
The initial link between homocysteine and vas-
cular disease was made by McCully approxi-
mately 25 years ago.1 He observed that an

infant who died as a result of a rare genetic condi-
tion of abnormal cobalamin metabolism with
homocystinuria exhibited widespread, severe arte-
riosclerosis analogous to the lesions seen in cases of
homocystinuria caused by a genetic cystathionine
b-synthase deficiency. Because hyperhomocysteine-
mia was the only condition common to these two
metabolic disorders, McCully proposed that hyper-
homocysteinemia resulted in arteriosclerotic dis-
ease. Although McCully’s hypothesis did not gain
immediate support, the association between plas-
ma homocysteine concentration and arteriosclero-
sis has more recently become the subject of a num-
ber of clinical studies. In 1976 Wilcken and Wilcken
showed that the concentration of homocysteine-
cysteine mixed disulphide after a methionine load
was slightly higher in CHD patients than in respec-
tive age-sex matched controls.2 This pioneering
work has led to many studies which have been the
subject of two important review articles. The first by
Ueland et al.3 summarized 17 studies that presented
fasting homocysteine concentrations for approxi-
mately 1500 patients with various forms of vascular
disease and a similar number of normal controls.
Fasting homocysteine concentrations were consis-
tently elevated among patients with all types of vas-
cular disease and averaged 31% greater than con-
centrations among controls. Abnormal homocys-
teine metabolism was also measured in some stud-
ies by presenting individuals with a large oral dose
of methionine, which is a homocysteine precursor.
Frequencies of abnormal homocysteine response to
methionine loading were higher (24%) in patients
with vascular disease than in healthy controls (2%).
The more recent metanalysis by Boushey et al.4 of 27
studies including prospective and population-based
case-control studies concluded that elevations of
total plasma homocysteine (tHcy) were considered
an independent graded risk factor for arteriosclerot-

ic vascular disease, with odds ratios for a 5 umol/L
increase in plasma tHcy that were equal to 1.5-1.8
for men and women with CHD, cerebrovascular or
peripheral vascular diseases.

Our interest in homocysteine was prompted by
the possibility that plasma homocysteine may serve
as an indicator of the status and perhaps the intake
of a number of vitamins, including folic acid, vita-
min B12 and vitamin B6. This possibility derived
from the large number of studies which implied
that methionine metabolism is tightly regulated,3,6,7

and from other studies which showed that deficien-
cies in the above vitamins are often associated with
hyperhomocysteinemia.8-18

The aims of our studies were therefore: 1) to
determine the relationship between plasma homo-
cysteine concentrations and status and intake of
folate, vitamin B12 and vitamin B6; 2) to determine
the prevalence of hyperhomocysteinemia; 3) to
determine the contribution of vitamin status and
intake to the prevalence of hyperhomocysteinemia
and, 4) to describe the associations between plas-
ma homocysteine, vitamin status and intake and
prevalence of carotid artery stenosis.

In our recent studies19,20 we examined members of
the original Framingham Heart Study cohort, a
population-based sample of 5209 men and women
originally examined in 1948-195221 and followed
prospectively to the present to assess the occur-
rence of vascular disease. This study was based on
1401 survivors of the original cohort who partici-
pated in the 20th biennial examination (1989-90).
Homocysteine and carotid ultrasound measures
were available for 1041 individuals (418 men and
623 women), aged 67 to 96 years old at the time of
data collection. The main findings of these studies
were the following.

Homocysteine distribution and prevalence of high homocys-
teine concentrations

The mean homocysteine concentration for all
subjects was 11.9 µmol/L (median = 11.6 µmol/L).
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Values ranged from 3.5 to 66.9 µmol/L. Homo-
cysteine concentration was higher in men than in
women and increased with age. The increase with
age remained highly significant (p < 0.001) for men
and women after adjustment for plasma vitamin
concentrations, but the difference between men and
women was no longer statistically significant. We
defined high homocysteine as concentrations
greater than the 90th percentile among subjects with
all plasma vitamin levels >70th percentile (14.0
µmol/L). Prevalence of high homocysteine was
29.3% for the entire cohort and over 40% for indi-
viduals aged 80 years and older.

Mean homocysteine concentration by vitamin status and intake
Folate. Mean plasma homocysteine concentrations

for subjects in the two lowest deciles of plasma
folate (below 4.8 nmol/L) were 15.6 and 13.7
µmol/L. These were significantly greater than the
mean for subjects in the highest decile, which was
11.0 µmol/L (p<0.01). Mean homocysteine concen-
trations for subjects in the three lowest deciles of
folate intake (less than 253 µg/day) were 13.7, 12.9
and 13.2 µmol/L, respectively, and were significant-
ly greater than the mean for subjects in the highest
intake decile, which was 10.4 µmol/L (p < 0.01). 

Vitamin B12. Mean homocysteine concentrations
were significantly elevated for subjects in the lowest
decile for vitamin B12 relative to subjects in the
highest decile (p < 0.01). Mean homocysteine con-
centrations were 15.4 and 10.9 µmol/L for subjects
in the lowest and highest vitamin B12 deciles.
Subjects in the lowest vitamin B12 decile had vita-
min B12 concentrations below 139 pmol/L. Vitamin
B12 intake appeared to be unrelated to mean
homocysteine concentration, even though subjects
in the fifth decile had significantly higher homocys-
teine concentrations than subjects in the highest
decile (p<0.05). 

Vitamin B6. Mean homocysteine concentrations
were significantly elevated for subjects in the lowest
decile for PLP relative to subjects in the highest
decile for this vitamin (p<0.01). Mean homocys-
teine concentrations were 14.3 and 10.9 µmol/L for
subjects in the lowest and highest PLP deciles.
Subjects in the lowest decile had PLP concentra-
tions below 18.1 nmol/L. For vitamin B6 intake,
mean homocysteine concentrations were signifi-
cantly elevated in the lowest two deciles (p<0.01)
and the third decile (p<0.05). Mean homocysteine
concentrations were 13.4, 12.4 and 12.3 µmol/L for
subjects in the lowest three deciles; the mean in the
highest decile was 10.1 µmol/L. Subjects in the low-
est three intake deciles reported consuming less
than 1.75 mg/day.

Homocysteine concentrations by overall vitamin status
Mean homocysteine and the prevalence of high

homocysteine increased dramatically across cate-

gories of the B vitamin index (Table 1). Mean
homocysteine concentration was 75% greater in the
lowest relative to the highest index categories. The
prevalence of high homocysteine was almost 6-fold
greater among subjects in the lowest index category
compared with subjects in the highest category for
plasma index. Sixty-seven percent of the cases of
high homocysteine in this cohort of older subjects
were associated with at least one vitamin concentra-
tion below the 70th percentile. Although the preva-
lence of high homocysteine was substantially greater
in lower vitamin categories (4 and 5) than in the
middle category, this latter category contributed the
largest share of cases of high homocysteine for the
index because it included the largest proportion of
the cohort. 

Relationship between plasma homocysteine and prevalence
of extracranial stenosis

The prevalence of extracranial carotid stenosis
≥ 25 percent was approximately 43 percent and 34
percent in men and women, respectively. In men,
the prevalence of stenosis ≥ 25 percent was 27 per-
cent (95 percent confidence interval: 17 to 38 per-
cent) in the lowest homocysteine quartile and 58
percent (95 percent confidence interval: 49 to 67
percent) in the highest quartiles (ptrend < 0.001).
The relationship in women was not as striking as
that in men; prevalence of stenosis ≥ 25 percent
ranged from 31 percent (95 percent confidence
interval: 24 to 38 percent) to 39 percent (95 per-
cent confidence interval: 31 to 47 percent) across
homocysteine quartiles (ptrend=0.03). While the risk
of stenosis appeared to increase in the second
homocysteine quartile (9.1 to 11.3 µmol/L) among
men, it did not appear to increase until the third
homocysteine quartile (11.4 to 14.3 µmol/L)
among women. Although the prevalence of stenosis
appeared somewhat greater among men than
women in the upper quartiles of homocysteine, a
test of interaction between sex and homocysteine
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Table 1. Elevated homocysteine concentrations by B vitamin
status.

B vitamin Mean Prevalence Population
index n. homocysteine Prevalence rate Attributable attributable

(µmol/L) (%) ratio percent percent

Highest 1 89 9.4 10.1 1 0.0 0.0

2 128 9.8 12.5 1.2 19.2 1.0

3 534 11.9* 28.7* 2.8 64.8 33.7

4 144 14.9* 52.1* 5.2 80.6 20.6

Lowest 5 70 16.5* 58.6* 5.8 52.8 11.6

(Total 66.9)

1 = index combines plasma folate, vitamin B12 and PLP concentration; high 1) = all
three B vitamins > 70th percentile; 2 = all vitamins > 50th, at least 1 < 70th percentile;
3 = vitamins above and below the 50th percentile; 4 = all vitamins < 50th percentile, at
least 1 > 30th percentile; low (5) = all three vitamins < 30th percentile.*Significantly dif-
ferent from category 1 (p<0.01).



indicated that the trends for prevalence of stenosis
≥ 25 percent were not significantly different for men
and women (p=0.07).

The associations between carotid stenosis and
plasma vitamins are shown in Table 2. The preva-
lence of stenosis ≥ 25 percent was inversely associ-
ated with both folate (ptrend < 0.001) and pyridoxal-
5'-phosphate (ptrend = 0.03) after adjustment for
age, sex and other risk factors. The odds ratio for
stenosis was 1.9 (95 percent confidence interval:
1.3 to 2.7) in the lowest folate quartile and 1.6 (95
percent confidence interval: 1.1 to 2.4) in the lowest
pyridoxal-5'-phosphate quartile. Plasma vitamin B12

exhibited a weak association with stenosis (Ptrend =
0.11). The odds ratio for stenosis was 1.4 (95 per-
cent confidence interval: 0.9 to 2.1) in the lowest
vitamin B12 quartile compare with the highest quar-
tile. Adjustment for homocysteine diminished the
strength of plasma vitamin associations, but the ele-
vated prevalence of stenosis in the lowest plasma
folate quartile remained evident (odds ratio: 1.5; 95
percent confidence interval: 1.0 to 2.3).

These data suggest an important role for nutri-
tional status in homocysteine metabolism. We have
demonstrated strong, non-linear, inverse associa-
tions between homocysteine concentrations and
plasma concentrations of folate, vitamin B12, and
vitamin B6. We observed that individuals with low
levels of each of these vitamins had high plasma
homocysteine concentrations, while those with
moderate vitamin levels had dramatically lower
homocysteine concentrations. Homocysteine levels
did not differ substantially between individuals with
moderate and high vitamin concentrations.

The results for folate and vitamin B6 intake data

are consistent with those for the plasma vitamins.
Although it is risky to attribute discrete quantitative
values based on this method of dietary assess-
ment,22 it still may be worth noting that homocys-
teine concentrations were elevated among individu-
als with folate intakes up to 280 µg/day, which is
higher than the current RDA of 200 and 180 µg/day
for adult men and women, and vitamin B6 intakes
as high as 1.92 mg/day, which is less than the RDA
of 2.0 mg/day for men but greater than the RDA of
1.6 mg/day for women. 

Adequate levels of all three vitamins may be need-
ed to obtain an optimal homocysteine concentra-
tion. Using the index based on levels of all three vit-
amins, we estimated that approximately two-thirds
of the cases of elevated homocysteine concentration
in this cohort were associated with low or moderate
plasma levels of one or more of the three vitamins. 

Our findings also provide evidence that plasma
homocysteine levels are associated with extracranial
carotid stenosis in a population-based, elderly
cohort. We observed that risk of stenosis ≥ 25 per-
cent was increased at homocysteine concentrations
previously believed to be normal based on levels of
homocysteine among normative samples. As in our
previous analysis, we defined elevated plasma
homocysteine as concentrations greater than 14
µmol/L (90th percentile among individuals with
apparently adequate folate, vitamin B12 and vita-
min B6 status). Stampfer et al.23 defined elevated
homocysteine as concentrations greater than 15.8
µmol/L (95th percentile among non-diseased con-
trol subjects). Joosten et al.24 defined elevated
homocysteine as concentrations greater than 13.9
µmol/L (mean plus 2 standard deviations among
healthy young controls). Genest and coworkers25

reported 90th and 95th percentile values of 15.0 and
19.0 µmol/L among their normal controls. In the
present study we observed that risk of stenosis was
elevated at levels of homocysteine between 11.4
and 14.3 µmol/L. These data will require us to
reconsider the current beliefs regarding standards
for elevated homocysteine. 

We also examined the relationships between spe-
cific nutritional determinants of hyperhomocys-
teinemia and stenosis in this elderly cohort. We fur-
ther demonstrated that folate and pyridoxal-5'-
phosphate were linked to stenosis, in large part, due
to their regulation of plasma homocysteine levels as
indicated by the diminished odds ratios between
stenosis and these vitamins after adjustment for
homocysteine levels. Although there was some
residual association between plasma folate and
stenosis after adjustment for homocysteine, the like-
lihood ratio test statistic would suggest that addi-
tion of folate to a model containing homocysteine
did not add any significant contribution. It is likely
that measurement error and biological variability in
both folate and homocysteine might explain the
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Folate (ug/L)

N Odds
Ratio

95% CI* p value Odds
Ratio

95% CI* p value

 <2.51
 2.51-4.31
 4.32-7.92
 ³7.93

Ptrend

1,027 1.9 
1.4
1.2
1.0

1.3,2.7
1.0,2.0
0.8,1.8

0.001
0.08
0.28

<0.001

1.5
1.3
1.2
1.0

1.0,2.3
0.9,1.9
0.8,1.8

0.04
0.24
0.35

0.05

Vitamin B12(ng/L)
 <290
 290-405
 406-572
 ³573

Ptrend

 881 1.4
1.4
1.3
1.0

0.9,2.1
0.9,2.0
0.9,2.0

0.11
0.14
0.16

0.11

1.2
1.2
1.3
1.0

0.8,1.8
0.8,1.8
0.9,1.9

0.41
0.36
0.24

0.47

Vitamin B6 (nmol/L)
 <31.61
 31.91-52.19
 52.20-89.80
 ³89.81

Ptrend

967 1.6
1.1
1.2
1.0

1.1,2.4
0.7,1.6
0.8,1.7

0.02
0.67
0.48

0.03

1.3
1.0
1.1
1.0

0.9,2.0
0.6,1.4
0.7,1.6

0.15
0.80
0.71

0.2

Adjusted for multiple risk factors Adjusted for multiple risk factors
plus homocysteine

Table 2. Odds ratios of maximal extracranial carotid artery
stenosis > 25 percent according to quartile of plasma vitamin
concentrations.

*CI: confidence interval.



residual folate association. 
We demonstrated that the majority of these elder-

ly individuals with elevated homocysteine concen-
trations have insufficient folate, vitamin B12 or vita-
min B6 status, and others have shown that innocu-
ous vitamin supplementation regimens (including
folate, B12, and B6) effectively lower moderately ele-
vated plasma homocysteine levels to the normal
range.10,18,26-33

Results of our studies provide the rationale for a
randomized, controlled trial of the effect of homo-
cysteine-lowering vitamin therapy on vascular dis-
ease morbidity and mortality in hyperhomocysteine-
mic, elderly individuals. The relevance of this topic
was emphasized at the Meeting on Basic, Laboratory
and Clinical Aspects of Thromboembolic Diseases, held in
La Thuile, Italy, on March 17-23, 1996, and two
papers presented on that occasion are reported in
this issue of Haematologica. While the first winter
meeting held in 1994 was mainly devoted to genetic
disorders responsible for venous thrombosis,32-36 the
1996 one highlighted the relevance of acquired dis-
orders as a cause of arterial thrombosis.
©1997, Ferrata Storti Foundation

References
1. McCully KS. Vascular pathology of homocysteinemia: implications

for the pathogenesis of arteriosclerosis. Am J Pathol 1969; 56:111-
28.

2. Wilcken DEL, Wilcken B. The pathogenesis of coronary artery dis-
ease: a possible role for methionine metabolism. J Clin Invest 1976;
57:1079-82.

3. Ueland PM, Refsum H, Brattstrom L. Plasma homocysteine and car-
diovascular disease. In: Francis RBJ, ed. Atherosclerotic cardiovascu-
lar disease hemostasis and Endothelial Function. New York:Marcel
Dekker; 1992. p. 183-236.

4. Boushey J, Beresford SAA, Omenn GS, Motulsky AG. A quantitative
assessment of plasma homocysteine as a risk factor for vascular dis-
ease. Probable benefits of increasing folic acid intakes. JAMA 1995;
274:1049-57.

5. Ueland PM, Refsum H. Plasma homocysteine, a risk factor for vascu-
lar disease: plasma levels in health, disease, and drug therapy. J Lab
Clin Med 1989; 114:473-501.

6. Mudd SH. Homocystinuria and homocysteine metabolism: selected
aspects. In: Nyhan WL, ed. Heritable disorders of amino acid metab-
olism. New York: John Wiley & Sons; 1974. p. 429-51.

7. Selhub J, Miller JW. The pathogenesis of homocysteinemia: interrup-
tion of the coordinate regulation by S-adenosylmethionine of the
remethylation and transsulfuration of homocysteine. Am J Clin Nutr
1992; 55:131-8.

8. Kang S-S, Wong PWK, Norusis M. Homocysteinemia due to folate
deficiency. Metabolism 1987; 36:458-62.

9. Brattstrom L, Israelsson B, Lindgarde F, Haltberg B. Higher total
plasma homocysteine in vitamin B12 deficiency than in heterozygosity
for cystathionine ß-synthase deficiency. Metabolism 1988; 37:175-8.

10. Brattstrom LE. Israelsson B, Jeppsson JO, Hultberg BL. Folic acid-an
innocuous means to reduce plasma homocysteine. Scan J Clin Lab
Invest 1988; 48:215-21.

11. Stabler SP, MarcellP D, Podell ER, Allen RH, Savage DG, Linden-
baum J. Elevation of total homocysteine in the serum of patients
with cobalamin or folate deficiency detected by capillary gas chro-

matography-mass spectrometry. J Clin Invest 1988; 81:466-74.
12. Lindenbaum J, Savage, DG, Stabler SP, Allen, RH. Diagnosis of

cobalamin deficiency: II. Relative sensitivities of serum cobalamin,
methylmalonic acid, and total homocysteine concentrations. Am J
Hematol 1990; 34:99-107.

13. Park YK, Linkswiler H. Effect of vitamin B6 depletion in adult man on
the excretion of cystathionine and other methionine metabolites. J
Nutrition 1970; 100:110-6.

14. Smolin LA, Benevenga NJ Accumulation of homocyst(e)ine in vitamin
B6 deficiency: a model for the study of cystathionine B-synthase defi-
ciency. J Nutrition 1982; 112:1264-72.

15. Smolin LA, Benevenga NJ. Factors affecting the accumulation of
homocyst(e)ine in rats deficient in vitamin B6. J Nutrition 1984;
114:103-11.

16. Smolin LA, Benevenga NJ, Berlow S. The use of betaine for the treat-
ment of homocystinuria. J Pediatr 1981; 99:467-72.

17. Smolin LA, Crenshaw TD, Kurtycz D, Benevenga NJ. Homocyst(e)ine
accumulation in pigs fed diets deficient in vitamin B6: relationship to
atherosclerosis. J Nutr 1983; 113:2122-33.

18. Ubbink JB, Vermaak WJH, van der Merwe A, Becker PJ. Vitamin B-12,
vitamin B-6 and folate nutritional status in men with hyperhomocys-
teinemia. Am J Clin Nutr 1993; 57:47-53.

19. Selhub J, Jacques PF, Wilson PWF, Rush D, Rosenberg IH. Vitamin
status and intake as primary determinants of homocysteinemia in an
elderly population. JAMA 1993; 270:2693-8.

20. Selhub J, Jacques PF, Bostom AG, et al. Plasma homocysteine and
extracranial carotid stenosis in the framingham heart study. N Engl J
Med 1995; 332:286-91.

21. Dawber TR, Moore FE, Mann GV. Coronary heart disease in the
Framingham study. Am J Public Health 1957; 47(suppl):4-24.

22. Willett W. Nutritional Epidemiology. New York:Oxford University
Press; 1990. p. 92-126.

23. Stampfer MJ, Malinow MR, Willett WC, et al. A prospective study of
plasma homocyst(e)ine and risk of myocardial infarction in US physi-
cians. JAMA 1992; 268:877-81.

24. Joosten E, van den Berg A, Riezler R, et al. Metabolic evidence that
deficiencies of vitamin B-12 (cobalamin), folate, and vitamin B-6
occur commonly in elderly people. Am J Clin Nutr 1993; 58:468-76.

25. Genest JJ, McNamara JR, Salem DN, Wilson PWF, Schaefer EJ,
Malinow MR. Plasma homocyst(e)ine levels in men with premature
coronary artery disease. J Am Coll Cardiol 1990; 16:1114-9.

26. Brattstrom L, Israelsson B, Norrving B, et al. Impaired homocysteine
metabolism in early-onset cerebral and peripheral occlusive arterial
disease. Effects of pyridoxine and folic acid treatment. Athero-
sclerosis 1990; 81:51-60.

27. Dudman NPB, Wilcken DEL, Wang J, Lynch JF, Macey D, Lundberg
P. Disordered methionine/homocysteine metabolism in premature
vascular disease: its occurrence, cofactor therapy, and enzymology.
Arterioscler Thromb 1993; 13:1253-60.

28. Franken DG, Boers GHJ, Blom HJ, Trijbels JMF. Effect of various regi-
mens of vitamin B-6 and folic acid on mild hyperhomocysteinemia in
vascular patients. J Inher Metab Dis 1994; 17:159-62.

29. Glueck CJ, Shaw P, Lang JE, Tracy T, Sieve-Smith L, Wang Y. Evidence
that homocysteine is an independent risk factor for atherosclerosis in
hyperlipidemic patients. Am J Cardiol 1995; 55:132-9.

30. Lindgren F, Israelsson B, Lindgren A, Hultberg B, Andersson A, Bratt-
strom L. Plasma homocysteine in acute myocardial infarction: homo-
cysteine-lowering effect of folic acid. J Intern Med 1995; 237:381-8.

31. Ubbink JB, Vermaak WJH, van der Merwe A, et al. Vitamin require-
ments for the treatment of hyperhomocysteinemia in humans. J Nutr
1994; 124:1927-33.

32. Dahlbäck B. Inherited resistance to activated protein C, a major
basis of venous thrombosis, is caused by deficient anticoagulant
cofactor function of factor V. Haematologica 1995; 80(suppl. to no.
2):102-13.

33. Amiral J. Research and development strategies in hemostasis and
thrombosis. Haematologica 1995; 80:14-24.

34. Ascari E, Siragusa S, Piovella F. The epidemiology of deep vein
thrombosis and pulmunary embolism. Haematologica 1995; 80
(suppl to no. 2):36-41.

35. Prandoni P, Villalta S, Polistena P, Bernardi E, Cogo A, Girolami A.
Symptomatic deep-vein thrombosis and the post-thrombotic syn-
drome. Haematologica 1995; 80(suppl. to no. 2):42-8.

36. Girolami A, Prandoni P, Simioni P, Girolami B, Scarano L, Zanon E.
The pathogenesis of venous thromboembolism. Haematologica
1995; 80(suppl. to no. 2):25-35.

J. Selhub132




