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ABSTRACT

Background: Evidence supports an independent association be-
tween plasma total homocysteine concentrations and the risk of
vascular disease. Recent epidemiologic studies reappraised the
possihility that vascular risk factors might play arole in the patho-
genesis not only of vascular dementia (VaD) but also of Alzheimer
disease (AD).

Objective: The objective was to investigate the relations of mild
cognitive impairment, AD, and VaD with blood homocysteine, fo-
late, and vitamin B-12.

Design: Thestudy popul ation consisted of 314 consecutive subjects,
228 of whom wereeligiblefor analyses. Plasmatotal homocysteine,
serum folate, and serum vitamin B-12 concentrationswere measured
in 55 nondemented elderly control subjects, 81 mildly cognitively
impaired subjects (Clinical DementiaRating: 0.5), and 92 demented
patients prevalently in amild disease stage and with aclinica diag-
nosisof AD (n = 74) or VaD (n = 18).

Results: Subjectsinthelowest folatetertile had significantly higher
adjusted odds ratios (ORs) for mild cognitive impairment (OR: 3.1;
95%Cl: 1.2,8.1) and dementia(3.8; 1.3, 11.2). Hyperhomocysteine-
miawas significantly associated with dementia (adjusted OR: 4.3;
1.3,14.7) and AD (adjusted OR: 3.7; 1.1, 13.1). In subjects with a
Clinical DementiaRating of 0.5, themean (= SE) Mini-Mental State
Examination score was significantly lower (P < 0.05) in the highest
homocysteine tertile (24.5 + 0.5) than in the lowest tertile (26.6 +
0.5). No significant associ ations were found between minimum me-
dial temporal |obe thickness or leukoaraiosis and any biochemical
measure in the dementia and AD groups.

Conclusions: Thesefindings suggest that relative fol ate deficiency
may precede AD and VaD onset. Hyperhomocysteinemiamight also
bean early risk factor for cognitive declineintheelderly, but itsrole
in dementia development must be addressed in future longitudinal
studies. Am J Clin Nutr 2004;80:114-22.
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INTRODUCTION

In recent years, epidemiologic and neuropathol ogic evidence
of anassociation between Al zheimer disease (AD) andindicators
of atherosclerosis (1) or presence of braininfarcts (2) haveagain
brought into question the direct or additional contribution of
cerebrovascular abnormalities and lesions to cognitive impair-
ment and to the pathogenesis and progression of AD. Major

difficultiesin accurately diagnosing mixed formsof dementiain
life(3-5) well illustrate how unclear therel ation between AD and
vascular pathologies still is. Putative vascular risk factors not
only for vascular dementia (VaD) but aso for AD have been
investigated in several epidemiologic studies (6).

Elevated total homocysteine concentrations were first impli-
cated in the pathogenesis of arteriosclerosisin 1969 by McCully
(7), who described in a clinicopathologic study 2 children with
homocystinuria, hyperhomocysteinemia, and extensive arterial
damage. Over the next 2 decades, alarge number of epidemio-
logic studies, mainly retrospective case-control and cross-
sectional studies, have supported this hypothesis by showing a
positive relation between homocysteine concentrations and the
risk of cardiovascular, cerebrovascular, and peripheral vascular
diseases (8). Recently, 2 meta-analyses of prospective observa-
tional studies reported significant, independent associations be-
tween elevated total homocysteine concentrations and ischemic
heart disease or stroke, but reached different conclusions about
the strength of the evidence: “strong” for Wald et al (9) while“at
most modest” for the Homocysteine Studies Collaboration (10).
Although basic research has proposed multiple mechanisms by
which raised homocysteine concentrations could promote vas-
cular damage, whether hyperhomocysteinemiaisarisk factor for
vascular disease or a consequence of tissue damage or repair is
still a matter of discussion (9, 11-15).

Thepossibleadverseeffect of hyperhomocysteinemiahasal so
been investigated in AD and VaD. Heterogeneity of design and
difference in methodologic soundness aside, most cross-
sectional studies have reported significantly higher plasma ho-
mocysteine concentrations in demented patients than in control
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FIGURE 1. Study population: control subjects, subjects with Alzheimer disease, subjects with vascular dementia, and subjects with a Clinical Dementia

Rating of 0.5 (CDR 0.5), which indicates mild cognitive impairment.

subjects (16—21), but a few found no significant association
(22-25). Conflicting resultswerealso reported in 2 longitudinal,
observationa studieswith different outcomes: cognitive decline
over time (26) and incident dementia or AD (27). B vitamins
werealso reported to be associated with cognitivevariationinold
age (28). Here too, whether high homocysteine and low
B-vitamin concentrations have acausal rolein the disease patho-
genesis or are the consequences of an inadequate dietary intake
secondary to the illness remains an open issue.

Absent from any alimentary source, homocysteineisasulfur-
containing amino acid produced by the demethylation of dietary
methionine. Homocysteine is back-recycled into methionine
through a remethylation pathway involving vitamin B-12 and
folate as cofactors and cosubstrates. When methionineisin ex-
cess or cysteine is required, homocysteine is converted to cys-
teineviaapathway entailing vitamin B-6 as coenzyme, although
areduced activity of cystathionine B-synthase and the doubtful
presence of y-cystathionase in the brain (29) suggest “that, at
best, this pathway is an inefficient means of disposing of homo-
cysteinein thehuman brain” (30). Several determinantsincrease
plasmatotal homocysteine concentrations: age, male sex, meno-
pause, lifestyle, renal impairment, genetic defects, and many
diseases and drugs (31). However, an inadequate dietary intake
of nutritional factors such as B-vitamins has a mgjor effect on
homocysteinemia: some 65% of the hyperhomocysteinemia
cases among the Framingham elderly population-based cohort
could beaccounted for by inadequatefolate, or, to alesser extent,
inadequate vitamin B-12 or vitamin B-6 status and intake (32).

Thecurrent study aimed to examinethe associ ationsof plasma
total homocysteine, serum folate, and vitamin B-12 concentra-
tions with mild cognitive impairment, AD, and VaD, indepen-
dently of other vascular and nonvascular risk factors. Aware of
cross-sectional data limits, by investigating the preclinical and
the early phases of dementia in a well-defined population of
subjects, wetested the hypothesi sthat therisein homocysteine or
the reduction in folate or vitamin B-12 might already appear in
the predementia phase. The relations between biochemical vari-
ablesand neuroradiol ogic evidence of cortical atrophy and white

matter changes were used to inquire into the nature of the patho-
logic mechanisms underlying the aforementioned potential as-
sociations.

SUBJECTS AND METHODS

Subjects

The study population consisted of 314 consecutive subjects
seen at the Memory Clinic of the Ospedale dellaBeata Vergine,
Mendrisio, Switzerland. Subjects younger than 60y (n = 15),
with an isolated cognitive deficit (n = 7), affected by dementias
other than AD or VaD (n = 8), or whose plasmatotal homocys-
teine concentrations were not available (n = 11) were not in-
cluded. Becausevitamin B-12 or fol ate supplementation reduces
homocystei ne concentrationsand impaired renal metabolismin-
creases them, subjects with serum concentrations of vitamin
B-12 >600 pmol/L (n = 17), folate >30 nmol/L (n = 22), or
creatinine >180 umol/L (n = 6) werealso excluded (Figure 1).

Theremaining 228 subjectswereincluded intheanalysisand,
according to clinical diagnosis, were divided into 3 groups: 55
elderly control subjects free of cognitiveimpairment, 81 mildly
cognitively impaired subjects, and 92 demented patients (Figure
1). This last group was made up of 74 patients who met the
criteriaof the National Institute of Neurological and Communi-
cative Disorders-Alzheimer’s Disease and Related Disorders
Association and of the Consortium to Establish a Registry for
Alzheimer’ sDisease (CERAD) for probableor possible AD (33,
34) and 18 patients with a diagnosis of VaD based on CERAD
criteria(1994) and aHachinski | schemic Score modified accord-
ing to Loeb and Gandolfo (35) >4. Mild cognitive impairment
was defined clinically asalevel of 0.5 on the Clinical Dementia
Rating (CDR) scale(36). CDR 0.5isastagederived by published
rules (37) indicating a condition of questionable dementia in
which subjects exhibit a cognitive impairment insufficient to
fulfill clinical criteria for dementia. Diagnoses were based on
CERAD protocol, whichincludesaclinical history fromboththe
subjects and a collateral source, physical and neurologic exam-
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inations, neuropsychological assessment, laboratory tests, and
computed tomography, magnetic resonanceimaging scansof the
brain, or both. Following themethod described by Jobst et al (38),
medial temporal lobe measurements by computed tomography
were also madein 156 subjects (32 control subjects, 60 CDR 0.5
patients, 53 AD patients, and 11 VaD patients). Neuroradiolo-
gists were blind to the diagnoses and the clinical severity of the
subjects.

Disease stage was rated by means of the CDR scale (36, 37),
whereas the Mini-Mental State Examination (MM SE) (39)—a
brief cognitivetest widely used in clinical practice and epidemi-
ologic studies—was administered to grade the subjects’ global
cognitive impairment. The study protocol was submitted to and
approved by thelocal research ethics committee (Canton Ticino,
Switzerland).

Laboratory measures

Nonfasting blood samples were collected from consenting
patients into evacuated tubes containing EDTA, centrifuged
within 10 min, and stored at or below —20 °C until analyzed.
Plasma total homocysteine concentrations were determined by
using fluorescence polarization immunoassay technology (IMX
System; Abbott Laboratories, Abbott Park, IL). The CV for this
assay was 4.4% (normal values) and 2.2% (high values). Serum
concentrations of folate and cyanocobalamin (vitamin B-12)
were measured with aradioimmunoassay kit with theuseof °’Co
and *?°1, respectively (SimulTRAC-SNB; ICN Pharmaceutical,
Orangeburg, NY). Within-run CVs for these assays were 7.1%
for serum folate and 12.3% for cyanocobalamin.

Statistical analyses

Baseline values were compared between control subjects and
CDR 0.5 and dementiagroupswith analysisof variancefollowed
by Dunnett’s test or with a chi-square test followed by a
Bonferroni-corrected pairwise comparison test. For these post
hoc comparisons, the level of significance was set at P < 0.05.
Because of the dlightly skewed distribution of homocysteine,
folate, vitamin B-12, and creatinine, these variables were log-
transformed before analyses. The cumulative frequency distri-
butions of total homocysteine and folate concentrationsin CDR
0.5 and demented subjects were compared with those in control
subjects by using the Kolmogorov-Smirnov test.

Univariate logistic regression analysis was used to estimate
the crude odds ratios (ORs) of being in the questionable demen-
tia, dementia, or AD group in the 3 tertile concentrations of
vitamin B-12, folate, and total homocysteine. The tertiles were
subdivided according to the distribution of concentrations of
these biochemical variablesin the control group. Reference ter-
tileswerethetop onesfor vitamin B-12 andfol ate, and thebottom
one was for total homocysteine. CDR 0.5, dementia, and AD
groupswere each compared against the control group in all anal-
ysesinvolving ORs.

Total cholesterol, systolic blood pressure, body mass index,
creatinine, presenceof hypertension (ie, asystolicblood pressure
=160 mm Hg or adiastolic blood pressure =95 mm Hg, or the
use of antihypertensive drugs) or diabetes, high alcohol intake,
and smoking statusweretriedin multivariatelogistic analyses, to

look for a possible effect on the relation between dementia, AD,
and questionable dementiaand total homocysteine, serumfolate,
and serum vitamin B-12. Of these potential confounding factors,
only creatinine had an effect.

Multivariatelogistic regressions—inwhich creatininewasen-
tered together with age, sex, and education as covariates—were
used to calculate the adjusted ORs of dementia, AD, and ques-
tionable dementia of the 3 putative risk factors. In a subsequent
analysis, homocysteine, folate, and vitamin B-12 were put to-
gether inasinglemodel. For al subjectswhose apolipoprotein E
genotyping was available (n = 187), thislast |ogistic model was
separately redone including this variable.

Linear correlations between the 3 log-transformed biochemi-
cal variables were assessed by using the Pearson r correlation
coefficient. To study the associations between minimum medial
temporal lobe thickness and vitamin B-12, folate, and total ho-
mocysteineconcentrations, analysisof covariancewasappliedto
test for differences among tertiles of each biochemical variable.
Logistic regression was used to detect the presence of associa-
tions between leukoaraiosis and biochemical factors.

Because the few VaD patients showed characteristics either
similar to or more pronounced than those shown by AD patients,
comparisons between VaD and other groups were not subjected
toformal statistical testing but were only descriptively inspected.
All analyses were done by using SAS software (SAS Institute,
Cary, NC).

RESULTS

Demographic, clinical, and biochemical characteristics of the
3 groups(control, mild cognitiveimpairment, and dementia) and
2 dementia subgroups (AD and VaD) into which the study pop-
ulation was divided are shown in Table 1. Groups were well
balanced for demographic and clinical variables, although the
demented patients were dlightly older and less educated than
werethe control subjects. Thevast majority of demented patients
had mild disease severity: 78% had aCDR of 1, 20% had aCDR
of 2, and only 2% had a CDR of 3.

The mean folate concentration was significantly lower in the
CDR 0.5 group than in the control group (P < 0.05). The de-
mentiagroup had significantly (P < 0.05) lower mean folate and
higher mean homocysteine concentrations than did elderly con-
trol subjects, whereas no significant difference was found for
vitamin B-12 concentrations. Also the proportion of subjects
with a higher than normal homocysteine concentration (>14.6
umol/L) was significantly (P < 0.05) greater in the dementia
group than in the control subjects, with an increasing trend from
elderly control (31%) to mildly cognitively impaired (42%) and
to demented subjects (56%; 55% inthe AD and 61% in the VaD
subgroups).

The cumulative frequency distributions of total homocysteine
and folate concentrationsin the 3 groups are shownin Figures 2
and 3, respectively. Although the difference was greater for the
distribution of folate concentrations, thecumul ativefreguency of
both homocysteineand fol ate appeared distinctly disjoinedinthe
control and dementia groups. In the CDR 0.5 group, the fre-
guency distribution of folate grew together with that in the de-
mentia group, whereas the frequency distribution of homocys-
teine—although tending to lie in between those in control and
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TABLE 1
Demographic, clinical, and biochemical characteristics of the study groups®
Demented subjects
Control CDR 0.5
subjects subjects All (AD + VaD) AD VaD
(n=155) (n=81) (n=92) (n=74) (n=18)
Demographic characteristics
Age (y)? 75.6 + 8.5° 761+ 7.1 795+ 7.4* 791+ 7.7 805+ 5.7
Sex (% males) 38.2 40.7 35.2 34.3 38.9
Education (y)? 99+38 9.1+ 36 80+ 274 79+25 86+ 33
Clinical characteristics
Disease duration (mo) 272+ 221 276+ 222 256 £ 221
MM SE score, range 0-30° 276+ 18 255+ 2.9* 18.6 + 5.2* 186+ 5.1 18.6 + 5.6
Total cholesterol (mmol/L) 58+13 6.1+13 5714 58+ 14 52+10
Systolic blood pressure (mm Hg) 143+ 25 149 + 25 144 + 26 145+ 24 140 + 34
Hypertension (%) 43.6 4.4 40.7 384 50
Current smokers (%) 16.4 6.2 9.9 8.2 16.7
Diabetes (%) 27.3 19.8 18.7 20.6 111
High daily alcohal intake, current, > 5 drinks/d (%) 18 12 0 0 0
BMI (kg/m?) 258+ 51 251+ 39 247+55 249+ 57 240+51
Minimum medial temporal lobe thickness (mm)>® 145+ 1.9 13.7+ 3.0 123+ 25* 122+ 26 128+ 21
Biochemical characteristics
Plasma total homocysteine (umol/L)?” 146 £ 6.1 146+ 52 172+ 714 16.8+ 7.0 189+ 7.9
Plasmatotal homocysteine >14.6 wmol/L (%)® 31 42 56° 55 61
Serum folate (nmol/L)"*° 169+ 58 14.0 + 5.9* 132+ 5.6* 13.6 + 5.6 114 +52
Serum vitamin B-12 (pmol/L)” 278 = 99 275 + 117 276 = 110 281 + 111 254 + 104
Creatinine (umol/L)” 96.9 + 24.2 90.0 + 18.6 93.8+ 24.6 93.8 + 26.3 934 + 16.3

1 CDRO0.5, Clinical DementiaRating of 0.5 (indicates mild cognitiveimpairment); AD, Alzheimer disease; VaD, vascul ar dementia; MM SE, Mini-Mental

State Examination (39).
2p < 0,006 (ANOVA).
8% + SD (all such values).

4 Significantly different from control subjects, P < 0.05 (Dunnett’s post hoc test).

5P < 0.0001 (ANOVA).

5n = 156 (32 control subjects, 60 CDR 0.5 subjects, 53 AD subjects, and 11 VaD subjects).

" Values were log transformed before testing.
8P = 0.012 (chi-square test).

® Significantly different from control subjects, P < 0.05 (after Bonferroni correction for multiple tests).

10p = 0.0006 (ANOVA).

dementiagroups—wasnot significantly different fromthat inthe
control subjects.

The crude (unadjusted) and adjusted ORs for the CDR 0.5,
AD, and dementia groups according to tertile concentrations of
serum vitamin B-12, serum folate, and plasma total homocys-
teine in the control subjects are shown in Table 2. In the AD
group, the chi-square tests conducted before the individual OR
comparisons showed nearly significant differences among the 3
folatetertilesin the adjusted model 2 (P = 0.087) and among the
3 total homocysteinetertilesin the crude (P = 0.059) and in the
adjusted model 1 (P = 0.058). In the dementia group, al of
the comparisons were significant among folate and total homo-
cysteine tertiles based on the chi-sgquare test. The lowest folate
tertile, compared with the highest tertile, was associated with
both AD (crude OR: 4.2; 95% ClI: 1.6, 11.1) and dementia(crude
OR: 4.7;95%Cl: 1.9, 11.6). Compared with thelowest tertil e, the
highest total homocysteinetertilewas associated with AD (crude
OR: 2.8;95%Cl: 1.1, 6.8) and dementia(crude OR: 3.0; 95%Cl:
1.3, 7.0). These ORs did not vary noticeably (Table 2) when
adjusted for age, sex, education, and creatinine concentration or
when vitamin B-12 and folate or total homocysteine concentra-
tions were included as covariates in the model: subjects in the
lowest folatetertilehad an adjusted OR of 3.5(95%Cl: 1.1, 11.2;

P = 0.087) for AD and of 3.8 (95% CI: 1.3, 11.2) for dementia,
and subjectswith hyperhomocysteinemiahad an adjusted OR for
AD of 3.7 (95% Cl: 1.1, 13.1) and for dementia of 4.3 (95% CI:
1.3,14.7).

APOE genotypes were available for 187 of the subjects in-
cluded in the study: 80% of the elderly control subjects, 83% of
the CDR 0.5 subjects, and 83% of the demented patients. When,
in these subjects, APOE genotype was a so entered into the mul -
tivariate regression, the ORs for AD and dementia remained
almost the samefor the highest homocysteinetertile, whereasthe
associations with the lowest folate tertile were magnified.

Questionable dementia (CDR 0.5) was found to be signifi-
cantly associated only with the lowest tertile of folate concen-
tration (crude OR: 3.2; 95% Cl: 1.3, 7.7) which remained almost
unchanged after adjustment for age, sex, education, and creati-
nine concentration (OR: 3.4; 95% Cl: 1.3, 8.7) or when vitamin
B-12 and total homaocysteine concentrations were added to the
model (OR: 3.1; 95% Cl: 1.2, 8.1). Heretoo, in those subjectsfor
whom APOE genotype was available, the OR tended to increase
dightly after adjustment for this variable.

Themean MM SE scorefor the CDR 0.5 subjectsin the highest
total homocysteine tertile was significantly lower than that for
subjects in the lowest tertile (Table 3). In the same direction, a



118 QUADRI ET AL

100 - —
g
—r T
Controls

>
=

Clinical Dementia Rating 0.5

Frequency (%)

o
=

Demented

20 [/l I
_l

0 10 20 30 40 50
Plasma total homocysteine (umol/L)

FIGURE 2. Cumulative frequency distribution of plasma total homocys-
teine concentrationsin the control subjects (n = 55), the subjectswith aClinical
Dementia Rating (CDR) of 0.5 (n = 81), and demented subjects (n = 92).
K olmogorov-Smirnov test: control subjectscompared with CDR 0.5 subjects, P
= 0.32; contral subjects compared with demented subjects, P = 0.012.

significant, inverse correlation between MM SE score and total
homocysteine was found for CDR 0.5 subjects (r = —0.35, P =
0.001).

The correlation analyses between plasmaor serum concentra-
tions of total homaocysteing, folate, vitamin B-12, and creatinine
(Table 4) not only confirmed the known relation between total
homocysteine and creatinine concentrations both in the control
(r = 0.40, P = 0.0025) and AD (r = 0.39, P = 0.0009) subjects,
but they also indicated asignificant, inverse association between
folate and total homocysteine concentrations in the AD (r =
—0.47, P < 0.0001) and CDR 0.5 (r = —0.36, P = 0.0011)
groups but not in the control group.

On the basis of a covariance analysis to test for the global
difference among tertiles of each biochemical variable, no sig-
nificant age-corrected association was found between the mini-
mum medial temporal |obethicknessand vitamin B-12, folate, or
homocysteine concentration in either the AD or dementiagroup
(P> 0.11).

The presence of cerebral white matter lesions on computed
tomography was not associated with significantly higher total
homocysteine or lower folate or vitamin B-12 concentrationsin
the demented group or in the sample as a whole (P > 0.13).
Logistic regression analysis showed a significant association of
leukoaraiosis only with age (P = 0.002) in the dementia group.
However, in the whole sample, there was an association with
both age (P = 0.0001) and with the MM SE score (P = 0.021).

DISCUSSION

Thefindings of the current study suggest a strong association
between prevalently mild dementia(AD and VaD) and both high
plasma total homocysteine concentrations and relatively low
serum folate concentrations: in the highest homocysteine tertile
andinthelowest folatetertile, therisk of AD or dementiawas >3
times that in subjects in the lowest and highest tertiles, respec-
tively. These associations were independent of known or puta-
tive risk factors for dementia or of elevated homocysteine con-
centrations and were not modified by further adjustment for
vitamin B-12 and folate or vitamin B-12 and homocysteine. In

100
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'2' Clinical Dementia Rating 0.5
§ [

40
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0 T T T T
0 5 10 15 20 25 30 35

Serum folate (nmol/L)

FIGURE 3. Cumulative frequency distribution of serum folate concen-
trationsinthecontrol subjects(n = 55), thesubjectswithaClinical Dementia
Rating (CDR) of 0.5 (n = 81), and demented subjects(n = 92). Kolmogorov-
Smirnov test: control subjectscompared with CDR 0.5 subjects, P = 0.0011;
control subjects compared with demented subjects, P = 0.0016.

the AD group, the marginaly significant difference with the
chi-square global test among the 3 folate tertiles was probably
duetoamulticollinearity problem becauseof thehigh correlation
between predictors. Irrespective of thefindings, it is noteworthy
that several published studiesfailedto adjust for serumcreatinine
concentration, awell-known factor associ ated with el evated total
plasma homocysteine concentrations. In accordance with the
results of Clarke et al (18) and of Mcllroy et a (21), the VaD
group had both the highest mean total homocysteine concentra-
tion and the lowest mean folate concentration.

The results of our study are consistent with those of previous
observations(16-19, 21, 27). Themean total homocysteine con-
centration found in the AD sample (16.8 wmol/L; mean age:
79.1+ 7.7y) wasalmost identical tothat reported by Clarkeet a
(18) intheir histologically confirmed AD patients (16.3 wmol/L;
mean age: 76.6 = 8.0y). Interestingly, asin Clarke et a’ s study
(18), the cumulative frequency distributions of folate concentra-
tions were more markedly separated than were those of homo-
cysteine concentrations, both in the dementia and the CDR 0.5
groups compared with the control group. In agreement with the
findings of the Kungsholmen popul ation-based study (40) and
the Bronx Longitudinal Aging Study (41), we found no signifi-
cant associ ati on between serum vitamin B-12 concentrationsand
dementiaor AD.

Subjectswith amild cognitiveimpairment (ie, CDR 0.5) have
ahigh risk of developing AD in the short term or are already in
a preclinical phase of dementia (42). Thus, by comparing the
biochemical profileof these subjectscross-sectionally with those
of the control group and of the dementiagroup (the vast majority
of whom had dementiaof mild severity) wetried to shed light on
thepossibleroleof folate, vitamin B-12, and homocysteineinthe
prodromal phases of the disease. Results of the current study
suggest arelative folate deficiency as an early and independent
risk factor for mild cognitive decline (OR: 3.1; 95% Cl: 1.2, 8.1)
and afrequency distribution of thisvitamin that wasvery similar
to that seen in the dementia group.

In the current study’ s control population, both the mean total
homocysteine concentration (14.6 wmol/L) and the prevalence
of ahigh homocysteine concentration (31%) weredlightly higher
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Unadjusted (crude) and adjusted odds ratios (and 95% Cls) for the subjects according to tertiles of serum vitamin B-12, serum folate, and total plasma

homocysteine concentrations®

Unadjusted p? Adjusted (model 1)° P? Adjusted (model 2)* p?
CDRO0.5
Serum vitamin B-12
>303 pmol/L 1.0 10 1.0
234-303 pmol/L 0.8(0.4,2.0) 0.8(0.3,2.0) 0.6 (0.2,1.6)
<234 pmol/L 1.3(0.5,2.9) 0.65 1.0(0.4,2.4) 0.36 0.7 (0.3,1.8) 0.56
Serum folate
>19.5 nmol/L 1.0 1.0 1.0
13.5-19.5 nmol/L 1.3(0.5,3.3) 1.0(0.4,2.8) 0.9(0.3,2.6)
<13.5 nmol/L 32(1.3,7.7) 0.011 3.4(1.3,8.7) 0.004 31(1.2,81) 0.007
Plasmatotal homocysteine
<11.7 pmol/L 1.0 1.0 1.0
11.7-14.6 pmol/L 0.8(0.3,1.8) 0.9(0.3,2.3) 1.0(0.4,2.8)
>14.6 umol/L 1.3(05,2.9) 0.48 1.8(0.7,4.7) 0.28 2.0(0.7,6.0) 0.32
AD
Serum vitamin B-12
>303 pmol/L 1.0 1.0 1.0
234-303 pmol/L 0.6 (0.3,1.6) 0.6(0.2,1.7) 0.3(0.1,11)
<234 pmol/L 0.9(0.4,2.0) 0.61 0.8(0.3,2.0) 0.66 0.4(0.1,1.2) 0.12
Serum folate
>19.5 nmol/L 1.0 1.0 1.0
13.5-19.5 nmol/L 2.6(0.9,7.0) 2.1(0.7,6.4) 2.1(0.6,6.8)
<13.5 nmol/L 4.2(1.6,11.1) 0.011 3.7(1.3,10.7) 0.048 35(1.1,11.2) 0.087
Plasmatotal homocysteine
<11.7 pmol/L 1.0 1.0 1.0
11.7-14.6 wmol/L 1.4(0.5,3.6) 1.0(0.3,3.1) 1.1(0.3,3.6)
>14.6 umol/L 2.8(1.1,6.8) 0.059 2.9(1.0,8.3) 0.058 3.7(1.1,131) 0.044
Dementia (AD + VaD)
Serum vitamin B-12
>303 pmol/L 1.0 1.0 1.0
234-303 pmol/L 0.6 (0.3,14) 0.6 (0.2, 1.6) 0.3(0.1,0.9)
<234 pmol/L 0.9(0.4,2.0) 0.46 0.9(04,21) 0.59 0.4(0.1,1.3) 0.09
Serum folate
>19.5 nmol/L 1.0 1.0 1.0
13.5-19.5 nmol/L 2.3(0.9,6.0) 1.9(0.7,5.5) 1.8(0.6,5.6)
<13.5 nmol/L 4.7(1.9,11.6) 0.003 4.1(15,11.2) 0.014 3.8(1.3,11.2) 0.018
Plasmatotal homocysteine
<11.7 pmol/L 1.0 1.0 1.0
11.7-14.6 pmol/L 1.2(05,31) 1.0(0.4,2.8) 1.1(0.4,3.6)
>14.6 umol/L 3.0(1.3,7.0) 0.018 3.3(1.2,91) 0.019 4.3(1.3,14.7) 0.018

1 The cutoffs were determined on tertile concentrationsin the control group. Therisk of beingin the CDR 0.5 (Clinical Dementia Rating of 0.5; indicates
mild cognitive impairment), Alzheimer disease (AD), or dementia group involved a comparison of each group only against the control group. VaD, vascular

dementia
2 Chi-square test.
3 Adjusted for age, sex, education, and creatinine.

4 Adjusted for age, sex, education, creatinine, homocysteine, vitamin B-12, and folate.

than werethosereported for the Framingham elderly population-
based cohort (11.9 wmol/L and 29%, respectively) (32). Al-
though the mean total homocysteine concentration was appar-
ently the same in the control and CDR 0.5 groups, a larger
percentage (42%) of subjects with questionable dementia had a
plasma total homocysteine concentration that was higher than
normal. Moreover, inthismildly cognitively impaired group, the
homocysteine concentration appeared to be significantly corre-
lated with global cognitive performance, despite the narrower
range of MM SE scores considered. Because the CDR 0.5 group
was heterogeneous, ie, made up of subjects who either would or
would not develop dementia, we explored post hoc—merely on
descriptive grounds—the hypothesis, to be tested in future lon-

gitudinal studies, of the possible presenceof 2 different biochem-
ical profiles by splitting the entire CDR 0.5 group according to
thelevel of global cognitive performance by means of the usual
MMSE cutoff score of 23/24. The CDR 0.5 subgroup with an
MM SE score >23 (n = 67) had a biochemical profile that was
very similar to that of the entire group, whereas the small sub-
group of mildly cognitively impaired subjects with an MM SE
score <24 (n = 14) seemed to have mean (= SD) concentrations
of vitamin B-12 (267 + 96 pmol/L), folate (11.8 + 6.0 nmol/L),
and total homocysteine (16.9 * 6.7 umol/L) resembling those of
the demented patients (276 = 110 pmol/L, 13.2 = 5.6 nmol/L,
17.2 + 7.1 umol/L, respectively). In addition, the percentage of
subjects with hyperhomocysteinemiain the CDR 0.5 subgroup
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TABLE 3

Mini-Mental State Examination (MM SE) scores of subjects with a Clinical Dementia Rating of 0.5 (mild cognitive impairment) in the 3 plasmatotal

homocysteine tertilest

Plasmatotal homocysteine tertile MMSE P (Dunnett’s post hoc test) P (ANOVA)
<11.7 wmol/L (n = 25) 26.6 + 0.6 Reference tertile

11.7-14.6 pmol/L (n = 22) 26.0 + 0.6 NS

>14.6 umol/L (n = 34) 245+ 05 <0.05 0.013

1 The cutoffs were determined on tertile concentrations in the control group.

2% + SE (al such values).

with an MM SE score <24 (57%) was almost identical to that in
the demented group (56%).

As far as we know, this is the first attempt to study folate,
vitamin B-12, and homocysteine concentrations in a group of
subjects with amild cognitive impairment defined according to
explicit and reproducibleclinical criteria. The results of the cur-
rent cross-sectional study seem to indicate that relative folate
deficiency may aready be present before the onset of dementia
and, more generally, may represent a risk factor for cognitive
decline in the elderly. Although a high total homocysteine con-
centration also appears to be an early risk factor for cognitive
decling, its elevation in dementia could also be interpreted as an
epiphenomenon of the disease. Thus, only the longitudinal part
of the current study will more properly address the question of
whether the risk of developing AD or VaD in subjects with a
CDR of 0.5 is associated with hyperhomocysteinemia. In the
Framingham longitudinal study (27), an elevated plasma total
homocysteine concentration in elderly subjectsfree of dementia
was related to the risk of newly diagnosed dementiaor AD over
thesubsequent 8y. In contrast, in Rotterdam’ scommunity-based
study, Kamijn et a (26) were unable to show an association
between an elevated serum concentration of total homocysteine
and concurrent cognitive impairment or subsequent cognitive
decline after amean 2.7-y period.

Thepossihility that the study findings might reflect aspurious
association that was due to an overestimation of homocysteine
concentrations, because of the nonfasting blood sample collec-
tion method used, seemsunlikely. First, Thirup and Ekelund (43)
showed no significant difference between fasting and postpran-
dial homocysteine values. In any case, because increasing vari-

TABLE 4

ability in nonfasting plasmahomocysteine concentrationswould
be random, it is likely that this measurement method would
underestimate the true strength of the associations (44).

The current study’s apparently more pronounced findings
in VaD patients seem to support the hypothesis that hyper-
homocysteinemiamight play arolein AD pathogenesisthrough
cerebrovascular injury. On the other hand, we were unable to
demonstrate an association between total homocysteine con-
centration and the presence of leukoaraiosis, a neuroimaging
abnormality usually considered to be a consequence of chronic
cerebral ischemia due to intracranial small vessel pathology.
Currently, there is alack of agreement on the relation between
homocysteine and cerebral white matter lesions (45-49) and the
presence of silent brain infarcts (47, 50, 51)—another vascular
lesion that is associated with an increased risk of dementia. In
longitudinal studies, neither vascular variable was significantly
associated with an elevated homocysteine concentration (49,
51). The prevalence of cerebrovascular disease by quartiles of
homocysteine concentration did not differ in the elderly subjects
from the Normative Aging Study (52) nor did the mean homo-
cysteine concentration vary between the AD patients with or
without concomitant histol ogic evidence of cerebrovascular dis-
ease (18).

Hyperhomocysteinemia has also been reported to have aneu-
rotoxic action independent of its vascular effects by overstimu-
lation of N-methyl-p-aspartate receptors (53) or by anincreasing
hippocampal neuron vulnerability to excitotoxic insults (54) and
amyloid B-peptide toxicity (55).

In agreement with the finding of Clarke et al (18), cross-
sectionally we found no significant association between homo-

Correlations between plasmatotal homocysteine, serum folate, serum vitamin B-12, and serum creatinine concentrations in the control subjectsand in

Alzheimer disease (AD) subjects®

Plasmatotal homocysteine

Serum folate Serum vitamin B-12 Serum creatinine

Control subjects
Plasmatotal homocysteine
Serum folate
Serum vitamin B-12
Serum creatinine

AD subjects
Plasmatotal homocysteine
Serum folate
Serum vitamin B-12
Serum creatinine

-047°
—0.22
0.39*

-0.24 0.407
0.05 0.03
0.14

-0.21

0.16
-0.21 0.07

1 Values were log transformed before testing.
2P = 0.0025.
3P = 0.0001.
4P = 0.0009.
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cysteine concentration and minimum medial tempora lobe
thickness. In a subsample of AD patients, however, Clarke et a
observed a significantly greater change in this neuroradiologic
measure over a 3-y period among those patients with higher
homocystei ne baseline concentrations, although the progression
of the atrophy was more rapid in the middle tertile and was not
consistent with cognitive decline. In nondemented elderly, a
cross-sectional significant association was found between ho-
mocysteine concentration and more atrophy of the hippocampus
(56, 57), whereas contrasting resultswerereported with regard to
the association of these amino acid values with magnetic reso-
nance imaging measures of cortical atrophy (48, 57).

Asfor homocysteine, we could not demonstrate a significant
age-corrected associ ation between medial temporal |obeatrophy
and relatively low folate concentrations in patients with mainly
mild dementiaand AD. In contrast, inasmall sampleof older and
likely more severe AD patients for whom neuropathologic ex-
amination was available, Snowdon et al (58) found a significant
correlation between relatively low folate concentrations and se-
verity of postmortem neocortical atrophy. This correlation was
even stronger in the subgroups of subjects with minimal athero-
sclerosis or without brain infarcts, which suggests that central
pathologic effects other than vascular effects underlie this asso-
ciation.

It has been reported that a folic acid—deficient diet can pro-
mote hippocampal neurodegeneration in amyloid precursor pro-
tein mutant transgenic mice (55) and can also increase the vul-
nerability of dopaminergic neurons to degeneration in a mouse
model of Parkinson disease (59). Whether relative folate defi-
ciency may exert an adverse effect on cortical neurons directly,
by increasing homocysteine concentration, or by both means
needs to be addressed in further longitudinal studies.

Itispossible, however, to modify these putative environmen-
tal determinants of cognitive deterioration by nutrition: dietary
folic acid alone or in combination with vitamin B-12 (60) isin
fact a safe, simple, and economic therapeutic strategy to effec-
tively reduce plasma homocysteine concentrations. The adjunct
of vitamin B-6 does not seem to have a significant additional
effect (60), although each of the B vitamins might have an effect
on cognition independent of their potential influence on plasma
homocysteine concentrations. A homocysteine-lowering effect
in AD patients has al so been shown in an open-label trial of folic
acid, vitamin B-12, and vitamin B-6 regimen (61). Because as-
sociations are not proof of a causal relation, large randomized
controlled clinical trials of the effect of B vitamin supplementa-
tion on reductionsin the risk of incident AD and VaD or on the
slowing of the disease progression could provide more decisive
answers on how relevant high homocysteine and low folate con-
centrations are to the onset and course of AD and VaD. B
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chological evaluation of the subjects; CF performed all of the biochemical
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article; PQ, MT, and UL interpreted the study results; and UL drafted the
manuscript. None of the authors had any conflicts of interest.
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