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Homocysteine and cognitive function
in institutionalised elderly

A cross-sectional analysis

Summary Background Several
cross-sectional, case-control and
prospective studies revealed a rela-
tion between homocysteine and
cognitive function or dementia.
These studies included either pa-
tient populations or healthy, com-
munity-dwelling elderly people.
Aim of the study In this study we
tested the hypothesis that homo-
cysteine was inversely associated
with cognitive function in a popu-
lation of institutionalised elderly
(aged 260 y; n=157). Methods For
testing this hypothesis baseline
data of a recently conducted inter-
vention study in institutionalised
elderly (median age 83 years) were
used. Cognitive function was evalu-
ated by the cognitive subscale of
the Alzheimer’s disease Assessment
Scale (ADAS-cog). The association

between fasting plasma homocys-
teine level and cognitive function
was investigated by multiple linear
regression analysis. Results In the
crude model homocysteine con-
centration was not significantly re-
lated to ADAS-cog score (B =0.061;
p =0.45). Age was found to be re-
lated to ADAS-cog score (B=0.161;
p <0.05). Adjusting for age did
however not result in a relation
between homocysteine and cogni-
tive function. Conclusions In our
study no association was found
between homocysteine and cogni-
tive function in a population of
very old institutionalised subjects.

Key words homocysteine -
cognitive function -
institutionalised elderly -
cross-sectional study

Introduction

Vascular diseases and dementia are common disorders
in old age and important predisposing factors of mor-
tality [1, 2]. An elevated plasma homocysteine level has
been suggested as one of the possible, modifiable risk
factors for cardiovascular diseases [3-5]. An association
between vascular diseases and decreased cognitive per-
formance is also suspected [6]. Furthermore, it has been
suggested that elevated plasma homocysteine levels as
such are associated with neuropsychiatric disorders,
such as cognitive impairment [7-9]. Therefore, homo-
cysteine levels and cognitive function might be related
either indirectly or directly.

There are some plausible biological mechanisms that
might explain the relation between homocysteine and
cognitive function. One of the hypotheses is that cogni-
tive impairment is caused by hypomethylation of
methyl-acceptors like myelin, neurotransmitters and
membrane-phospholipids [10,11]. Besides that a methyl
donor deficiency may disturb the repair of DNA damage
by oxidative stress [12]. Another effect of hyperhomo-
cysteinemia on cognitive function is the neurotoxicity of
homocysteine [10, 11, 13]. There is evidence showing
that elevated homocysteine levels are associated with
neuropsychiatric disorders including cognitive decline.

Table 1 presents a summary of earlier studies that in-
vestigated the relation between homocysteine and cog-
nitive function or dementia. In several case-control
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studies patients with a diagnosis of dementia had sig-
nificantly higher mean total homocysteine levels than
controls [14-17]. Ravaglia et al. did however not confirm
this difference in homocysteine level [18].

In the non-demented, healthy elderly population, hy-
perhomocysteinemia has been shown to be associated
with poor performance on neuropsychological tests
measuring specific cognitive abilities [19-22]. Further-
more, in recent studies elevated homocysteine was sig-
nificantly associated with poor performance on more
general cognitive tests or composite cognitive scores
[23-27]. Longitudinal studies on a relation between cog-
nitive performance and homocysteine showed less un-
equivocal results [28-30].

Most earlier studies found an association between
homocysteine and cognitive function or dementia ei-
ther in a specific patient population or in healthy, com-
munity-dwelling elderly. No such association study has
been conducted so far in the group of institutionalised
elderly. Therefore we decided to test the hypothesis that
homocysteine was inversely associated with cognitive
function in institutionalised elderly, hereby taking sev-
eral confounding factors into account.

Material and methods

For testing our hypothesis we used baseline data on cog-
nitive assessment and the biochemical assessment of
homocysteine of a recently conducted intervention
study. In this trial we investigated the effect of a nutrient
dense dairy drink on physical and mental functioning in
institutionalised elderly people. The drink was enriched
with vitamins, minerals and trace elements added in
amounts of approximately 25 to 175 % of US RDA.

Subjects

Elderly who were dependent on professional care be-
cause of diminished cognitive function or deteriorated
physical health were recruited from nine institutions in
the southern part of the Netherlands. In the Netherlands
two different kinds of institutionalisation exist; homes
for the elderly and nursing homes. For activities of daily
living and household management elderly in both types
of institution are dependent on professional care, in
nursing homes additional medical care is required. In
both institutions central meal preparation and distribu-
tion of medicines is present. With permission of the
board of the (nursing) homes, an invitation letter with
information about the study protocol was sent to the res-
idents and to one of their relatives. For all participants
written informed consent was obtained from the partic-
ipants themselves and/or from one of their legal repre-
sentatives.

Subjects (n=265) were included in a screening pro-
cedure to assess if they met the following inclusion cri-
teria: age > 60 years, Body Mass Index (BMI) <30 kg/m?,
MMSE (Mini Mental State Examination) score =10 and
institutionalised for at least two months at the start of
the study.

Exclusion criteria were: tumours, with unstable body
weight at the time of the measurements, terminal care,
severe infectious diseases, disorders of the gastro-in-
testinal tract, use of parenteral food or structural use of
tube feeding, intolerant or allergic to one of the ingredi-
ents of the intervention product and use of medication
or supplements that could influence safe administration
of the intervention product. The Medical Ethical Com-
mittee of Wageningen University approved the study
protocol.

Measurements

In total 176 subjects were eligible and willing to partici-
pate. Subjects with both data on ADAS-cog score and ho-
mocysteine concentration were included in the analyses
described in this article (n=157). From these subjects
we gathered information on general characteristics to
describe our population. Furthermore, all subjects un-
derwent anthropometrical and cognitive assessments.
Weight and knee-to-floor height [31] were measured
and BMI calculated. The cognitive part of the Alz-
heimer’s disease Assessment Scale (ADAS-cog) [32] and
Geriatric Depression Scale (GDS) [33] were adminis-
tered. Fasting blood samples were collected to deter-
mine homocysteine levels in plasma.

General characteristics

Information on age, sex, length of stay in (nursing)
home, smoking habits (never, former and current), and
educational level (low; completed primary education or
lower vocational education, medium; intermediate vo-
cational or general education and high; higher voca-
tional training, college or university) was collected from
personal files, available at the institution. Information
on presence of several chronic diseases, like history of
CVD (cardiovascular disease) and diabetes, was col-
lected from medical files, also available at the institu-
tion. To assess the presence of chronic renal failure, cre-
atinine levels in blood were measured.

Cognitive assessment

Mental function was measured using the following
questionnaires: MMSE for the screening procedure,
ADAS-cog score and GDS as baseline and outcome mea-
sure of the intervention.

The MMSE is a questionnaire with 12 questions con-
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cerning orientation, memory, attention, and the ability
to name and to follow verbal and written commands.
MMSE is considered to have a high interrater reliability
and validity [34].

The ADAS was originally designed as a rating scale
for severity of dysfunction in cognitive and non-
cognitive behaviour characteristics of persons with
Alzheimer’s disease (AD). The scale is composed of
items with significant interrater and test-retest reliabil-
ity for Alzheimer patients. Since the symptoms of AD
and other dementias overlap to some extent, the ADAS
may be applicable to other dementias. The ADAS con-
sists of a non-cognitive part rating emotional and be-
havioural symptoms with ten items and a cognitive part,
used in this study and referred to as ADAS-cog, consist-
ing of 12 items with a total score ranging from 0 (no im-
pairment) to 75 (severe impairment). The target symp-
toms are supposed to represent several domains of
impaired cognitive function. The items rate components
of memory and orientation (total score =40), language
(total score =25), and praxis (total score=10) [32, 35].

The Geriatric Depression Scale-15 is a short, 15-item
instrument specifically developed to assess depression
in geriatric populations. It is a reliable and valid self-rat-
ing depression screening scale for elderly populations.
Questions can be answered with “yes” or “no”, with a to-
tal score ranging from 0 to 15. Higher scores on GDS in-
dicate the presence of severe depressive symptoms [33,
36].

Biochemical assessment

Blood samples were collected from fasting subjects in a
gel tube and an EDTA-containing tube. These tubes were
centrifuged (2970 rpm) at a temperature of 4 °C during
10 minutes within 1 hour of blood collection. The serum
and plasma samples were stored at -80 °C till further
analyses of homocysteine and creatinine.

Total plasma homocysteine concentration was mea-
sured using high performance liquid chromatography
with fluorescence detection. The lower limit of sensitiv-
ity of this method is 0.22 pmol/L in plasma and the
method is highly reproducible (intra- and interassay co-
efficients of variation = 5.0 and 4.5 %, respectively) [37].
Creatinine was determined by measuring absorption of
the reaction product of creatinine and picric acid at
520 nm by a Synchron LX20, with a CV below 3% and a
lowest detectable level of 8.84 umol/L (modified Jaffé
method). The laboratory of the Division of Human Nu-
trition at Wageningen University, the Netherlands per-
formed the homocysteine analyses. The creatinine
analyses were performed at Stichting Huisartsenlabora-
torium Oost in Velp, the Netherlands.

Confounders

Factors that could potentially influence the relation be-
tween plasma homocysteine and cognitive performance
were taken into account. In the present analyses age, sex,
vascular diseases, diabetes mellitus, chronic renal fail-
ure, educational level, smoking habits, BMI and depres-
sion were considered as potential confounders [20, 25,
28,29].

Statistical analyses

Because the variables ADAS-cog score and homocys-
teine concentration were not normally distributed we
performed a log-transformation of those variables and
calculated the geometric mean and standard deviation.
For the normally distributed confounder BMI, the mean
and standard deviation were calculated. For the not nor-
mally distributed confounders (age and GDS) the me-
dian and 10% and 90™ percentile were calculated.

Multiple linear regression was performed to investi-
gate the relation between homocysteine concentration
and ADAS-cog score. Age, sex, history of CVD, diabetes,
chronic renal failure, educational level, smoking habits,
BMI and GDS were tested as potential confounders, but
hardly affect the results. The interaction between homo-
cysteine concentration and all potential confounders
was not statistically significant.

Statistical significance was defined for all analyses as
p <0.05. Data were analysed using the statistical pro-
gram SPSS, version 11.0 for Windows.

Results
Characteristics of the population

Table 2 presents the characteristics of the study popula-
tion. The median age of the participants was 83 years.
The participants were institutionalised for an average of
21.6 months at the time of the measurements. Eighteen
percent of the participants were current smokers. Of the
participants, 14 % had diabetes, 20 % had chronic renal
failure and 45 % history of CVD. Mean BMI of the par-
ticipants was 25.3 kg/m? Mean plasma homocysteine
level was 16.9 umol/L (Table 2). The educational level of
most participants (60 %) was low. The mean score on the
ADAS-cog measurement was 14.8 points. The memory
and orientation sub score of the ADAS-cog was on aver-
age 10.8 points. GDS had a median of 4 points. Diffe-
rences in general characteristics between men and
women were significant for smoking habits and pres-
ence of chronic renal failure (p <0.001) (Table 2).
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Table2 General health characteristics of a sub-

group of Dutch institutionalised elderly (n = 157) Variable ;gt:llllation \(’x‘):‘]egg) me;‘ 19)
Age (years)° 83.0(72.0;91.3)  83.0(72.8;93.0)  83.0(67.0;89.0)
Length of stay in (nursing) home (months)®  21.6+2.5 20.3+25 248+25
Smoking habits (%)*

Never 32 44 4
Former 22 10 49
Current 18 15 24
Missing 28 31 22
History of CVD4 (%) 45 40 55
Diabetes (%) 14 13 14
Chronic renal failure® (%)* 20 12 38
BMI (kg/m?)2 253+35 254+3.6 25.1+33
Homocysteine concentration (pmol/L)® 16.9+1.5 16.4+1.5 18.0+1.4
Educational level (%)
Low 60 57 65
Medium 20 19 20
High 7 7 6
Missing 13 16 8
MMSE¢ 21(12;27) 21(12;27) 22 (14;28)
ADAS-cog scoreb 14.8+1.8 15.5+1.8 13.5+1.7
Memory and orientation® 10.8+£1.8 113£1.8 9.8+1.7
Language® 2(0;5) 2(0;5) 2(0;5)
Praxis¢ 2(0;5) 2(0;5) 2(0;4)
GDS¢ 4(1;9) 3(1;9) 4(1;8)

(2 mean = SD; > geometric mean = SD; ¢ median (p;; Poo))

4 CVD cardiovascular disease

& serum creatinine > 120 pmol/L
*p < 0.001 difference between men and women

Relation between homocysteine and cognitive
function

To examine the relation between homocysteine concen-
tration and ADAS-cog score, first a regression model
without adjustment for confounders was analysed
(Table 3).In this model homocysteine concentration was
not significantly related to ADAS-cog score. Of the con-
founders considered only age turned out to be signifi-
cantly related to the ADAS-cog score. If age was added as
explanatory variable (Model 2 in Table 3), this analysis
did not result in a significant relation between homo-
cysteine concentration and ADAS-cog score.

Table3 Multiple linear regression models for homocysteine concentration (inde-
pendent variable) versus ADAS-cog score (dependent variable) in a subgroup of
Dutch institutionalised elderly (3 (p-value))

ADAS-cog score

Model Homocysteine concentration Age Adj. R2
1 0.061 (0.448) -0.003
2 0.057 (0.472) 0.159 (0.047) 0.016

Model 7 homocysteine concentration alone; Model 2 model 1 + age

Discussion

We hypothesized that there would be a relation between
plasma homocysteine level and cognitive function in in-
stitutionalised elderly. The cross-sectional analysis in
our study did not show such an association in our pop-
ulation.

In the existing literature either specific patient popu-
lations or healthy, community-dwelling elderly have
been investigated. The reason that in this study no rela-
tion was found might be that we investigated a popula-
tion of institutionalised elderly, which is classified in the
literature as “accelerated agers” [38, 39]. This group of
subjects may suffer from several different chronic dis-
eases and types of dementia. Therefore, the elderly pop-
ulation in our study was very heterogeneous with re-
spect to diseases and comorbidity. This could have
confounded the relation between homocysteine and
cognitive function but when we adjusted for the pres-
ence of history of CVD, diabetes and impaired renal
function in the multiple regression model the relation
between homocysteine concentration and ADAS-cog
score was still not significant. Residual confounding
caused by comorbidity is still possible, although we ad-
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justed the analyses for the most important chronic dis-
eases.

In contrast with the heterogeneity in disease, our
population might have been too homogenous for two
other factors, both the outcome measure (ADAS-cog
score) and the main determinant (homocysteine con-
centration). The reason that we did not find an associa-
tion between homocysteine concentration and ADAS-
cog score might be that a large part of the population
had a low ADAS-cog score. Approximately 60% of the
participants had an ADAS-cog score below 20 points
(ADAS-cog range 0-75), indicating a homogenous pop-
ulation with a low range of ADAS-cog score. None of the
other recent cross-sectional studies on homocysteine
and cognitive function used ADAS-cog to assess cogni-
tive function. Therefore, it was not possible to compare
the level of and variance in ADAS-cog scores with other
studies. The MMSE level (median 21: indicating that the
subjects on average had dementia), however, was lower
than in four other studies that included MMSE as an out-
come measure and did find an association. Prins etal.
[21] used in their study participants with a mean MMSE
of 27.5+2.1. In the studies of Budge etal. [22], Duthie
etal. [24] and Ravaglia etal. [26] the mean MMSE of the
participants was around 29 points. Based on MMSE
score we could consider that too few people with a good
cognitive status were present in our population.

Furthermore, the homocysteine levels that were ob-
served (mean: 16.9 = 1.5 pmol/L) were relatively high in
comparison to other studies.In four other cross-sectional
studies fasting homocysteine levels were determined:
Riggs etal. [19], Ravaglia et al. [26], Morris etal. [20] and
Miller etal. [25] found a homocysteine level of 11.9
pmol/L,12.3 umol/L, 10.4 pmol/L and 9.8 pmol/L respec-
tively. Prins etal. [21], Budge etal. [22] and Stewart etal.
[23] used non-fasting homocysteine levels of 11.5
pmol/L, 12.6 pmol/L and 12.3 umol/L respectively. The
mean age in these seven studies ranged from 65 to 74
years. For elderly people higher cut-off values for hyper-
homocysteinemia havebeen put forward.In thereference
population used by the Dutch Heart Foundation a cut-off
value of 17.4 umol/L for men between 60 and 70 years old
and 15.2 pmol/L for women (60-70 years old) is used. For
men and women above the age of 70 this cut-off value is
respectively 19.1 umol/L and 18.3 umol/L. Meaning that
the mean level in our population (median age of 83 years)
could be considered as normal. Besides the higher level of
homocysteine, the variation in homocysteine levels in
our population was comparable to other fasting ranges,
but was less than in studies using non-fasting levels. Thus
thereason thatwe did notfind an association betweenho-
mocysteine concentration and ADAS-cog score most
likely is that there were too few people with low homo-
cysteine levels among the participants.

So in our population relatively low cognitive function
(measured as MMSE) and high homocysteine levels

were found in rather small ranges. In the literature both
factors are related to age. The fact that our population is
older (median: 83 years) than in most other cross-sec-
tional studies (mean age between 65 and 74 years) might
be an explanation for our findings. In most cross-sec-
tional studies among healthy elderly an inverse associa-
tion between homocysteine and cognitive function was
found (Table 1). Duthie etal. [24] found in a cross-sec-
tional analysis among survivors of the Scottish Mental
Surveys (ABC21 and ABC36) that homocysteine was as-
sociated with cognitive variation in the older cohort
(around 78 years old), but surprisingly not in the
younger cohort (around 63 years old). The age of the
oldest cohort was however lower than the age of our
population. In a case-control study of Ravaglia et al. [18]
in Italian centenarians no significant difference was
found between homocysteine levels in a demented
group and a cognitively normal group. These results
suggest that a possible association between homocys-
teine and cognitive function disappears when getting
into the oldest old (above the age of 80 years). One pos-
sible explanation could be that selective survival occurs
and that only elderly who are less susceptible to elevated
levels of homocysteine survive. Furthermore, it is of
course also possible that the relation between homocys-
teine and cognitive function changes with age.

Age was considered as one of the confounding factors
in our multiple regression model. Adding age did how-
ever not result in a relation between homocysteine and
cognitive function. All confounders that were considered
in our analyses (age, sex, vascular diseases, diabetes mel-
litus, chronic renal failure, educational level, smoking
habits, BMI and depression) were used in other popula-
tion-based studies as well [25]. Other factors that could
have influenced the relation between homocysteine and
cognitive function were levels of blood folate, serum vit-
amin B}, and plasma vitamin Bg. These factors were not
adjusted for in our analyses because they are highly re-
lated to homocysteine levels and could have over ad-
justed the relation between homocysteine and cognitive
function. Factors like hypertension, genetic factors,alco-
hol consumption, cholesterol and several other blood
values are also potential confounders but unfortunately
we did not have information on these variables.

In conclusion, in our study no association was found
between homocysteine and cognitive function in a pop-
ulation of elderly institutionalised subjects. Despite pos-
sible biological mechanisms and the offered method-
ological explanations, the hypothesis that homocysteine
is related to cognitive function in our population of very
old institutionalised elderly is rejected. Studies with
more heterogeneous (in respect of homocysteine and
cognitive function), very old populations and prospec-
tive studies that focus on old age are needed to investi-
gate the possibility that such a relation still exists in the
oldest old.



References

10.

11.

12.

13.

14.

Gale CR, Martyn CN, Cooper C (1996)
Cognitive impairment and mortality in
a cohort of elderly people. BMJ 312:
608-611

Gussekloo J,Westendorp RG, Remarque
EJ, Lagaay AM, Heeren TJ, Knook DL
(1997) Impact of mild cognitive impair-
ment on survival in very elderly people:
cohort study. BMJ 315:1053-1054
Hankey GJ, Eikelboom JW (1999) Ho-
mocysteine and vascular disease.
Lancet 354:407-413

Ford ES, Smith SJ, Stroup DF, Steinberg
KK, Mueller PW, Thacker SB (2002)
Homocyst(e)ine and cardiovascular
disease: a systematic review of the evi-
dence with special emphasis on case-
control studies and nested case-control
studies. Int ] Epidemiol 31:59-70

Nurk E, Tell GS, Vollset SE, Nygard O,
Refsum H, Ueland PM (2002) Plasma
total homocysteine and hospitaliza-
tions for cardiovascular disease: the
Hordaland Homocysteine Study. Arch
Intern Med 162:1374-1381

Breteler MM (2000) Vascular risk fac-
tors for Alzheimer’s disease: an epi-
demiologic perspective. Neurobiol Ag-
ing 21:153-160

Miller JW (2000) Homocysteine,
Alzheimer’s disease, and cognitive
function. Nutrition 16:675-677

Selhub J, Bagley LC, Miller J, Rosenberg
IH (2000) B vitamins, homocysteine,
and neurocognitive function in the el-
derly. Am J Clin Nutr 71:614S-620S
Morris MS (2003) Homocysteine and
Alzheimer’s disease. Lancet Neurol 2:
425-428

Rosenberg IH, Miller JW (1992) Nutri-
tional factors in physical and cognitive
functions of elderly people. Am J Clin
Nutr 55:12375-1243S

Calvaresi E, Bryan J (2001) B vitamins,
cognition, and aging: a review. ] Geron-
tol B Psychol Sci Soc Sci 56:327-339
Kruman II, Kumaravel TS, Lohani A,
Pedersen WA, Cutler RG, Kruman Y,
Haughey N, Lee ], Evans M, Mattson MP
(2002) Folic acid deficiency and homo-
cysteine impair DNA repair in hip-
pocampal neurons and sensitize them
to amyloid toxicity in experimental
models of Alzheimer’s disease. ] Neu-
rosci 22:1752-1762

Parnetti L, Bottiglieri T, Lowenthal D
(1997) Role of homocysteine in age-re-
lated vascular and non-vascular dis-
eases. Aging (Milano) 9:241-257
Nilsson K, Gustafson L, Faldt R, Anders-
son A, Brattstrom L, Lindgren A, Is-
raelsson B, Hultberg B (1996) Hyperho-
mocysteinaemia-a common finding in
a psychogeriatric population. Eur ] Clin
Invest 26:853-859

M. Manders et al.
Homocysteine and cognitive function

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Joosten E, Lesaffre E, Riezler R,
Ghekiere V, Dereymaeker L, Pelemans
W, Dejaeger E (1997) Is metabolic evi-
dence for vitamin B-12 and folate defi-
ciency more frequent in elderly patients
with Alzheimer’s disease? ] Gerontol A
Biol Sci Med Sci 52:M76-M79

Clarke R, Smith AD, Jobst KA, Refsum
H, Sutton L, Ueland PM (1998) Folate,
vitamin B12,and serum total homocys-
teine levels in confirmed Alzheimer dis-
ease. Arch Neurol 55:1449-1455
McCaddon A, Davies G, Hudson P,
Tandy S, Cattell H (1998) Total serum
homocysteine in senile dementia of
Alzheimer type. Int ] Geriatr Psychiatry
13:235-239

Ravaglia G, Forti P, Maioli F, Vettori C,
Grossi G, Bargossi AM, Caldarera M,
Franceschi C, Facchini A, Mariani E,
Cavalli G (2000) Elevated plasma ho-
mocysteine levels in centenarians are
not associated with cognitive impair-
ment. Mech Ageing Dev 121:251-261
Riggs KM, Spiro A, Tucker K, Rush D
(1996) Relations of vitamin B-12, vita-
min B-6, folate, and homocysteine to
cognitive performance in the Norma-
tive Aging Study. Am ] Clin Nutr 63:
306-314

Morris MS, Jacques PE, Rosenberg IH,
Selhub ] (2001) Hyperhomocystein-
emia associated with poor recall in the
third National Health and Nutrition
Examination Survey. Am J Clin Nutr 73:
927-933

Prins ND, Den-Heijer T, Hofman A,
Koudstaal PJ, Jolles J, Clarke R, Breteler
MM (2002) Homocysteine and cogni-
tive function in the elderly: the Rotter-
dam Scan Study. Neurology 59:
1375-1380

Budge MM, de-Jager C, Hogervorst E,
Smith AD (2002) Total plasma homo-
cysteine, age, systolic blood pressure,
and cognitive performance in older
people.] Am Geriatr Soc 50:2014-2018
Stewart R, Asonganyi B, Sherwood R
(2002) Plasma homocysteine and cog-
nitive impairment in an older British
African-Caribbean population. ] Am
Geriatr Soc 50:1227-1232

Duthie SJ, Whalley L], Collins AR,
Leaper S, Berger K, Deary IJ (2002) Ho-
mocysteine, B vitamin status, and cog-
nitive function in the elderly. Am J Clin
Nutr 75:908-913

Miller JW, Green R, Ramos MI, Allen
LH, Mungas DM, Jagust W], Haan MN
(2003) Homocysteine and cognitive
function in the Sacramento Area Latino
Study on Aging. Am ] Clin Nutr 78:
441-447

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

77

Ravaglia G, Forti P, Maioli F, Muscari A,
Sacchetti L, Arnone G, Nativio V,
Talerico T, Mariani E (2003) Homocys-
teine and cognitive function in healthy
elderly community dwellers in Italy. Am
] Clin Nutr 77:668-673

Garcia AA, Haron Y, Evans LR, Smith
MG, Freedman M, Roman GC (2004)
Metabolic markers of cobalamin defi-
ciency and cognitive function in nor-
mal older adults. ] Am Geriatr Soc 52:
66-71

Kalmijn S, Launer L], Lindemans J, Bots
ML, Hofman A, Breteler MM (1999) To-
tal homocysteine and cognitive decline
in a community-based sample of el-
derly subjects: the Rotterdam Study.
Am ] Epidemiol 150:283-289

Seshadri S, Beiser A, Selhub J, Jacques
PE, Rosenberg IH, D’Agostino RB, Wil-
son PW, Wolf PA (2002) Plasma homo-
cysteine as a risk factor for dementia
and Alzheimer’s disease. N Engl ] Med
346:476-483

Teunissen CE,Van-Boxtel MP,Bosma H,
Jolles J, Lutjohann D, von-Bergmann K,
Wauters A, Bosmans E, Maes M, De-
langhe J, de-Bruijn C, Steinbusch HW,
Blom HJ, de-Vente ] (2003) Serum-
markers in relatie tot cognitieve func-
ties bij ouderen. Resultaten van de
Maastricht Aging Study (MAAS).
Serum markers in relation to cognitive
functioning in an aging population: re-
sults of the Maastricht Aging Study
(MAAS). Tijdschr Gerontol Geriatr
34:6-12

Berkhout AM, Cools HJ, Mulder JD
(1989) Het meten of schatten van de
lichaamslengte van oudere ver-
pleeghuispatienten. Measurement or
estimation of body length in older
nursing home patients. Tijdschr Geron-
tol Geriatr 20:211-214

Rosen WG, Mohs RC, Davis KL (1984) A
new rating scale for Alzheimer’s dis-
ease. Am J Psychiatry 141:1356-1364
Yesavage JA, Brink TL, Rose TL, Lum O,
Huang V, Adey M, Leirer VO (1982) De-
velopment and validation of a geriatric
depression screening scale: a prelimi-
nary report. ] Psychiatr Res 17:37-49
Folstein MF, Folstein SE, McHugh PR
(1975) “Mini-mental state”. A practical
method for grading the cognitive state
of patients for the clinician. J Psychiatr
Res 12:189-198

Mohs RC, Rosen WG, Davis KL (1983)
The Alzheimer’s disease assessment
scale: an instrument for assessing treat-
ment efficacy. Psychopharmacol Bull
19:448-450



European Journal of Nutrition (2006) Vol. 45, Number 2
© Steinkopff Verlag 2005

Almeida OP, Almeida SA (1999) Short 37. Jacobsen DW, Gatautis V], Green R 38. Rowe JW, Kahn RL (1987) Human ag-

versions of the geriatric depression
scale: a study of their validity for the di-
agnosis of a major depressive episode
according to ICD-10 and DSM-IV. Int J
Geriatr Psychiatry 14:858-865

(1989) Determination of plasma homo-
cysteine by high-performance liquid
chromatography with fluorescence de-
tection. Anal Biochem 178:208-214

39.

ing: usual and successful. Science 237:
143-149
Harris TB, Feldman JJ (1991) Implica-
tions of health status in analysis of risk
in older persons. ] Aging Health 3:
262-284



