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INTRODUCTION

Homocysteine is a non-proteinogenic amino acid
and differs from cysteine by an additional methylene
bridge. It is synthesized from methionine and can be
recycled into methionine or converted into cysteine in
the presence of certain B vitamins (Figure 1).

Homocystinuria, a rare autosomal disorder charac-
terized by steep elevation of homocysteine in plasma
and urine, is always accompanied by systemic clinical
manifestations. On the contrary, hyperhomocyste-
inemia is characterized by a less markedly elevated
level of homocysteine (above 15 pmol/L) in serum
measurements [1]. Hyperhomocysteinemia is more
common than homocystinuria and affects 5-7% of
the general population [2].

High levels of homocysteine are associated with
increased cerebrovascular, cardiovascular, and throm-
boembolic diseases, and appear to be an indepen-
dent marker of atheromatic disease [3, 4]. There is
clear evidence that lowering homocysteine levels is
beneficial in both slowing the acceleration of brain
atrophy [5] and in decreasing cardiovascular risk in
patients with homocystinuria [6]. Nonetheless, the
evaluation and treatment of hyperhomocysteinemia
still remains controversial, as studies have shown that
homocysteine-lowering therapies do not significantly
affect the prevention of stroke and/or coronary heart
disease [7, 8].

ETIOLOGY

Genetic factors: The most common form of ge-
netic hyperhomocysteinemia results from a mutated
methylene tetrahydrofolate reductase (MTHFR) that
has reduced enzymatic activity, thus leading to the
accumulation of homocysteine in serum, especial-
ly in mutated MTHFR C677T homozygotes [4, 9].
A marked ethnic and geographical variation of the
mutated enzyme has been observed [10], with 8% to
20% of the affected individuals being homozygous in
North America, Europe, and Australia [11]. Addition-
ally, MTHFR A1298C polymorphism has been associ-
ated with an increased risk for schizophrenia [12].

Vitamin deficiencies: Vitamin B12, folate and vi-
tamin B6 deficiencies can all lead to increased blood
levels of homocysteine since they are used as cofac-
tors in the enzymatic pathways of homocysteine

metabolism [13, 14]. Decreased B12 absorption and
intake may play an important role in elevating serum
homocysteine levels in older adults, while low intake
of folate as a cause of hyperhomocysteinemia is rela-
tively common in the general population.

Other causes include: chronic kidney disease (due
to impaired renal excretion), drugs (i.e. fibrates, nico-
tinic acid, metformin, methotrexate) though with
uncertain clinical significance, smoking and hypo-
thyroidism [3, 15, 16].

CLINICAL PRESENTATION

The clinical presentation of hyperhomocysteinemia
depends on the underlying etiology, and in most cas-
es moderately increased homocysteine serum levels
produce no apparent symptoms. However, markedly
elevated levels are associated with atherogenic and
prothrombotic properties. Intimal thickening, elas-
tic lamina disruption, smooth muscle hypertrophy,
marked platelet accumulation and the formation of
platelet-enriched thrombi can all be signs of vascular
injury induced by homocysteine [17].

Most importantly, homocysteine induced vascular
injury can cause cardiovascular and cerebrovascular
disease, peripheral arterial disease, and heart failure
[4, 7, 18, 19]. Studies have shown that a 5pmol/L
increase in homocysteine levels is associated with
a 20% higher risk for coronary heart disease (CHD)
[20]. Ischemic stroke has also been associated with
hyperhomocysteinemia [21, 22]. However, lower-
ing homocysteine levels does not seem to decrease
cardiovascular events in contrast to the well-known
effectiveness of traditional vascular risk factors man-
agement [23, 24].

Moreover, the association of hyperhomocystein-
emia with venous thromboembolism (VTE) remains
to this day controversial. Even though some studies
conclude that hyperhomocysteinemia is a risk factor
for VTE [25, 26], additional research suggests that
this may be due to confounding factors [27, 28]. An
association with neurodegenerative diseases such
as Alzheimer disease, cognitive decline - dementia
and Parkinson’s disease, has also been reported [29].
Furthermore, a clear relationship between hyper-
homocysteinemia and obstetric complications has
not been established. Some studies have reported
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Figure 1. Homocysteine metabolic pathway [46] Figure 2. Evaluation of hyperhomocysteinemia
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Table 1. Hyperhomocysteinemia & possible disease associations
Hyperhomocysteinemia & possible disease associations
Vascular disease (cardiovascular, cerebrovascular)
Venous Thromboembolism
Alzheimer disease
Cognitive decline - dementia
Parkinson disease
Obstetric complications (i.e. preeclampsia, abruptio placentae, fetal growth restriction)
Hip fractures, osteoporosis
Schizophrenia
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Elevated tHcy accompanied by borderline or high
plasma methionine concentrations makes the diag-
nosis very likely. CBS deficiency should be confirmed
by mutation analysis of the biallelic pathogenic CBS
variant and/or measurement of CBS activity in plasma
or fibroblasts [38].

In patients who lack homocystinuria clinical fea-
tures and present with cardiovascular disease, stroke
or venous thromboembolism, it is not recommended
to measure tHcy. MTHFR polymorphism testing is
not clinically relevant and, should not be ordered as
a part of a routine evaluation [39].

Total homocysteine must be measured in patient
plasma/serum. The samples must be collected after
the patient has fasted overnight and analyzed as
soon as possible to avoid falsely decreased or elevated
homocysteine levels. Refrigeration of the samples
inhibits homocysteine accumulation for at least 4
hours [40].

For the record, normal homocysteine levels range
between 5-15 pmol/L.

Kang et al. classified hyperhomocysteinemia in
1992 [1]:

* Moderate: 15-30 pmol/L.
e Intermediate: 30-100 pmol/L.
e Severe: >100 pymol/L.

TREATMENT

A large meta-analysis that included 71,422 partici-
pants showed that homocysteine lowering therapy
(HLT) such as folate, vitamin B12, or vitamin B6 does
not reduce the risk for myocardial infarction [41].

Interventions to reduce plasma homocysteine level
in post-stroke patients did not have any effect in
mitigating the severity of ischemic stroke outcome
[23]. In addition, recurrent VTE is not prevented in
patients with hyperhomocysteinemia that are treated
with HLT [42]. Similarly, no clear evidence that HLT is
useful in neurodegenerative diseases exists.

Nevertheless, advocates of treating hyperhomo-
cysteinemia with B vitamins and folate still exist. For
instance, a small study reported that HLT can improve
cognitive function in patients with hyperhomocys-
teinemia and schizophrenia. A possible mechanism
linking hyperhomocysteinemia to schizophrenia
depends on the interaction of homocysteine with
NMDA receptors. It also initiates oxidative stress,
causes mitochondrial dysfunction and cell apopto-
sis. [34] Additionally, a review paper suggests HLT
initiation when serum levels exceed 15 pumol/L [43].

Finally, the only medical condition where treat-
ing hyperhomocysteinemia would have an effect
in patient prognosis and symptom management is
homocystinuria. HLT in this patient group does indeed
lower cardiovascular risk [44, 45].

CONCLUSION

In conclusion, hyperhomocysteinemia still remains
a controversial occurrence, which is often considered
a secondary manifestation and possibly entails sev-
eral cardiovascular and metabolic implications. Still,
more research is needed for clear correlations with
diseases to be made, and for more clinically relevant
therapeutic options to be developed.
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