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Objective: To test the hypothesis that an acute increase in plasma homocysteine produced by methionine is
associated with an acute increase in pulse wave velocity.
Design: A double blind, cross over, placebo controlled design was used and pulse wave velocity, plasma
homocysteine, total cholesterol: high density lipoprotein ratio, plasma triglyceride, oxidised low density
lipoprotein cholesterol concentrations, apolipoproteins A1 and B, and C reactive protein were measured
between 12.5 and 20 hours after methionine loading or placebo.
Results: Between 12.5 and 20 hours after exposure to a methionine loading test, arterial pulse wave velocity
showed no significant difference compared with placebo. At 12 hours after exposure to the methionine
loading test, in the presence of a controlled diet, triglyceride concentration significantly increased by 32.6%
(p,0.02), cholesterol: high density lipoprotein ratio increased significantly by 22.5% (p,0.05) compared
with placebo. Simultaneously, systolic blood pressure increased significantly by 4.9% (p,0.02).
Conclusion: In elderly volunteers, acute hyperhomocysteinaemia induced by methionine loading resulted
in no overall significant delayed reduction in peripheral arterial distensibility. A significant deterioration in
the lipid profile and increased blood pressure was seen during acute hyperhomocysteinaemia.

T
he significant association of homocysteine with cardio-
vascular morbidity and mortality in middle age has been
known for many years.1 Hyperhomocysteinaemia is also

a risk factor for elderly patients2 among whom it is prevalent.3

Cardiovascular morbidity increases with mildly increased
homocysteine regardless of age and there may be no lower
threshold defining risk.2 Numerous underlying fundamental
pathophysiological processes associating increased homocys-
teine concentrations with vascular dysfunction and increased
cardiovascular risk have been proposed. These interlink the
aetiologies of thrombosis, atherosclerosis, and hyperten-
sion.1 4 In particular, physiological increments in plasma
homocysteine induce endothelial dysfunction in healthy
young volunteers5 6 and promote vascular smooth muscle
hypertrophy through generation of free radicals and
decreased nitric oxide synthesis.7 8

Plasma homocysteine concentration temporarily increases
during the hours after oral methionine loading.9 Methionine
is an essential amino acid and is the only dietary source of
homocysteine, to which it is metabolised. An acute reduction
in arterial compliance and distensibility after methionine
loading has been found in young adults9 although the
response of elderly vessels is as yet unknown. Age related
vascular processes may determine the mechanisms of
homocysteine related pathophysiology and hence potential
age specific interventions. Thus, understanding how transi-
ent hyperhomocysteinaemia causes arterial dysfunction may
lead to new approaches to reducing cardiovascular risk in
elderly people in whom hyperhomocysteinaemia is not only
prevalent, but can be easily corrected.

The aim of this study was to test the hypothesis that acute
increases in plasma homocysteine produced by methionine
are associated with an acute decrease in arterial wall
compliance resulting in increased pulse wave velocity
(PWV) in healthy elderly volunteers.

METHOD
Healthy volunteers over the age of 60 years were selected
from an elderly volunteer database. Having obtained approval

of the local ethics committee and written informed consent
from volunteers, cardiovascular risk was assessed by ques-
tionnaire, examination of medical records, physical examina-
tion and investigations including an electrocardiogram and
baseline blood tests: creatinine, homocysteine, methionine,
total cholesterol, total cholesterol:high density lipoprotein
(HDL) ratio, folate, B12, full blood count, and the methyle-
netetrahydrofolate reductase (MTHFR) genotype. The use of
antioxidant vitamin supplements (containing vitamins that
included A, C, E, B12, or folate) was recorded. None of the
volunteers was taking prescribed drugs.

Exclusion criteria included the presence of common
cardiovascular risk factors: hypertension, diabetes mellitus,
current smoking or history of smoking for more than 10
years, hypercholesterolaemia (total cholesterol.6.5 mmol/l),
history of stroke, myocardial infarction, or ischaemic heart
disease. Other exclusion criteria were factors that might
influence homocysteine concentration or change its cardio-
vascular effects including: renal impairment (plasma creati-
nine.110 mmol/l), B12 less than 150 mg/l, or folate less than
2.1 mg/l.

Volunteers were then randomised into two groups:
treatment and placebo. One group received the first
methionine loading test dose 12.5 hours before (PWV
measurement and then the second dose eight hours later
(4.5 hours before the first PWV measurement). The standard
oral methionine loading test doses were used (0.1 g/kg body
weight) provided as a ready mixed flavoured drink making
placebo and treatment difficult to distinguish. The other
group received a placebo at similar times.

All times of measurements described are relative to the
time of the first methionine loading test. Twelve and a half
hours after the first methionine loading dose (or placebo),
peripheral arterial PWV was recorded. Non-invasive ton-
ometers were placed over the left common carotid and the

Abbreviations: PWV, pulse wave velocity; HDL, high density
lipoprotein; LDL, low density lipoprotein; CRP, C reactive protein; Apo,
apolipoprotein
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left radial arteries simultaneously to measure the timing of
the arterial pulse wave from which PWV was calculated using
a Complier. This technique for measuring PWV has been
validated.10 Measurements were repeated at 1.5 hour inter-
vals from 12.5 until 20 hours after the first methionine dose
(or placebo) had been taken as shown in table 1.

At 12.5 and 20 hours after the first methionine dose,
plasma homocysteine, C reactive protein (CRP), total
cholesterol, HDL, low density lipoprotein (LDL), triglyceride,
and apolipoprotein (Apo) A1 and B concentrations were also
measured. Total cholesterol: HDL ratios were calculated. All
subjects were asked to avoid a protein or meat rich diet from
12 hours before PWV measurements until measurements
were complete, to standardise methionine intake. After an
interval of two weeks, volunteers received the other treat-
ment.

Changes in PWV, homocysteine concentration, oxidised
LDL, lipoprotein fractions, CRP before and after each
treatment were tested for statistical significance using
Student’s paired t test.

RESULTS
Twenty volunteers completed the study. The mean (SD) age
of volunteers was 74.0 (7.1) years. All patients had a normal
plasma creatinine. The mean (SD) Framingham 10 year risk
point score was 16.0 (2.3)% (range 14 to 20). The mean (SD)
total cholesterol: HDL ratio was 4.38 (0.89) (range 2.9 to 5.9).
Five volunteers were allowed to continue taking multi-
vitamin supplement tablets that contained antioxidant
vitamins. The accuracy and reproducibility of PWV measure-
ment was assessed by calculations of coefficient of variability
(3.7%) and intraclass correlation coefficient (0.95).

Pulse wave velocity
Over the whole period from 12.5 to 20 hours after exposure to
the first methionine loading test, arterial PWV showed no
significant differences compared with placebo.

PWV was significantly faster, by 7.2%, after 20 hours of
exposure to increased homocysteine compared with 17 hours
(mean PWV 9.67 (1.57) m/s v 9.02 (1.44) m/s, p,0.02).
Mean PWV at 20 hours was faster after methionine than
placebo (fig 1). At 12 hours after methionine, systolic and
mean arterial blood pressures were significantly increased
compared with placebo (155.4 v 148.2 mm Hg, p,0.02 and
117.9 v 112.8, p,0.02 respectively).

Sixteen subjects were analysed for MTHFR genotype; three
were TT homozygous for the common T allele mutation, five
CT heterozygotes, and eight CC homozygotes. There were no
significant associations between genotype and either homo-
cysteine concentrations or PWV.

Homocysteine and methionine
Twelve and a half hours after the first dose (4.5 hours after a
second) standard oral methionine loading dose there was a
significant, fourfold increase in mean plasma homocysteine
compared with placebo (means (SD) 48.6 (11.8) mmol/l v 11.7
(4.4) mmol/l, p,0.001). Mean plasma homocysteine was still
significantly increased at 20 hours after the first methionine
dose (50.3 mmol/l v 12.0 (4.2) mmol/l p,0.001). There was a
significant 35-fold increase in methionine at 12.5 hours after
oral methionine compared with placebo (mean 1111
(340) mmol/l v 31.5 (10.5) mmol/l, p,0.001). Mean plasma
methionine still showed a 20-fold increase at 20 hours after
oral methionine compared with placebo (740 (353) mmol/l v
36.5 (10.5) mmol/l, p,0.001).

Table 1 Protocol

Time/hours 0 8 12.5 14 15.5 17 18.5 20

Methionine 1 OR
Placebo

Methionine 2 OR
placebo

PWV, plasma
homocysteine, oxidised
LDL

PWV PWV PWV PWV PWV, plasma
homocysteine, oxidised
LDL
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Figure 1 Arterial pulse wave velocity
after methionine loading at 12.5 and
20 hours in 20 healthy volunteers over
60 years.
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Lipid profile
At 12.5 hours after methionine loading, the total cholesterol:
HDL ratio increased significantly by 22.5% (4.69 (1.12) v 3.83
(0.83), p,0.05) compared with placebo. Triglyceride con-
centration increased significantly by 32.6% (p,0.02),
12.5 hours after methionine in comparison with placebo
(1.18 (0.39) v 0.89 (0.19) mmol/l). Neither Apo A1 nor B
showed any significant change compared with placebo at
either 12.5 or 20 hours after methionine.

Inflammation and oxidation
CRP showed no significant differences at 12.5 or 20 hours
after methionine compared with placebo (4.57 (9.60) v 4.6
(9.56) and 4.74 (11.0) v 4.95 (10.85) respectively).

Oxidised LDL showed no statistically significant changes in
response to methionine loading compared with placebo.

DISCUSSION
Hyperhomocysteinaemia induced by methionine loading
caused no acute change in peripheral arterial compliance
measured by PWV in elderly volunteers. Despite a double
methionine loading dose and maintainance of hyperhomo-
cysteinaemia throughout, effects were not seen in elderly
volunteers 12.5 to 20 hours after the first methionine dose
(4.5 to 12 hours after the second dose). Therefore, it is
possible to conclude that acute hyperhomocysteinaemia does
not decrease arterial distensiblity during this observation
period.

There are no directly comparable studies as previous
investigations have either assessed young healthy volunteers
during different time intervals or have used forearm blood
flow to detect changes in arterial reactivity. One PWV study
described a significant response in young volunteers (at four
to five hours),9 while another reported no significant change
in PWV.11 Attenuation of the response in elderly subjects that
had been reported in young volunteers9 may have been
attributable to atherosclerosis (or some other processes
related to aging) that is likely to have been present even
though none of the elderly subjects showed any clinical
atherosclerotic manifestation.

In contrast with those measuring PWV, the overwhelming
majority of previous studies that measured dynamic arterial
reactivity by forearm blood flow provided evidence for
endothelial dysfunction after methionine loading,6 12–15

although crucially, only one of these studied the elderly.6

The latter showed significant acute endothelial dysfunction
in response to acute hyperhomocysteinaemia.

There may be a number of explanations for the lack of
significant response to acute hyperhomocysteinaemia. Firstly,
the peak increase in PWV may have occurred later as
homocysteine concentrations were still increasing at
20 hours after methionine; a time when some of the late
vascular in vivo responses to acute hyperhomocysteinaemia
have been seen.5 15 Secondly, five volunteers were taking daily
vitamin supplements that may have protected against
homocysteine induced endothelial dysfunction.1 5 13 15

However, when those taking vitamins were excluded, there
was still no significant response to hyperhomocysteinaemia.
Conversely, the mean increase in PWV was very slightly but
non-significantly greater after methionine in those subjects
taking multivitamins compared with those taking no vitamin
supplements. However, as there were only five volunteers
taking multivitamins, the power of the comparison did not
permit any conclusion about the effects of daily multi-
vitamins to be made.

There was a significantly greater increase in PWV between
14 and 20 hours compared with placebo and a significantly
faster PWV at 20 compared with 14 hours after methionine.
However, this was not considered sufficient evidence to
conclude that there was a trend of increasing effect of
methionine loading between 14 and 20 hours after admin-
istration. These findings may be related to the inexplicable
decreases in PWV at 14 hours compared not only with
20 hours but also compared with 12 hours.

A possible explanation for the absence of an early response
in this study, in contrast with the early acute response
reported by others9 was that measurements were begun
immediately after the arrival of volunteers. The cardiovas-
cular systems of volunteers may have been stimulated by
initial anxiety or exercise on arrival reflected in the increased
initial PWV in both placebo and methionine groups. Indeed,
any physiological factor resulting from the study method
should have affected both placebo and post-methionine
groups equally. Thus the significantly greater increase in
PWV between 14 and 20 hours after methionine compared
with placebo may reflect a possible late decrease in arterial
distensibility.

Acute hyperhomocysteinaema after methionine loading
was associated with significant changes in other determi-
nants of cardiovascular risk. In particular, acute increases in
both triglyceride concentrations and total cholesterol:HDL
ratio were seen. Hypertriglyceridaemia17 and hyperhomocys-
teinaemia both cause oxidative stress and endothelial
dysfunction; a potential common pathway for promotion of
atherosclerosis. The significant acute increases in systolic
blood pressure in the elderly were consistent with the
findings of previous studies in young volunteers.15

In conclusion, in elderly volunteers, certain vascular risk
factors, the presence of which over time have previously been
shown to be associated with an increase in cardiovascular
event rate are modified in a negative fashion during the first
20 hours of exposure to hyperhomocysteinaemia. However,
there was no significant direct change in arterial distensiblity.
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