruline; qBH,, quinoid

7,8-dihydrobiopterin; BHy, 5,6,7,8-tetrahydrobiopterin.

in Fig. 3. The correlation between homocysteine and folate
was not affected by the MTHFR genotype.

3.4. Relationship between homocysteine, baseline diameter,
and BAFMD

As previously stated, the association between homocys-
teine and BAFMD was weakly significant. However,
analysis revealed that homocysteine was significantly
associated with the baseline brachial artery diameter (» =
0.19, P = .013). Moreover, the data confirmed a significant
inverse correlation between baseline diameter and BAFMD
(r = —0.33, P = .0001).

Regression analysis using a multivariable general linear
model indicated that the MTHFR genotype, homocysteine,
and age were significant predictors of BAFMD (P = .0001,
#* = 0.118) (homocysteine, 1 = —1.97, P = .050; age, t =
—2.49, P = .014; and MTHFR genotype, P = .008). When
the baseline brachial diameter was incorporated into the

model, the effect of homocysteine on BAFMD was no
longer significant.

4. Discussion

The present data confirm an association between
homocysteine and BAFMD [24,25]. Uniquely, the present
study indicates reduced brachial artery reactivity in individ-
uals with the MTHFR nt 677 T/T genotype, despite similar
blood values for folate and homocysteine. Finally, the
present study suggests that the effect of homocysteine on
vascular reactivity may in part be secondary to its influence
on the vessel’s baseline diameter.

Elevated homocysteine levels have been shown to
increase cardiovascular disease risk proportionally [6]. Even
within the reference range of homocysteine levels of 10 and
15 pmol/L there is a continuum of increasing cardiovascular
disease [35]. Unlike the findings of some studies evaluating
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healthy subjects [27,28,36], our data show that homocys-
teine levels are associated with a decrease in reactivity of the
vessel. Although the relationship between homocysteine and
reactivity was weak, these findings are intriguing given that
the homocysteine values were all in the reference range. In
fact, the homocysteine values in our participants ranged
from 3.5 to 15.8 umol/L, with only one participant having a
value greater than the reference range of 5 to 15 umol/L.
Likewise, all folate levels were within or above the
reference range, with only 4% and 16% of the vitamin
B\, and vitamin By levels, respectively, below the reference
ranges. Even within these ranges there are strong inverse
correlations between homocysteine and the nutritional
analytes, folate, vitamin Bj,, and vitamin Bg. This
information, coupled with evidence that individuals with
hyperhomocysteinemia have a marked reduction in vessel
reactivity [24,25] and that there is a graded risk for
homocysteine levels within the reference range [6], further
emphasizes the importance of minimizing homocysteine
levels. The possible mechanism that explains the apparent
association between homocysteine and BAFMD is not
entirely understood but is thought to involve the influence
of homocysteine on the bioavailability of nitric oxide, a
mediator of vasoreactivity [24] (Fig. 4).

Regarding the second objective of this study, the present
data indicate reduced BAFMD in individuals with the
MTHFR nt 677 T/T genotype. The prevalence rate for the
MTHFR nt 677 T/T genotype in this study was 11%, which
is similar to the reports of Frosst et al [34], who found an
incidence of 14% in a French Canadian population.
Previous research has indicated a greater incidence of
cardiovascular disease in patients with the MTHFR T/T
genotype [37]. In fact, de Franchis et al [38] reported a
relationship between MTHFR genotype and homocysteine
levels and cardiovascular disease risk [38]. In contrast,
de Bree et al [39] reported no differences in homocysteine
concentrations among MTHFR genotypes at high folate
intake. The biological mechanism for the reduced vaso-
reactivity in individuals with the MTHFR T/T genotype in
the present study cannot be explained by differences in
plasma levels of homocysteine or folate, as these were
similar in all 3 genotypes. Recognizing that flow-mediated
dilation is in part modulated by endothelial derived nitric
oxide [40], our present findings may indicate an alteration in
nitric oxide bioavailability in individuals with the MTHFR
T/T genotype.

Bioavailability of nitric oxide is affected by both nitric
oxide production and degradation. Nitric oxide is synthe-
sized by endothelial nitric oxide synthase, which converts
L-arginine to L-citrulline. This reaction requires the presence
of the essential cofactor tetrahydrobiopterin (BHy) [41,42].
Tetrahydrobiopterin ensures that endothelial nitric oxide
synthase produces nitric oxide instead of superoxide
[43-45]. Tetrahydrobiopterin is produced from the inactive
quinoid form (qBH,) in the presence of S5-methyltetrahy-
drofolate [46]. In addition, 5-methyltetrahydrofolate may

directly interact with the active site of endothelial nitric
oxide synthase [47] resulting in nitric oxide production.
Finally, evidence suggests that 5-methyltetrahydrofolate is
involved in decreasing the degradation of nitric oxide, in
part because of a reduction of reactive oxygen species
[43-45,48]. Thus, decreased MTHFR activity may result in
a decrease in nitric oxide availability due to a reduction in
5-methyltetrahydrofolate and/or tetrahydrobiopterin.

Regarding the direct and/or indirect role of homocysteine
on brachial artery reactivity, the present study indicates that
homocysteine is correlated to both BAFMD and the baseline
diameter of the brachial artery. In fact, multiple regression
analysis strongly suggests that the effect of homocysteine on
reactivity occurs predominantly through its influence on the
baseline diameter with the diameter increasing with increas-
ing levels of homocysteine. These findings contradict the
findings of Wiltshire et al [49] who found that homocysteine
was inversely related to the brachial artery resting diameter
in diabetic children. However, other studies have found
cardiovascular risk factors, such as BMI, glucose, blood
pressure, and severity of coronary artery disease to be
associated with an increase in the diameter of not only the
brachial artery, but also the common carotid artery and the
coronary arteries [29,50-54]. It is presently not known how
homocysteine influences the baseline diameter. Recognizing
that vascular tone is predominantly affected by the
autonomic nervous system, it is possible that homocysteine
effects autonomic balance. In fact, there is evidence that
homocysteine levels are associated with autonomic neurop-
athy [55]. It is possible that early changes in autonomic
balance may contribute to an increase in vascular resistance
in smaller resistance vessels. As compensation for the
changes in the resistance vessels, larger conduit vessels may
initially increase diameter size in an attempt to normalize
blood pressure. Other factors that may cause homocysteine
to influence the vasculature include alterations in the
coagulation system, increased platelet aggregation, in-
creased hydrogen peroxide production causing endothelial
damage, increased growth of smooth muscle cells, or a
reduction in antioxidant levels [6]. Combined, these factors
may contribute to structural and physiologic alterations in
different segments of the vasculature.

Future studies are needed to evaluate whether the
influence of individual cardiovascular risk factors on the
reactivity of the vessel is direct (eg, endothelial mecha-
nisms) or indirect (eg, autonomic balance). In doing so, it
will be possible to determine modulators of each effect
separately, perhaps leading to new methods of reducing
cardiovascular disease risk.

The present findings were noted despite several limi-
tations. Specifically, the ability to detect significant effects
of the variables of interest may, in part, be limited due to
the homogeneous nature of our study population. It
certainly is important for future studies to widen the study
population (in terms of age, gender, ethnicity, physical
fitness, and type and severity of disease). In addition, it
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should be noted that our study was conducted after folate
fortification of grains and cereals [56], which may have
accounted for the lack of differences in homocysteine
levels among the MTHFR genotypes. Nevertheless, our
data indicate promising new possibilities in the study of
BAFMD and cardiovascular disease risk. It is well known
that increasing folate levels will eventually compensate for
the decreased enzyme in the MTHFR T/T genotype and
result in normal homocysteine levels. In fact, Christensen
et al [57] found that although 5-methyl tetrahydrofolate
levels were lower in the T/T MTHFR genotype, total folate
was not significantly lower than in the C/C variant. Finally,
our folate immunoassay measured total folate rather than
individual forms of folate. Perturbations in the specific
forms of folate could occur although the total levels are
normal [58]. It is conceivable that the levels for the specific
forms of folate differ between the MTHFR genotypes. This
could then affect nitric oxide levels by the mechanism we
propose in Fig. 4.

In conclusion, the present data indicate that even within
normal serum levels of vitamins, there are strong associa-
tions between homocysteine and folate, vitamin Bj,, and
vitamin Bg levels. There is also a relatively weak association
between homocysteine and BAFMD. The present data
indicate reduced brachial artery reactivity in individuals
with the MTHFR nt 677 T/T genotype, despite similar blood
values for folate and homocysteine. Finally, the present
study suggests that the effect of homocysteine on vascular
reactivity is in part a consequence of its influence on
baseline brachial artery diameter.

Acknowledgment

This study was supported by a grant from the National
Dairy Council.

References

[1] Clarke R, Daly L, Robinson K, et al. Hyperhomocysteinemia: an
independent risk factor for vascular disease. N Engl J Med
1991;324:1149-55.

[2] Boers GHJ, Smals AG, Trijbels FJ, et al. Heterozygosity for
homocystinuria in premature peripheral and cerebral occlusive arterial
disease. N Engl ] Med 1985;313:709-15.

[3] Kang SS, Wong PWK, Cook HY, et al. Protein-bound homocysteine:
a possible risk factor for coronary artery disease. J Clin Invest
1986;77:1482-6.

[4] Stampfer Mj, Malinow MR, Willet WC, et al. A prospective study of
plasma homocysteine and risk of myocardial infarction in US
physicians. JAMA 1992;268:877-81.

[5] Arnesen E, Refsum H, Bonaa KH, et al. Serum total homocysteine
and coronary heart disease. Int J Epidemiol 1995;24:704-9.

[6] Refsum H, Ueland PM, Nygard O, et al. Homocysteine and
cardiovascular disease. Annu Rev Med 1998;49:31-62.

[7] Klerk M, Verhoef P, Clarke R, et al. MTHFR 677C—T polymorphism

and risk of coronary heart disease: a meta-analysis. JAMA 2002;

288:2023-31.

Kang SS, Wong PW, Susmano A, et al. Thermolabile methylenete-

trahydrofolate reductase: an inherited risk factor for coronary artery

disease. Am J Hum Genet 1991;48:536-45.

(8

[}

[9] Corretti MC, Plotnick GD, Vogel RA. Technical aspects of evaluating
brachial artery vasodilatation using high-frequency ultrasound. Am J
Physiol 1995;268:H1397-404.

[10] Ravikumar R, Deepa R, Shanthirani C, et al. Comparison of carotid
intima-media thickness, arterial stiffness, and brachial artery flow
mediated dilatation in diabetic and nondiabetic subjects (The Chennai
Urban Population Study [CUPS-9]). Am J Cardiol 2002;90:702-7.

[11] Anderson TJ, Uechata A, Gerhard MD, et al. Close relation of
endothelial function in the human coronary and peripheral circu-
lations. J] Am Coll Cardiol 1995;26:1235-41.

[12] Takase B, Uehata A, Akima T. et al: Endothelium-dependent flow-
mediated vasodilation in coronary and brachial arteries in suspected
coronary artery disease. Am J Cardiol 1998;82:1535-1539,A7-A8.

[13] Kaku B, Mizuno S, Ohsato K, et al. The correlation between coronary
stenosis index and flow-mediated dilation of the brachial artery.
Jpn Circ J 1998;62:425 -30.

[14] Neunteufl T, Katzenschlager R, Hassan A, et al. Systemic endothelial
dysfunction is related to the extent and severity of coronary artery
disease. Atherosclerosis 1997;129:111-38.

[15] Gokce N, Keaney Jr JF, Hunter LM, et al. Predictive value of
noninvasively determined endothelial dysfunction for long-term
cardiovascular events in patients with peripheral vascular disease.
J Am Coll Cardiol 2003;41:1769-75.

[16] Bae JH, Bassenge E, Kim MH, et al. Impact of left ventricular ejection
fraction on endothelial function in patients with coronary artery
disease. Clin Cardiol 2004;27:333-7.

[17] Neunteufl T, Heher S, Katzenschlager R, et al. Late prognostic value
of flow-mediated dilation in the brachial artery of patients with chest
pain. Am J Cardiol 2000;86:207 - 10.

[18] Gokce N, Keaney Jr JF, Hunter LM, et al. Risk stratification for

postoperative cardiovascular events via noninvasive assessment

of endothelial function: a prospective study. Circulation 2002;105:

1567-72.

Brevetti G, Silvestro A, Di Giacomo S, et al. Endothelial dysfunction

in peripheral arterial disease is related to increase in plasma markers of

inflammation and severity of peripheral circulatory impairment but
not to classic risk factors and atherosclerotic burden. J Vasc Surg
2003;38:374-9.

[20] Perticone F, Ceravolo R, Pujia A, et al. Prognostic significance of
endothelial dysfunction in hypertensive patients. Circulation
2001;104:191-6.

[21] Modena MG, Bonetti L, Coppi F, et al. Prognostic role of reversible
endothelial dysfunction in hypertensive postmenopausal women. J Am
Coll Cardiol 2002;40:505-10.

[22] Fathi R, Haluska B, Isbel N, et al. The relative importance of vascular
structure and function in predicting cardiovascular events. J Am Coll
Cardiol 2004;43:616-23.

[23] Chan SY, Mancini GB, Kuramoto L, et al. The prognostic

importance of endothelial dysfunction and carotid atheroma burden

in patients with coronary artery disease. ] Am Coll Cardiol 2003;42:

1037-43.

Tawakol A, Omland T, Gerhard M, et al. Hyperhomocyst(e)inemia is

associated with impaired endothelium-dependent vasodilation in

humans. Circulation 1997;95:1119-21.

[25] Woo KS, Chook P, Lolin Y1, et al. Hyperhomocyst(e)inemia is a risk
factor for arterial endothelial dysfunction in humans. Circulation
1997;96:2542 -4.

[26] Lambert J, van den Berg M, Steyn M, et al. Familial hyperhomocys-
teinaemia and endothelium-dependent vasodilatation and arterial
distensibility of large arteries. Cardiovasc Res 1999;42:743-51.

[27] de Valk-de Roo GW, Stehouwer CD, Lambert J, et al. Plasma

homocysteine is weakly correlated with plasma endothelin and von

Willebrand factor but not with endothelium-dependent vasodilatation

in healthy postmenopausal women. Clin Chem 1999;45:1200-5.

Hanratty CG, McAuley DF, McGrath LT, et al. Hyperhomocysteinae-

mia in young adults is not associated with impaired endothelial

function. Clin Sci (Lond) 2001;100:67-72.

[19

—

[24

[y

[28

[}



648 J.B. Wilson et al. / Metabolism Clinical and Experimental 56 (2007) 641—648

[29] Holubkov R, Karas RH, Pepine CJ, et al. Large brachial artery
diameter is associated with angiographic coronary artery disease in
women. Am Heart J 2002;143:802-7.

[30] Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive
detection of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet 1992;340:1111-5.

[31] Carroll M, Sempos C, Briefel Rl. Serum lipids of adults 20-74 years,
United States, 1976-80. National Center for Health Statistics. Vital
Health Stat 1993;11 242:1-107.

[32] Welsch MA, Allen JD, Geaghan JP. Stability and reproducibility of
brachial artery flow-mediated dilation. Med Sci Sports Exerc
2002;34:960-5.

[33] John SW, Weitzner G, Rozen R, et al. A rapid procedure for extracting
genomic DNA from leukocytes. Nucleic Acids Res 1991;19:408.

[34] Frosst P, Blom HJ, Milos R, et al. A candidate genetic risk factor for
vascular disease: a common mutation in methylenetetrahydrofolate
reductase. Nat Genet 1995;10:111-3.

[35] Robinson K, Mayer EL, Miller DP, et al. Hyperhomocysteinemia and
low pyridoxal phosphate. Common and independent reversible risk
factors for coronary artery disease. Circulation 1995;92:2825-30.

[36] Pullin CH, Wilson JF, Ashfield-Watt PA, et al. Influence of

methylenetetrahydrofolate reductase genotype, exercise and other risk

factors on endothelial function in healthy individuals. Clin Sci (Lond)
2002;102:45-50.

Kluijtmans LA, van den Heuvel LP, Boers GH, et al. Molecular

genetic analysis in mild hyperhomocysteinemia: a common mutation

in the methylenetetrahydrofolate reductase gene is a genetic risk factor
for cardiovascular disecase. Am J] Hum Genet 1996;58:35-41.

de Franchis R, Mancini FP, D’Angelo A, et al. Elevated total plasma

homocysteine and 677C—T mutation of the 5,10-methylenetetrahy-

drofolate reductase gene in thrombotic vascular disease. Am J Hum

Genet 1996;59:262 -4.

de Bree A, Verschuren WM, Bjorke-Monsen AL, et al. Effect of the

methylenetetrahydrofolate reductase 677C—T mutation on the rela-

tion among folate intake and plasma folate and homocysteine
concentrations in a general population sample. Am J Clin Nutr
2003;77:687-93.

[40] Joannides R, Haefeli WE, Linder L, et al. Nitric oxide is responsible
for flow-dependent dilatation of human peripheral conduit arteries in
vivo. Circulation 1995;91:1314-9.

[41] Cosentino F, Katusic ZS. Tetrahydrobiopterin and dysfunction of
endothelial nitric oxide synthase in coronary arteries. Circulation
1995;91:139-44.

[42] Mayer B, Werner ER. In search of a function for tetrahydrobiopterin in
the biosynthesis of nitric oxide. Naunyn Schmiedebergs Arch
Pharmacol 1995;351:453-63.

[43] Verhaar MC, Strachan FE, Newby DE, et al. A receptor antagonist-
mediated vasodilatation is attenuated by inhibition of nitric oxide

[37

—

[38

[t

[39

—

synthesis and by endothelin-B receptor blockade. Circulation
1998;97:752-6.

[44] Doshi SN, McDowell IF, Moat SJ, et al. Folate improves endothelial
function in coronary artery disease: an effect mediated by reduction of
intracellular superoxide? Arterioscler Thromb Vasc Biol 2001;21:
1196-202.

[45] Stroes ES, van Faassen EE, Yo M, Martasek P, et al. Folic acid reverts
dysfunction of endothelial nitric oxide synthase. Circ Res
2000;86:1129-34.

[46] Kaufman S. Some metabolic relationships between biopterin and
folate: implications for the “methyl trap hypothesis”. Neurochem Res
1991;16:1031-6.

[47] Hyndman ME, Verma S, Rosenfeld RJ, et al. Interaction of
5-methyltetrahydrofolate and tetrahydrobiopterin on endothelial func-
tion. Am J Physiol 2001;282:H2167-72.

[48] Usui M, Matsuoka H, Miyazaki H, et al. Endothelial dysfunction by
acute hyperhomocyst(e)inaemia: restoration by folic acid. Clin Sci
1999;96:235-9.

[49] Wiltshire EJ, Gent R, Hirte C, et al. Endothelial dysfunction relates to
folate status in children and adolescents with type 1 diabetes. Diabetes
2002;51:2282-6.

[50] Irace C, Ceravolo R, Notarangelo L, et al. Comparison of endothelial
function evaluated by strain gauge plethysmography and brachial
artery ultrasound. Atherosclerosis 2001;158:53-9.

[51] Crouse JR, Goldbourt U, Evans G, et al. Arterial enlargement in the
Atherosclerosis Risk in Communities (ARIC) cohort. In vivo
quantification of carotid arterial enlargement. The ARIC investigators.
Stroke 1994;25:1354-9.

[52] Trace C, Carallo C, Crescenzo A, et al. NIDDM is associated with
lower wall shear stress of the common carotid artery. Diabetes 1999;
48:193-7.

[53] Glagov S, Weisenberg E, Zarins CK, et al. Compensatory enlargement
of human atherosclerotic coronary arteries. N Engl J Med 1987;316:
1371-5.

[54] Gnasso A, Irace C, Carallo C, et al. In vivo association between low
wall shear stress and plaque in subjects with asymmetrical carotid
atherosclerosis. Stroke 1997;28:993 -8.

[55] Cohen JA, Jefters BW, Stabler S, et al. Increasing homocysteine levels
and diabetic autonomic neuropathy. Auton Neurosci 2001;87:268-73.

[56] Rader JI. Folic acid fortification, folate status and plasma homocys-
teine. J Nutr 2002;132:2466S - 70S.

[57] Christensen B, Frosst P, Lussier-Cacan S, et al. Correlation of a
common mutation in the methylenetetrahydrofolate reductase
(MTHFR) gene with plasma homocysteine in patients with premature
coronary artery disease. Arter Thromb Vasc Biol 1997;17:569-73.

[58] Jacques PF, Selhub J, Bosom AG, et al. The effect of folic acid
fortification on plasma folate and total homocysteine concentrations.
N Engl J Med 1999;340:1449-54.



	The association of homocysteine and related factors to brachial artery diameter and flow-mediated dilation
	Introduction
	Materials and methods
	Participants
	Brachial artery assessments
	Laboratory analyses
	Statistical analysis

	Results
	Participant characteristics
	Association of homocysteine, folate, vitamin B12, and vitamin B6 levels and BAFMD
	Influence of MTHFR genotypes on homocysteine levels and BAFMD
	Relationship between homocysteine, baseline diameter, and BAFMD

	Discussion
	Acknowledgment
	References


