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Cardiovascular disease (CVD) can roughly be classified into three categories: Coronary heart disease (CHD), Cerebrovascular accidents (CVA) 
and other vascular diseases. In CHD, the coronary arteries that supply blood to the heart are blocked and in CVA, the arteries that supply blood 
to the brains are obstructed. The category “Other vascular diseases” comprises occlusions of peripheral arteries or veins and congenital, 
infectious and rheumatoid heart diseases. Of all vascular diseases, CHD is the most prevalent one (Netherlands Heart Foundation, 2001).A high 
blood pressure, an unfavorable lipid profile and smoking, explain the majority of all coronary heart disease cases. However, the search for 
other risk factors remains. One factor that has been associated with coronary heart disease is an elevated plasma homocysteine concentration. 
A causal role of moderately elevated concentrations of circulating total homocysteine (tHcy) in the pathogenesis of cardiovascular disease was 
proposed 30yrs ago. Since then, the results of many clinical and epidemiological studies have shown that total homocysteine measured in 
serum or plasma us a strong predictor of cardiovascular disease risk (Hankey and Eikelboom, 1999). 
 
Homocysteine metabolism 
Homocysteine is a sulfur-containing amino acid that is not used for the synthesis of proteins. Foods only contain traces of homocysteine. 
Homocysteine is formed when cells metabolize the essential amino acid methionine. The intracellular homocysteine concentration is precisely 
regulated and any excess is transported to plasma. In plasma, approximately 99% is oxidized to disulfides. The vast majority of homocysteine is 
bound to proteins. Nonprotein bound homocysteine consists of homocysteine (the disulfide of homocysteine) and mixed disulfides of 
homocysteine with e.g., cysteine. Only about 1% of all homocysteine moieties are reduced “free” homocysteine. The term total plasma 
homocysteine refers to all these forms of homocysteine in plasma (Mudd et al., 2000). Intracellular homocysteine can be irreversibly degraded 
to cysteine through the transsulfuration pathway, which is mainly limited to cells of the liver and kidneys. The enzymes in this pathway, 
cystathionine beta-synthase (CBS) and -cystathionase, are both dependent on pyridoxal-5-phosphate, a biologically active form of vitamin 
B6, as cofactor. 

Homocysteine can also be remethylated to methionine by the enzyme methionine synthase (MS). This enzyme uses methylcobalamin 
(active form of vitamin B12) as cofactor. The methyl group for the latter reaction is donated by 5-methyltetrahydrofolate (5-methyl-THF). This 
form of folate is produced by the enzyme 5, 10-methylenetetrahydrofolate reductase (MTHFR). This in turn uses flavin adenine dinucleotide 
(biologically active form of vitamin B2) as cofactor (Guenther et al., 1999). In an alternative remethylation route, which is also mainly restricted 
to the liver and kidney, betaine is used as the methyl donor by the enzyme betaine-homocysteine methyltransferase (Finkelstein, 1990).  
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Determinants of homocysteine concentration 
Age and gender 
Increasing age and male gender is associated with a higher total homocysteine concentration (LussierCacan et al., 1996 and De Bree et al., 
2001). Giltay et al., (1998) confirmed in a study with transsexual males and females that sex hormones have an influence on plasma 
homocysteine concentration. Higher plasma homocysteine concentration in post-menopausal women was reported by Wouters et al., (1995) 
compared with premenopausal women. 
 
Supplemental and dietary B vitamin intake 
Several intervention studies have provided evidence for the importance of B vitamins in homocysteine metabolism. Especially supplements 
with folic acid (synthesis form of folate) and combinations of folic acid, vitamin B2, B6 and B12 effectively reduced the total homocysteine 
concentration in subjects with normal and elevated baseline levels (Wald et al., 2001). According to Clarke and Armitage (2000) a meta-
analyses of 12 randomized trials showed that folic acid supplementation reduced total homocysteine concentrations by 25% with similar 
effects in a daily dosage of 500 to 5000 µg. Vitamin B12 in an average dose of 500 µg produced an additional reduction in total homocysteine of 
7%. Vitamin B6 did not appear to hava a significant effect (Bostom et al., 1995). 
 
Lifestyle factors 
1. Coffee 
Coffee consumption is positively associated with the total homocysteine concentration in both men and women in most (Nygard et al., 1997 
and Koehler et al., 2001), but not all (Rasmussen et al., 2000 and Saw et al., 2001) observational studies. Recent intervention trials shown that 
this effect of coffee iscausal (Urgert et al., 2000 and Christensen et al., 2001). Caffeine might be the factor that elevates the total homocysteine 
concentration (Grubben et al.,2000 and Jacques et al., 2001) because it may inhib the conversion of homocysteine to cysteine by acting as a 
vitamin B6 antagonist (Grubben et al., 2000). Olthof et al., (2001) showed that cholorogenic acid, a polyphenol that is present in coffee in the 
same amount as caffeine, might also partly be responsible for the increase in the total homocysteine concentration. Regular ingestion of black 
tea did not alter mean total homocysteine concentrations (Hodgson et al., 2003). 
 
2. Smoking  
Smoking is positively associated with the total homocysteine concentration (Giles et al., 1999; Jacques et al., 2001 and Koehler et al., 2001). 
Smokers generally consume a less healthy diet (Dallongeville et al., 1998). In a study by Saw et al (2001) the effect of smoking disappeared after 
correction for plasma folate. Cigarette smoke influences the total homocysteine concentration by changing the plasma thiol redox status 
(Mansoor et al., 1995 and Bergmark et al., 1997) or inhibit enzymes such as methionine synthase (Blom, 1998). 
 
3. Alcohol 
Alcohol consumption is probably associated with the total homocysteine concentration in a J-shaped fashion (Halsted, 2001). Alcoholics have 
elevated total homocysteine concentrations (Cravo et al., 1996). A 3-week randomized crossover trial done by Gaag et al (2000) showed no 
association with the total homocysteine concentration after intervention with four glasses of beer per day, compared with an elevation of the 
total homocysteine concentration with four glasses of wine or spirits per day. 
 
4. Physical activity 
Physical activity is probably not or weakly inversely associated with the total homocysteine concentration (Gudnason et al., 1998 and Saw et al., 
2001). 
 
5. Genetics 
The 677C>T polymorphism in the gene that encodes MTHFR (methylene tetrhydrofolate reductase) has been investigated most extensively in 
relation to its effect on the total homocysteine concentration (Brattstrom et al., 1998). The 677C>T mutation results in a reduced specific 
MTHFR activity in isolated lymphocytes (Van der Put et al., 1996), which leads to higher total homocysteine concentrations (Frosst et al., 1995). 
 
Drugs 
1. Hormones 
More recent evidence indicated no difference in the total homocysteine concentration between pill users and non-pill users (Green et al., 1998 
and Morris et al., 2000). Postmenopausal hormone replacement therapy with estrogen-like hormones decreases the total homocysteine 
concentration (Blom, 2001). Tamoxifen, an antiestrogen used to treat women with breast cancer, reduces the total homocysteine 
concentration (Anker et al., 1995 and Cattaneo et al., 1998). 
 
2. Antiepileptic drugs 
Although there are not many human studies on the effects of antileptic drugs on the total homocysteine concentration, drugs like 
phenobarbital, carbamazepine, primidone and valproate may interfere with the remethylation of homocysteine (Schwaninger et al., 1999). 
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3. Methotrexate 
Antifolates like methotrexate deplete cells of reduced folates (Refsum and Ueland, 1990). Other antifolates like sulfasalazine, raltritrexed, 
trimetrexate and trimethoprim will most likely have a similar effect on the total homocysteine concentration (Haagsma et al., 1999). 
 
4. Nitrous oxide 
Plasma total homocysteine concentrations increased rapidly in patients given nitrous oxide as an anesthetic (Ermens et al., 1991). 
 
5. Other drugs 
Lipid lowering drugs like statins, niacin, cholestyramine and fibrates may besides their effect on blood lipids, have an elevating effect on the 
total homocysteine concentration (Basu and Mann, 1997). Administration of vitamin B6 antagonist drugs increases total homocysteine 
concentration. Metformin, a drug used in diabetes and theophylline, used to treat asthmatic patients, are examples of vitamin B6 antagonist 
(Ubbink et al., 1996). Other drugs that may also act as B6 antagonists are isoniazid, cycloserine, hydralazine, phenelzine and procarbazine 
(Blom, 2001). 
 
Diseases 
1. Kidney dysfunction 
The most frequent clinical cause of hyperhomocysteinemia next to nutritional deficiencies in folate and vitamin B12 is renal failure. The kidney 
may influence or regulate homocysteine metabolism in other tissues and it may convert a major amount of the homocysteine present in blood 
(Blom, 2001). 
 
2. Proliferating diseases 
Disease like cancer and psoriasis are associated with higher total homocysteine concentrations (Refsum and Ueland, 1990). 
 
3. Rheumatoid arthritis  
Hyperhomocysteinemia is commonly observed in rheumatoid arthritis and not necessarily dependent on methotrexate use (Schneede et al., 
2000). 
 
4. Endocrine disorders 
Type 1 diabetes is accompanied by higher total homocysteine concentrations only at advanced stages of the disease (Schneede et al., 2000). 
Compared with apparently healthy subjects, type 1 and type 2 diabetic subjects had lower total homocysteine concentrations, possible due to 
hyperfiltration (Wollesen et al., 1999). Concentrations of total homocysteine were higher in hypothyroidism and lower in hyperthyroidism 
(Nedrebo et al., 1998 and Diekman et al., 2001). 
 
5. Intestinal diseases 
Several GI disorders may lead to a deficiency of folate or vitamin B12 or both, which in turn will result in higher total homocysteine 
concentrations (Schneede et al., 2000). 
 
Role of coffee as beverage 
Coffee is an infusion made from the roasted bean of “Coffee Arabica”, “Coffee Robusta” or “CoffeLiberica”. It is taken chiefly for the stimulating 
effect of its alkaloid, caffeine and also because of its pleasant aromatic flavors which comes from its volatile oil “Caffeol”. The caffeine of coffee 
is in loose chemical combination with some other substances, probably as caffetinic acid. It has been noted that the stimulation derived from a 
cup of coffee is slower in reaching its maximum and lasts longert than other caffeine beverages (Mc Lester & Darby, 1950). The manner in 
which coffee is made determines largely its flavour, strength, whether by boiling, steeping, percolation or filtration. The making of good coffee 
is an art (Hogan et al., 2002). 
 
Source and amount of caffeine 
As a food additive, caffeine is used in various foods for its flavor contribution. The amount of caffeine in food products varies depending on the 
serving size, type of products and preparation method. The plant variety also affects caffeine content of tea and coffee (Hogan et al., 2002). 
The caffeine content of a cup of coffee (150ml) is about 100mg (Manay, 2000). Moderate caffeine consumption is generally considered to be 
about 300mg, which is equivalent to approximately 3cups of coffee (Hogan et al., 2002). Table 2 gives caffeine content of some beverages. 
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Table 2 
Caffeine content of beverages 

 
Beverages or Confectionery Caffeine mg 

Cocoa 50g 
Milk chocolate 50g 
Dark chocolate 50g 

Coffee 150ml 
Tea 150ml 
Cola 150ml 

13 +/- 4 
2 – 30 

10 – 60 
40 – 180 
20 – 90 

18 
Source: USDA nutrient Database for standard reference (1998) 

 
 
Physiological effects of caffeine 
Caffeine, the most widely ingested methylxanthine, is readily absorbed by the gut and does not accumulate in the body because it is rapidly 
metabolized by the liver and eliminated. It has an average half-life of approximately four hours, although individual metabolism rates vary 
between two and ten hours (Gray, 1998). Caffeine raises slightly the blood pressure, slows and strengthens the heart, stimulates renal activity 
and prevents fatigue and depression. The most noticeable effect of tea and coffee is a mild cerebral stimulation; they clearaway the 
“cobwebs”. It is doubtful; however, if in the long run, the mental labor ultimately accomplished can be increased by coffee or tea (Hogan et al., 
2002). The comfort and cheer obtained from a cup of coffee or tea cannot be attributed solely to its caffeine. Coffee contains certain aromatic 
oils, which are pleasing to the taste and mildly stimulating to the stomach. By retarding slightly, the emptying of the stomach, it also increases 
the satiety value of the meal. Taken hot these beverages stimulate gastrointestinal motility and when taken cold in hot weather is refreshing 
(Hogan et al., 2002). 
 
Coffee and heart disease 
In studies of the effects of caffeine on the cardiovascular system, no association has been found. Boiled unfiltered coffee has been associated 
with increased homocysteine concentration and elevated blood cholesterol levels (Grubben et al., 2000). Lewis et al (1993) found no 
unfavorable effect of caffeine and coffee on serum lipids. In a research conducted by De Roos et al (2001), the coffee diterpenecafestol 
increases plasma triacylglycerol by increasing the production rate of large VLDL apolipoprotein B in healthy normolipidemic subjects. Rooji 
(1995) studied the role of diterpenes in the rise of serum cholesterol and alanine aminotransferase after consumption of boiled coffee.Ranhein 
(1995) concluded that cafestol promotes an enhanced rate of uptake and degradation of LDL. A meta-analysis of randomized clinical trials 
showed a dose response relation between coffee consumption and both total cholesterol and LDL cholesterol (Ha Jee et al., 2001). Halvorsen et 
al., (1998) suggested that intake of cafestol may cause increased concentration of plasma cholesterol. According to Rakic et al., (1999) 
restriction of coffee intake might be beneficial in older hypertensive individuals. Terry et al., (2000) concluded that hypertension risk status 
should take priority in future research regarding pressor effects of dietary intake of caffeine. 
 
Conclusion 
Current epidemiological evidence does not provide strong evidence that elevations in the total homocysteine concentration are harmful in 
healthy subjects, but lowering total homocysteine concentrations through administration of folic acid and vitamin B6 favorably influenced the 
progress of atherosclerotic disease in healthy subjects measured with an exercise electrocardiography test. Elevated plasma homocysteine 
levels are reported to be a positive risk factor in coronary heart disease. Therefore, in nutrition counseling for lifestyle modification and primary 
prevention in delaying the onset of CHD, the deleterious effect of coffee consumption could be advocated.   
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