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Hyperhomocystinemia linked to B-vitamin deficiency is prevalent and associated with
increased risk for stroke. While in vitro studies suggest homocysteine directly injures
vascular endothelial thrombomodulin (TM), inhibits vonWillebrand factor (vWF)
synthesis, and blocks tissue plasminogen activator (t-PA) receptor binding, these
mechanisms and their reversibility by vitamin therapy are not established in humans.
We investigated the effects of high-dose B-vitamin therapy on endogenous fibrinolysis
and endothelial injury markers by randomizing 50 nonvitamin users with prior
ischemic stroke to 3 months of treatment with multivitamins either containing folate (5
mg), B6 (100mg), and B12 (1mg), or lacking these components. Fasting before noon and
post-methionine load plasma total homocysteine (tHcy), t-PA antigen levels, t-PA and
plasminogen activator inhibitor (PAI) activities, total vWF antigen, and TM levels were
measured before and after vitamin therapy. The primary analysis between treatment
groups across time revealed no significant changes (P � .1) for any hematologic
variables. However, within-groups analysis showed reductions of 23% in plasma TM
(P� .005) and 27% in fasting tHcy levels (P� .0001) and a paradoxical 30% rise in vWF
antigen levels (P � .05) after high-dose B-vitamin, treatment with no changes in
controls. Pooled data revealed a significant and reproducible 20% to 28% decline in
plasma t-PA activity after methionine load (n � 49, P� .02). Our findings demonstrate
methionine load lowers plasma t-PA activity by a plasminogen activator inhibitor
(PAI-1) independent mechanism that is not attenuated by 3 months of high-dose
B-vitamin treatment. While not improving endogenous fibrinolysis profiles, these
results provide initial evidence that B-vitamin treatment may selectively alter markers
of vascular endothelial injury after stroke. Key Words: Homocysteine—Stroke—
Vitamin therapy—Fibrinolysis—Methionine load—Thrombomodulin.
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Increasing epidemiologic data support a relationship be-
tween elevated plasma total homocysteine (tHcy) levels
and increased risk for vascular disease.1-3 In contrast to
the rare hereditary disorders producing homocystinuria
in the young, mild to moderate elevations in plasma
homocysteine, attributable in part to B-vitamin defi-
ciency, are prevalent in the stroke population and in-
crease with advancing age.4 Approximately 30% to 40%
of ischemic stroke patients are reported to have hyper-
homocystinemia,5,6 which may promote atherosclerosis
and a prothrombotic state. Targeted B-vitamin therapies
are known to reduce plasma tHcy and subsequent throm-
botic events in selected hereditary forms of homocystin-
uria.7 However, no controlled studies have investigated
whether vitamin therapy to lower tHcy alters markers of
endothelial injury or improves endogenous fibrinolysis in
the stroke population.

This double-blind, randomized, clinical trial investi-
gates the effects of 3 months of multivitamin therapy
with high-dose folate, B6, and B12 on plasma tHcy, fibri-
nolysis, and markers of endothelial injury in older indi-
viduals with history of prior stroke. In vitro, homocys-
teine directly injures vascular endothelium, impairs the
thrombomodulin (TM)-dependent protein C mechanism,
interrupts von Willebrand factor (vWF) synthesis, and
inhibits tissue plasminogen activator (t-PA) binding to its
specific endothelial receptor.8-11 Therefore this pilot
study specifically examined the effects of B-vitamin ther-
apy on plasma t-PA activity, TM, and vWF antigen levels,
markers of endothelial injury with putative molecular
susceptibility to homocysteine-mediated injury. Since el-
evated tHcy levels while fasting and after protein load
may represent distinct, albeit overlapping metabolic con-
ditions preferentially linked to folate/vitamin B12 and
pyridoxine deficiency, respectively, we measured fasting
and postmethionine load tHcy levels in the stroke pa-
tients to better determine efficacy of the vitamin interven-
tion.12 Because epidemiologic studies suggest that risk
for vascular disease is not confined to an upper threshold
but increases in a dose-response fashion across normal to
higher plasma tHcy levels,1,2 we chose to study stroke
patients irrespective of their initial plasma tHcy levels.

Patients and Methods

Study Groups

In this double-blind, placebo-controlled, pilot study,
community-dwelling stroke patients not already taking
vitamin supplements were randomly assigned to 3
months of daily multivitamins that contained folate (5
mg), B6 (100 mg), and B12 (1 mg) (B-vitamin group), or
lacked these B-vitamin components (controls). Patients
were 50 to 80 years of age with ischemic stroke occurring
�3 months before the study, avoiding the acute-phase
effects of stroke on plasma tHcy levels and other hema-

tologic measures.13,14 Patients were recruited from resi-
dents in the 4 ZIP code areas surrounding the University
of Maryland by active recruitment and passive screening
of outpatient records based on International Classification
of Diseases, 9th Revision diagnosis codes 433.0-434.9 and
436.0-437.9. Vitamin pill count was obtained upon study
completion to document compliance. This study was
approved by the Institutional Review Boards at partici-
pating hospitals and all patients provided informed con-
sent.

A standardized questionnaire was used to ascertain
medical eligibility, stroke risk factors, and alcohol con-
sumption and to detect any recent infection-inflamma-
tion syndromes that may alter hemostatic variables in
stroke patients.15,16 Resting supine blood pressure,
height, and weight were measured. Exclusion criteria
consisted of conditions with potential contraindications
to vitamin therapy or which could confound interpreta-
tion of hemostatic findings, including diabetes; periph-
eral neuropathy; known B12 deficiency; seizure disorder;
human immunodeficiency virus; cancer or myeloprolif-
erative disorder; rheumatoid arthritis; Crohn’s disease;
congestive heart, renal, or hepatic failure; sickle cell dis-
ease; recent trauma, infection, or inflammation (�2
weeks); or hospitalization �3 months.

Methionine Load and Laboratory Methods

At baseline and following 3 months of vitamin therapy,
each patient received a standard oral methionine loading
test (0.1 g/kg), given in fruit drink with a methionine-free
breakfast consisting of 3 low-protein wafers with marga-
rine, jam, or marmalade, and tea or coffee, black or with
low-protein milk. Blood was collected in the fasting con-
dition and 3 hours postmethionine load.17 Antecubital
venipuncture after 12-hour overnight fast was performed
between 8:00 am and 10:30 am using 21-gauge butterfly
needle without tourniquet, after patients were comfort-
ably seated 20 minutes, avoiding alterations in fibrinoly-
sis due to circadian variability, venostasis, orthostatic
changes, and physical exertion.16 The initial 0.5 mL of
blood was discarded, and platelet-poor plasma prepared
by centrifugation (10,000g � 20 minutes, 4°C) then ar-
chived at �70°C until batch assay. Blood for t-PA activity
was collected in 130 mmol/L sodium citrate (9:1 vol)
acidified �60 seconds by addition of sodium acetate (pH
4.2, 0.5 mol/L, 2:1 vol) to prevent ongoing in vitro inac-
tivation by type-1 plasminogen activator inhibitor
(PAI-1) and measured by amidolytic assay (Chromoge-
nix, Franklin, OH).18 Plasma TM (Diagnostica Stago,
Asnieres-Sur-Seine, France) and t-PA antigen (American
Bioproducts, Parsippany, NJ) levels were measured from
citrate anticoagulated specimens by enzyme immunoas-
say. Plasma PAI-1 activity was measured by reverse
amidolytic activity assay (Chromogenix) and vWF anti-
gen was measured by enzyme immunoassay (American
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Bioproducts) in plasma prepared using a modification of
Files Solution to minimize in vitro platelet activation.14

Plasma tHcy levels were measured from ethylenedia-
minetetraacetic acid (EDTA)-prepared plasma specimens
(9:1 vol) collected while fasting and 3 hours postmethi-
onine load at baseline and after 3 months of vitamin
therapy. Plasma tHcy, including both free and protein-
bound fractions, was measured using a method involving
reduction with sodium borohydride and precolumn der-
ivatization with monobromobimane, followed by high-
performance liquid chromatography and fluorescence
detection.19 Baseline and posttreatment serum cobalamin
and blood folate levels were measured by radioimmuno-
assay (Diagnostic Products Corp., Los Angeles, CA) and
pyridoxal phosphate levels determined by enzymatic pho-
tometry with high-performance liquid chromatography
separation.20,21 Patients were classified as vitamin-defi-
cient based on their initial cobalamin (�120 pmol/L),
blood folate (�180 nmol/L), and pyridoxal phosphate
levels (�20 nmol/L) (Mimelab, Sweden).2

Statistical Methods

Data are expressed as mean � SD. Demographic and
stroke risk factors in the 2 groups were compared using
chi-square analysis. Unpaired t tests were used to com-
pare the baseline levels of hematologic variables between
groups and a nonparametric test (Kruskal-Wallis) was
used to examine the ordinal relationships between tHcy,
vitamin levels, and selected hemostatic factors. The pri-
mary analysis was performed using unpaired t tests to
determine the significance of the mean changes in fasting
and postmethionine load tHcy, plasma endothelial mark-
ers, and endogenous fibrinolysis variables between treat-
ment groups across the 3-month treatment period. How-
ever, since this study was designed as a pilot with limited
sample size, we also conducted a secondary within-
groups analysis utilizing 2 tailed t tests to evaluate the
significance of change in these hematologic variables
separately in the B-vitamin treatment and control groups,
respectively. A similar analysis was performed in the
B-vitamin treatment group by median split of initial
fasting tHcy levels, to provide insight as to whether the
response to vitamin treatment was related to the baseline
tHcy level. Paired 2-tailed t tests were further applied to
analyze the significance of change in t-PA and PAI activ-
ity levels within subjects, which accompanied the methi-
onine load.

Results

Patient Characteristics

Fifty-eight stroke patients, ages ranging from 51 to 80
years, were randomized, and 50 patients completed the
study. Dropouts were due to loss to follow-up (n � 4),

difficulty swallowing pills (n � 1), fear of constitutional
symptoms (n � 1), and 2 were excluded due to recurrent
stroke. The mean latency since the most recent stroke was
31 � 39 months (range 3-202 months) for the B-vitamin
treatment group and 25 � 22 months (range 4-79 months)
for the controls. In the B-vitamin treatment group, there
were 21 of 27 (78%) incident stroke cases and 6 of 27
(22%) with a history of more than 1 prior stroke, includ-
ing 3 patients with 2 prior strokes each. In the control
group, there were 19 of 23 (83%) incident stroke cases and
4 of 23 (17%) with more than 1 prior stroke, including 2
patients with 2 prior strokes each. Compliance based on
pill counts was 98.2% for controls (n � 23) and 97.6% for
the B-vitamin treatment group (n � 26). One patient in
the B-vitamin group reported full compliance, but no pill
count was available for confirmation.

There were no significant clinical or demographic dif-
ferences between B-vitamin treatment and control
groups, with the exception of higher body weight due to
a somewhat greater proportion of men in the B-vitamin
treatment group (Table 1). Seven patients randomized to
each group had vitamin deficiency at baseline. These
included deficiencies in B6 (n � 6) and B12 (n � 1) in the
B-vitamin treatment group, and B6 (n � 5), folate (n � 1),
and all 3 vitamins (n � 1) in the control group. Plasma
from 1 patient in the control group was unavailable for
vitamin measures. Kruskal-Wallis test applied to baseline
values revealed significant inverse relationships between
plasma folate (P � .01), B6 (P � .04), and increasing
quartiles of fasting plasma tHcy. There were no signifi-
cant relationships between baseline levels of fasting

Table 1. Clinical and demographic features of patients in
the B-vitamin treatment and control groups

Variable
B-Vitamin Group

(n � 26)
Controls
(n � 23)

Age (yr)* 67.7 � 8 66.7 � 7.3
Sex (M:F) 17:10 12:11
Race (White:Black) 14:13 14:9
Height (cm)* 168 � 13 171 � 11
Weight (kg)* 80 � 14 67 � 7†
Initial vitamin deficiency

in folate, B6, and/or
B12, % (N)

26 (7/27) 32 (7/22)

Hypertension history,
% (N)

67 (18/27) 78 (18/23)

Current smoking, % (N) 15 (4/27) 30 (7/23)
Coronary artery disease,

% (N)
25 (7/27) 35 (8/23)

Aspirin-treated 59 (16/27) 57 (13/23)
Ticlopidine-treated 4 (1/27) 17 (4/23)
Warfarin-treated 29 (8/27) 25 (6/23)

*Mean � SD.
†P � .001.
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plasma tHcy and thrombomodulin (P � .8), plasma vWF
antigen levels (P � .5), or any fibrinolysis variables.

Fasting and Postmethionine Load Homocysteine

The primary analysis shows that the mean change in
fasting plasma tHcy levels with B-vitamin treatment did
not achieve statistical significance (P � .25) between
groups across the 3-month treatment period (Table 2).
However, a secondary within-groups analysis revealed a
27% reduction in fasting tHcy (P � .0001) and a 20%
reduction in the postmethionine load tHcy (P � .0001) in
the B-vitamin treatment group. There were no significant
changes in fasting or postmethionine load tHcy within
subjects in the control group (Table 2). The median split
value for tHcy in our stroke patients is �10.5 �mol/L,
similar to that reported in other studies of unselected
stroke patients.22 As anticipated, B-vitamin treatment
produced a greater reduction in plasma tHcy levels in the
stroke group with higher initial tHcy levels (n � 12,
13.4 � 1.9 v 9.0 � 2.2 �mol/L, pretreatment v posttreat-
ment, P � .0003), but still reduced plasma tHcy in the
stroke subgroup with initial tHcy levels below this me-
dian split value (8.9 � 1.3 vs 7.6 � 1.4, n � 14, P � .05).

Plasma Markers of Endothelial Injury

The mean change in plasma TM (P � .19) and total
vWF antigen levels (P � .17) associated with B-vitamin
treatment did not reach statistical significance between-
groups across time. However, a secondary within-groups
analysis revealed a 23% decline in the mean circulating
TM (P � .005) and a 27% elevation in vWF antigen levels
(P � 0.05) in the B-vitamin treatment group, but no
significant changes in the control group (Table 2). Further

analysis excluding all stroke patients meeting the crite-
rion for initial (baseline) vitamin deficiency revealed that
B-vitamin treatment still produced an 18% reduction in
fasting plasma tHcy (10.5 � 2.8 v 8.6 � 2 �mol/L, n � 20,
P � .002), a 30% increase in plasma vWF antigen (81.5 �

48.4 v 106.2 � 55%, n � 19, P � .02), and a trend of 23%
lower plasma TM antigen levels (14.2 � 7.7 v 10.9 � 5.7
ng/mL, n � 19, P � .1).

In order to begin to address whether these changes in
endothelial markers were related to baseline levels of
fasting plasma tHcy, we compared the magnitudes of
change in plasma TM and vWF antigen levels in the
B-vitamin treated patients with tHcy above versus below
the median split of 10.5 �mol/L. B-vitamin treatment was
associated with a 25% increase in plasma vWF antigen
levels in the stroke group with initial higher plasma tHcy
(102.8 � 50.6 v 129.1 � 59%, n � 12, P � .04), and there
was a trend toward increased mean plasma vWF antigen
levels in patients with initial tHcy levels below this me-
dian split (76.1 � 45 v 99 � 55%, n � 13, P � .08). There
was a 27% reduction in mean plasma TM antigen levels
(14.2 � 6.4 v 10.4 � 4.1 ng/mL, P � .03) following
B-vitamin treatment in the stroke group with initial
higher fasting plasma tHcy levels, but no significant
change in TM in the stroke group with baseline tHcy
levels below this median split value (15 � 8.1 v 12 � 5.9
ng/mL, P � .28).

Endogenous fibrinolysis

There were no changes in the levels of plasma t-PA,
PAI activity, or t-PA antigen in the B-vitamin treatment
or control groups (Table 2). Therefore, we performed a
pooled analysis including all patients to determine

Table 2. Primary analysis for change in fasting tHcy and hematological variables between groups

Variable

B-Vitamin Group Controls
P value

between groupsNo. Initial 3 Mo No. Initial 3 Mo

Fasting tHcy (�mol/L) 26 11.3 � 2.8 8.2 � 1.9* 22 11.4 � 4.3 9.9 � 3.1 0.25 (NS)
Postmethionine tHcy (�mol/L) 22 22 � 5.7 17.5 � 4.1* 22 21.5 � 9.6 22.6 � 9.6 (NS)
Thrombomodulin (ng/mL) 25 14.6 � 7.2 11.2 � 5† 23 12.3 � 7 12.2 � 5.9 0.19 (NS)
vWF antigen (%) 25 89 � 49 113 � 58‡ 23 95 � 38 103 � 40 0.17 (NS)
t-PA activity (IU/mL) 25 1.76 � 1.3 1.62 � 0.7 23 1.76 � 0.7 1.87 � 0.8 (NS)
PAI activity (AU/mL) 25 18.1 � 4.2 19.6 � 5.6 23 19.2 � 3.9 19.8 � 4.6 (NS)
t-PA antigen (ng/mL) 25 8.1 � 3.0 8.9 � 3.1 23 7.9 � 2.7 7.9 � 3.0 (NS)

NOTE. All data are mean � SD. The primary analysis for change in fasting tHcy and the hematological variables between-groups across
the 3-month treatment period are shown in the table. The secondary statistical analyses (within-groups) for change in values of tHcy and the
hematological variables in the B-vitamin treatment and control groups, respectively, are listed below.
Abbreviations: NS, not significant; PAI, plasminogen activator inhibitor; tHcy, total homocysteine; t-PA, tissue plasminogen activator;

vWF, von Willebrand factor.
For the within-subject analyses using paired t tests (2-tailed analysis),
*P � .0001
†P � .005
‡P � .05.
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whether methionine load may affect endogenous fibrino-
lysis profiles in older stroke patients. Pooled analysis of
baseline (prerandomization) data revealed a 20% decline
in mean plasma t-PA activity levels following methionine
load (n � 49, 1.82 � 1.10 v 1.46 � 0.63 IU/mL, preme-
thionine v postmethionine load, P � .013). In those pa-
tients that were available for repeated fibrinolysis mea-
sures at study completion, we observed a similar 28%
decline in mean plasma t-PA activity with methionine
load (n � 46, 1.72 � 0.74 v 1.33 � 0.51 IU/mL, preme-
thionine v post-methionine load, P� .001). As anticipated
based on circadian variability, there was a modest decline
in plasma PAI activity (n � 49, 18.6 � 4.1 v 16.6 � 4.8
au/mL, P � .001) across the 3-hour methionine load
conducted at baseline, and again, a similar decline fol-
lowing methionine load performed at the time of study
completion (n � 46, 19.4 � 4.9 v 18.1 � 1, P� .001). Three
months B-vitamin treatment did not alter the fibrinolytic
response to methionine load in these stroke patients
(P � .4).

Discussion

Although in vitro studies suggest that homocysteine
may alter vascular endothelial cell function, impairing
the TM-dependent protein C antithrombotic mechanism,
inhibiting vWF synthesis, and blocking t-PA binding to
its specific receptor site, these vascular mechanisms and
the effects of vitamin therapy to lower tHcy are not
established in humans.8-11 In a randomized pilot study in
stroke patients, we compared the effects of 3 months of
multivitamin treatment with high-dose B-vitamin ther-
apy that included 5 mg of folate, 100 mg of B6, and 1 mg
of B12 to daily multivitamins lacking these 3 B-vitamin
components and found no statistically significant differ-
ences in plasma tHcy, TM, vWF antigen, or fibrinolysis
markers between groups across time. However, a second-
ary within-groups analysis revealed reductions in plasma
tHcy and circulating TM antigen levels, a marker of
endothelial injury, in the B-vitamin treatment group only.
Further, we observed a significantly reduced plasma t-PA
activity level following 3-hour methionine load, but re-
port that B-vitamin treatment does not alter either the
decline in t-PA activity following methionine loading or
fasting before noon fibrinolysis profiles. These findings
suggest that methionine load may lower endogenous
plasma t-PA activity in older stroke patients and provide
initial evidence that B-vitamin treatment may selectively
alter markers of vascular endothelial injury after stroke.

The findings of reduced plasma TM by within-groups
analysis in the B-vitamin treatment group raises the pos-
sibility of reduced endothelial injury. TM is an endothe-
lial membrane glycoprotein which binds thrombin, ter-
minating its prothrombotic actions, yielding an enzyme-
cofactor complex that generates circulating activated

protein C (APC) from its zymogen precursor form.23

Plasma TM is composed of major fragments representing
the products of proteolytic injury at the endothelial cell
surface.24 Elevated plasma TM is reported in a variety of
disease conditions characterized by endothelial injury,
including disseminated coagulation, active systemic lu-
pus erythematosus, diabetic microangiopathy, and ath-
erosclerotic disease.25-27 Prospective studies provide evi-
dence that elevated plasma TM levels are an independent
predictor for increased risk of serious hemorrhagic events
and increased vascular mortality in patients receiving
long-term warfarin therapy.28,29 In a nonrandomized
study of 18 adults �50 years of age with peripheral
arterial occlusive disease (PAOD), van den Berg et al.30

found that 1 year of treatment with folate (5 mg) and B6

(250 mg) lowered plasma TM antigen by 21%, findings
interpreted as consistent with reduced vascular endothe-
lial injury. Similarly, we observed a 23% reduction in
plasma TM levels in our high-dose B-vitamin treatment
stroke group only. Although this finding did not achieve
statistical significance between groups across time in this
small study, this degree of reduction in TM levels would
be scientifically and clinically important. Thus, larger
studies are needed to determine whether high-dose B-
vitamin therapy has the potential to lower markers of
endothelial injury in populations at high risk for cardio-
vascular disease.

The potential mechanism(s) and biologic significance
underlying reduction in plasma TM levels remain uncer-
tain. Lowered plasma TM levels, as suggested by the data
in our B-vitamin treatment group and reported by van
den Berg et al. in PAOD patients, could reflect a reduc-
tion in homocysteine-mediated vascular injury. In mon-
keys, the combination of diet-induced hyperhomo-
cystinemia and hypercholesterolemia upregulates aortic
TM expression, a process not reversed by B-vitamin ther-
apy.31 Similarly, it seems unlikely that B-vitamin treat-
ment could lower TM expression by reversing general-
ized atherosclerosis across such a brief 3-month
treatment window in these elderly stroke patients. In
vitro, homocysteine interrupts asparagine-linked oligo-
saccharide TM processing and damages susceptible di-
sulfide bonds in epidermal growth factor-like regions,
reducing functional TM expression at the endothelial cell
surface.9,32 Although this reduces antithrombotic func-
tion, total TM protein synthesis and mRNA levels rise
with prolonged homocysteine exposure. Hence, B-vita-
min treatment to lower tHcy may reduce TM turnover
while improving integrity of the TM-dependent protein
C mechanism. However, these in vitro effects occur at
much higher tHcy concentrations than encountered in
our patients, and we cannot rule out the possibility that B
vitamins may alter plasma TM levels by other mecha-
nism(s) independent of lowering tHcy.

In contrast to van den Berg et al.,30 we observed a
paradoxical 27% increase in plasma total vWF antigen
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levels in stroke patients in the B-vitamin treatment group
only. These results are surprising, since elevated plasma
vWF levels are considered a marker of endothelial injury
and linked to increased risk for vascular events.32,33 In
vitro, homocysteine interferes with pro-vWF asparagine-
linked oligosaccharide processing and disulfide bond
formation at the vWF dimer amino terminus, markedly
reducing endothelial vWF synthesis and release.10 It is
possible that we observed a treatment effect with short-
term B-vitamin therapy leading to increased vWF levels
by attenuating homocysteine-mediated suppression of
normal endothelial vWF synthesis and release. Again,
these dose-dependent in vitro effects on vascular endo-
thelial cell vWF synthesis are reported at supraphysi-
ologic homocysteine levels. Moreover, our findings in
this pilot study are limited by a small sample size and
must be interpreted with caution. The present study also
cannot determine the mechanism for altered plasma vWF
levels, nor address the possibility that a longer duration
of B-vitamin therapy may have potential to lower vWF by
reducing homocysteine-mediated endothelial injury, as
suggested by van den Berg et al.30

Impaired fibrinolysis has been proposed as a mecha-
nism linking elevated tHcy to increased thrombotic
risk.11,34,35 However, few studies have investigated the
effects of B-vitamin therapy to lower tHcy on endoge-
nous fibrinolysis profiles. In a noncontrolled study of
PAOD patients, 12 months of high-dose folate and vita-
min B6 lowered plasma tHcy but did not affect t-PA
antigen levels, suggesting that B-vitamin therapy does
not alter endogenous fibrinolysis.30 The present study
extends these observations that B-vitamin treatment does
not lower plasma t-PA antigen levels or alter fasting
morning plasma t-PA or PAI activity levels in stroke
patients.

Notably, we observed a reduction in plasma t-PA ac-
tivity levels following oral methionine load. Normally,
fibrinolysis is circadian-dependent with the lowest
plasma t-PA activity levels in the morning due to greater
inhibition by PAI-1 and highest t-PA activity levels by
evening hours as PAI-1 activity declines.36 We observed
the decline in t-PA activity levels despite the measured
circadian-related reduction in plasma PAI activity across
the 3-hour time period, suggesting that methionine load
may lower plasma t-PA activity by a PAI concentration-
independent mechanism. In vitro, homocysteine inhibits
t-PA binding to its specific vascular endothelial mem-
brane receptor, annexin II, with half-maximal blockage
occurring at 11 �mol/L, a value similar to the median
fasting plasma tHcy in our stroke patients and well below
the plasma tHcy levels produced by methionine load.11,37

It is possible that homocysteine-mediated blockage of
t-PA, as reported by Hajjar et al.,37 could lead to subse-
quent altered kinetics of t-PA neutralization by inhibitors
or hepatic clearance (i.e., reducing endogenous t-PA ac-
tivity by mechanisms independent of plasma PAI-1 reg-

ulation). However, the present study is limited, as we can
neither determine the mechanism nor discriminate be-
tween increased plasma methionine or tHcy as the agent
responsible for any reduction in endogenous t-PA activ-
ity with the methionine load. Regardless, our findings
indicate the hypofibrinolytic response to methionine load
is not attenuated by B-vitamin treatment in stroke pa-
tients. Notably, oral methionine load constitutes a supra-
physiologic stimulus to increase plasma tHcy.17 Further
studies are needed to determine whether a hypofibrino-
lytic response is produced under the physiologic condi-
tions of a high-protein-load meal.

Results from this randomized pilot study must be
interpreted with caution. Our primary analysis showed
no statistically significant differences in plasma tHcy,
markers of endothelial injury, or fibrinolysis between
treatment groups across time. Only the secondary analy-
sis within the B-vitamin treatment group revealed de-
clines in TM and tHcy and increased vWF antigen levels,
weak evidence supporting a treatment effect. However, a
power analysis based on data from our trial indicates
there was a high probability of type II error in the
statistical assessment of the between-group differences.
Furthermore, the biologic effects of B-vitamin treatment
on endothelial function may be diminished in this stroke
cohort that had essentially normal baseline mean plasma
tHcy levels (11.3 �mol/L).4,22 The latter is supported by
our findings that reductions in plasma TM and increased
vWF antigen levels achieved significance only within that
subgroup of B-vitamin treated stroke patients that had
baseline fasting tHcy levels above the median split. Nev-
ertheless, these results are considered preliminary and a
larger randomized trial is underway to further investi-
gate these findings.

In summary, this randomized, placebo-controlled trial
does not establish that high-dose B-vitamin therapy can
significantly alter tHcy or markers of vascular endothelial
injury in unselected older stroke patients. However, our
findings of reduced plasma TM, within-subjects in the
treatment group only, corroborate a prior study that
high-dose B-vitamin therapy lowers this circulating
marker of vascular endothelial injury.30 This study also
provides evidence that methionine load may reduce en-
dogenous plasma t-PA activity levels in older stroke
patients by a mechanism that is independent from the
usual circadian physiological regulation by PAI. Since
impaired endogenous fibrinolysis is an independent pre-
dictor for increased risk of stroke and myocardial infarc-
tion,38-40 this mechanism warrants further investigation.
Our findings further suggest against any beneficial effect
of short-term (i.e., 3 months) high-dose B-vitamin ther-
apy on plasma-endogenous fibrinolysis profiles. Further
studies in larger populations are needed to understand
and confirm the effects of B-vitamin treatment on endo-
thelial function in high atherothrombotic risk popula-
tions and across the spectrum of aging.

R.F. MACKO ET AL.6



Acknowledgment: The authors thank the participants
in this study for their time and dedication.

References

1. Perry I, Refsum H, Morris R, et al. Prospective study of
serum total homocysteine concentration and risk of
stroke in middle-aged British men. Lancet 1995;346:1395-
1398.

2. Graham IM, Daly LE, Refsum H, et al. Plasma homocys-
teine as a risk factor for vascular disease: The European
Concerted Action Project. JAMA 1997;277:1775-1781.

3. RefsumH, Ueland PM, Nygar̊d O, et al. Homocysteine and
cardiovascular disease. Annu Rev Med 1998;49:31-62

4. Selhub J, Jacques PF, Wilson WF, et al. Vitamin status
and intake as primary determinants of homocystinemia
in an elderly population. JAMA 1993;270(22):2693-2698.

5. Coull BM, Malinow R, Beamer N, et al. Elevated plasma
homocysteine concentration as a possible independent
risk factor for stroke. Stroke 1990;21:572-576.

6. Brattström L, Lindgren A, Israelsson B, et al. Hyperho-
mocysteinaemia in stroke: Prevalence, cause and rela-
tionships to type of stroke and stroke risk factors. Eur
J Clin Invest 1991;22:214-221.

7. Mudd SH, Skovby F, Levy HL, et al. The natural history
of homocystinuria due to cystathionine �-synthase defi-
ciency. Am J Hum Genet 1985;37:1-31.

8. Starkebaum G, Harlan JM. Endothelial cell injury due to
copper-catalyzed hydrogen peroxide generation from
homocysteine. J Clin Invest 1986;77:1370-1376.

9. Lentz SR, Sadler JE. Inhibition of thrombomodulin sur-
face expression and protein C activation by the throm-
bogenic agent homocysteine. J Clin Invest 1991;88:1906-
1914.

10. Lentz SR, Sadler JE. Homocysteine inhibits von Wille-
brand factor processing and secretion by preventing
transport from the endoplasmic reticulum. Blood 1993;
81(3):683-689.

11. Hajjar KA. Homocysteine-induced modulation of tissue
plasminogen activator binding to its endothelial cell
membrane receptor. J Clin Invest 1993;91:2873-2879.

12. Selhub J, Miller JW. The pathogenesis of homocystine-
mia: Interruption of the coordinate regulation by
S-adenosylmethionine of the remethylation and transsul-
furation of homocysteine. Am J Clin Nutr 1992;55:131-
138.

13. Lindgren A, Brattström L, Norrving B, et al. Plasma
homocysteine in the acute and convalescent phases after
stroke. Stroke 1995;26:795-800.

14. Fisher M, Francis R. Altered coagulation in cerebral
ischemia: Platelet, thrombin, and plasmin activity. Arch
Neurol 1990;47:1075-1079.

15. Macko RF, Ameriso SF, Fernandez J, et al. Precipitants of
brain infarction: The roles of preceding infection-inflam-
mation and recent psychological stress. Stroke 1996;27:
1999-2004.

16. Macko RF, Ameriso SF, Gruber A, et al. Impairments of
the protein C system and fibrinolysis in infection-asso-
ciated stroke. Stroke 1996;27:2005-2011.

17. Bostom AG, Roubenoff R, Dellaripa P, et al. Validation of
abbreviated oral methionine-loading test. Clin Chem
1995;41:948-949.

18. Chandler WL, Schmer G, Stratton JR. Optimum condi-
tions for the stabilization and measurement of tissue
plasminogen activator activity in human plasma. J Lab
Clin Med 1989;113:362-371.

19. Fiskerstrand T, Refsum H, Kvalheim G, et al. Homocys-
teine and other thiols in plasma and urine: Automated
determination and sample stability. Clin Chem 1993;39:
263-271.

20. Hamfelt A. A simplified method for determination of
pyridoxal phosphate in biological samples. Ups J Med
Sci 1986;91:105-109.

21. Mollin DL, Anderson BB, Burman JF. The serum vitamin
B12 levels: Its assay and significance. Clin Haematol
1976;5:521-546.

22. Chambless W. Personal communication, January 11,
1999.

23. Esmon C. The protein C anticoagulant pathway. Arterio-
scler Thromb 1992;12:135-145.

24. Takano S, Kimura S. Ohdama S, et al. Plasma throm-
bomodulin in health and diseases. Blood 1990;76:2024-
2029.

25. Iwashima Y, Sato T, Watanabe K, et al. Elevation of
plasma thrombomodulin level in diabetic patients
with early diabetic nephropathy. Diabetes 1990;39:983-
988.

26. Boehme MWJ, Nawroth PP, Kling E, et al. Serum throm-
bomodulin: A novel marker of disease activity in sys-
temic lupus erythematosis. Arthritis Rheum 1994;37:572-
577.

27. Seigneur M, Dufoureq P, Conri C, et al. Levels of plasma
thrombomodulin are increased in atheromatous arterial
disease. Thromb Res 1993;71:423-443.

28. Jansson JH, Boman K, Brannstrom M, et al. High con-
centration of thrombomodulin in plasma is associated
with hemorrhage: A prospective study in patients receiv-
ing long-term anticoagulant treatment. Circulation 1997;
96:2938-2943.

29. Jansson JH, Boman K, Brännström M, et al. Increased
levels of plasma thrombomodulin are associated with
vascular and all-cause mortality in patients on long-
term anticoagulant treatment. Eur Heart J 1996;17:
1503-1505.

30. van den Berg M, Boers GHJ, Franken DG, et al. Hyper-
homocystinemia and endothelial dysfunction in young
patients with peripheral arterial occlusive disease. Eur
J Clin Invest 1995;25:176-181.

31. Lentz SR, Malinow R, Piegors DJ, et al. Consequences of
hyperhomocystinemia on vascular function in athero-
sclerotic monkeys. Arterioscler Thromb Vasc Biol 1997;
17:2930-2934.

32. Hayashi T, Honda G, Suzuki K. An atherogenic stimulus
homocysteine inhibits cofactor activity of thrombo-
modulin and enhances thrombomodulin expression in
human umbilical vein endothelial cells. Blood 1992;
79(11):2930-2936.

33. Jansson JH, Nilsson TK, Johnson O. Von Willebrand
factor in plasma: A novel risk factor for recurrent myo-
cardial infarction and death. Br Heart J 1991;66:351-355.

33. Quizibash N, Duffy S, Prentice CR, et al. Von Willebrand
factor and risk of ischemic stroke. Neurology 1997;49:
1552-1556.

34. Bienvenu T, Ankri A, Chadefaux B, et al. Elevated total
plasma homocysteine, a risk factor for thrombosis. Rela-
tion to coagulation and fibrinolytic parameters. Thromb
Res 1993;70:123-129.

EFFECTS OF VITAMIN THERAPY IN STROKE PATIENTS 7



35. Schreiner PJ, Wu KK, Malinow MR, et al. Plasma homo-
cysteine and hemostasis: The ARIC study. Circulation
1994;89:11 (abstr)

36. Andreotti F, Davies GJ, Hackett DR, et al. Major circa-
dian fluctuations in fibrinolytic factors and possible rel-
evance to time of onset of myocardial infarction, sudden
cardiac death and stroke. Am J Cardiol 1988;62:635-637.

37. Hajjar KA, Jacovina AT, Zhong F, et al. Tissue plasmin-
ogen activator binding to the annexin II tail domain.
Direct modulation by homocysteine. J Biol Chem 1998;
273:9987-9993.

38. Ridker PM, Hennekens CH, Stampfer MJ, et al. Prospec-
tive study of endogenous tissue plasminogen activator
and risk of stroke. Lancet 1994;343:940-943.

39. Macko RF, Kittner SJ, Cox DK, et al. Elevated tis-
sue plasminogen activator and stroke risk: The
Stroke Prevention in Young Women Study. Stroke
1999;30:7-11.

40. Meade TW, Ruddock V, Stirling Y, et al. Fibrinolytic
activity, clotting factors, and long-term incidence of isch-
emic heart disease in the Northwick Park Heart Study.
Lancet 1993;342:1076-1079.

R.F. MACKO ET AL.8


