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Abstract Elevated total plasma homocysteine has been established as an independent

risk factor for thrombosis and cardiovascular disease. A strong relationship be-
tween plasma homocysteine levels and mortality has been reported in patients
with angiographically confirmed coronary artery disease.

Homocysteine is a thiol containing amino acid. It can be metabolised by dif-
ferent pathways, requiring various enzymes such as cystathionine 3-synthase and
methylenetetrahydrofolate reductase. These reactions also require several co-factors
such as vitamin B6 and folate. Medications may interfere with these pathways
leading to an alteration of plasma homocysteine levels.

Several drugs have been shown to effect homocysteine levels. Some drugs
frequently used in patients at risk of cardiovascular disease, such as the fibric acid
derivatives used in certain dyslipidaemias and metformin in type 2 (non-insulin—
dependent) diabetes mellitus, also raise plasma homocysteine levels. This eleva-
tion poses a theoretical risk of negating some of the benefits of these drugs.

The mechanisms by which drugs alter plasma homocysteine levels vary. Drugs
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such as cholestyramine and metformin interfere with vitamin absorption from the
gut. Interference with folate and homocysteine metabolism by methotrexate, nic-
otinic acid (niacin) and fibric acid derivatives, may lead to increased plasma
homocysteine levels.

Treatment with folate or vitamins B6 and B12 lowers plasma homocysteine
levels effectively and is relatively inexpensive. Although it still remains to be
demonstrated that lowering plasma homocysteine levels reduces cardiovascular
morbidity, surrogate markers for cardiovascular disease have been shown to im-
prove with treatment of hyperhomocystenaemia. Would drugs like metformin,
fibric acid derivatives and nicotinic acid be more effective in lowering cardio-
vascular morbidity and mortality, if the accompanying hyperhomocysteinaemia
is treated? The purpose of this review is to highlight the importance of homocyst-
eine as a risk factor, and examine the role and implications of drug induced

modulation of homocysteine metabolism.

Homocysteine is a thiol containing amino acid
formed by demethylation of methionine. Elevated
plasma homocysteine levels have been established
as an independent risk factor for thrombosis and
vascular disease. Several epidemiological studies
have shown that moderately elevated plasma homo-
cysteine levels are associated with an increased risk
for fatal and non-fatal cardiovascular disease.!!#!
Although simple inexpensive treatment with folic
acid, vitamin B6 (pyridoxine) and vitamin B12 (cy-
anocobalamin) is highly effective in lowering
plasma homocysteine levels, it still remains to be
demonstrated that lowering levels of homocysteine
reduces cardiovascular morbidity and mortality.[!]

Several drugs have been shown to modulate the
increased plasma homocysteine levels. They act
via different mechanisms including inhibition of
vitamin absorption, altering homocysteine meta-
bolism, interfering with renal function and influ-
encing hormonal status.l?l Some drugs, frequently
used in patients at risk of cardiovascular disease,
such as fibric acid derivatives and metformin also
increase plasma homocysteine levels. This eleva-
tion poses a theoretical risk of negating some of the
benefits of these drugs. Would fibric acid deriva-
tives be more effective in lowering the incidence
of cardiovascular disease if the accompanying
hyperhomocysteinaemia was treated? Would met-
formin decrease cardiovascular disease further in
patients with diabetes mellitus if hyperhomocyst-
einaemia was treated or prevented? The answer is
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not known and further studies are needed to deter-
mine the mechanism of action of these changes and
whether they have a negative impact. As long as
potential atherogenicity and thrombogenicity of
raised plasma homocysteine levels remains a con-
cern, simple, effective and non-toxic treatment with
folic acid, and vitamins B6 and B12 may be a rea-
sonable option. The purpose of this review is to
summarise the metabolism of homocysteine and its
importance as a cardiovascular risk factor, and then
to highlight the role of drug therapy in altering
homocysteine levels.

1. Homocysteine Metabolism

Homocysteine is a sulphur containing amino
acid, formed by demethylation of methionine. Homo-
cysteine can be metabolised by two major path-
ways. When methionine is in excess, homocysteine
is metabolised via the trans-sulfuration pathway.
Homocysteine irreversibly condenses with serine
to form cystathionine. This reaction is catabolised
by cystathionine B-synthase (CBS) in a process re-
quiring vitamin B6 as a cofactor. Cystathionine is
then hydrolysed to cysteine by the enzyme cys-
tathioninase where vitamin B6 is also a cofactor.
Under conditions of negative methionine balance,
homocysteine is primarily metabolised via the
remethylation pathway. Remethylation may occur
by one of two reactions. In one, homocysteine is
reconverted to methionine by transfer of a methyl

Drugs 2002; 62 (4)



Homocysteine Metabolism and Cardiovascular Risk

607

Dihydrofolate
reductase

(© Methotrexate

Tetrahydrofolate |
Cyclosporin
@ Insulin
Metformin
v
5, 10-Methylene @
tetrahydrofolate Methyl-B12
Methionine
synthase
MTHFR | Phenytoin
folic acid

5-Methyl
tetrahydrofolate

(_ Dimethylglycine ) @

( Betaine )
v —@4—| 5-Adenosylhomocysteine

@Insulin
( Cystathionine )

S-Adenosylmethionine

Levodopa

A

A4

A4

CBS + B6
v \

Pyridoxal kinase

Nicotine acid

Cystathioninase + B6 Theophylline

A4

( Cysteine ) @

Fig. 1. A simplified pathway of homocysteine metabolism with known sites of interference by drugs indicated. B6 = vitamin B6; B12
= vitamin B12; CBS = cystathionine B-synthase; MTHFR = methylenetetrahydrofolate; + indicates stimulation of enzyme or pathway;

- indicates inhibition of enzyme or pathway.

group from 5-methyltetrahydrofolate in a reaction
catalysed by cobalamine-dependant methionine
synthase. The formation of 5-methy]l tetrahydrofo-
late is catalysed by methylenetetrahydrofolate re-
ductase (MTHFR) which requires riboflavin as a
cofactor. The other remethylation pathway uses
betaine as a methyl donor and requires betaine-
homocysteine methyltransferase (BHMT).5!

In plasma, approximately 70% of homocysteine
circulates in a protein bound form and 25% com-
bines to form a homocysteine dimer. The remain-
der combines with other thiols, including cysteine,
to form disulphide or circulates as the free thiol
compound. Total homocysteine encompasses all
the above components and is frequently abbrevi-
ated as tHcy.

Figure 1 illustrates a simplified pathway of
homocysteine metabolism with known sites of in-
terference by drugs.

© Adis Infernational Limited. All rights reserved.

2. Premature Vascular Disease and
Hyperhomocysteinaemia

Several studies have attempted to establish the
prevalence of hyperhomocysteinaemia in patients
with premature and accelerated vascular disease.[!]

Boers et al [ drew attention to elevated plasma
homocysteine levels following a methionine load
in 28% of patients with peripheral vascular and
cerebrovascular disease. Even after adjustment for
other risk factors, plasma homocysteine has been
found to be significantly higher in patients with
peripheral vascular disease compared with healthy
individuals. Elevations in peak homocysteine fol-
lowing a methionine load occur in 28 to 42% of
patients with vascular disease but rarely if ever in
healthy individuals.!”]

In a meta-analysis of 27 studies of homocyst-
eine in atherosclerotic vascular disease, Boushey
et al.[¥! concluded that elevations of homocysteine
levels were an independent risk factor for arterio-
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sclerosis. They estimated that approximately 10%
of the population’s coronary artery disease risk ap-
pears attributable to elevated homocysteine levels,
and that an increase in plasma homocysteine in-
creased the odds ratio for coronary artery disease
by 1.6 for men and 1.8 for women.[®!

A strong relationship between plasma tHcy and
mortality has been reported in patients with an-
giographically confirmed coronary artery disease.
Less than 4% of patients with a plasma tHcy below
9 umol/L died, compared with nearly 25% of those
with a level greater than 15 umol/L.[]

Omland et al.['% recently reported that patients
with acute coronary syndromes whose serum homo-
cysteine level on admission was >14.1 umol/L had
a relative risk of 1.7 for all causes of death, com-
pared with those with a lower plasma homocysteine
level. This suggests a possible prognostic value to
measuring plasma homocysteine levels.

Hyperhomocysteinaemia appears to have its
strongest association with carotid artery disease and
stroke. In the Framingham Heart Study, a 2-fold
increase in the incidence of carotid disease was seen
in patients with the highest plasma homocysteine
levels when compared to those with the lowest lev-
els. [11.12]

In summary, data from many studies support the
hypothesis that hyperhomocysteinaemia is an inde-
pendent risk factor for coronary artery disease, as
well as other arterial occlusive disease.[!3:14]

3. Drugs and Homocysteine

As mentioned in section 1, several drugs alter
homocysteine concentration. Table I lists the drugs
known to affect plasma homocysteine levels and
the possible mechanisms involved. The drugs we
consider important in clinical practice are dis-
cussed below.

3.1 Lipid Lowering Drugs

Lipid lowering drugs are clearly effective in
lowering the rate of events in coronary heart dis-
ease. Lipid lowering agents not only alter plasma
lipid levels, but also have other metabolic effects
such as decreasing plasma fibrinogen levels and
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improving endothelial dysfunction. Some of these
effects may potentially and paradoxically increase
cardiovascular risk. Fibric acid derivatives, chole-
styramine and nicotinic acid (niacin) have all been
shown to increase plasma homocysteine.!>]

De Lorgeril and colleagues!!®! reported a 46%
increase in plasma homocysteine in patients who
were treated with fenofibrate for 12 weeks. Dierkes
and colleagues demonstrated a 44 and 17.5% in-
crease in homocysteine levels after treatment with
fenofibrate and bezafibrate, respectively. Vitamin
levels remained unaffected through the study.!!5!
This suggests that the mechanism of increased
homocysteine levels is not vitamin dependent. Fib-
ric acid derivatives have frequently been reported
to increase serum creatinine moderately and re-
versibly. This may reflect a functional reduction of
glomerular filtration rate and hence explain in-
creased homocysteine levels.!]

Recent epidemiological data, such as the Veter-
ans Administration HDL (high density lipopro-
tein)-Cholesterol Interventional Trial and the St.
Mary’s, Northwick Park Diabetes CVD (cardio-
vascular disease) Prevention Study have shown de-
crease in cardiovascular events in patients treated
with gemfibrozil and bezafibrate.['7-18] Some stud-
ies do not show this benefit.l!° Thus data on the
benefits of fibric acid derivatives is conflicting. It
is therefore important to determine whether the
increase in homocysteine negates the benefit of
these agents on lipids.[20-2!1 In contrast, HMG-CoA
reductase inhibitors, which have no significant ef-
fects on homocysteine levels, show a clear and
consistent benefit in lowering cardiovascular mor-
tality.[22:23]

Interference with cobalamine absorption thus
leading to a slow increase in plasma homocysteine
has been reported with cholestyramine.*! In addi-
tion, elevation of homocysteine following treat-
ment with cholestyramine is largely confined to in-
dividuals with C677T mutation in the MTHFR
gene. %!

Nicotinic acid in large doses has been used fre-
quently for its lipid lowering effects. However the
potential risks involved need to be carefully con-
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Table I. Effects of drugs on plasma homocysteine levels

Drug class/drug

Effect on
homocysteine levels

Mechanism of effect

Lipid lowering drugs

Not known? Functional reduction of GFR?
Inhibition of pyridoxal kinase, decreased vitamin B6 levels, decreased activity

Interference with vitamin B12 and folate absorption

Interference with vitamin B12, depression of intrinsic factor secretion, binding
of free calcium in the gut, possible folate lowering effect
Increased activity of MTHFR, decreased activity of CBS

Mechanism not clear
Increased creatinine synthesis, differences in sex steroid milieu

Modest elevations in folate levels, estrogen receptor mediated?

Fibric acid derivatives Increases

(e.g. fenofibrate)

Nicotinic acid Increases
of CBS

Cholestyramine Increases

HMG-CoA reductase inhibitors ~ No effect

Diabetes drugs

Metformin Increases

Insulin Decreases

Sex hormones

Estrogens Decreases

Androgens/testosterone Increases

Anti-estrogens

Tamoxifen/raloxifene Decreases

Anti-rheumatic drugs

Methotrexate Increases

Sulfasalazine

Anti-epileptic drugs
Phenytoin

Carbamazepine

Small non-sustained
acute rise

Increase

Increase

Valproic acid Non-significant effect
Other drugs

Cyclosporin Increases
Theophylline Increases

Levodopa Increases
Acetylcysteine Decreases

Alcohol Increases

Inhibition of dihydrofolate reductase
Mechanism not clear

Folate depletion, possible decreased activity of 5-MTHFR, decreased activity
of methionine synthase, hepatic enzyme induction

Folate depletion, possible hepatic enzyme induction

Interference with renal function, possible interference in folate dependant
remethylation

Pyridoxal kinase inhibition

Acts as a substrate for S-adenosylmethionine dependant transmethylation
Thiol-disulfide exchange, lower plasma protein binding

Possible depletion of folate

CBS = cystathionine B-synthase; GFR = glomerular filtration rate; MTHFR = methyltetrahydrofolate reductase.

sidered. Nicotinic acid interferes with the metabo-
lism of methionine, leading to hyperhomocyst-
einaemia. Nicotinic acid may raise plasma homo-
cysteine levels as a result of the inhibition of
pyridoxal kinase. Inhibition of pyridoxal kinase re-
sults in decreased pyridoxine levels, which is an
important co-factor for CBS which catabolises
homocysteine to cystathionine.!?¢) Whether this el-
evation of homocysteine has any clinical signifi-
cance has still not been studied adequately.

These findings may be important in view of the
well-documented association of even moderate el-
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evation of tHcy with arthrosclerotic manifesta-
tions. These studies also have important clinical
implications in the management of patients with
diabetic dyslipidaemia, for which drugs like
metformin and fibric acid derivatives are fre-
quently used. Munshi et al.l’’l reported that
hyperhomocysteinaemia after a methionine load
occurred in approximately 40% of patients with
type 2 (non-insulin—dependent) diabetes mellitus.
If hyperhomocysteinaemia ensues, it may be rea-
sonable to treat these elevations of homocysteine
with vitamin therapy. However, clinical trials have

Drugs 2002; 62 (4)



610

Desouza et al.

not been carried out and vitamin therapy fails to
correct many cardiovascular risk factors frequently
abnormal in patients with type 2 diabetes.[?8]

3.2 Metformin

Patients with type 2 diabetes are very often
treated with metformin which is a first line drug for
obese patients. This is because metformin favoura-
bly modifies insulin resistance by decreasing glu-
cose production by the liver and increasing periph-
eral uptake of glucose. Metformin may also have
positive effects on cardiovascular risk factors asso-
ciated with type 2 diabetes. Metformin monother-
apy decreased cardiovascular mortality in the UK
Prospective Diabetes study (UKPDS).[?%! Several
other studies including the Biguanides and Preven-
tion of Risks in Obesity (BIGPRO) trial and the
Diabetes and Thrombosis research group, UK,
have shown that metformin tends to stabilise or
decrease weight, has beneficial effects of plasma
lipids, and may also improve blood pressure and
enhance fibrinolysis.[30-31]

On the other hand, metformin has been shown
to increase total serial homocysteine levels in sev-
eral studies. A rise in plasma homocysteine levels
in people with diabetes may have important clini-
cal implications, as suggested by data from case-
control and epidemiological studies.[3?1 Carlson et
al. showed that homocysteine levels in non-diabetic
male patients with coronary heart disease, in-
creased moderately by 7.2 and 13.8% after 12 and
40 weeks of therapy, respectively.[33]

There are two different mechanisms by which
metformin increases homocysteine levels. Metfor-
min is known to decrease serum vitamin B12 lev-
els.39311 This is possibly mediated by changes in
intestinal bacterial flora, that increase microbacter-
ial intrinsic factor utilisation.[3931] Depression of
intrinsic factor secretion has also been implicated.
Metformin may also bind free calcium which is
required for the uptake of the vitamin B 12-intrinsic
factor complex in the ileum by its receptor.?* Bau-
man et al.’# showed that calcium supplementation
reversed this effect. Thus, metformin may cause
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malabsorption of vitamin B12 by various mecha-
nisms.

3.3 Insulin

There are few studies showing the relationship
between plasma homocysteine and endogenous in-
sulin levels in patients with type 2 diabetes. Fon-
seca et al.[33] noted that hyperinsulinaemia results
in decreased homocysteine levels in healthy volun-
teers but not in patients with insulin resistant type
2 diabetes. Drzewoski et al.[3¢1 found that long-
term poor metabolic control of type 2 diabetes was
characterised by elevations of plasma homocyst-
eine and this was inversely correlated with endog-
enous insulin levels. Cronin et al.3” noted lower
homocysteine levels in patients with well-controlled
type 1 (insulin-dependent) diabetes mellitus. Hult-
berg et al.[331showed that deterioration of metabolic
control in patients with type 1 diabetes resulted in
increased homocysteine levels.

Insulin has powerful effects on protein and
amino acid metabolism and decreases plasma me-
thionine levels. Jacobs et al.3% investigated homo-
cysteine metabolism in a type 1 diabetic animal mod-
el (streptozotocin-treated rats) to examine whether
insulin plays a role in its regulation. Plasma homo-
cysteine levels were lower in untreated diabetic
rats but this decrease in homocysteine was pre-
vented when the diabetic rats received insulin.
They observed an effect of insulin in the activities
of the hepatic transsulfuration enzymes.

Rats fed with a high fat-sucrose diet had ele-
vated plasma insulin and homocysteine levels, as-
sociated with a decreased hepatic CBS enzyme ac-
tivity and increased hepatic MTHFR enzyme
activity. The degree of activity of these two en-
zymes varied with the degree of hyperinsulinae-
mia.[40]

3.4 Sex Hormones

Men have an increased risk of developing coro-
nary vascular disease and so do postmenopausal
women. After menopause the risk of cardiovascu-
lar disease in women rapidly increases. The reasons
for this increase are likely to be multifactorial. An
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elevated plasma homocysteine level is an inde-
pendent risk factor for cardiovascular disease. A
sex difference in tHcy has been found with an ap-
proximately 10 to 15% higher level in women.
There is considerable data that sex hormones affect
plasma homocysteine levels and may explain the
increase cardiovascular disease in men and
postmenopausal women.

3.4.1 Estrogen

The mechanism by which estrogen has an effect
on homocysteine metabolism is not clear. Com-
pared with non pregnant women, the state charac-
terised by high levels of endogenous estrogen,
tHcy was significantly decreased in pregnant
women.[*!l Wouters et al.[*?! showed that fasting
and post methionine plasma homocysteine levels
were significantly higher in postmenopausal women
than in premenopausal women. Furthermore, in
postmenopausal women treatment with oral 17f3-
estradiol (estradiol) or conjugated estrogens re-
sulted in a decrease of plasma tHcy by 11% after 6
months. Giltay et al.l*3] found a significant reduc-
tion in plasma tHcy male transsexuals after estro-
gen and anti-androgen therapy. The postmenopausal
Estrogen/Progestin Interventions (PEPI) trial also
suggested that estrogen therapy lowered plasma
homocysteine levels in postmenopausal women
with normal homocysteine levels at baseline.[44]
There are several other studies confirming the
same, although one study found no relationship be-
tween estrogen and homocysteine.[#>-47]

Oral contraceptive agents in contrast to hor-
mone replacement therapy have no significant im-
pact on homocysteine levels in young women.[*8]
Tamoxifen, an estrogen antagonist with partial ag-
onist effects, significantly decreased plasma homo-
cysteine levels by 30% after 9 to 12 months treat-
ment in postmenopausal women with breast
cancer.[*! In addition to its estrogen receptor me-
diated effects, tamoxifen may be associated with
modest elevations in plasma folate levels. Walsh et
al.BY showed that raloxifene also lowers plasma
homocysteine levels in postmenopausal women.

© Adis Infernational Limited. All rights reserved.

3.4.2 Testosterone

Zmunda et al.P!l studied the effect of supra
physiological doses of testosterone on fasting homo-
cysteine levels in normal weight lifters. Plasma
homocysteine levels were not significantly altered
where testosterone was given alone or together
with the testolactone. Therefore, it is likely that
short-term high-dose testosterone does not effect
plasma homocysteine levels. In contrast, in a study
of female to male transsexuals, there was a signif-
icant increase in plasma tHcy after testosterone ad-
ministration.[*3] This may be explained by greater
creatinine synthesis and larger muscle mass in men
compared with women. An explanation for this
could be that homocysteine production occurs in
direct conjunction with creatine-creatinine synthe-
sis.[*3] The sex difference in plasma tHcy may thus
seem related to their differences in sex steroid mi-
lieu.

3.5 Drugs Used in Rheumatoid Arthritis

There is increasing evidence that patients with
rheumatoid arthritis have increased mortality from
cardiovascular events. Mylljkangas and collea-
gues?! found that 50% of deaths in women with
rheumatoid arthritis in their study were due to car-
diovascular events. Wallberg-Johsson et al.’3! show-
ed increased overall mortality and death due to car-
diovascular disease in sero-positive rheumatoid
arthritis patients. Certain disease modifying anti-
rheumatic drugs such as methotrexate and sul-
fasalazine have been known to increase homocyst-
eine levels. It is not known whether homocysteine
is a risk factor for cardiovascular disease in pa-
tients with rheumatoid arthritis. However, elevated
plasma homocysteine levels occur commonly in
patients with rheumatoid arthritis and may explain
some of the increased cardiovascular mortality
seen in these patients.[>*! It may be prudent to mon-
itor plasma levels of this risk factor in patients re-
ceiving these drugs.

In a study by Haagsme et al.,[5] patients with
rheumatoid arthritis receiving sulfasalazine showed
only a small acute rise in plasma homocysteine lev-
els which returned to normal quickly. Patients re-
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ceiving methotrexate had a clear rise in plasma
homocysteine levels, which remained increased up
to 6 months of treatment. Methotrexate also in-
duces increased homocysteine levels when used for
cancer chemotherapy. Methotrexate is a well
known anti-metabolite, with dihydrofolate reduc-
tase inhibition as the primary target, which results
in depletion of reduced folates and hence hyper-
homocysteinaemia. This is further supported by the
fact that folinic acid rescue reverses the hyper-
homocysteinaemia.’ Thus, the effects of metho-
trexate on plasma homocysteine are clearly linked
with its effect on folate metabolism.[>6!

Therefore, because of the association of hyper-
homocysteinaemia with arthrosclerosis, it would
be worthwhile lowering homocysteine levels with
folates in patients receiving methotrexate therapy.
Folic acid improves folate status and prevents the
methotrexate-induced hyperhomocysteinaemia and
toxicity, while preserving therapeutic efficacy in
patients with rheumatoid arthritis. 5]

3.6 Antiepileptic Drugs

Antiepileptic drugs (AED) are well known to
induce folate deficiency. This predisposes the pa-
tients receiving certain AED to have elevated
plasma homocysteine levels. Folic acid is required
for remethylation of homocysteine to methionine.
A deficiency of folate results in impaired remethyl-
ation, methionine depletion and hence, accumula-
tion of homocysteine. The mechanism of folate de-
pletion is not clear. Some studies have shown
decreased activity of 5-MTHFR and methionine
synthase.[>7-381 Folate deficiency may also be due
to hepatic enzyme induction by some AED such as
carbamazepine.

Several studies have implicated AED as elevat-
ing homocysteine levels. Hiroaki Ono et al.l>7]
demonstrated raised homocysteine and lower folic
acid levels in patients receiving AED. In a study of
patients receiving carbamazepine, phenytoin or
phenobarbital, Schwaninger et al.l8! showed that
plasma homocysteine levels were significantly in-
creased by 14.7% in patients versus controls.
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Valproic acid on the other hand is associated with
only a small risk of folate deficiency.l>]

As homocysteine is an established risk factor
in arthrosclerosis, this becomes an issue of concern
in patients on long-term antiepileptic therapy, al-
though it is not known whether there is an in-
creased risk for cardiovascular disease in patients
receiving AED. Importantly, homocysteine is itself
a potential convulsant, and may reduce seizure
threshold and increase seizure frequency in these
patients.57-58]

4. Management of
Hyperhomocysteinaemia

Several agents are known to decrease plasma
homocysteine levels. Most of them are inexpensive
and have good safety profiles. There have been sev-
eral trials showing that the surrogate markers of
cardiovascular disease improve with treatment of
hyperhomocysteinaemia. Whether this translates
into improved cardiovascular outcomes is still un-
der investigation.

4.1 Prevention

Fortification of foods with folic acid and vita-
mins B6 and B12 has been studied. Schorah et
al.[o%9 carried out a randomised, double-blind,
placebo-controlled trial in 119 volunteers, whose
intake of fortified or supplemental folic acid was
low. Folic acid supplementation of cereals led to
significant increases in serum folate (66%) and de-
crease in plasma homocysteine (10%) levels.

Clinical trials have not shown any benefit in
terms of lowering homocysteine levels when
healthy volunteers received pyridoxine or cyano-
cobalamin.[°! The impact of increased nutritional
supplementation with folic acid on homocysteine
levels in the general population needs to be further
evaluated.

4.2 Treatment

Folic acid and vitamins B6 and B12 have been
used in various studies with some success in low-
ering homocysteine levels. There is no consensus
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on the optimal dosage of vitamins to be used in the
treatment of hyperhomocysteinaemia. There is as
yet little evidence that lowering homocysteine lev-
els has any effect on lowering the risk of cardio-
vascular disease and this presents a dilemma to the
practising physician.

Combination therapy with different vitamins
may be necessary to achieve adequate suppression
of homocysteine levels in many patients. Franken
et al.[?] treated patients with mild hyperhomo-
cysteinaemia with pyridoxine 250 mg/day for 6
weeks after which the post-load plasma homocyst-
eine level fell significantly in 56% of the patients.
Further treatment with the addition of folic acid
and/or betaine hydrochloride resulted in normal-
isation of homocysteine concentration in 95% of
the remaining patients.

Only half of patients with CBS deficiency re-
spond to pyridoxine. This may be because some
non-responders may have folate deficiency (which
can block the response to pyridoxine until folate is
replaced) or decreased affinity of the mutant en-
zyme for the cofactor.[93-%5] Van den Berg et al.[¢]
have also demonstrated correction of mild hyper-
homocysteinaemia in a subset of young patients
with cardiovascular disease. Brattstrom et al.[67]
demonstrated that pyridoxine 240 mg/day plus fo-
lic acid 10 mg/day reduced fasting homocysteine
levels by a mean of 53% and a post-methionine
load homocysteine level by a mean of 39%.

Ubbink and colleagues!®8! investigated the roles
of three vitamins as determinants of plasma homo-
cysteine levels in a placebo-controlled study. One
hundred individuals with high fasting plasma
homocysteine levels were enrolled in the trial,
which compared treatment with five different re-
gimens: 1) placebo; 2) folic acid 0.65mg; 3) pyrid-
oxine 10 mg; 4) cyanocobalamin 0.4 mg; and 5) a
combination of all three vitamins. Plasma homo-
cysteine levels were assayed 4 and 6 weeks after
starting vitamin therapy. Folic acid lowered plasma
homocysteine by 42% and cyanocobalamin by
only 15%. Pyridoxine had no significant effect as
it lowers post-methionine homocysteine levels
rather than fasting levels. The combination of three
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vitamins did not differ from the effect of folic acid
alone.

Boer et al.[%] treated 32 patients with post-me-
thionine load hyperhomocysteinaemia with pyrid-
oxine 250 mg/day for 6 weeks. A few patients also
received folic acid 5 mg/day in addition (if they
were folate deficient). 81% of patients responded
with the normalisation of post-load hyperhomo-
cysteinaemia. Similarly Brattstrom et al.[67] re-
ported a 26% reduction in post-load plasma homo-
cysteine levels in patients receiving pyridoxine 15
mg/day and a further significant reduction of up to
39% when folic acid 10 mg/day was added.

Treatment with cyanocobalamin does not ap-
pear to have a very significant effect on plasma
homocysteine levels in healthy individuals but
may reduce it in some patients with hyperhomo-
cysteinaemia, particularly those who have low or
normal blood vitamin B12 levels.

In summary, although no consensus exists it
seems likely that folic acid 0.65mg daily may be
sufficient to lower mild hyperhomocysteinaemia
significantly. However, in patients who have a me-
thionine load test (MLT) and are found to have an
elevated post-load homocysteine level, treatment
with pyridoxine is necessary. The appropriate dose
of pyridoxine has not been determined, although

up to 250 mg/day has been used in several stud-
ies.[62:67]

4.2.1 Betaine

Betaine is a methyl group donor involved in the
metabolism of methionine. This remethylation
pathway operates independently of vitamin B12
and folate, but uses betaine as a methyl donor and
requires the enzyme BNMT.

Therefore, betaine-dependant remethylation is
an important pathway which lowers homocysteine
levels independent of the B vitamins.[70)

5. Effect of Treatment on Cardiovascular
Disease and Surrogate Outcomes

There are currently no published data on the ef-
ficacy of tHcy lowering therapy on cardiovascular
events. However, there are on-going clinical trials
to test this hypothesis. Until these trials are com-
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plete we have only studies on surrogate outcomes
on which to draw conclusions. Large-scale clinical
trials take a long time to complete, and are some-
times limited in their design and conclusions. Sur-
rogate markers may provide us with reassurance
that we are at least not doing our patients harm
when recommending tHcy lowering therapy. Some
of these markers, such as endothelial function,
have been shown to be associated with clinical out-
comes with other treatments.[7!-74]

Vermeulen et al.[”! recently published results
from a randomised, placebo-controlled trial of 158
healthy siblings of 167 patients with premature car-
diovascular disease. Eighty patients were given
placebo, while 78 patients adhered to a vitamin reg-
imen consisting of pyridoxine 250 mg/day and fo-
lic acid 5 mg/day. The patients were followed over
2 years of treatment for development or progres-
sion of sub-clinical atherosclerosis. The patients
who took vitamins had decreased pre- and post-
MLT plasma homocysteine levels and a decreased
rate of abnormal exercise electrocardiographic
findings compared with the controls.

Arterial endothelial dysfunction is an important
early event in atherogenesis. Several studies have
shown endothelial dysfunction associated with in-
creased homocysteine levels.[”374 As endothelial
dysfunction and increased thrombogenicity seem
to be the two mediators of increased cardiovascular
risk in patients with hyperhomocysteinaemia, it
would be logical to see if treatment with folic acid
plus pyridoxine not only reduced homocysteine
levels but also improved endothelial dysfunction
and decreased thrombogenicity. Several studies
have tried to assess improvement in endothelial
dysfunction by measuring changes in flow medi-
ated dilatation in the brachial artery.[’!:71 Other
studies have focused on markers of coagulation and
fibrinolysis such as prothrombin fragments 1 and
2, thrombomodulin, fibrinopeptide a, plasminogen
activator inhibitor-1, intercellular adhesion mole-
cules 1, and von Willebrand factor.[73771 Results of
these studies are promising except in patients re-
ceiving dialysis. Further studies are needed to de-
termine whether the improvement in surrogate risk

© Adis Infernational Limited. All rights reserved.

markers will lead to a reduction in clinical events
and mortality.

6. Conclusion

We conclude that drug interactions with homo-
cysteine metabolism are an important determinant
of plasma homocysteine levels. These effects must
be considered when evaluating a patient who has
an increased plasma homocysteine level. Whether
these effects of drugs lead to changes in risk of
cardiovascular disease requires further investiga-
tion.
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