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Background: Alzheimer's disease is the most common form
of dementia in the elderly. Serum levels of homocysteine have
been related to increased cortical and hippocampal atrophy.
We aimed to determine the serum levels of homocysteine,
folate, and vitamin B, in patients with Alzheimer's disease.

Methods: Blood levels of homocysteine and its biological
determinants, folate, and vitamin B12 were measured in 51
patients who were diagnosed as having Alzheimer's disease
according to DSM-IV criteria and compared with the serum
levels obtained from 49 control individuals.

Results: The mean serum homocysteine concentration was
significantly higher in patients with Alzheimer's disease than
the controls (20.4 £ 16.5 pmol/L v 14.5 + 5 pmol/L; P= 0.02).
There were no statisticaly significant differences between the
mean serum levels of vitamin B, (P=0.6) and folate (P= 0.3)
in the patients and the controls. There was no correlation be-
tween age and serum homocysteine concentration in both
groups (P= 0.8).

Conclusion: Serum homocysteine concentration was signifi-
cantly higher in the patients with Alzheimer's disease. This
biomarker might be considered as a predictor of cognitive per-
formance
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Introduction

Izheimer's disease is a progressive neurologic disor-
- der that results in memory loss, personality changes,

global cognitive dysfunction, and functional impair-
ments. Loss of short-term memory is most prominent early. In
late stages of the disease, patients are totally dependent upon
others for basic activities of daily living such as feeding and
toileting."*

Alzheimer's disease is the most common form of dementia
in the elderly, accounting for 60-80% of cases. It is estimated
to affect more than four million Americans.®® The cause of
neuronal death in Alzheimer's disease in key parts of the brain,
such as the hippocampus, is not known.
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The amino acid homocysteine may be an in-
dependent risk factor for cognitive decline and
dementia, however, the evidence is conflicting.”*
Homocysteine levels are associated with in-
creased cortical and hippocampal atrophy, indi-
rectly supporting a role in Alzheimer's dis-
ease.”" ™ Elevated blood homocysteine and
cholesterol levels, hypertension, and insufficient
exercise are all being explored as the Epotential
risk factors for Alzheimer's disease.'"*

Several investigators have found inverse
associations between objective measures of
cognitive function and plasma homocysteine
concentrations in patients with Alzheimer's dis-
ease and other psychogeriatric disorders.'®%
However, other researchers found no signifi-
cant association in this regard.”**’

Homocysteine is also a sensitive indicator
of folate and cobalamin deficiencies. Some
other studies have demonstrated inverse as-
sociations between Alzheimer's disease and
folate and vitamin B, levels.™#?%32

It is important to reveal, whether there is a
relationship between cognitive function and
plasma levels of homocysteine, folate, and
vitamin B, because they might be modifiable
risk factors for dementia. The aim of this study
was to explore this potential relationship.

Patients and Methods

Between October 2006 and November 2007,
51 patients aged 55 years or older, who were
diagnosed as having Alzheimer's disease ac-
cording to DSM-IV criteria, were consecutively
referred to the senior investigator in Motahari
Clinic affiliated to Shiraz University of Medical
Sciences. Liver and renal function tests, serum
electrolyte levels, Wright, 2-ME (2- mercap-
toethanol), and thyroid function tests were re-
guested for all the patients before enrollment in
the study. All the patients underwent a brain
imaging study (computed tomography or mag-
netic resonance imaging).

Inclusion criteria were diagnosis of Alz-
heimer's disease according to DSM-IV criteria,
and age of 50 years old or more.

Exclusion criteria were a history of gastric
surgery, neoplasia, hepatorenal disease,
malabsorption syndromes, vegetarianism, thy-
roid disease, or using homocysteine, folate, or
cobalamin disruptive medications, and evi-
dence of multi-lacunar infarction, normal pres-
sure hydrocephaly, brain mass, subdural he-
matoma, or any gross pathological findings in
neuroimaging except for cortical and hippo-
campal atrophy. Forty nine volunteers of similar
age, without a diagnosis of Alzheimer's disease
or other major neurodegenerative diseases
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who satisfied our exclusion criteria served as
control group.

Venous blood samples were obtained for
measurement of plasma homocysteine, folate,
and vitamin B3, from the participants after over-
night fasting. Serum separation and freezing
were performed within one hour of venipunc-
ture. Serum total homocysteine levels were
measured by homocysteine enzyme immuno-
assay (EIA) (Axis-shield diagnostic. UK).
Plasma levels of vitamin B, and folate were
measured by simulTRAC-SNB radioimmunoas-
say (RIA) (DRG instruments. GmbH. Germany).

This study was approved by the ethical
committee of Shiraz University of Medical Sci-
ences and informed consents were obtained
from the participants.

Statistical Analysis

In primary analyses on 10 persons (five
from each group), and based on difference in
the mean levels of the two groups (diff = 5.7)
and their shared standard deviation (SD = 10)
at the error level of alpha = 0.05 and
power=80%, the number of participants in two
groups was determined as 49 persons in each
of them. The data were analyzed using SPSS
software version 9. Mean values for age, body
mass index, and blood levels of the variables
were compared among the patients and con-
trols using independent t test and their correla-
tion by Pearson Chi square and Pearson corre-
lation coefficient tests, and P value < 0.05 was
considered as statistically significant.

Results

In this case-control study, 51 patients with the
diagnosis of Alzheimer's disease (18 women
and 33 men) and 49 control individuals (23
women and 26 men) were enrolled. Overall,
the patients were older than controls
(P=0.005), however, there were no statistically
significant differences regarding the gender
distribution (P=0.2) and body mass index
(P=0.7) between the two groups.

The mean serum homocysteine concentra-
tion was significantly higher in patients com-
pared with the controls (P = 0.02). The mean
serum levels of vitamin By, and folate in the pa-
tients and controls were not statistically different
(P=0.6 and P=0.3 respectively). Demographic
characteristics and mean levels of the metabolic
parameters are summarized in tables 1 and 2.

Discussion

There is controversy on the relationship be-
tween serum homocysteine level and cognitive
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Table 1: Demographic characteristics of the participants in both groups

Parameter Control group (n=49) Patients group (n=51) P value
Men 26

Gender Women 23 0.2

Age (mean + SD) 68 +8 75+ 16 0.005

BMI (kg/m?) 24+5 5+ 16 0.7

BMI: body mass index, SD: standard deviation

Table 2: Serum homocysteine, vitamin Bi,, and folate levels in controls and patients (mean + SD)

Control group Patients group P value
Homocysteine (umol/l) 145+5 20.4+16.5 0.02
Vitamin B, (pg/ml) 364 + 286 390 + 246 0.6
Folate (ng/ml) 7+3.8 6.4+2.9 0.3

SD: standard deviation, There were no correlations between age, gender, and body mass index and serum homocys-

teine levels in the patients and control groups.

performance. In the present case-control study,
we found statistically significant higher serum
levels of homocysteine in patients with Alz-
heimer's disease compared with controls despite
similar concentrations of vitamin B, and folate in
the two groups. Moderately elevated levels of
homocysteine are common in the population and
increase with advanced age.**** Several studies
have reported that plasma homocysteine con-
centration is correlated with deveIoPment or pro-
gression of Alzheimer's disease.”® If elevated
plasma level of homocysteine is correlated with
cognition in different pathological conditions as
well as normal aging, it is worthy to find whether
this correlation is disease specific. In present
study, we found no correlation between serum
homocysteine levels and age or gender in the
two groups, although control individuals were
younger than the patients.

In accordance with our results, McCaddon
and co-workers showed in their case-control
study that plasma homocysteine level was sig-
nificantly higher in patients with Alzheimer and
this increased level did not mimic the age-
related elevation, suggesting a pathological
role for hyperhomocysteinemia in senile Alz-
heimer type of dementia.*

Two studies by Renvall and Joosten reported
similar findings.”** Seshadri and colleagues in
the cohort of Framingham study reported a two
fold increased risk of Alzheimer's disease for in-
dividuals in the highest quartile of homocysteine
levels even after adjustment for age.’

On the contrary, Luchsinger and others ob-
served a modest, insignificant association be-
tween the highest homocysteine quartiles and
Alzheimer disease and found that the associa-
tion between homocysteine level and the dis-
ease was confounded by age.”’

Some other studies concluded that elevated
plasma homocysteine levels did not seem to be a
primary cause of Alzheimer's disease but rather a
reflection of concomitant vascular disease in such
patients.”*?** Ariogul and co-workers did not

show any correlation between plasma homocys-
teine, vitamin B;,' and folate levels and cognitive
performance.” In addition they did not detect any
significant correlation between homocysteine lev-
els and a positive history for coronary artery dis-
ease or cerebrovascular events.”

On the other hand, Bell and colleagues
showed a correlation between homocysteine
levels and poor cognition in depressed elderly
inpatients without cardiovascular disease.*’

Although the explanations for these findings
are not clear, some possible mechanisms may
include the direct neurotoxic effect of homocys-
teine on neuronal tissues and impaired neuro-
transmitter synthesis that can lead to neuronal
degeneration and white matter atrophy.”***%®
Homocysteine may activate the N-methyl-D-
aspartate receptor or convert into homocysteic
acid and indirectly leads to neuronal death.*"*

High plasma homocysteine level is a risk fac-
tor for vascular disease, however, the association
between homocysteine and Alzheimer's disease
has been also observed in patients without evi-
dence of cerebrovascular disease. Therefore
other possible mechanisms might be considered
as the etiology of Alzheimer's disease.*#?%#%4%4*

It is well known that subcortical ischemic le-
sions are prevalent in Alzheimer's disease.
And postmortem studies have shown that
about 60% of patients with Alzheimer's disease
have white matter ischemic lesions, though not
severe enough to cause complete infarctions.”®
Clarke and colleagues in their case-control
study with longitudinal assessment of dementia
and subsequent histopathological confirmation
of the types of dementia found that the patients
with elevated plasma homocysteine levels at
the first visit had more rapid atrophy of the me-
dial temporal lobe during a 3-year follow-up
than those with lower homocysteine levels.'®

Plasma homocysteine concentration is a
function of a complex interaction between multi-
ple genetic and environmental factors. Some
investigators attributed the difference between
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homocysteine levels in patients with Alzheimer's
disease and controls to nutritional factors and
concluded that lower folate and cobalamin lev-
els were likely to be the Primarzy determinants of
elevated homocysteine. 823293141
Another point to be mentioned is that clinical
deficiencies of B vitamins have been implicated
in brain-related disorders including reversible
dementia, depression, and electrophysiological
dysfunction such as conwulsions.?**"%%
Ellison and co-workers systematically reviewed
the studies on the correlation between the serum
cobalamin, folate, and homocysteine levels with
cognitive function and concluded that there was
an association between plasma homocysteine
level and cognitive impairment in the elderly, how-
ever, they did not find a correlation between low
levels of cobalamin or folate and cognitive de-
cline.* The results of the present study showed
that plasma vitamin B, and folate levels were not
different between patients and control subjects.
Ravalgia and colleagues in their prospective
study showed that elevated serum homocys-
teine and low serum folate concentrations are
independent predictors of the development of
dementia and Alzheimer's disease, whereas the
association was not significant for vitamin By,.*°
McCaddon and others showed no signifi-
cant role for cobalamin, folate, and retinol bind-
ing protein levels as the indicators of nutritional
status but they reported a highly significant
difference in homocysteine levels between pa-
tients with Alzheimer and control subjects.*
The association between low serum folate
and vitamin B, levels with Alzheimer's disease
might be related to their effects on methylation
reactions in the brain or can be mediated by
their effects on homocysteine levels.”

Conclusion

The present study revealed significantly higher
plasma homocysteine concentration in patients
with Alzheimer's disease. So this biomarker
might be considered as a predictor of cognitive
performance.

Further investigations are needed to clarify
whether this correlation modifies cognitive decline.
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