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Homocysteine is a sulfur-containing amino acid
derived from methionine (1). It is converted by folate, vit-
amin B12 and B6 to cysteine, or can be recycled into
methionine. Homocysteine levels in blood increase with
age and with diminishing renal function, but are largely
determined by dietary intake and levels of vitamins
B12, B6, and folate (2). In recent years, studies have
shown that hyperhomocysteinemia might be a risk fac-
tor for vascular disease, brain atrophy, cognitive impair-
ment, Alzheimer disease (AD), depression, and several
neuropsychiatric diseases (3-6). 

In this issue, Tu and colleagues evaluated 92 AD
patients, investigating the relationship between cogni-
tion change, plasma homocysteine level, and white mat-
ter hyperintensities (WMH) (7). They found that homo-
cysteine levels did not differ between AD patients and
controls, and homocysteine levels did not correlate with
cognitive scores. However, plasma homocysteine levels
were associated with rapid cognitive decline and higher
WMH in the trigone area on brain magnetic resonance
imaging (MRI). 

Previous studies relating homocysteine levels to
dementia risk have shown inconsistent results (8-13).
However, a recent meta-analysis evaluated nine qualita-
tively good case-control studies, finding a pooled stan-
dardized mean difference in homocysteine levels of 1.04
(0.44-1.63), for 631 patients with AD and 703 controls

(4). The findings strongly suggest that levels of homocys-
teine are higher in AD, most likely caused by lower
folate, vitamin B12, and possibly vitamin B6 levels dur-
ing disease. The study also analyzed three prospective
cohort studies (2569 subjects), and found that hyperho-
mocysteinemia gave a pooled relative risk for AD of 2.5
(1.38-4.56) (4). The reason that total plasma homocys-
teine levels did not differ between AD patients (12.9
7.3) and age-matched controls (12.1 4.4) in the Tu et
al. study (7) is not clear. In 17 case-control studies identi-
fied from Pubmed, Embase, Psychinfo and other web-
sites (4), all except one found much higher total plasma
homocysteine levels in AD patients than observed in the
Tu et al. study. Plasma homocysteine levels in the con-
trol groups in the Tu et al. study (7) were in the middle
range of the 17 case-control studies (4). This suggests fur-
ther study is warranted to investigate the relationship
between homocysteine and AD in Taiwanese popula-
tions.

Although results are somewhat inconsistent (14,15),
most studies confirmed that hyperhomocysteinemia is a
risk factor for atherosclerotic diseases and thromboem-
bolic events (16,17). Increasing evidence suggests that cere-
bral vascular pathology may be synergistic with AD
pathology, leading to earlier onset of clinical dementia
symptoms and more severe dementia than would have
been produced by AD pathology alone (18,19).
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Homocysteine levels also correlate with WMH and
increased risk of small- and large-vessel disease (20).
Nevertheless, several studies including the Tu et al.
study (7) and a very similar study (21) support that WMH
does not mediate the association between homocysteine
and cognition (22). 

The mechanisms by which homocysteine affect cog-
nitive function remain controversial. Several studies sug-
gested that hyperhomocysteinemia in persons with cog-
nitive impairment or dementia are not causative, but
reflect concomitant vascular disease (23). Some studies
proposed that S-adenosylhomocysteine (SAH) is a better
marker of AD development than homocysteine (24,25).
Methionine is activated to S-adenosylmethionine
(SAM), which is required for numerous methylation
reactions (6). SAH is produced from SAM through release
of the methyl group. Elevated SAH concentrations
antagonistically reduce the SAM-dependent methylation
capacity, impairing cell functions, increase DNA dam-
age, and perturb myelin biosynthesis in the brain (6). Popp
and colleagues found that phosphorylated tau is more
strongly associated with SAH than homocysteine (24).
Another study supported SAH-induced, rather than
homocysteine-induced cytotoxic changes in endothelial
cells in culture (26). The importance of SAH in endothelial
cell pathology also explains why, even with adequate
lowering of homocysteine levels, no significant benefi-
cial effects have been seen with combined folate and vit-
amin B12 treatment, with or without vitamin B6, in sev-
eral clinical interventional trials on cardiovascular disor-
ders (27).

Giving the continuing debate on the role of homo-
cysteine in cardiovascular and neurodegenerative disor-
ders, additional prospective studies on homocysteine are
warranted.  

REFERENCES

1. Newton LA, Sandhu K, Livingstone C, Leslie R, Davis J.

Clinical diagnostics for homocysteine: a rogue amino acid?

Expert Rev Mol Diagn 2010;10:489-500.

2. Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH.

Vitamin status and intake as primary determinants of homo-

cysteinemia in an elderly population. JAMA 1993; 270:

2693-2698.

3. Sachdev PS. Homocysteine and brain atrophy. Prog

Neuropsychopharmacol Biol Psychiatry 2005;29:1152-

1161.

4. Van Dam F, Van Gool WA. Hyperhomocysteinemia and

Alzheimer’s disease: A systematic review. Arch Gerontol

Geriatr 2009;48:425-430.

5. Graham IM, Daly LE, Refsum HM, Robinson K,

Brattström LE, Ueland PM, Palma-Reis RJ, Boers GH,

Sheahan RG, Israelsson B, Uiterwaal CS, Meleady R,

McMaster D, Verhoef P, Witteman J, Rubba P, Bellet H,

Wautrecht JC, de Valk HW, Sales Lúis AC, Parrot-Rouland

FM, Tan KS, Higgins I, Garcon D, Andria G, Plasma

homocysteine as a risk factor for vascular disease. The

European Concerted Action Project. JAMA. 1997;277:

1775-1781.

6. Stanger O, Fowler B, Piertzik K, Huemer M, Haschke-

Becher E, Semmler A, Lorenzl S, Linnebank M.

Homocysteine, folate and vitamin B12 in neuropsychiatric

diseases: review and treatment recommendations. Expert

Rev Neurother 2009;9:1393-1412.

7. Tu MC, Huang CW, Chen NC, Chang WN, Lui CC, Chen

CF. Hyperhomocysteinemia in Alzheimer dementia patients

and cognitive decline after 6 months follow-up period. Acta

Neurological Taiwanica 2010. Acta Neurol Taiwan 2010;

19:164-173.

8. Ariogul S, Cankurtaran M, Dagli N, Khalil M, Yavuz B.

Vitamin B12, folate, homocysteine and dementia: are they

really related? Arch Gerontol Geriatr 2005;40:139-146.

9. Gunstad J, Bausserman L, Paul RH, Tate DF, Hoth K,

Poppas A. C-reactive protein, but not homocysteine, is

related to cognitive dysfunction in older adults with cardio-

vascular disease. J Clin Neurosci 2006;13:540-546. 

10. Haan MN, Miller JW, Aiello AE, Whitmer RA, Jagust WJ,

Mungas DM. Homocysteine, B vitamins, and the incidence

of dementia and cognitive impairment: results from the

Sacramento Area Latino Study on Aging. Am J Clin Nutr

2007;85:511-517. 

11. Mooijaart SP, Gussekloo J, Frolich M, Jolles J, Stott DJ,

Westendorp RG, de Craen AJ. Homocysteine, vitamin B12,

and folic acid and the risk of cognitive decline in old age:

the Leiden 85-Plus Study. Am J Clin Nutr 2005;82:866-



152

Acta Neurologica Taiwanica Vol 19 No 3 September 2010

871. 

12. Seshadri S. Elevated plasma homocysteine levels: risk fac-

tor or risk marker for the development of dementia and

Alzheimer’s disease? J Alzheimers Dis 2006;9:393-398. 

13. Seshadri S, Beiser A, Selhub J, Jacques PF, Rosenberg IH,

D’Agostino RB. Plasma homocysteine as a risk factor for

dementia and Alzheimer’s disease. N Engl J Med

2002;346:476-483.

14. Bloemenkamp DG, Mali WP, Tanis BC, Rosendaal FR,

Den Bosch MA, Kemmeren JM. The relation between

Helicobacter pylori and atherosclerosis cannot be explained

by a high homocysteine concentration. Eur J Clin Invest

2002;32:549-555. 

15. Ford ES, Smith SJ, Stroup DF, Steinberg KK, Mueller PW,

Thacker SB. Homocysteine and cardiovascular disease: a

systematic review of the evidence with special emphasis on

case-control studies and nested case-control studies. Int J

Epidemiol 2002;31:59-70.

16. Humphrey LL, Fu R, Rogers K, Freeman M, Helfand M.

Homocysteine level and coronary heart disease incidence: a

systemic review and meta-analysis. Mayo Clin Proc 2008;

83:1203-1212.

17. Casas JP, Bautista LE, Smeeth L, Sharma P, Hingorani AD.

Homocysteine and stroke: evidence on a causal link from

Mendelian randomization Lancet 2006;365:224-232.

18. Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner

PA, Markesbery WR. Brain infarction and the clinical

expression of Alzheimer disease. The Nun Study. JAMA

1997;277:813-817.

19. Kovari E, Gold G, Herrmann FR, Canuto A, Hof PR,

Michel JP. Cortical microinfarcts and demyelination signif-

icantly affect cognition in brain aging. Stroke 2004;35:

410-414.

20. Wright CB, Paik MC, Brown TR, Stabler SP, Allen RH,

Sacco RL. Total homocysteine is associated with white

matter hyperintensity volume: The Northern Manhattan

Study. Stroke 2005;36:1207-1211.

21. Huang CW, Chang WN, Lui CC, Chen CF, Lu CH, Wang

YL, Chen C. Impacts of Hyper-Homocysteinemia and

White Matter Hyper-intensity in Alzheimer’s Disease

Patients with Normal Creatinine: An MRI-Based Study

with Longitudinal Follow-Up. Curr Alzheimer Res 2010;7:

527-533.

22. Dufouil C, Alpérovitch A, Ducros V, Tzourio C.

Homocysteine, white matter hyperintensities, and cognition

in healthy elderly people. Ann Neurol 2003;53:214-221.

23. Miller AL. The methionine-homocysteine cycle and its

effects on cognitive diseases. Altern Med Rev 2003;8:7-19.

24. Popp J, Lewczuk P, Linnebank M, Cvetanovska G,

Smulders Y, Kolsch H, Frommann I, Kornhuber J, Maier

W, Jessen F. Homocysteine metabolism and cerebrospinal

fluid markers for Alzheimer’s disease. J Alzheimers Dis

2009;18,819-828.

25. Chang PY, Lu SC, Chen CH. S-adenosylhomocysteine: a

better marker of the development of Alzheimer’s disease

than homocysteine? J Alzheimers Dis 2010;21:65-66.

26. Chang PY, Lu SC, Lee CM, Chen YJ, Dugan TA, Huang

WH. Homocysteine inhibits arterial endothelial cell growth

through transcriptional downregulation of FGF2 involving

G protein and DNA methylation. Circ Res 2008;102,933-

941.

27. Ciaccio M, Bellia C. Hyperhomocysteinemia and cardio-

vascular risk: effect of vitamin supplementation in risk

reduction. Curr Clin Pharmacol 2010;5:30-36.


