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Homocysteine is an intermediary product of methionine metabolism. The level of homocysteine is controlled
by two pathways — remethylation and transsulphuration. Elevated homocysteine level may result from de-
ficiency or impaired function of enzymes and cofactors in these pathways. Homocystinuria is a rare genetic
disease with extreme hyperhomocysteinemia and is associated with the occurrence of arterial and venous
thrombotic events at young age. Therefore, homocysteine has been considered as a risk factor for vascular
diseases.

Plasma homocysteine level is influenced by many factors, genetic as well as environmental. Mild hyper-
homocysteinemia is quite common. The role of homocysteine in venous thrombosis has been studied
less extensively than its role in arterial diseases and nowadays it seems quite controversial. In vitro, it is
possible to demonstrate multiple prothrombotic action of homocysteine. However, the results of epi-
demiologic studies are not so clear. Most of them found an association of hyperhomocysteinemia with
venous thromboembolism (VTE) but the association was quite weak and moreover, it was much weaker
in prospective than in retrospective studies. It is not quite clear whether elevated homocysteine level
is the cause of thromboembolic event or the consequence of it. It is also possible that hyperhomocys-
teinemia plays a role in the pathogenesis of VTE only as an additional risk factor in the presence of other
thrombophilic disorders.

However, some data confirm hyperhomocysteinemia as a risk factor for recurrent VTE. Some smaller studies
have also found association of hyperhomocysteinemia with venous thrombosis at unusual sites.
Homocysteine level is possible to decrease by vitamin supplementation, especially with folic acid and vitamin
B12. So far, the benefit of lowering homocysteine level in primary and secondary VTE prevention has not
been clearly proven.

Currently, there is not enough evidence to support the necessity of testing homocysteine level in VTE
patients, neither is sufficient evidence of the benefit of vitamin supplementation in mild or moderate hy-
perhomocysteinemia. Therefore, such testing and supplementation should be performed only in selected
cases.

SOUHRN

Homocystein je intermedidrnim produktem metabolismu methioninu. Jeho koncentrace v organismu je kon-
trolovana cestou remetylace a transsulfurace. Nedostatek ¢i snizena funkce enzymt a kofaktord v téchto
procesech pak mlze vyustit v hyperhomocysteinemii. Vzacna vrozena porucha homocystinurie se vyznacuje
extrémnimi hodnotami homocysteinu a vede k arterialnim i Zilnim trombdézém v mladém véku. Homocystein
je tedy povazovan za rizikovy faktor cévnich nemoci.
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Hodnota homocysteinu je ovlivnéna mnoha faktory, jak genetickymi, tak i vlivem prostfedi. Mirna hyperho-
mocysteinemie je pomérné casta. Role homocysteinu v zilni tromboembolické nemoci (TEN) byla ponékud
méné studovana nez u tepennych onemocnéni a v soucasné dobé se jevi jako ponékud kontroverzni. In vitro
Ize prokdzat mnohocetné protrombotické ucinky homocysteinu. Vysledky epidemiologickych studii vsak
nejsou zcela jednoznacné. Vétsina z nich prokazuje asociaci hyperhomocysteinemie s Zilni TEN, oviem
pomérné slabou, a navic mnohem méné vyjadienou ve studiich prospektivnich nez retrospektivnich. Nenfi
zcela jasné, je-li elevace homocysteinu pricinou tromboembolické prihody ¢i naopak jejim dusledkem. Je
také mozné, ze hyperhomocysteinemie hraje roli v patogenezi Zilni trombdzy jen jako ptidatny rizikovy fak-
tor v pfitomnosti jinych trombofilii.

Existuji vSak i data potvrzujici hyperhomocysteinemii jako rizikovy faktor recidivy TEN. Nékolik mensich
studii popsalo také souvislost hyperhomocysteinemie s trombdzou v neobvyklé lokalizaci.

Koncentraci homocysteinu Ize snizit suplementaci vitamin(, predevsim kyseliny listové a také vitaminu B;,.
Ptiznivy efekt snizeni hodnoty v primarni i sekundarni prevenci TEN viak dosud presvédcivé prokazan nebyl.
V soucasné dobé tedy neni dostatek dukazC podporujicich nutnost vysetfovani koncentrace homocysteinu
u pacientd s zilni TEN ani potvrzujicich prospésnost suplementace vitaminy v pfipadé mirné ¢i stredni hyper-
homocysteinemie. Takovato diagnostika a Iécba by proto méla byt provadéna jen v selektovanych pripadech.
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Zilni tromboembolismus © 2013, CKS. Published by Elsevier Urban and Partner Sp. z 0.0. All rights reserved.

Introduction

Venous thromboembolism (VTE) is a multifactorial disease,
with many inherited and acquired risk factors and their
interaction playing a role in the etiopathogenesis. One
of important risk factors is thrombophilia. It is defined as
a tendency to form thrombi in veins or arteries but the
term is used more frequently in association with venous
thrombosis. Hyperhomocysteinemia is often included in
the list of thrombophilic disorders [1]. However, there is
much disagreement concerning the importance of homo-
cysteine level testing and potential management of hy-
perhomocysteinemia in VTE patients.

Homocysteine metabolism

Homocysteine, a sulfur-containing amino acid, is an inter-
mediary product of methionine metabolism (methionine
is an essential amino acid, abundant in animal proteins).
Homocysteine is formed intracellularly by demethylation of
dietary methionine. Plasma homocysteine level is controlled
by two metabolic pathways — remethylation to methionine
and transsulphuration to cysteine — Fig. 1. Remethylation is
the predominant metabolic pathway which is important for
the regulation of fasting level while transsulphuration path-
way regulates elevated homocysteine levels, e.g. postpran-
dially or after methionine load.

Table 1 - Causes of hyperhomocysteinemia [2,5,7].

Genetic causes . CBS deficiency

. Inherited defects of folate metabolism

. Inherited defects of cobalamin absorption, transport and metabolism

. Polymorphisms of folate and cobalamin metabolism, including polymorphisms of following enzymes:
(a) MTHFR
(b) methionine synthase
(c) methionine synthase-reductase

A WN =

Acquired factors . Folate deficiency
. Vitamin B12 deficiency
. Vitamin B6 (pyridoxine) deficiency
. Some diseases and disorders:
(a) renal insufficiency
(b) proliferative disorders: malignancy, psoriasis
(c) rheumatoid arthritis, systemic lupus erythematosus
(d) hypothyreoidism
5. Some medicaments: sex hormones, insulin, antiepileptics, fibrates, metformin, D-penicillamine,
proton pump inhibitors, methotrexate, L-dopa, 6-mercaptopurin, sulfasalazin, cyclosporin,
megadoses of vitamin C
6. Factors of life style: smoking, alcohol, sedentary life style, high consumption of animal proteins
rich in methionine
7. Other: age, male sex, gastroplasty, Down syndrome, postmenopause

AwWN =

CBS - cystathionine beta-synthase; MTHFR — methylentetrahydrofolate reductase.
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Fig. 1 - The scheme of homocysteine metabolism - according to N.S. Key, R.C. McGlennen [4]. 1 - catalyzed by cystathionine beta-synthase
(CBS). 2 - catalyzed by methylentetrahydrofolate reductase (MTHFR). In the remethylation pathway, betaine (trimethylglycine) or N-5-met-
hyltetrahydrofolate (MTHF) serve as methyl (CH3) group donors. Folic acid is a source of tetrahydrofolate; vitamin B12 is a cofactor in the

folate cycle.
In the transsulphuration pathway, vitamin B6 works as a cofactor.

Remethylation has two alternative pathways in humans.

(a) The predominant one is vitamin B12 (cobalamin)
dependent, it occurs in all tissues including vascu-
lar endothelium. This pathway is connected with
folate cycle.

(b) The additional remethylation pathway is less im-
portant, it is bound to hepatocytes.

In transsulpuration pathway, vitamin B6 is required as
a cofactor [2-4].

Hyperhomocysteinemia and its causes

The determinants of homocysteine level include genetic
and physiologic factors, life style, nutrition, various diseases
and medication. The level increases with age (from chi-
Idhood to old age approximately doubles), after ado-
lescence it is slightly higher in men, decreases in preg-

nancy. Homocysteinemia also depends on renal function
and creatinine synthesis. Healthy life style and sufficient
vitamin consumption in the diet or in the form of vita-
min supplements (especially those containing folic acid)
lead to reduction of homocysteine level, as well as folate-
-fortified diet (e.g., folate fortification of grain products,
implemented in the US) [5]. However, mild hyperhomo-
cysteinemia is found in individuals with alternative diet,
vegetarians and vegans, respectively, as a consequence
of vitamin B12 deficiency [6]. There are also ethnic and
regional differences in homocysteine level. Therefore,
the reference limits for homocysteinemia should not be
strictly defined but should be interpreted with respect
to the mentioned determinants. The value of 15 pmol/L
is considered as the upper reference limit for the age of
15-65 years; 20 pmol/L for the age above 65 years; and
10 pmol/L for children and pregnant women while these
limits should be 20-25% lower in the case of folate supp-
lementation (fortified diet or vitamin supplement use) [5].
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The causes of hyperhomocysteinemia may be inherited
or acquired or the combination of both - Table 1.

According to the degree of homocysteine elevation,
hyperhomocysteinemia may be classified as:

(1) Mild: 15-30 pmol/L (prevalence in population <
10%). Possible causes may be found in life style but
also in vegeterian diet, polymorphism of methyl-
entetrahydrofolate reductase (MTHFR) 677T, mild
folate or cobalamin deficiency, renal insufficiency,
medication influencing homocysteine metabolism
or the level of folate or cobalamin.

(2) Moderate: 30-100 pmol/L (prevalence < 1%). It may
occur in moderate to severe folate or cobalamin de-
ficiency or in renal insufficiency.

(3) Severe: above 100 pmol/L (prevalence < 0,02%). It
may occur in severe cobalamin deficiency or in ho-
mocystinuria [5].

The prevalence of congenital homocystinuria is about

1 : 200,000-300,000 in general population, most cases
(90-95%) are the consequence of a homozygous defect in
cystathionine beta-synthase (CBS) gene (the rest of cases
is associated with some rare mutations in MTHFR, methio-
nine synthase or methionine synthase-reductase genes).
Homocysteine levels are high, in the range of 100-500
pmol/L. The disease manifests in most cases in childhood
with eye lens dislocation, myopia, marphanoid habitus,
mental retardation but also VTE and premature athero-
sclerosis [2,4,8]. Leading causes of mortality in these pa-
tients are VTE, stroke, peripheral arterial thrombosis and
myocardial infarction [9]. Early diagnosis and supplemen-
tation of pyridoxine and/or folate and betaine, optimally
since childhood, may prevent cardiovascular events and
other clinical manifestations [5].

Severe deficiency of MTHFR as a possible cause of
homocystinuria is quite rare. However, several polymor-
phisms of MTHFR genes have been reported (polymor-
phisms means a mutation with the prevalence of the
mutated allele in population > 1%). The most studied

was the mutation 677C—T (substitution alanine—valine)
[2]. This variant of MTHFR is characteristic with reduced
activity in the temperature of 37 °C and increased ther-
molability in 46 °C, therefore it is called thermolabile. As
a consequence of this mutation in a homozygous trait,
the specific MTHFR activity is reduced by 50-60% [4,9].
In a homozygous trait, its prevalence is 10-15% in the
whites in North America; even 25% in Hispanic Ameri-
cans while only 0-1% in Afro-Americans [2]. The pres-
ence of this mutation in a homozygous trait may lead to
mild hyperhomocysteinemia in the case of simultaneous
folate deficiency but after folate supplementation the
level drops to normal [4]. Mutation in MTHFR gene 1298
A—C (substitution glutamine—alanine) is another com-
mon polymorphism with the prevalence of about 40% in
a heterozygous trait and 10% in a homozygous trait [4], it
leads to the decrease of MTHFR activity by 35% [9].

Prothrombotic effects of homocysteine

The association of hyperhomocysteinemia with throm-
bosis may be explained by multifactorial mechanism, ge-
nerally by the impaired balance between procoagulation
and anticoagulation factors. Nevertheless, it is important
to realize that most of our knowledge about homocys-
teine effects originated from the studies on cell cultures
using supraphysiologic hymocysteine concetrations and
therefore, it is questionable whether the results of those
in vitro studies might be extrapolated into clinical practi-
ce. Another research source is animal models with diet-in-
duced hyperhomocysteinemia. In this case, potential me-
tabolic differences between animals and humans should
be taken into consideration. Prothrombotic properties of
homocysteine were also documented in blood samples
obtained from individuals with various homocysteine le-
vels.

Various effects of hyperhomocysteinemia have been
reported in the literature so far — Table 2; however, not all

Table 2 — Multiple effects of hyperhomocysteinemia on endothelium and haemostasis [3,4,10,11].

Vascular endothelium Endothelial dysfunction

- Impaired endothelium-dependent vasodilation
- Prothrombotic and proinflammatory phenotype of endothelium

Platelets Increased thromoboxane synthesis
Increased platelet reactivity
Fibrinolysis Impaired fibrinolysis

- Decreased binding of tissue plasminogen activator (tPA)

- Decreased plasmin generation

- Increased level of thrombin activatable fibrinolysis inhibitor (TAFI)

Coagulation factors and
natural inhibitors of
coagulation

Increased activity of factor VII

Increased activation of factor V

Decreased activity of antithrombin

Increased thrombin generation
Fibrinogen modification

Decreased inactivation of factor Va

Increased synthesis of tissue factor (TF)

Inhibition of thrombomodulin activity

Inhibition of protein C activation
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of them are supported by convincing and consistent evi-
dence. Hyperhomocysteinemia may cause endothelial
dysfunction to the extent comparable to dysfunction in-
duced by hypercholesterolemia and arterial hyperten-
sion. The mechanism is not completely understood, the
most probable is the link with increased oxidative stress.
Further on, hyperhomocysteinemia may influence multi-
ple components of haemostatic process [3,4,10,11].

On the other hand, there are also some data that do
not confirm procoagulant effect of mild hyperhomocys-
teinemia [11].

Hyperhomocysteinemia as a risk factor for VTE

As mentioned above, thromboembolic events are leading
cause of morbidity and mortality in patients with conge-
nital homocystinuria, a rare disorder with extremely high
homocysteine levels. In the affected individuals, both ar-
terial and venous thrombotic events occur at young age
(under 30 years), even in early childhood, as was docu-
mented in case reports from the end of the sixties of last
century [12,13].

Even mild to moderate hyperhomocysteinemia may
have clinical consequences, there are reports about asso-
ciation with coronary artery disease (CAD), stroke, VTE,
placentar vasculopathy, neural tube defects and some
neuropsychiatric diseases [5,14].

The association of hyperhomocysteinemia with VTE
has been studied less extensively than the association
with arterial diseases. The number of studies is lower and
the proved association is weaker, respectively [3]. More-
over, homocysteine testing in most studies was performed
after a thromboembolic event. Therefore, it remains un-
clear whether homocysteine is a direct etiologic factor or
a laboratory marker. The studies dealing with the associa-
tion of homocysteine with VTE can be divided into several
groups and subgroups:

1. The association of homocysteine levels with
venous thromboembolic events

The first case-control study, published in 1991, paradoxi-

cally did not confirm the association between homocys-

teine level and VTE [15].

Metaanalysis from 1998 [16], including 9 case-control
studies, demonstrated a significant association between
hyperhomocysteinemia and the first or recurrent throm-
boembolic event (hyperhomocysteinemia was defined as
a level above the mean value of control group + 2 stand-
ard deviations or as a level above the 95th percentil of
a control group). The authors calculated an odds ratio
(OR) as 2.95 with 95% confidence interval (Cl) 2.08-4.17.
The risk was even more significant in patients with the
history of VTE under the age of 60 years — OR 4.37 (95%
Cl 1.94-9.84).

Later on, further studies were published, including
case-control studies demonstrating a significant associa-
tion of hyperhomocysteinemia and VTE [17,18] but, on
the other hand, also prospective studies that had not
proved higher risk of VTE in the individuals with hyper-
homocysteinemia [19]. Quite a recent Spanish study of
younger VTE patients (under the age of 55, respectively)

without other thrombophilia has not confirmed hyperho-
mocysteinemia (the level >15 pmol/L) as an independent
VTE risk factor [20].

2. The association of the polymorphisms in MTHFR
genes and VTE

Most studies focused on potential association of a rela-

tively common MTHFR gene mutation 677C—T which, if

inherited in a homozygous trait, means a predisposition

to mild hyperhomocysteinemia. The findings are incon-

sistent.

American authors performed a case-control study [21]
and did not confirm this mutation in a homozygous trait
as a genetic predisposition to VTE, neither isolated nor in
combination with factor V Leiden (FVL).

Italian study [22] confirmed that MTHFR gene 677TT
mutation increased the risk of VTE in the cases with-
out known clinical provoking factor and without other
thrombophilia (i.e. FVL, prothrombin gene mutation
G20210A, protein C, protein S or antithrombin deficiency)
with resultant OR 2.57 (p = 0.017).

To the contrary, a Japanese study [23] found out that
MTHFR gene mutation 677TT is a VTE risk factor only in
the presence of other thrombophilia (protein C, protein
S or plasminogen deficiency and lupus anticoagulant, re-
spectively) with OR 5.99 (95% Cl 1.56-22.96), compared
to a control group.

Metaanalysis, published in 2002 [24], included 31 studies
and calculated an OR for MTHFR gene mutation 677TT
and VTE as 1.2 (95% ClI 1.1-1.4), while a little higher OR
was found in the absence of other thrombophilia— OR 1.5
(95% CI 1.2-1.9). The authors evaluated the association
of MTHFR gene mutation 677TT with VTE as weak and
did not recommend including MTHFR testing to routine
thrombophilia workup.

Similar results were obtained in a large Dutch MEGA
study (Multiple Enviromental and Genetic Assessment of
Risk Factors for Venous Thrombosis) which included 4375
patients with the first thromboembolic event [25]. The
authors did not confirm a significant association between
MTHFR 677TT and VTE — OR 0.94 (95% Cl 0.81-1.08).

Neither further common MTHFR gene mutation -
MTHFR 1298 A—C has been proven as a significant VTE
risk factor [26].

3. The association of VTE with both homocysteine
level and MTHFR gene polymorphism
The results are again ambiguous.

A Polish case-control study (with 146 patients) failed to
confirm an association with MTHFR genotypes as well as
with homocysteine level [27].

In another case-control study, including 240 patients
with VTE, hyperhomocysteinemia (level >20 pmol/L) was
significantly more frequent in the individuals above the
age of 50 years and those with idiopathic (i.e. otherwise
unexplained) thromboembolic event. However, there
was no significant difference in the prevalence of MTHFR
gene mutation 677TT in VTE patients and in the control
group [28].

LITE, a large prospective American study (Longitudi-
nal Investigation of Thromboembolism Etiology), did
not prove MTHFR gene mutation 677TT as a VTE risk fac-
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tor as well [29]. However, it found a weak, statistically
nonsignificant association of homocysteine level and
VTE risk — adjusted OR 1.55 (95% CI 0.93-2.58) for the
comparison of the highest to the lowest quintile of ho-
mocysteine levels, while the association was significant
in younger individuals (45-64 years) — adjusted OR 2.05
(95% Cl 1.10-3.83).

Another large prospective study, Danish “Copenhagen
City Heart Study” found 25% higher homocysteine levels
in the carriers of MTHFR gene mutation 677TT, compared
to MTHFR 677 CT or CC genotype; however, the study did
not confirm higher VTE risk in the carriers of this muta-
tion [30].

Metaanalysis published in 2005 revealed interesting
findings. Hyperhomocysteinemia as a VTE risk factor was
more significant in retrospective studies (according to the
results of 24 studies) — the increase of homocysteinemia
by 5 umol/L was associated with 60% higher VTE risk (OR
1.6, 95% Cl 1.10-1.34) while in 3 prospective studies the
increase of homocysteinemia by 5 umol/L resulted in 27%
higher risk (OR 1.27, 95% ClI 1.01-1.59). The metaanalysis
evaluated the impact of MTHFR 677TT genotype as well -
it was slightly associated with VTE risk, with the increase
by 20%, respectively (OR 1.2, 95% ClI 1.08-1.32). The asso-
ciation of VTE risk and MTHFR 677TT genotype was influ-
enced by geographical differences — in North America the
genotype was not significantly associated with VTE risk
which might be explained by higher folate and riboflavin
intake [31].

EDITH was a French prospective observational study
evaluating an interaction between genetic and environ-
mental VTE risk factors. The authors compared 467 pa-
tients with the first unprovoked thromboembolic event
to sex- and age-matched controls. They revealed an in-
dependent association of mild hyperhomocysteinemia,
folate deficiency and vitamin B12 deficiency with VTE -
OR in multivariate analysis was 1.48 (95% Cl 1.05-2.08)
for homocysteine > 15 umol/L; 3.14 (95% Cl 1.35-7.32)
for folate level < 4,9 nmol/L; and 1.42 (95% ClI 1.03-.98)
for vitamin B12 level < 253 pmol/L. MTHFR 677TT geno-
type was not significantly associated with VTE risk — OR
1.13 (95% Cl 0.70-1.81). Thus, these results do not prove
MTHFR gene mutation 677TT as a VTE risk factor but may
indicate potential influence of the deficiency of B vita-
mins independently on homocysteine level [32].

HUNT 2, a prospective Norwegian-Dutch study fol-
lowed a cohort of 66,140 individuals for 7 years, evalu-
ated the incidence of VTE and the association of VTE
risk with homocysteine level (measured at inclusion) and
MTHFR gene polymorphism 677C—T. While MTHFR 677TT
genotype was not a risk factor for VTE, hyperhomocys-
teinemia (level above the 95th percentil) was a predic-
tor of a thromboembolic event in men (OR 2.17, 95% Cl
1.20-3.91) but not in women [33].

4. The association of homocysteine

with recurrent VTE
Some older studies confirmed hyperhomocysteinemia as
a risk factor for recurrent thromboembolic events.

In a Dutch study (including 185 patients with a history of
recurrent VTE and 220 controls) the revealed adjusted OR
was 2.0 (95% Cl 1.5-2.7) for homocysteine level above the

90th percentile of a control group, a similar result was ob-
tained for the level measured after methionine load [34].

AUREC (Austrian Study of REcurrent Venous Thrombo-
embolism), a multicenter prospective Austrian study [35],
followed 264 patients after the first idiopathic throm-
boembolic event (i.e. without any association with sur-
gery, injury, pregnancy, protein C or protein S deficiency,
antithrombin or plasminogen deficiency, antiphospholip-
id syndrome, systemic lupus erythematosus or malignan-
cy). Hyperhomocysteinemia was defined as a level above
the 95th percentile of a control group, i.e. 8.8 umol/L in
women and 11.6 umol/L in men. The authors evaluated
the incidence of recurrent VTE after anticoagulation
withdrawal. There was a significant increase of VTE risk
in the patients with hyperhomocysteinemia with relative
risk (RR) 2.6 (95% Cl 1.1-6.1), adjusted for age, sex and
the presence of FVL.

5. Potential synergic effect of homocysteine or

MTHFR 677TT genotype and other thrombophilias
Again, the results of various studies are inconsistent.

“Physicians’ Health Study”, a large prospective cohort
study brought quite convincing evidence. It followed
14,916 healthy men. Laboratory tests at inclusion com-
prised also homocysteine level and genetic testing for
FVL. Within 12 years, 145 thromboembolic events oc-
curred. Hyperhomocysteinemia (level > the 95th percen-
tile, i.e. 17.25 umol/L) was associated with the increased
risk of idiopathic VTE (not provoked by malignancy, sur-
gery or injury) with RR 3.4 (p = 0.002), the presence of FVL
was associated with RR 2.3 (p = 0.005) for any VTE event
and 3.6 for an idiopathic event (p = 0.0002). The concomi-
tant presence of hyperhomocysteinemia and FVL lead to
a significant risk increase — RR 9.65 (p = 0.009) for any VTE
and 21.8 (p = 0.0004) for idiopathic VTE [36].

One smaller Italian case-control study in 1997 con-
firmed a synergic effect of MTHFR gene mutation 677TT
and FVL [37]. While MTHFR gene mutation 677TT itself
was not a significant VTE risk factor, the coexistence with
FVL lead to significant increase of the risk associated with
FVL: OR for MTHFR gene mutation was 0.8, adjusted OR
for FVL 6.3 (95% ClI 1.6-25.3) and adjusted OR for con-
comitant FVL and MTHFR 677TT genotype was 17.3 (95%
Cl 2.0-152.9).

Dutch authors evaluated in the group of 171 patients
with the history of recurrent VTE potential interaction be-
tween hyperhomocysteinemia (level > the 90th percentile
of a control group), MTHFR gene mutation 677C—T, FVL
and prothrombin gene mutation 20210G—A [38]. The
values of adjusted OR for recurrent VTE were: 1.8 (95% ClI
1.1-3) for hyperhomocysteinemia; 5.1 (95% Cl 3.0-8.6) for
FVL; 1.8 (95% Cl 0.7-4.2) for prothrombin gene mutation;
and 1.4 (95% Cl 0.7-2.8) for MTHFR gene mutation 677TT.
Significant increase of VTE risk was observed if hyperho-
mocysteinemia was combined with FVL — OR 11.6 (95%
Cl 3.2-42.5); as well as if FVL combined with MTHFR gene
mutation 677TT — OR 18.7 (95% Cl 3.3-108).

However, a more recent retrospective study, also
Dutch, found only nonsignificantly increased VTE risk for
hyperhomocysteinemia (> 17 pmol/L) - adjusted RR 1.6
(95% Cl 0.6-4.5). Though the risk was significantly higher
in the presence of other thrombophilia, a comparable risk
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increase was observed even in the individuals with other
thrombophilia and normal homocysteine level. The au-
thors summarized that the main determinant of VTE risk
was rather concomitant thrombophilia than hyperhomo-
cysteinemia itself [39].

Quite recently published metaanalysis (including 5
studies) then concluded that it was impossible to prove
any interaction (neither additive nor multiplicative) be-
tween FVL and hyperhomocysteinemia as well as FVL and
MTHFR gene mutation 677TT, concerning VTE risk [40].

6. Homocysteine and thrombosis at unusual sites

The above mentioned studies dealt with potential asso-
ciation of hyperhomocysteinemia and the most frequent
location of venous thrombosis, i.e. in the legs. In the lite-
rature, there are also some reports about the prevalence
of hyperhomocysteinemia in the patients with thrombosis
at unusual sites. Most of published data, however, are de-
rived from small studies, isolated case reports or case series.

e In a small group (31 patients) with thrombosis of
the upper extremity, 5 patients (16.1%) had eleva-
ted homocysteine level [41].

e In a case-control study (121 patients and 242 con-
trols), hyperhomocysteinemia (level > the 95th
percentile of the control group, i.e. > 19.2 umol/L
in men and > 15.2 in women) was associated
with fourfold increase of the risk of cerebral vein
thrombosis [42]. Even more significantly increased
risk was observed for the combination of hyperho-
mocysteinemia and hormonal contraception — OR
19.5 (95% ClI 5.7-67.3).

A significant association of hyperhomocysteinemia and
cerebral vein thrombosis was found also in two smaller
case-control studies [43,44] — the values of OR were 4.18
(95% Cl 1.58-11.16) and 6.88 (p = 0.002), respectively.

e In a case-control study, searching for the risk fac-
tors of retinal vein occlusion [45], the authors
found significantly higher prevalence of hyperho-
mocysteinemia (> 13.5 pmol/L) in 132 patients with
central retinal vein thrombosis in comparison to
105 healthy controls, with resultant OR 8.64 (95%
Cl 1.96-38.0).

e Some authors also investigated potential associa-
tion between hyperhomocysteinemia and visceral
vein thrombosis.

In a study of 65 patients with extrahepatic portal vein
obstruction, the prevalence of hyperhomocysteinemia
was higher in the patients than in the control group [46]
but the difference did not reach statistical significance —
OR 2.0 (95% Cl1 0.9-4.9).

In a small study, including 12 patients with mesenteric
vein thrombosis, the authors found a significant associa-
tion of MTHFR 677TT genotype, in comparison to healthy
controls [47].

7. Correction of hyperhomocysteinemia by vitamin
supplementation

Homocysteinemia correlates inversely with the level of

folate, vitamin B12 and, to a lesser extent, vitamin B6

[48]. Supplementation by these vitamins is therefore

a possibility how to reduce or even normalize homocys-
teine level.

Metaanalysis published in 1998 investigated the effi-
cacy of various doses of these vitamins in the reduction of
homocysteine level. It evaluated the results of 12 studies
including 1,114 individuals. The highest effect on homo-
cysteinemia reduction was reached by folic acid adminis-
tration. The higher was homocysteine level and the lower
was folate level prior to supplementation, the higher was
the reduction of homocysteine level. There was no differ-
ence in the effect in the dose range 0.5-5 mg of folic acid
daily — the consequence was a drop in homocysteinemia
by 25% .Vitamin B12 in the mean dose 0.5 mg led to an
additional level drop by 7% while vitamin B6 (in the mean
dose 16.5 mg daily) had no further additional effect [49].

These findings were later confirmed by further, more
extensive metaanalysis of 25 studies, including 2596 in-
dividuals. Maximal reduction of homocysteine level (by
23-25%) was reached by folic acid, administered in daily
dose > 0.8 mg; additional level reduction (by 7%) was
achieved by the concomitant medication with vitamin
B12 in daily dose 0.4 mg. Again, vitamin B6 did not prove
any significant additional effect [50].

In some specific situation, e.g. chronic renal insufficien-
¢y, higher doses of folic acid are necessary to reduce homo-
cysteinemia [3]. Uncertainty may also exist in the patients
with medication which causes increase of homocysteine
level but the data about vitamin dosing in these cases are
quite scarce. In a study of the patients with rheumatoid
arthritis on methotrexate, supplementation with folic acid
1 mg daily led to a significant drop of homocysteinemia
[51]. Fenofibrate use may increase homocysteine level by
40%. German authors demonstrated that this increase may
be prevented by comedication with folic acid (0.65 mg dai-
ly), vitamin B12 (50 ug daily) and B6 (5 mg daily) [52,53].
A Norwegian study proved the effect of vitamin supple-
mentation (in daily doses of 0.4 mg of folic acid, 120 mg
of vitamin B6 and 75 mg of riboflavin) on the reduction of
hyperhomocysteinemia induced by antiepileptics [54].

8. Interventional studies - the effect of reducing
homocysteine levels on VTE risk

Hence, vitamin supplementation is effective in the reduc-

tion of homocysteine level but clinical benefit (i.e. the

efficacy of vitamin supplementation in VTE prevention)

is questionable.

Severe hyperhomocysteinemia — e.g. in homocystinuria
requires undoubtedly vitamin therapy. In a multicenter
study, 158 patients with homocystinuria (caused by CBS
defficiency) were treated by vitamins (folic acid, vitamin
B6, vitamin B12, betaine) and a low-methionine diet and
the incidence of vascular events was compared to a his-
toric cohort of 629 patients without any supplementation.
Vitamin supplementations led to a significant reduction,
though not complete normalization of homocysteine lev-
els. It resulted in significant reduction of the risk of vascu-
lar events, including thromboembolic events [55].

Nevertheless, the evidence about indication of vitamin
therapy in mild to moderate hyperhomocysteinemia is
much less convincing. The authors of metaanalysis of 92
studies, evaluating the risk of CAD, stroke and VTE in as-
sociation with hyperhomocysteinemia calculated that the
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drop of homocysteine level by 3 umol/L should result in
25% reduction of VTE risk [56]. However, this assumption
has not been proven in prospective studies.

Secondary analysis of HOPE-2 study (including 5,522
individuals at the age above 55 years with cardiovascu-
lar disease or diabetes mellitus and at least one vascular
risk factor) reported the results of 5 year follow-up of the
group with vitamin therapy (2.5 mg of folic acid, 50 mg
of vitamin B6 and 1 mg of vitamin B12 daily) in compari-
son to placebo group [57]. Vitamin supplementation was
effective in homocysteine level reduction but not in VTE
risk reduction — hazard ratio (HR) 1.01 (95% CI 0.66-1.53).

The efficacy of vitamin therapy and homocysteine re-
duction in secondary VTE prevention was evaluated in
VITRO study (The Vitamins and Thrombosis), which in-
cluded 701 patients with the first episode of unprovoked
DVT or PE. The effect of vitamin supplementation (in the
daily doses of 5 mg of folic acid, 50 mg of pyridoxine
and 0.4 mg of vitamin B12) was compared to placebo in
two groups — “hyperhomocysteinemic” (with homocys-
teine level above the 75th percentile of reference group,
i.e. 2 12.6 umol/L) as well as “normohomocysteinemic”.
The follow-up lasted 2.5 years and the observed HR for
VTE recurrence associated with vitamin therapy was 1.14
(95% ClI 0.65-1.98) for the “hyperhomocysteinemic”
group, and 0.58 (95% ClI 0.31-1.07) for the “normohomo-
cysteinemic” group [58].

Accordingly, the benefit of vitamin supplementation
is uncertain. Though this therapy is not too expensive
and is relatively safe it is important to realize some po-
tential risks as well. High doses of vitamin B6 may cause
peripheral sensory neuropathy. Further on, long term
administration of folic acid in high doses may impair
blood-brain barrier. [59].

Homocysteine —
culprit or innocent bystander?

There are some hypotheses trying to explain the uncon-
vincing and inconsistent results of the mentioned studies:

- The studies with vitamin supplementation were
mostly performed in the countries with folate-forti-
fied diet, i.e. homocysteine level prior to supplemen-
tation was relatively low.

- B vitamins may theoretically have a harmful effect
which outweighs their potential benefit [7].

- Hyperhomocysteinemia

e jsnota cause but a marker of VTE event;

e isonly a marker of vitamin B deficiency;

e if mild, is associated only with a small absolute VTE

risk;
e isa VTE risk factor only in very high concentrations;
e s a risk factor only if combined with other addi-
tional risk factors [2,3,7];

e isnot areal VTE risk factor but the true risk factor
is some other pathology associated with hyperho-
mocysteinemia.

For example, Dutch authors discovered an association
of hyperhomocysteinemia and high factor Vil level which

they considered the proper risk factor of arterial and ve-
nous thrombosis [60,61].

In FIELD study, there was a slightly higher incidence
of PE after fibrate therapy [62]. It may be theoretically
explained by fibrate-induced hyperhomocysteinemia
[63]. However, this hypothesis is in contradiction with
the results of a French study (including 677 patients with
unprovoked VTE event and 677 controls), which revealed
significantly higher association of VTE with fibrate use
but this association was independent on homocysteine
level [64].

Guidelines

Insufficient data indicative of a causative association be-
tween hyperhomocysteinemia and VTE and unconvincing
evidence about the efficacy of homocysteine lowering
therapy in primary and secondary VTE prevention result
in the absence of clear and actual guidelines for testing
homocysteine or therapy of hyperhomocysteinemia in
the patients with VTE event, or in the individuals with
higher thromboembolic risk.

In the ACCP guidelines for antithrombotic therapy
(American College of Chest Physicians — ACCP Conference
on Antithrombotic and Thrombolytic Therapy) from 2004,
hyperhomocysteinemia was mentioned as risk factor for
VTE recurrence. For the patients with the first thrombo-
embolic event and some thrombophilic disorders — includ-
ing hyperhomocysteinemia — the authors recommended
prolonged anticoagulation (6-12 months), and this rec-
ommendation was labelled with 1A [65]. However, folic
acid supplementation was recommended only in preg-
nant women with hyperhomocysteinemia, but not for
VTE prophylaxis but because of the risk of spontaneous
abortion [66].

However, ACCP guidelines have been later updated
every 4 years. In the following edition in 2008, neither
hyperhomocysteinemia nor other thrombophilic disor-
ders were considered a significant factor in making the
decision about the length of anticoagulation [67]. Hyper-
homocysteinemia was mentioned as a potential risk fac-
tor of abortion but recommendation concerning vitamin
supplementation is absent in this edition [68].

Similarly, in the recent edition of ACCP guidelines from
2012, hereditary thrombophilias are considered only ad-
ditional risk factor for VTE recurrence and hyperhomo-
cysteinemia itself is not particularly mentioned [69]. In
the chapter about VTE and thrombophilic disorders in
pregnancy, the authors deal with homozygous MTHFR
677TT mutation. They note that the association of this
mutation with VTE in pregnancy was not proved which
might be explained by physiologic decrease of homocys-
teine level in pregnancy and by common folic acid sup-
plementation in pregnancy (in the indication of neural
tube defect prevention). The association with pregnancy
morbidity is also mentioned but the authors do not com-
ment on the necessity of vitamin B supplementation in
this indication [70].

Due to the absence of recent guidelines concerning
homocysteine and VTE, it might be useful to take into
consideration some older recommendations.
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Back in 2002, the American consensus about thrombo-
philic disorders considered testing homocysteine level in
VTE as controversial. From the laboratory point of view,
two methods were suggested — high performance liquid
chromatography as well as immunoanalysis [4].

Homocysteine testing is mostly recommended in the
fasting state. However, level fluctuation usually does not
exceed 10% of the basal value. Therefore, in the practice,
fasting might not be so strictly required [1]. In the case of
abnormal homocysteine level in non-fasting state, testing
the fasting level could be performed later. Neither ho-
mocysteine measuring after methionine load is routinely
recommended in the practice [2].

It is not quite clear whether a thromboembolic event
itself does not induce elevated homocysteine level. There-
fore, it seems prudent to postpone the testing after the
acute VTE event and to perform it 6 months later [4].

Testing MTHFR gene 677 or 1298 mutations in VTE pa-
tients is still sometimes performed but should be aban-
doned [71].

Testing homocysteine level might be indicated in the
cases of idiopathic or recurrent VTE, DVT or PE at young
age or thrombosis at unusual sites. Vitamin supplementa-
tion might be suitable in the patients with proven folate
or vitamin B12 deficiency [31], and in those with some
additional VTE risk factor [2]. However, the patients
should be informed about the uncertain benefit of this
treatment in the prevention of VTE recurrence [72]. Ra-
tional diet with sufficient content of fruit and vegetables
is a possible alternative of pharmacologic vitamin sup-
plementation [2]. The value up to10-12 pmol/L is recom-
mended as a target homocysteine level [3].

In the last British guidelines for diagnosis and treat-
ment of thrombosis at unusual sites, hyperhomocysteine-
mia is mentioned as a risk factor of retinal vein occlusion
[73] but the authors do not recommend thrombophilia
testing (hence, neither homocysteine testing).

Conclusion

The association of hyperhomocysteinemia and VTE is con-
troversial. It is possible that thrombosis risk is influenced
by the interaction of homocysteine metabolism disorders,
vitamin levels and further prothrombotic factors. So far,
the data have not brought enough evidence about the
benefit of vitamin supplementation in the individuals with
mild hyperhomocysteinemia in the primary and secondary
VTE prevention [2,3]. Further studies might be required to
prove the causative association between hyperhomocys-
teinemia and VTE, as well as randomized clinical trials to
confirm significant VTE risk reduction due to homocysteine
lowering by vitamin therapy. Meanwhile, it is necessary to
choose quite a conservative approach to the problem of
homocysteine and venous thrombosis and to consider care-
fully homocysteine level management in selected cases.
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