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SUMMARY

Background Associations between low levels of folate and vitamin B12 and cognitive impairment in patients with demen-
tia have been reported. Some studies revealed correlations between low levels of vitamin B12 and behavioural and psycho-
logical signs and symptoms of dementia (BPSD) in Alzheimer’s disease (AD) patients. Given the lack of studies in
frontotemporal dementia (FTD) and on folate and given the methodological shortcomings of former publications, we set
up a prospective study.
Methods At inclusion, AD (n¼ 152) and FTD (n¼ 28) patients underwent a neuropsychological examination. Behaviour
was assessed using a battery of behavioural assessment scales. Determination of serum vitamin B12 and red cell folate levels
were performed within a time frame of two weeks of inclusion.
Results In both patient groups, significantly negative correlations between levels of serum vitamin B12 and red cell folate
and the degree of cognitive deterioration were found. No correlations with BPSD were found in the AD patient group. In
FTD patients, levels of vitamin B12 were negatively correlated with both hallucinations ( p¼ 0.022) and diurnal rhythm
disturbances ( p¼ 0.036).
Conclusions The observed negative correlations between levels of vitamin B12 and folate and cognitive impairment in
both AD and FTD patients, raise the possibility of a non-specific etiological role. Although levels of vitamin B12 and folate
did not correlate with BPSD in AD patients, negative correlations between serum vitamin B12 levels and BPSD in FTD
patients were revealed. Decreased serum vitamin B12 levels may predispose FTD patients to develop hallucinations and
diurnal rhythm disturbances. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Some studies have shown that low serum vitamin B12

levels are associated with greater cognitive impairment
in patients with probable and confirmed Alzheimer’s

disease (AD) (Levitt et al., 1992; Clarke et al., 1998;
Whyte et al., 2002) which has, however, been denied
by others (Basun et al., 1994; Eastley et al., 2000).
Associations between low levels of folate and cogni-
tive impairment in patients with AD, vascular and
unspecified dementias have been described (Sneath
et al., 1973; Botez et al., 1977; Sommer et al., 1988;
Leblhuber et al., 2000), but again several negative
reports have been published as well (Bell et al.,
1990; Levitt et al., 1992). More recent findings, how-
ever, support the hypothesis of a pathophysiologically
significant interaction between low levels of serum
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folate or vitamin B12 and increased risk of AD (Clarke
et al., 1998; Wang et al., 2001). Moreover, low serum
folate levels were strongly associated with atrophy of
the cerebral cortex in AD patients (Snowdon et al.,
2000). A possible explanation for these findings is that
lowered vitamin B12 and folate levels lead to increased
plasma homocysteine concentrations (Clarke et al.,
1998). There is indeed evidence that increased plasma
homocysteine concentrations are a risk factor for
dementia in general (Seshadri et al., 2002) and are
inversely associated with cognitive functioning (Bell
et al., 1992; Riggs et al., 1996; Lehmann et al.,
1999; Morris et al., 2001). If this hypothesis is correct,
low levels of folate and vitamin B12 should correlate
with increased cognitive impairment in other forms
of dementia like frontotemporal dementia (FTD) as
well, which has not been tested yet.

Since associations between decreased (serum, red
cell and cerebrospinal fluid) folate and vitamin B12

levels and (worsening of) psychiatric disorders like
depression have been described (Reynolds et al.,
1970; Carney et al., 1990; Bottiglieri et al., 2000;
Reynolds, 2002), one could expect an association
with behavioural and psychological signs and symp-
toms of dementia (BPSD) as well. However, studies
in this domain are very sparse, produced conflicting
results and only focused on AD and vitamin B12

(Meins et al., 2000; Whyte et al., 2002). Methodolo-
gical shortcomings of formerly published studies
(lack of time-linked and extensive behavioural obser-
vations, poorly defined patient populations, lack of
data on nutritional status of patients) hamper interpre-
tation of the reported results. We therefore set up a
prospective study to test for possible correlations of
decreased serum vitamin B12 and red cell folate levels
with the degree of cognitive impairment and extent of
BPSD in a population of AD and FTD patients.

MATERIALS AND METHODS

Study population

The study population consisted of consecutively hos-
pitalised patients who were admitted for a diagnostic
work-up of dementia. Patients with probable AD
(n¼ 152) and probable FTD (n¼ 28) were included
in this prospective study. All patients were hospita-
lised and underwent a general physical and neurologi-
cal examination, routine blood screening (including
serum vitamin B12, red cell folate, haematological
parameters and several biochemical indices of nutri-
tion), neuroimaging consisting of CT scan and/or
MRI, electroencephalogram and an extensive neurop-

sychological examination as routinely performed in
the differential diagnostic work-up in our Memory
Clinic (De Deyn et al., 2003). The diagnosis of prob-
able AD was based on NINCDS/ADRDA criteria
(McKhann et al., 1984). The patients also fulfilled
the DSM-IV criteria (American Psychiatric Associa-
tion, 1994). Diagnosis of probable FTD was based on
clinical diagnostic criteria for FTD (Neary et al.,
1998). Mini-Mental State Examination (MMSE)
scores were obtained according to Folstein et al.
(1975). The Hierarchic Dementia Scale (HDS) is an
instrument that allows quantifying the degree of cog-
nitive deterioration (Demonet et al., 1990). Staging of
dementia was assessed by means of the Global Dete-
rioration Scale (GDS) (Reisberg et al., 1982).

Patients on any kind of vitamin supplementation,
patients with alcohol abuse or patients, who had to
be artificially fed, were not included in the study.

The local ethics committee (OCMW Antwerp IRB)
approved this study. All patients and their caregivers
gave informed consent for participation to the study.

Behavioural assessment

Behaviour was assessed covering a period of two
weeks prior to inclusion using a battery of beha-
vioural assessment scales. The Middelheim Frontality
Score (MFS) is indicative of frontal lobe features and
is obtained by summating the scores obtained on ten
items as described earlier (Pickut et al., 1997). The
Behavioral Pathology in Alzheimer’s Disease Rating
Scale (Behave-AD) is a 25-item scale that measures
behavioural symptoms in seven clusters scored on a
four-point scale of increasing severity (Reisberg
et al., 1987). As all subjects included were in-patients,
the nursing home variant of the Behave-AD was used
(De Deyn et al., 1999). The Cohen-Mansfield Agita-
tion Inventory (CMAI) assesses 29 agitated beha-
viours on a seven-point scale of increasing severity
(Cohen-Mansfield et al., 1989). The Cornell Scale
for Depression in Dementia (CSDD) is a 19-item
scale that is rated on a three-point score of absent,
mild or intermittent and severe (Alexopoulos et al.,
1988). When a deficiency was diagnosed, vitamin
supplementation was started immediately following
behavioural and neuropsychological assessments.

Serum vitamin B12, red cell folate, haematological
parameters and biochemical indices of nutrition

Blood sampling was performed after overnight fasting
and within a time frame of two weeks of inclu-
sion. Haematological parameters and biochemical
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nutritional indices (see Table 2) were obtained
through routine laboratory tests. Levels of serum vita-
min B12 and red cell folate were determined by use of
solid phase radioassay kits (SIMUL-TRAC SNB1).

Statistical analyses

Distributions of male/female ratios were compared
using Chi-square statistics. All two-group comparisons
of demographic, clinical and behavioural data were
made with the t-test or—when lacking normal distri-
bution—the Mann–Whitney Rank Sum Test (RST).
Spearman Rank-Order was used for calculating corre-
lations. A probability level of p< 0.05 was considered
significant. Analysis was performed using the Sigma-
Stat software (SPSS Science, Erkrath, Germany).

RESULTS

AD patients were significantly older and more
severely cognitively deteriorated at inclusion than
FTD patients (Table 1). FTD patients displayed more
frontal lobe features as reflected by a significantly
higher mean MFS score. AD patients had higher total
Behave-AD scores. Biochemical indices of nutrition
and haematological parameters are displayed in
Table 2. Mean levels of serum vitamin B12 or red
cell folate were not significantly different between
the two disease groups (folate: p¼ 0.475; vitamin
B12: p¼ 0.543). Five FTD patients had vitamin B12

levels that were deficient (values: 184, 179, 177,
152, 101 pg/ml) according to the reference range
of our laboratory (<193 pg/ml). No correlations
between levels of vitamin B12 and folate were found
either (AD: r¼ 0.049, p¼ 0.547; FTD: r¼ 0.215,
p¼ 0.267). With exception of correlations between
MMSE and serum glucose (r¼�0.169, p¼ 0.05)
and HDL cholesterol levels (r¼ 0.188, p¼ 0.04),
none of the biochemical nutritional indices correlated
significantly with the MMSE or HDS scores in the
AD group. No correlations between biochemical
nutritional indices and cognitive functioning were
revealed in the FTD patient group.

In the AD and FTD patient groups, correlations
between cognitive (MMSE, HDS and GDS) and beha-
vioural (MFS, CSDD, Behave-AD cluster, total and
global scores and CMAI cluster and total scores) test
scores and levels of serum vitamin B12 and red cell
folate were calculated. Statistically significant corre-
lations are summarized in Table 3.

In AD patients, significant positive correlations
between red cell folate levels and MMSE scores were
found. Red cell folate and serum vitamin B12 levels

Table 1. Demographic, clinical and behavioural data for AD and
FTD patients

AD FTD p
(n¼ 152) (n¼ 28)

Sex (M/F) 49/103 14/14 p¼ 0.111
(Chi2)

Mean age at inclusion (years) 79� 7 69� 11 <0.001
(55–98) (41–90) (RST)

Mean age at onset (years) 76� 8 63� 10 <0.001
(50–96) (40–82) (RST)

Disease duration (years) 4� 3 6� 4 <0.001
(0–16) (1–19) (RST)

MMSE score (/30) 12.7� 6.9 16.3� 8.3 ¼ 0.020
(0–28.0) (0–30.0) (t-test)

HDS score (/10) 7.0� 1.6 7.4� 1.3 ¼ 0.527
(1.5–9.4) (4.9–9.8) (RST)

Global Deterioration Scale 5.5� 0.9 5.0� 1.2 ¼ 0.015
(3.0–7.0) (3.0–7.0) (RST)

Middelheim Frontality Score 3.9� 1.6 6.3� 1.2 <0.001
(0–8.0) (3.0–8.0) (RST)

Behave-AD 2.0� 3.0 0.9� 2.0 ¼ 0.031
Cluster paranoid and (0–17.0) (0–9.0) (RST)
delusional ideation

Behave-AD 0.5� 1.2 0.3� 0.9 ¼ 0.352
Cluster hallucinations (0–7.0) (0–3.0) (RST)

Behave-AD 2.6� 3.5 1.1� 2.4 ¼ 0.027
Cluster psychosis (0–17.0) (0–9.0) (RST)

Behave-AD 2.8� 2.2 2.1� 1.8 ¼ 0.207
Cluster activity disturbances (0–9.0) (0–5.0) (RST)

Behave-AD 3.2� 2.8 2.3� 2.3 ¼ 0.149
Cluster aggressiveness (0–9.0) (0–8.0) (RST)

Behave-AD 0.7� 0.8 0.3� 0.4 ¼ 0.036
Cluster diurnal rhythm (0–3.0) (0–1.0) (RST)
disturbances

Behave-AD 1.1� 1.4 0.9� 1.3 ¼ 0.537
Cluster affective (0–5.0) (0–4.0) (RST)
disturbances

Behave-AD 0.7� 1.4 0.2� 0.7 ¼ 0.055
Cluster anxieties and (0–10.0) (0–3.0) (RST)
phobias

Behave-AD 11.0� 7.4 6.9� 4.7 ¼ 0.006
Total score (0–40.0) (0–18.0) (RST)

Behave-AD 1.6� 0.8 1.4� 0.8 ¼ 0.311
Global score (0–3.0) (0–3.0) (RST)

Cohen-Mansfield Agitation 13.2� 7.3 10.9� 2.0 ¼ 0.141
Inventory

Aggressive behaviour (10.0–54.0) (10.0–17.0) (RST)
Cohen-Mansfield Agitation 20.4� 8.4 18.9� 7.4 ¼ 0.461
Inventory

Physically non-aggressive (10.0–53.0) (11.0–37.0) (RST)
behaviour

Cohen-Mansfield Agitation 14.1� 7.2 12.7� 5.2 ¼ 0.466
Inventory

Verbally agitated behaviour (8.0–44.0) (8.0–25.0) (RST)
Cohen-Mansfield Agitation 47.3� 18.0 42.2� 11.0 ¼ 0.264
Inventory

Total score (8.0–126.0) (29.0–69.0) (RST)
Cornell Scale for Depression 6.2� 4.2 6.7� 3.0 ¼ 0.233
in Dementia (0–21.0) (1.0–14.0) (RST)

Data are given as mean�SD. Ranges are represented between
brackets. RST¼Mann–Whitney Rank Sum Test.
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correlated positively with MMSE and HDS scores
respectively in the FTD patient group. No significant
correlations with the behavioural data were revealed
in AD patients. In FTD patients, however, we found
statistically significant negative correlations between

hallucinations and diurnal rhythm disturbances and
levels of vitamin B12.

DISCUSSION

This study is the first evaluating possible associations
between vitamin B12/folic acid and cognition and
behaviour in FTD patients. The use of strict diagnos-
tic criteria, the determination of both red cell folate
and vitamin B12 levels in one and the same patient
population, the determination of several biochemical
nutritional indices and haematological parameters
and a time-linked and extensive behavioural observa-
tion using a battery of behavioural assessment scales
are major advantages of this prospective study com-
pared to other publications in AD patients. The small
FTD sample size is a drawback of the study, limiting
firm interpretation of the positive associations in this
patient group.

Although the cognitive tests (MMSE, HDS) used in
this study are not as sensitive in FTD patients as in
AD patients, we found negative correlations between
levels of vitamin B12 and red cell folate and severity
of dementia in FTD patients. Red cell folate levels
were negatively correlated with severity of dementia
in AD patients, thus confirming formerly published
studies (Sneath et al., 1973; Leblhuber et al., 2000).
In contrast to the reports of Levitt et al. (1992), Clarke
et al. (1998) and Whyte et al. (2002), we did not
reveal correlations between levels of vitamin B12

and cognitive functioning of AD patients, which is
in accordance with other studies (Basun et al., 1994;
Eastley et al., 2000). Indeed, our results may indicate
a negative influence of lowered vitamin B12 and/or
red cell folate levels on cognitive functioning in both
patient groups. As the vast majority of the biochem-
ical indices of nutrition we analysed were not signifi-
cantly related with the degree of cognitive
deterioration, we consider it to be unlikely that
the reported associations are caused by a decline in

Table 2. Biochemical nutritional indices, haematological para-
meters and levels of vitamin B12 and red cell folate for AD and FTD
patients

AD FTD Reference
(n¼ 152) (n¼ 28) range

Vitamin B12 (pg/ml) 382.8� 257.8 316.6� 120.0 193–982
(95.0–1666.0) (101.0–593.0)

Red cell folate (ng/ml) 245.5� 197.5 277.2� 195.2 93–641
(67.0–1381.0) (79.0–853.0)

Total protein (g/l) 69.2� 6.4 69.3� 5.5 58–76
(48.0–86.0) (60.0–80.0)

Albumin (g/l) 38.7� 5.8 40.0� 6.0 35–50
(26.6–57.1) (29.8–52.8)

Calcium (meq/l) 4.62� 0.26 4.49� 0.18 4.2–5.1
(4.06–5.94) (4.13–4.91)

Glucose (mg/dl) 103.7� 34.1 90.8� 14.4 76–110
(58.0–289.0) (69.0–127.0)

Ureum (mg/dl) 37.5� 13.1 34.2� 15.8 19–43
(7.0–83.0) (17.0–94.0)

Creatinine (mg/dl) 0.92� 0.23 0.91� 0.38 0.5–1.2
(0.50–1.70) (0.60–2.20)

Total cholesterol 206.0� 42.7 200.9� 35.3 150–200
(mg/dl) (116.0–333.0) (135.0–284.0)
HDL cholesterol 56.5� 18.4 51.7� 12.9 40–70
(mg/dl) (28.0–112.0) (30.0–81.0)
LDL cholesterol 128.7� 38.9 123.0� 32.6 60–120
(mg/dl) (46.0–247.0) (56.0–193.0)
Triglycerides (mg/dl) 105.7� 40.5 137.3� 69.4 <180

(36.0–280.0) (67.0–409.0)
Haematocrit (%) 40.1� 4.5 41.6� 4.2 36.1–45.4

(26.6–52.6) (28.6–48.1)
Red cell count 4.4� 0.5 4.7� 0.3 4.07–5.58
(�106/mm3) (3.1–6.2) (4.0–5.2)
Haemoglobin (g/dl) 13.5� 1.7 13.9� 1.8 12.9–15.9

(8.8–18.7) (8.1–16.3)
Mean corpuscular 90.9� 5.2 89.4� 6.3 81.3–96.7
volume (fl) (81.1–109.0) (71.9–98.5)

Data are given as mean�SD. Ranges are represented between
brackets.

Table 3. Statistically significant correlations between cognitive and behavioural test scores and levels of vitamin B12 or red cell folate
(RC FA) (Spearman Rank-Order)

Cognitive and behavioural testing Vit B12 or RC FA r p

AD
Hierarchic Dementia Scale RC FA r¼ 0.205 p¼ 0.028

FTD
Mini-Mental State Examination RC FA r¼ 0.443 p¼ 0.023
Hierarchic Dementia Scale Vit B12 r¼ 0.538 p¼ 0.014
Behave-AD Vit B12 r¼�0.432 p¼ 0.022
Cluster hallucinations
Behave-AD Vit B12 r¼�0.398 p¼ 0.036
Cluster diurnal rhythm disturbances
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nutritional state due to progression of dementia. These
findings raise the possibility of a non-specific etiologi-
cal or contributory role of lowered vitamin B12 and
folate levels in the pathophysiology of dementia and
may support the hypothesis of increased plasma
homocysteine levels as a risk factor for dementia in
general and AD in particular (Seshadri et al., 2002).
Indeed, a case-control study of 164 patients with
dementia revealed an association between cognitive
decline and raised plasma homocysteine and lowered
serum folate and vitamin B12 levels (Clarke et al.,
1998). Unfortunately, plasma homocysteine levels
have not been analysed in our patient population,
which is a drawback of the present study.

The lack of associations between BPSD and serum
vitamin B12 and folate levels in AD patients is in con-
cordance with a former study (Whyte et al., 2002).
However, Whyte and colleagues study has major
drawbacks: although the study population consisted
of 643 subjects, both possible and probable AD
patients were included; indices of nutritional status
were not determined; and moreover, vitamin B12

levels were retrospectively gathered (by primary care
physicians). This implicated that different analytical
laboratories, using different analytical techniques
and applying different reference values, have per-
formed vitamin B12 determinations. On the other
hand, Meins et al. (2000) observed an association
between low serum vitamin B12 levels and BPSD
(irritability, disturbed behaviour) in a prospective
study with 73 probable AD patients. The rather lim-
ited population and the lack of documentation of the
nutritional status of the included patients, hampers
firm interpretation of these positive findings.

Although hallucinations are rare in patients with
FTD, the significant negative correlation with serum
levels of vitamin B12 could indicate that lower levels
of vitamin B12 predispose to the development of hal-
lucinations. The significant negative correlation
between diurnal rhythm disturbances and levels of
vitamin B12 in FTD patients could be meaningful as
positive effects of vitamin B12 treatment on sleep-
wake rhythm in patients with sleep disorders and
AD have been reported (Ito et al., 2001). As a corre-
lation does not necessarily imply a causative relation,
the pathophysiological mechanisms underlying these
findings remain to be elucidated. Given the role of
vitamin B12 and folate in the synthesis of monoamine
neurotransmitters (Bottiglieri, 1996; Bottiglieri et al.,
2000) and given the existence of neurochemical cor-
relates of BPSD (Engelborghs and De Deyn, 1997),
one could hypothesize that lowered vitamin B12 lead-
ing to altered monoaminergic neurotransmission

predispose to BPSD which is the subject of a longitu-
dinal, prospective study in progress. This hypothesis
does not, however, explain the lack of statistically sig-
nificant findings in AD patients and the lack of associa-
tions with lowered folate levels in both patient groups.

In conclusion, we observed associations between
low levels of vitamin B12 and folate and increased
severity of dementia in both AD and FTD patients,
raising the possibility of a non-specific etiological
role. No associations of behavioural data and levels
of red cell folate or serum vitamin B12 were observed
in AD patients whereas negative correlations between
serum levels of vitamin B12 and BPSD (hallucinations
and diurnal rhythm disturbances) in FTD patients
were revealed. The underlying pathophysiological
mechanisms remain to be elucidated.

ACKNOWLEDGEMENTS

The authors acknowledge the administrative assis-
tance of Mrs W. Wittebolle and Mrs S. Hicketick
and the valuable advice of Dr H. Neels and Dr R.
D’Hooge. This research was supported by the Born-
Bunge Foundation, the University of Antwerp, Neu-
rosearch Antwerp and the Fund for Scientific
Research—Flanders (FWO–F). S.E. is a PhD fellow
of the FWO–F.

REFERENCES

Alexopoulos GS, Abrams RC, Young RC, Shamoian CA. 1988.
Cornell Scale for Depression in Dementia. Biol Psychiatry 23:
271–284.

American Psychiatric Association. 1994. Diagnostic and Statistical
Manual of Mental Disorders, 4th edn. American Psychiatric
Association: Washington, DC.

Basun H, Fratiglioni L, Winblad B. 1994. Cobalamin levels are not
reduced in Alzheimer’s disease: results from a population based
study. J Am Geriatr Soc 42: 132–136.

Bell IR, Edman JS, Marby DW, et al. 1990. Vitamin B12 and folate
status in acute geropsychiatric inpatients: affective and cognitive
characteristics of a vitamin nondeficient population. Biol Psy-
chiatry 27: 125–137.

Bell IR, Edman JS, Selhub J, et al. 1992. Plasma homocysteine in
vascular disease and in nonvascular dementia of depressed
elderly people. Acta Psychiatr Scand 86: 386–390.

Botez MI, Fontaine F, Botez T, Bachevalier J. 1977. Folate-respon-
sive neurological and mental disorders: report of 16 cases. Eur
Neurol 16: 230–246.

Bottiglieri T. 1996. Folate, vitamin B-12 and neuropsychiatric
disorders. Nutr Rev 54: 382–390.

Bottiglieri T, Laundy M, Crellin R, Toone BK, Carney MWP,
Reynolds EH. 2000. Homocysteine, folate, methylation and
monoamine metabolism in depression. J Neurol Neurosurg
Psychiatry 69: 228–232.

Carney MWP, Chary TKN, Laundy M, et al. 1990. Red cell folate
concentrations in psychiatric patients. J Affect Disord 19:
207–213.

correlations between bpsd and vitamin b12 and folate 369

Copyright # 2004 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2004; 19: 365–370.



Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, Ueland PM.
1998. Folate, vitamin B12, and serum total homocysteine
levels in confirmed Alzheimer disease. Arch Neurol 55:
1449–1455.

Cohen-Mansfield J, Marx MS, Rosenthal AS. 1989. A description
of agitation in a nursing home. J Gerontol 44: M77–M84.

De Deyn PP, Rabheru K, Rasmussen A, et al. 1999. A randomized
trail of risperidone, placebo, and haloperidol for behavioral
symptoms of dementia. Neurology 53: 946–955.

De Deyn PP, Goeman J, Saerens J, et al. 2003. The concept memory
clinic: historical perspective and objectives. In Memory: Basic
Concepts, Disorders and Treatment, De Deyn PP, Thiery E,
D’Hooge R (eds). Acco: Leuven; 34–44.

Demonet JF, Doyon B, Ousset PJ, et al. 1990. Standardization of a
modular and hierarchic cognitive evaluation scale applicable to
dementia. A French version of the Hierarchic Dementia Scale.
Rev Neurol 146: 490–501.

Eastley R, Wilcock GK, Bucks RS. 2000. Vitamin B12 deficiency
in dementia and cognitive impairment: the effects of treatment
on neuropsychological function. Int J Geriatr Psychiatry 15:
226–233.

Engelborghs S, De Deyn PP. 1997. The neurochemistry of Alzhei-
mer’s disease. Acta Neurol Belg 97: 67–84.

Folstein M, Folstein S, McHugh PR. 1975. Mini-Mental State. A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 12: 189–196.

Ito T, Yamadera H, Ito R, Suzuki H, Asayama K, Endo S. 2001.
Effects of vitamin B12 on bright light on cognitive and sleep-
wake rhythm in Alzheimer-type dementia. Psychiatry Clin
Neurosci 555: 281–282.

Leblhuber F, Walli J, Artner-Dworzak E, et al. 2000. Hyperhomo-
cysteinemia in dementia. J Neural Transm 107: 1469–1474.

Lehmann M, Gottfries CG, Regland B. 1999. Identification of cog-
nitive impairment in the elderly: homocysteine is an early mar-
ker. Dement Geriatr Cogn Disord 10: 12–20.

Levitt AJ, Karlinsky H. 1992. Folate, vitamin B12, and cognitive
impairment in patients with Alzheimer’s disease. Acta Psychiatr
Scand 86: 301–305.

McKhann G, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM. 1984. Clinical diagnosis of Alzheimer’s disease:
report of the NINCDS-ADRDA Work Group under the auspices
of Department of Health and Human Services Task Force on
Alzheimer’s disease. Neurology 34: 939–944.

Meins W, Müller-Thomsen T, Meier-Baumgartner H-P. 2000. Sub-
normal serum vitamin B12 and behavioural and psychological

symptoms in Alzheimer’s disease. Int J Geriatr Psychiatry 15:
415–418.

Morris MS, Jacques PF, Rosenberg IH, Selhub J. 2001. Hyperho-
mocysteinemia associated with poor recall in the third National
health and Nutrition Examination survey. Am J Clin Nutr 73:
927–933.

Neary D, Snowden JS, Gustafson L, et al. 1998. Frontotemporal
lobar degeneration. A consensus on clinical diagnostic criteria.
Neurology 51: 1546–1554.
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