Homocysteine and its role in the pathogenesis of atherosclerotic vascular disease.
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Homocysteine has been recently recognised as a risk factor for atherosclerotic vascular disease. Numerous studies have studied adverse influence of homocysteine on endothelial cells, vascular smooth muscle cells, connective tissue, interactions with plasma lipoproteins, clotting factors and platelets. It has been suggested that endothelial damage is mediated by hydrogen peroxide, a by-product of auto-oxidation of homocysteine. Human studies have shown that high levels of homocysteine are associated with impaired endothelial dependent vasodilatation in healthy subjects indicating that the bio-availability of nitric oxide (NO) is decreased in those with hyper-homocysteinemia. Homocysteine thialactone (a by-product of homocysteine auto-oxidation) combines with native LDL to form oxidized LDL which is taken up by intimal macrophages to form foam cells which is the beginning of atheromatous plaques. Homocysteine has also influence on proliferation of vascular smooth muscle cells and collagen deposition in atheromatous plaque. In addition several retrospective and prospective studies have shown that hyperhomocysteinaemia is associated with atheromatous and vascular events. Observations in 80 clinical and epidemiological studies have indicated that hyper-homocysteinaemia is a risk factor for atherosclerotic disease. However there are some studies which conclude that homocysteine is not a major risk factor for coronary heart disease.
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The accumulating evidence for the role of homocysteine as a risk factor for atherosclerosis is persuasive. A high plasma homocysteine concentration induces pathologic changes in the arterial wall and thus is strongly associated with an increased risk of atherosclerosis, manifested as cardiovascular, cerebrovascular and peripheral vascular events. Studies are being conducted to determine whether lowering homocysteine levels prevents occlusive events. At present, testing for elevated homocysteine concentrations should be considered in patients with premature atherosclerosis or a strong family history of atherosclerosis, since hyperhomocysteinemia is a common risk factor in these patients. Treatment of hyperhomocysteinemia is straightforward and associated with minimal risk. This disorder is usually correctable with vitamin supplements containing folic acid.
An elevated plasma level of the amino acid homocysteine has been identified as an independent risk factor for atherosclerosis, including coronary artery disease, cerebrovascular disease, peripheral vascular disease and venous thromboembolism.1-4 Recent studies5-7 indicate that 15 to 30 percent of patients with premature occlusive vascular disease have moderately elevated total plasma homocysteine concentrations (higher than 15 µmol per L). A plasma homocysteine concentration exceeding 15 µmol per L is now termed "hyperhomocysteinemia."8
For the past 10 years, efforts to prevent coronary artery disease have focused on the reduction of serum lipoprotein levels. However, high cholesterol levels and other currently recognized risk factors do not account for all cases of coronary artery disease. Many patients with premature coronary artery disease have no detectable plasma lipoprotein abnormalities, and they demonstrate little clinical improvement after intensive cholesterol-lowering therapy. The possible role of hyperhomocysteinemia as an independent atherogenic factor in these patients has recently been recognized.8
Illustrative Case
A 57-year-old man had a family history of premature coronary artery disease (his father died of a myocardial infarction at the age of 46 years), but he had no personal history or clinical symptoms of cardiovascular disease. His weight was normal, and his blood pressure was 124/82 mm Hg. He did not smoke, and he exercised approximately twice a week. In fact, beyond his family history, he had no other known risk factors for coronary artery disease.

The patient's fasting plasma lipid levels were as follows: total cholesterol, 236 mg per dL (6.10 mmol per L); low-density lipoprotein cholesterol, 133 mg per dL (3.45 mmol per L); high-density lipoprotein cholesterol, 88 mg per dL (2.30 mmol per L), and triglycerides, 74 mg per dL (0.84 mmol per L). The fasting glucose concentration was 90 mg per dL (5.0 mmol per L). Because of the patient's family history, his total plasma homocysteine concentration was checked and was found to be 29 µmol per L (optimal value: less than 12 µmol per L).

The patient was given a multivitamin containing 400 µg of folic acid plus an additional 400 µg of folic acid per day for two months. His repeat homocysteine level was less than 2 µmol per L. The patient is presently taking 400 µg of folic acid and the multivitamin each day. Follow-up homocysteine testing is performed every eight weeks or as often as necessary to ensure that he maintains a homocysteine level in the optimal range, thereby reducing or eliminating this atherosclerotic risk factor.

Homocysteine Metabolism
Homocysteine, an intermediate in protein metabolism, is involved in conversion of the amino acid methionine to cysteine or in remethylation to form methionine (Figure 1). Increases in homocysteine concentrations are often the result of decreased activity of key enzymes involved in either of these metabolic pathways.
The most common inherited form of hyperhomocysteinemia results from an alteration in the gene encoding the enzyme methylene tetrahydrofolate reductase. A mutation in the methylene tetrahydrofolate reductase gene leading to mild to moderate hyperhomocysteinemia has been found in 15 percent of patients with premature cerebrovascular disease.6,7
	



	FIGURE 1. Homocysteine metabolism. An intermediate in protein metabolism, homocysteine is involved in conversion of the amino acid methionine to cysteine or in remethylation to form methionine (SAM=S-adenosyl methionine; SAH=S-adenosyl homocysteine; MS=methionine synthase; MTHFR=methylene tetrahydrofolate reductase; CBS=cystathionine b-synthase).



	


Less often, the cause of hyperhomocysteinemia is heterozygous cystathionine b-synthase deficiency. Homocystinuria is a rare, but severe homozygous form of cystathionine b-synthase deficiency in which total homocysteine concentrations generally exceed 100 µmol per L but can reach 500 µmol per L if the disorder is untreated. Individuals with this inherited disorder are known to have very premature coronary artery disease. In fact, the link between high levels of homocysteine and occlusive vascular disease was first reported in the late 1960s in patients with different inherited forms of homocystinuria.9
Hyperhomocysteinemia can be acquired as the result of dietary deficiencies of folate, vitamin B12 and/or vitamin B6. These nutrients are necessary cofactors for the optimal function of methylene tetrahydrofolate reductase and cystathionine b-synthase. Deficiencies in the absorption or transport of these vitamins can also cause hyperhomocysteinemia.

Since homocysteine levels are not initially elevated in vitamin B6 deficiency, hyperhomocysteinemia is an insensitive gauge of vitamin B6 status.10 In most cases, however, an elevated homocysteine level is a sufficient marker of folate or vitamin B12 deficiency, whereas an elevated level of methylmalonic acid specifically suggests vitamin B12 deficiency. Thus, an elevated homocysteine concentration may indicate a deficiency in folate, vitamin B12 or, less commonly, vitamin B6.
Certain drugs, especially vitamin antagonists such as methotrexate and anticonvulsants, can cause hyperhomocysteinemia. Notable homocysteine elevations can also occur in illnesses such as chronic kidney disease or hypothyroidism.11
	TABLE 1

Causes of Hyperhomocysteinemia 



Acquired causes
Vitamin deficiencies 

Folic acid 

Vitamin B 

Vitamin B12 
Chronic diseases 

Chronic renal failure 

Hypothyroidism 

Psoriasis 

Malignancies (including acute lymphoblastic leukemia) 

Medications 

Anticonvulsants 

Methotrexate 

Nitrous oxide 

Inherited causes
Cystathionine b-synthase deficiency
Methylene tetrahydrofolate reductase deficiency or defect
Methionine synthase defect
Vitamin B12 transport defect
Vitamin B12 coenzyme synthesis defect 




Common causes of hyperhomocysteinemia are listed in Table 1. The etiology of hyperhomocysteinemia may be identified clinically in most patients. If a definitive cause cannot be determined clinically, genetic testing for methylene tetrahydrofolate reductase or cystathionine b-synthase deficiency may be warranted. Referral to a geneticist should be considered if several members of the same family are found to have severe hyperhomocysteinemia (i.e., homocysteine concentrations higher than 100 µmol per L).

The mechanisms by which hyperhomocysteinemia causes atherosclerosis are not completely understood. Animal models of hyperhomocysteinemia show altered vascular function, including the promotion of smooth muscle cell growth and the development of atherosclerosis. Diffuse arterial damage and an increased propensity to thrombus formation are commonly noted in humans with homocysteinuria. Concomitant lipoprotein abnormalities, including increased oxidation and binding, may also be mechanisms by which hyperhomocysteinemia promotes atherosclerosis.8
Measuring and Interpreting 
Laboratory Homocysteine Levels
Most clinical laboratories use assays that report total homocysteine concentrations. Blood should be collected in tubes containing an anticoagulant such as ethylenediamine tetraacetic acid (EDTA), heparin or sodium citrate. The specimen should be spun within 30 minutes of collection to avoid a false elevation caused by the release of homocysteine from red blood cells, a process that continues at room temperature.12 Once the plasma is separated from cells, it can be stored refrigerated for several weeks or frozen for several months.

The total homocysteine concentration can also be measured in serum samples. However, the reference intervals are slightly higher than those for plasma, in part because of the continued release of homocysteine from red blood cells and the delay required for sample clotting before centrifugation.

Studies have not yet definitively established homocysteine reference standards by age category and gender, although these variables are known to affect homocysteine levels. Men have higher concentrations of homocysteine than women, and amounts of homocysteine tend to increase with age.13
It may be more clinically relevant to identify a "relative risk range" for homocysteine concentrations, rather than precise reference intervals (analogous to the manner in which serum cholesterol values are now interpreted). In general, a plasma homocysteine concentration of 12 µmol per L or less is considered optimal.13 A plasma homocysteine level of 12 to 15 µmol per L is considered borderline, while a concentration above 15 µmol per L is associated with a high risk of occlusive vascular disease.

Homocysteine concentrations exceeding the target value of 12 µmol per L may denote an enzyme or vitamin deficiency. In the United States, a significant proportion of adults consume so little folic acid that they suffer functional folate deficiency. This problem is especially common in the elderly.3,14
The risk of developing occlusive vascular disease increases as concentrations of homocysteine increase, and a threshold effect has not been observed.3 Therefore, any reduction of high homocysteine levels may be beneficial, even if it is not possible to achieve the target value (less than 12 µmol per L).

Because of the risk associated with hyperhomocysteinemia and the treatability of the condition, measurement of total homocysteine concentrations should be considered in patients with premature vascular disease or a strong family history of coronary artery disease, especially if other traditional risk factors have not been identified.

Treating Patients with High Homocysteine Levels
The optimal total dose of folic acid appears to be within the range of 650 to 1,000 µg per day. In the United States, the average folic acid intake is approximately 200 µg per day. With careful selection of foods (e.g., leafy green vegetables, yellow vegetables, meat, poultry and enriched grains) consistent with established dietary guidelines, the intake of folic acid can be increased to greater than 400 µg per day.15 The fortification of grains and cereals with folic acid has been mandated by the U.S. Food and Drug Administration and will occur by January 1, 1998.16-18
	

	Patient with hyperhomocysteinemia

	
	[image: image1.png]



	

	Measure vitamin B12 level

	[image: image2.png]




	Adequate
	
	Low

	
	
	[image: image3.png]




	[image: image4.png]



	
	Evaluate for causes of vitamin B12 deficiency
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	Give multivitamin (with 400 µg of folic acid) and 800 µg of folic acid supplementation for eight weeks
	
	Consider vitamin B12 injection, if needed; give multivitamin (with 400 µg of folic acid) and 800µg of folic acid for eight weeks
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	Measure homocysteine level
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	Continue multivitamin
	
	Increase folate to 2 mg per day for an additional eight weeks
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	Recheck homocysteine level in eight to 12 weeks
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	Continue routine multivitamin therapy
	
	Check vitamin B6 level; increase folate to 5 mg per day; assess patient compliance with treatment regimen; test for other causes of this condition

	

FIGURE 2. Algorithm for the management of a patient with hyperhomocysteinemia.


It is currently recommended that adult Americans increase their intake of folate-rich foods and that they consider adding a daily multivitamin containing 400 µg of folic acid. This recommendation is especially important for pregnant women and for persons considered to be at high risk for cardiovascular disease.15,16
The authors of one study19 concluded that with an increased intake of approximately 200 µg of folic acid per day, homocysteine levels could be reduced by 4 µmol per L in an average population. Regardless of the cause of hyperhomocysteinemia, most patients should derive some benefit from folic acid supplementation via the conversion of homocysteine back to methionine. Homocysteine levels usually decrease after a few weeks of therapy and normalize within six to eight weeks. At the time of the initial evaluation, a serum B12 level should be obtained to ensure that intake of this vitamin is adequate before folic acid supplementation is initiated. In some cases, the addition of vitamin B12 to a folic acid regimen may help to reduce homocysteine concentrations even further.13,19 However, therapy with vitamins B6 and B12 usually does not return homocysteine levels to the normal range in patients with severe deficiencies of the key homocysteine enzymes or in patients with renal disease.8
Dietary evaluation and counseling for patients with hyperhomocysteinemia is recommended to ensure the adequate consumption of foods containing folic acid. Folic acid supplementation using multivitamin tablets or folic acid alone can reduce homocysteine levels in as little as six to eight weeks.14,19 High-risk patients with homocysteine levels above 12 µmol per L should take a daily multivitamin containing 400 µg of folic acid plus an additional 800 µg of folic acid per day (Figure 2).

The homocysteine concentration should be rechecked in eight weeks to assess the response to therapy. If the homocysteine level returns to normal, the supplemental folic acid may be discontinued. In such cases, the multivitamin should be continued, and the homocysteine concentration should be rechecked in approximately eight to 12 weeks to ensure that the level is stable. If the homocysteine level is not less than 12 µmol per L after eight weeks of supplementation, the folic acid supplementation can be increased to 2 mg per day for an additional eight weeks, with repeat homocysteine testing performed at the end of treatment. Persistently elevated homocysteine levels warrant a careful assessment of patient compliance or testing for other possible causes of hyperhomocysteinemia.

Folic acid supplements are safe, especially when the dosage is less than 5 mg per day.17 Current evidence indicates no significant concerns with folic acid or other vitamin B supplementation, except for the possible masking of vitamin B12 deficiency. The neurologic defects associated with vitamin B12 deficiency persist with folic acid supplementation. Vitamin B12 deficiency can still be detected clinically by the history and physical examination, along with serum methylmalonic acid or vitamin B12 measurement, factors that are not altered by folic acid supplementation.20 Hypersensitivity reactions to folic acid supplements are quite rare.

Final Comment
Homocysteine has been found to be an independent risk factor for occlusive vascular disease. Reductions in homocysteine levels may be achieved by proper diet and vitamin supplementation. It has not yet been proved, however, that lowering homocysteine levels reduces the risk of occlusive vascular disease. 

The results of clinical trials to determine the potential benefit of reducing homocysteine concentrations are not yet available. However, given the substantial risk associated with hyperhomocysteinemia and the fact that homocysteine levels can be lowered with nontoxic vitamin therapy, the screening of patients at high risk for cardiovascular disease appears to be warranted. Until studies have been completed, it is prudent to advise patients with, or at high risk for, vascular disease to follow current recommendations concerning good nutrition and the use of vitamin supplements.21
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What is homocysteine, and how is a high homocysteine level harmful?
Homocysteine is an amino acid (a building block of protein) that is produced in the human body. Homocysteine may irritate blood vessels, leading to blockages in the arteries (called atherosclerosis). High homocysteine levels in the blood can also cause cholesterol to change to a form that is more damaging to arteries (called oxidized low-density lipoprotein). In addition, high homocysteine levels can make blood clot more easily than it should, increasing the risk of blood vessel blockages. A blockage might cause you to have a stroke or a problem with blood flow.

What causes a high homocysteine level?
It is becoming apparent that too many people today have a homocysteine level that is higher than it needs to be. A high homocysteine level is found in up to 20 percent of people with heart disease.

Homocysteine is normally changed into other amino acids for use in the body's 
normal functions. If your homocysteine level is too high, then you may not have enough B vitamins to help this natural process, or you may not have enough necessary chemicals (enzymes) to process homocysteine.

Most people with a high homocysteine level have a low dietary intake of folate (also called folic acid), vitamin B6 or vitamin B12. Replacement of these vitamins helps the homocysteine level return to normal. Other possible causes of an abnormally high homocysteine level include low thyroid hormone levels, kidney disease, psoriasis, some medications or inherited deficiencies in the enzymes used to process homocysteine in the body.

How is the homocysteine level measured, and what do the results mean? 
Homocysteine is measured through a simple blood test. It can be measured at any time of the day. It is not necessary to prepare in any special way for the blood test (such as fasting). Most hospital laboratories can measure homocysteine, or a blood sample can be sent out to a special laboratory.

A healthy homocysteine level is less than 12 µmol per L. A level of greater than 12 mmol per L is considered high. If your homocysteine level is 12 to 15 µmol per L and you have blockages in any blood vessel, you need to lower your homocysteine to less than 12 µmol per L. If you have no other major risk factors for cardiovascular disease and you do not have atherosclerosis, it may be acceptable for you to have a modestly elevated level of homocysteine (12 to 15 µmol per L).

While no studies have adequately determined whether lowering homocysteine levels will help to reduce strokes, heart attacks and other cardiovascular events, it is a good idea to lower your homocysteine level because of the known risk of heart disease with high levels of this amino acid.

How can I lower a high homocysteine level?
Eating more fruits and vegetables (especially leafy green vegetables) can help lower your homocysteine level. Good sources of dietary folate include many breakfast cereals, lentils, chickpeas, asparagus, spinach and most beans.

If adjustment of your diet is not enough to lower your homocysteine to a desirable level, you will also need to take specific vitamins. You may need to take a fairly large amount of folate (about 1 milligram per day). Additional vitamin B6 and vitamin B12 also help the body process homocysteine. Vitamin B supplements generally have no side effects.

If taking these additional supplementary vitamins does not lower your homocysteine level, your doctor may have you try higher vitamin doses, or you may need to have some tests to see if you inherited a condition that causes high homocysteine levels.

Taking high doses of vitamins is not generally recommended for heart disease prevention unless you have a high homocysteine level or some other metabolic abnormality. The usual recommended vitamin and folate doses for lowering homocysteine levels are as follows:

· A daily multivitamin containing 400 µg of folate and less than 5 mEq of iron 

· An additional 800 µg of folate per day for eight weeks 

It is important to get your homocysteine level rechecked after you have been taking the multivitamin and additional folate for eight weeks. If your homocysteine level remains high, your doctor will need to change your treatment. You may need to take more folate (2 mg per day). If you have had a high homocysteine level, you will probably need to have your level checked two or three times per year. If you have any questions about homocysteine and the treatment of your high homocysteine level, talk to your family doctor.

