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Elevated plasma homocysteine (Hcy) concentra-
tion is considered a risk factor for cardiovascular 
disease and may also be associated with hyper-
tension. Although links have been established 
between hyperhomocysteinemia and elevated 
risk for cardiovascular events, the precise role of 
plasma Hcy in cardiovascular disease is unclear. 
Plasma Hcy increases with aging and is associated 
with other health-related behaviors, including 
smoking and diet patterns. Both epidemiologic 
and longitudinal clinical investigations have 
investigated the possible contribution of plasma 
Hcy to cardiovascular disease, and most report 
an association of plasma Hcy with the risk for 
cardiovascular and cerebral events. Some reports 
describe a significant relationship between Hcy 
and blood pressure levels, as well as higher Hcy 
in hypertensives compared to normotensives. 
Other studies find that the effect of Hcy disap-
pears following adjustment for other risk factors. 
Because Hcy cosegregates with other risk factors, 
it has been difficult to identify an independent 
effect of Hcy on cardiovascular disease or hyper-
tension. Hcy can be modified to some extent by 
vitamin supplementation. Hcy reduction may 
have some benefit in reducing cardiovascular 
risk in some patients, particularly the elderly. 
Because the question of an independent role of 

Hcy on risk for cardiovascular disease has not 
been determined, the assessment and treatment 
of Hcy should be approached in the context of 
other modifiable risk factors. (J Clin Hypertens. 
2004;6:494–500) ©2004 Le Jacq Communications, Inc.

Elevated plasma homocysteine concentration 
([Hcy]) is considered a risk factor for cardio-

vascular disease (CVD) and may also be associated 
with hypertension. Although links have been estab-
lished between hyperhomocysteinemia and elevated 
risk for CVD, the precise role of plasma homocyste-
ine (Hcy) in cardiovascular events is unclear. Plasma 
homocysteine (Hcy) is affected by health-related 
behaviors, including diet, smoking, and sedentary 
lifestyle. Genetic factors also contribute to plasma 
[Hcy]. This review will discuss the clinical data and 
reports that have examined the contribution of Hcy 
to hypertension and CVD.

HOMOCYSTEINE METABOLISM
Hcy is a sulfhydryl amino acid compound that is 
generated from protein breakdown and the essential 
amino acid methionine as it is metabolized to cys-
teine.1 Hcy can be metabolized by two major path-
ways. When methionine is in excess, Hcy is directed 
to the transulphuration pathway, where it is irrevers-
ibly sulfoconjugated to cysteine by cystathionine 
B-synthase with vitamin B6 as a cofactor. Hcy is also 
remethylated in a methionine-conserving pathway. 
This process requires methionine synthase, vitamin 
B12 as a cofactor, and methyltetrahydrofolate as a 
cosubstrate. The methionine-conserving pathway 
requires folic acid and methyltetrahydrofolate reduc-
tase (MTHFR).2 There is a strong inverse correlation 
of plasma Hcy with plasma folate concentration. In 
contrast to folate, serum vitamin B12 or vitamin B6 
levels show only a weak correlation with plasma 
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Hcy.3 Deficiencies in any of these above enzymes, 
folic acid, or the cofactors may lead to some degree 
of hyperhomocysteinemia.1 Metabolic pathways are 
summarized in the Figure.

High performance liquid chromatography is the 
most widespread and accurate method for measuring 
plasma levels of Hcy. Enzyme conversion immunoas-
say has also been used.4 The levels are usually mea-
sured in the fasting state and can also be measured 
after methionine loading. Methionine loading can 
be used to distinguish deficiencies in enzymes and/or 
cofactors in the two separate metabolic pathways.5 
Approximately 70% of Hcy is protein bound in the 
plasma, 25% circulates bound to itself as a dimer, 
and the remainder <5% circulates in combination 
with other thiols to form disulfide or circulates as a 
free-thiol compound.5 Hyperhomocysteinemia may 
be classified as mild or severe, based on plasma con-
centration. Normal Hcy levels are 5–15 μmol/L. Mild 
hyperhomocysteinemia is defined as 16–100 μmol/L 
and as severe as >100 μmol/L.6,7

ROLE OF HOMOCYSTEINE IN 
CARDIOVASCULAR DISEASE: 
EPIDEMIOLOGY
Data gathered from population studies suggest that 
there is an association of higher plasma [Hcy] and 
risk of CVD. Using meta-analysis, Boushey et al.8 
examined 27 reports of studies on the relationship 
between Hcy and CVD. Overall, the population 
data indicate that plasma [Hcy] higher than the 
90th percentile were associated with an increased 
risk of fatal and nonfatal atherosclerotic disease 
in the coronary, cerebral, and peripheral circula-
tion. An increase of 5 μmol/L was associated with 
a 60% increase in risk of coronary artery disease 
in men and an 80% increase in risk in women. 
There was also a reported 50% increase in cere-
brovascular disease. This magnitude of increase in 
plasma [Hcy] was thought to be equivalent to the 
CVD risk of a 19-mg/dL increase in cholesterol. 
The European Concerted Action Project9 also 
confirmed that an elevated plasma [Hcy] was an 
independent risk factor for CVD, and calculated 
that an increase of 5 μmol/L was associated with 
an increase in relative risk for CVD of 1.35.

Prospective clinical studies that examine the 
effect of plasma [Hcy] on vascular events remain 
nonconclusive. A prospective cohort study from 
Norway showed a relative risk of 1.41 for each 
4 μmol/L increase in serum Hcy.10 Fallon et al.11 
reported an increasing risk of cerebral infarction 
with increasing Hcy in a Finnish cohort. The 
Physicians Health Study12 found an adjusted relative 

risk for fatal or nonfatal myocardial infarctions of 
3.4 for persons in whom plasma [Hcy] were in the 
top 5% of the entire cohort.12 The British United 
Provident Association study13 reported a relative 
risk for coronary heart disease of 2.9 among men 
in the highest Hcy quartile compared to men in the 
lowest quartile. Other studies reported a graded, 
positive association between plasma [Hcy] and 
the risk for stroke14 and coronary artery disease.15 
Despite these positive reports, a recent report from 
the Physicians Health Study16 on a more prolonged 
follow-up of 7.5 years failed to demonstrate a 
significant association between plasma [Hcy] and 
risk for myocardial infarction or death. Sharabi et 
al.17 also could not detect an effect of Hcy on the 
occurrence of atherothrombotic events.

Detection of an independent effect of Hcy on the 
risk of CVD in clinical studies remains difficult due 
to the many factors that can affect plasma [Hcy]. 
Aging and lifestyle behaviors can contribute to 
mild elevations in Hcy without associated hyper-
homocysteinemia. Included in this list are older 
age, male sex, postmenopausal status, smoking, 
sedentary lifestyle, and dietary factors, including 
increased intake of animal proteins, alcohol use, 
coffee/tea consumption, decreased intake of folic 
acid, and vitamins B6 and B12.

3,18 It is estimated 
that 40%–50% of elderly North American people 
do not consume adequate amounts of folic acid 
and vitamin B6; this may contribute to some eleva-
tion in plasma [Hcy].18 Given all of these variables, 
it is difficult to determine if there is an independent 
effect of Hcy on CVD or blood pressure (BP).

GENETICS AND PATHOPHYSIOLOGY
A genetic predisposition for hyperhomocystein-
emia has been investigated. A highly prevalent 
C677T point mutation has been associated with a 
thermolabile MTHFR variant. It is estimated that 
between 5%–12% of the Caucasian population 
may be homozygous for a genotype which results 
in a reduction of MTHFR activity and increased 
levels of plasma [Hcy].19,20 Even the heterozy-
gotic state may be associated with slightly increased 
plasma [Hcy]. Although it has been suggested that 
the genotype (VV) is an independent risk factor 
for CVD, most studies have failed to confirm this 
association.21 In addition, Pullin et al.22 found that 
healthy subjects, who were homozygous for the 
MTHFR−VV genotype and also had higher plasma 
[Hcy], did not have evidence of endothelial dysfunc-
tion. A meta-analysis by Brattstrom et al.6 reported 
that although mutant homozygotes had Hcy 25% 
higher than those with the wild genotype, they had 
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no increased risk of CVD. Alternatively, a study that 
examined the MTHFR genotype in patients under-
going coronary artery stenting reported that the 
homozygous mutant genotype may increase the risk 
of restenosis.23 However, a recent study on a much 
larger sample of 800 patients could detect no effect 
of either plasma [Hcy] or MTHFR genotype on 
restenosis after stenting.24 Thus, the exact indepen-
dent effects of genotype status are not yet known.

There are several possible mechanisms by which 
Hcy could contribute to vascular injury. In experimen-
tal models, Hcy administration has caused endothe-
lial cell injury, both in vitro and in vivo. Hcy induces 
oxidative stress to the endothelium and reduces avail-
able nitric oxide. Hcy may also generate free radicals 
and inhibit the production of other antioxidants.25 
Endothelial injury is followed by platelet aggrega-
tion and thrombus formation. Toxic endothelial 
damage is also related to the stimulation of smooth 
muscle cell proliferation and susceptibility to oxida-
tion of low-density lipoproteins. Another mechanism 
by which Hcy can induce vascular injury is the 
increased thrombogenicity mediated by increased 
platelet adherence and the release of platelet-derived 
growth factors, activated Factor V, X, and XII, inhibi-
tion of protein C activation, inhibition of cell surface 
expression of thrombomodulin, and decreased tissue 
plasminogen activator activity.21,26–28 Hcy has also 
been thought to increase arterial stiffness by damag-
ing elastin fibers, increasing collagen production and 
stimulating smooth muscle activity.3

HOMOCYSTEINE AND  
BLOOD PRESSURE
Some investigators have reported an effect of plasma 
[Hcy] on BP, and there is some suggestion that Hcy 
could increase the risk of hypertension. Lam and 

Cassani25 analyzed data from the National Health 
and Nutrition Examination Survey (NHANES) to 
determine if there is a relationship between plasma 
[Hcy] and BP. After adjusting for cardiovascular 
risk factors, Hcy was shown to have an indepen-
dent, positive association with BP. The association 
of Hcy with BP was stronger in women than in 
men. A one-standard deviation increase in Hcy 
was associated with an increase in systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) 
of 0.7 and 0.5 mm Hg in men, respectively, and 
in women, the increases in SBP and DBP were 1.2 
and 0.7 mm Hg, respectively.25 Plasma [Hcy] in 
hypertensive patients were compared to normo-
tensives by Sutton-Tyrrell et al.29 who reported 
that the concentration of plasma Hcy rose from 
9.7 μmol/L at a SBP <140 mm Hg to 13 μmol/L 
at SBP >180 mm Hg.29 Hcy also was reported 
to be higher in hypertensive children in a study 
by Glowinska et al.30 who examined obese and 
nonobese adolescents. Although the mean plasma 
[Hcy] concentration was less than 10 μmol/L, they 
found that both obese hypertensive and nonobese 
hypertensive adolescents had higher mean plasma 
[Hcy] compared to the normotensive groups.30 A 
significant and independent relationship of plasma 
[Hcy] with SBP was also reported by Malinow et 
al.31 In the Hordaland study,15 however, the asso-
ciation of Hcy with BP was positive, but weak. 
Individuals with a DBP of more than 100 mm Hg 
had a plasma [Hcy] that was 0.5 to 0.8 μmol high-
er than did those with DBP <70 mm Hg. Another 
study reported that hypertensive patients had mean 
plasma [Hcy] that was 3.8 μmol/L higher com-
pared to normotensive subjects.17

Kahleova et al.32 recently reported higher levels 
of plasma [Hcy] in adolescents and young adults 
with hypertension compared to normotensive 
matched controls. Again, a significant association 
with SBP was demonstrated, and the investigators 
suggested that Hcy may play a role in the patho-
genesis of hypertension.32 Different results were 
reported by Dinavahi et al.33 who investigated the 
relationship of plasma [Hcy] with BP in a young 
African-American cohort. These investigators cor-
roborated a significant, direct correlation of plas-
ma [Hcy] with SBP and DBP in premenopausal 
women, but not in men. However, when adjust-
ments were made for age and body mass index, 
no significant correlation was found. Nearly all 
patients in the cohort had plasma [Hcy] within the 
normal range, and there was a significant inverse 
relationship between plasma [Hcy] with the B 
vitamins and folate. Hypertensive women in the 

Figure. Depicted in the figure are the pathways for 
homocysteine metabolism
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study had a lower dietary intake of folic acid, indi-
cating that the association of higher BP with higher 
Hcy may be reflective of a dietary effect.33 The 
Framingham Offspring cohort34 also reported no 
relationship between plasma [Hcy] and BP. These 
conflicting reports make it difficult to determine if 
plasma [Hcy] has an independent effect on BP, or if 
plasma [Hcy] is a surrogate measure of some other 
factor, such as diet.35–37

HOMOCYSTEINE AND  
RENAL DISEASE
Plasma [Hcy] is elevated in patients with end-stage 
renal disease (ESRD), but the specific pathophysi-
ologic basis for the elevation is unknown. Even 
modest decreases in glomerular filtration rate are 
associated with an increase in plasma [Hcy].38 Daily 
renal excretion accounts for only 0.1% of Hcy 
daily production.39 The metabolism of Hcy in renal 
parenchymal cells is responsible for the major frac-
tion of the total renal clearance of Hcy, and the loss 
of this capacity may lead to the increases in plasma 
[Hcy] that are seen in ESRD.38

CVD is a major cause of morbidity and mortality 
in ESRD, which could make the possible contribution 
of Hcy to CVD relevant. Studies have shown that 
vitamin supplementation in ESRD patients decreas-
es plasma [Hcy].40,41 Although decreased levels of 
plasma [Hcy] occur after supplementation, optimal 
plasma [Hcys] of <10 μmol/L are difficult to achieve 
in patients with renal disease. Even among renal 
transplant patients, folate supplementation results 
in a plasma [Hcy] of <10 μmol/L in only 21.4% of 
patients.40 The reason that plasma [Hcy] is difficult 
to normalize in ESRD patients is uncertain, but may 
be due to the combined effects of suboptimal nutri-
tion, loss of renal parenchymal cells, and possibly 
some other metabolic derangement due to uremia. 
From another investigation, it was found that any 
doses of folic acid above 1 mg/d had no additional 
benefit in prevention of cardiovascular mortality in 
maintenance hemodialysis patients.41

Contrary to the relationship of plasma [Hcy] with 
outcome in the general population, plasma [Hcy] in 
patients with ESRD appear to have an inverse associa-
tion with morbidity and mortality. Kalantar-Zadeh et 
al.42 showed a two-fold increased risk of cardiovascu-
lar mortality among patients with Hcy in the lowest 
quartile in their study sample compared to the higher 
Hcy quartiles. Other investigators reported a higher 
mortality over a 9-month period among maintenance 
hemodialysis patients with low Hcy.43 This reverse 
relationship between plasma [Hcy] and mortality may 
be reflective of poor nutritional status.41

SUMMARY
There are a considerable number of clinical stud-
ies that describe an association of plasma [Hcy] 
with hypertension, and with cardiovascular events. 
Dietary factors have been implicated in modulating 
plasma [Hcy]. Folic acid and vitamin B12 replace-
ment have had some success in the lowering of plas-
ma [Hcy]. Suggestions have been made that advising 
a higher intake of vitamin B and folic acid would 
be helpful in preventing CVD. Elevated Hcy has 
been linked to increased cardiovascular morbidity 
and mortality in patients without ESRD. However, 
the presence of ESRD seems to demonstrate a para-
doxical relationship between plasma [Hcy] and car-
diovascular mortality. Although there is compelling 
evidence indicating that plasma [Hcy] contributes 
to hypertension and heightens the risk for cardio-
vascular events, further investigation is needed to 
determine if Hcy is an independent risk factor or if it 
is linked with other modifiable risk factors for CVD, 
including hypertension. For the general population, 
a diet rich in multiple nutrients, including B vita-
mins, should be encouraged to achieve an optimal 
plasma [Hcy]. Patients who have multiple risk fac-
tors for CVD may benefit from Hcy screening and 
supplementation with B complex vitamins.
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paper’s publication to receive credit. Letters of credit will be mailed to participants biannually.

ACCREDITATION STATEMENT: Winthrop-University Hospital (WUH) is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to sponsor continuing medical education for physicians. WUH designates this Continuing Medical 
Education activity for a maximum of (1) credit hour in Category 1 credit towards the AMA Physicians’ Recognition Award. Each physi-
cian should claim only those hours of credit that he/she actually spent on the educational activity. WUH relies upon faculty participants 
in its CME programs to provide educational information that is objective and as free of bias as possible. In this spirit, and in accordance 
with the guidelines of the program sponsor, faculty participants are expected to indicate any commercial relationship that might be per-
ceived as a real or apparent conflict of interest.

OBJECTIVE AND TARGET AUDIENCE: All primary care physicians and cardiologists are eligible to receive credit. At 
the conclusion of this activity, participants should be able to: 1) summarize the important points discussed in the paper reviewed; 
2) identify patients to whom the paper is relevant; 3) modify management practices as new information is learned; and 4) identify 
deficiencies in their knowledge base.

1. Plasma homocysteine levels are thought to 
be affected by all of the following except:
A __Age
B __ Intake of simple carbohydrates
C __Tobacco abuse
D __Genetics

2. Which of the following statements about the 
metabolism of homocysteine is false?
A __ It is an amino acid generated from protein 

breakdown
B __Vitamin B6 and B12 are cofactors in its 

metabolism
C __Vitamin B6 and B12 levels correlate well 

with plasma homocysteine levels
D __Folate is a necessary cofactor in the  

methionine-conserving pathway

3. Which of the following statements is true?
A __Homocysteine levels are usually measured 

in the fasting state
B __Lab measurement of homocysteine levels 

is difficult and inaccurate
C __<10% of plasma homocysteine is protein 

bound
D __There is no way to distinguish enzyme/

cofactor deficiencies between the two 
metabolic pathways

4. Which of the following statements regarding 
the epidemiology of hyperhomocysteinemia 
is false?
A __Homocysteine is an independent risk fac-

tor for coronary and peripheral arterial 
sclerotic disease, but not stroke

B __Detection of the independent effect that 
homocysteine has on the incidence of ath-
erosclerotic vascular disease is difficult

C __Aging is associated with a slight increase 
in plasma homocysteine

D __There are data to suggest a genetic cause 
of hyperhomocystinemia in some patients

5. Which of the following statements regarding 
the association between homocysteine and 
hypertension and renal disease is false?
A __There is a correlation between plasma 

homocysteine and blood pressure
B __There is a stronger association of plasma 

homocysteine and blood pressure in 
women than in men

C __Patients with end-stage renal disease 
(ESRD) have higher homocysteine levels

D __Plasma levels of homocysteine are easily 
normalized with folate supplementation in 
ESRD patients
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Answer the questions from the previous page by selecting the best choice of A, B, C, or D.

Questions:  1.__ 2.__ 3.__ 4.__ 5.__

 Agree    Disagree

1. My knowledge was enhanced by this activity. 1.__ 2.__ 3.__ 4.__ 5.__

2.  The activity helped to clarify issues 
    specific to hypertensive patients. 1.__ 2.__ 3.__ 4.__ 5.__

3.  The information obtained from this exercise 
    will have an impact on my care of patients. 1.__ 2.__ 3.__ 4.__ 5.__

4. The format of the exercise was useful. 1.__ 2.__ 3.__ 4.__ 5.__

5. Suggestions for future topics:

CME Answer Grid
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