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■ 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 ≥ 60 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 (β = 0.061;
p = 0.45). Age was found to be re-
lated to ADAS-cog score (β = 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
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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

EJN
 566



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

Ta
bl

e
1

Ea
rli

er
 st

ud
ie

s t
ha

t i
nv

es
tig

at
ed

 th
e 

re
la

tio
n 

be
tw

ee
n 

ho
m

oc
ys

te
in

e 
an

d 
co

gn
iti

ve
 fu

nc
tio

n 
or

 d
em

en
tia

Ca
se

-c
on

tr
ol

 st
ud

ie
s i

n 
gr

ou
ps

 o
f p

at
ie

nt
s w

ith
 a

 d
ia

gn
os

is 
of

 d
em

en
tia

St
ud

y
Su

bj
ec

ts
Co

nc
lu

sio
n

Ca
se

s
Co

nt
ro

ls

Ni
lss

on
 e

ta
l.,

 1
99

6 
[1

4]
ps

yc
ho

 g
er

ia
tr

ic
 p

at
ie

nt
s (

n
=

51
0)

re
fe

re
nc

e 
po

pu
la

tio
n 

(n
=

16
3)

Pl
as

m
a 

ho
m

oc
ys

te
in

e 
co

nc
en

tr
at

io
ns

 w
er

e 
sig

ni
fic

an
tly

de
m

en
te

d 
an

d 
no

n-
de

m
en

te
d 

su
bg

ro
up

in
cr

ea
se

d 
in

 b
ot

h 
th

e 
de

m
en

te
d 

an
d 

th
e 

no
n-

de
m

en
te

d
pa

tie
nt

s c
om

pa
re

d 
to

 co
nt

ro
l s

ub
je

ct
s.

Jo
os

te
n 

et
al

., 
19

97
 [1

5]
pa

tie
nt

s w
ith

 A
lz

he
im

er
’s 

di
se

as
e 

(n
=

52
)

no
n-

de
m

en
te

d 
ho

sp
ita

liz
ed

 co
nt

ro
ls 

(n
=

50
)

M
ea

n 
ho

m
oc

ys
te

in
e 

le
ve

l i
s s

ig
ni

fic
an

tly
 h

ig
he

r i
n

he
al

th
y 

el
de

rly
 su

bj
ec

ts
 li

vi
ng

 a
t h

om
e 

(n
=

49
)

pa
tie

nt
s w

ith
 A

lz
he

im
er

’s 
di

se
as

e 
as

 co
m

pa
re

d 
to

no
n-

de
m

en
te

d 
pa

tie
nt

s o
r s

ub
je

ct
s l

iv
in

g 
at

 h
om

e.

Cl
ar

ke
 e

ta
l.,

 1
99

8 
[1

6]
ho

sp
ita

l c
lin

ic
 p

at
ie

nt
s, 

ag
ed

 5
5 

ye
ar

s o
r o

ld
er

, w
ith

 a
el

de
rly

 v
ol

un
te

er
 co

nt
ro

ls 
w

ith
ou

t s
ym

pt
om

s o
f m

em
or

y
Th

e 
od

ds
 ra

tio
 o

f h
ist

ol
og

ic
al

ly
 co

nf
irm

ed
 A

lz
he

im
er

’s
cl

in
ic

al
 d

ia
gn

os
is 

of
 d

em
en

tia
 o

f A
lz

he
im

er
 ty

pe
, i

nc
lu

di
ng

im
pa

irm
en

t (
n

=
10

8)
di

se
as

e 
as

so
ci

at
ed

 w
ith

 se
ru

m
 h

om
oc

ys
te

in
e

76
 p

at
ie

nt
s w

ith
 h

ist
ol

og
ic

al
ly

 co
nf

irm
ed

 A
lz

he
im

er
’s

co
nc

en
tr

at
io

ns
 ≥

14
 µ

m
ol

/L
 (t

op
 th

ird
 o

f t
he

 co
nt

ro
l

di
se

as
e 

(n
=

16
4)

di
st

rib
ut

io
n)

 co
m

pa
re

d 
to

 in
di

vi
du

al
s w

ith
 lo

w
 se

ru
m

ho
m

oc
ys

te
in

e 
(≤

11
 µ

m
ol

/L
) w

as
 4

.5
.

M
cC

ad
do

n 
et

al
., 

19
98

 [1
7]

pa
tie

nt
s o

f a
 p

sy
ch

o 
ge

ria
tr

ic
 a

ss
es

sm
en

t c
en

tr
e,

 a
ge

d 
65

co
gn

iti
ve

ly
 in

ta
ct

 a
ge

-m
at

ch
ed

 co
nt

ro
l s

ub
je

ct
s f

ro
m

 a
Pa

tie
nt

s h
ad

 a
 h

ig
hl

y 
sig

ni
fic

an
t e

le
va

tio
n 

of
 

or
 o

ve
r, 

se
en

 w
ith

 fe
at

ur
es

 co
m

pa
tib

le
 w

ith
 D

SM
-II

I-R
lo

ca
l g

en
er

al
 p

ra
ct

ic
e 

(n
=

30
)

ho
m

oc
ys

te
in

e 
co

m
pa

re
d 

w
ith

 co
nt

ro
ls.

cr
ite

ria
 fo

r p
rim

ar
y 

de
ge

ne
ra

tiv
e 

de
m

en
tia

 o
f A

lz
he

im
er

ty
pe

 (n
=

30
)

Ra
va

gl
ia

 e
ta

l. 
20

00
 [1

8]
de

m
en

te
d 

ce
nt

en
ar

ia
ns

 w
ith

 a
 cl

in
ic

al
 d

ia
gn

os
is 

of
co

gn
iti

ve
ly

 im
pa

ire
d 

no
t-

de
m

en
te

d 
ce

nt
en

ar
ia

ns
 (n

=
10

)
No

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 w
as

 fo
un

d 
fo

r p
la

sm
a 

Al
zh

ei
m

er
’s 

di
se

as
e 

(n
=

34
)

co
gn

iti
ve

ly
 n

or
m

al
 ce

nt
en

ar
ia

ns
 (n

=
13

)
ho

m
oc

ys
te

in
e 

le
ve

ls 
am

on
g 

th
e 

th
re

e 
di

ag
no

st
ic

 g
ro

up
s.

Cr
os

s-
se

ct
io

na
l s

tu
di

es
 in

 co
m

m
un

ity
-d

w
el

lin
g,

 n
on

-d
em

en
te

d,
 h

ea
lth

y 
el

de
rly

St
ud

y
Su

bj
ec

ts
Co

nc
lu

sio
n

Ri
gg

s e
ta

l.,
 1

99
6 

[1
9]

m
al

e 
pa

rt
ic

ip
an

ts
 fr

om
 th

e 
No

rm
at

iv
e 

Ag
in

g 
St

ud
y 

(n
=

70
)

Hi
gh

er
 co

nc
en

tr
at

io
ns

 o
f h

om
oc

ys
te

in
e 

w
er

e 
st

ro
ng

ly
as

so
ci

at
ed

 w
ith

 p
oo

re
r s

pa
tia

l c
op

yi
ng

 sk
ill

s, 
bu

t n
ot

 w
ith

th
e 

pe
rfo

rm
an

ce
 o

f t
es

ts
 o

n 
an

y 
of

 th
e 

ot
he

r c
og

ni
tiv

e
do

m
ai

ns
 (m

em
or

y,
 la

ng
ua

ge
, p

er
ce

pt
ua

l s
pe

ed
, o

r s
pa

tia
l

re
as

on
in

g)
.

M
or

ris
 e

ta
l.,

 2
00

1 
[2

0]
el

de
rly

 m
en

 a
nd

 w
om

en
 p

ar
tic

ip
at

ed
 in

 p
ha

se
 2

 o
f N

HA
NE

S 
III

 (a
ge

d 
≥6

0 
y,

 ≥
8 

ye
ar

s o
f e

du
ca

tio
n,

 n
o 

pr
ev

io
us

 st
ro

ke
,

Hy
pe

rh
om

oc
ys

te
in

em
ia

 w
as

 a
ss

oc
ia

te
d 

w
ith

 p
oo

re
r

at
p 

te
st

 in
 o

ne
 tr

y)
 (n

=
12

70
 a

nd
 1

20
0)

pe
rfo

rm
an

ce
 o

n 
m

ea
su

re
s o

f r
ec

al
l.

Pr
in

s e
ta

l.,
 2

00
2 

[2
1]

po
pu

la
tio

n-
ba

se
d 

st
ud

y 
of

 n
on

-d
em

en
te

d 
el

de
rly

 (n
=

10
77

)
El

ev
at

ed
 h

om
oc

ys
te

in
e 

le
ve

ls 
ar

e 
as

so
ci

at
ed

 w
ith

de
cr

ea
se

d 
co

gn
iti

ve
 p

er
fo

rm
an

ce
 in

 n
on

-d
em

en
te

d
el

de
rly

 p
eo

pl
e,

 a
nd

 th
e 

re
la

tio
n 

w
as

 m
os

t m
ar

ke
d 

fo
r

ps
yc

ho
m

ot
or

 sp
ee

d.

Bu
dg

e 
et

al
., 

20
02

 [2
2]

co
m

m
un

ity
-d

w
el

lin
g 

vo
lu

nt
ee

rs
 a

ge
d 

60
 to

 9
1 

(n
=

15
8)

Ho
m

oc
ys

te
in

e 
w

as
 n

eg
at

iv
el

y 
as

so
ci

at
ed

 w
ith

 to
ta

l
CA

M
CO

G 
sc

or
e.

 H
ig

he
r h

om
oc

ys
te

in
e 

le
ve

ls 
w

er
e

as
so

ci
at

ed
 w

ith
 p

oo
re

r p
er

fo
rm

an
ce

 o
n 

th
e 

m
em

or
y 

an
d

pe
rc

ep
tio

n 
su

b 
sc

or
es

 o
f C

AM
CO

G 
bu

t n
ot

 w
ith

 th
e 

ot
he

r
co

gn
iti

ve
 su

bs
ca

le
s o

r M
M

SE
 sc

or
e.



M. Manders et al. 3
Homocysteine and cognitive function

Ta
bl

e
1

Co
nt

in
ue

d

Cr
os

s-
se

ct
io

na
l s

tu
di

es
 in

 co
m

m
un

ity
-d

w
el

lin
g,

 n
on

-d
em

en
te

d,
 h

ea
lth

y 
el

de
rly

St
ud

y
Su

bj
ec

ts
Co

nc
lu

sio
n

St
ew

ar
t e

ta
l.,

 2
00

2 
[2

3]
in

di
vi

du
al

s a
ge

d 
55

 to
 7

5 
w

ho
 w

er
e 

bo
rn

 in
 a

 C
ar

ib
be

an
 n

at
io

n 
an

d 
liv

in
g 

in
 co

m
m

un
ity

 a
cc

om
m

od
at

io
n 

(fr
om

Ra
ise

d 
ho

m
oc

ys
te

in
e 

(h
ig

he
st

 q
ua

rt
ile

:>
13

.8
5 

µm
ol

/L
)

re
gi

st
ra

tio
n 

lis
ts

 fo
r p

rim
ar

y 
ca

re
 se

rv
ic

es
) (

n
=

24
8)

w
as

 si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 co
gn

iti
ve

 im
pa

irm
en

t.

Du
th

ie
 e

ta
l.,

 2
00

2 
[2

4]
su

rv
iv

or
s o

f t
he

 S
co

tt
ish

 M
en

ta
l S

ur
ve

ys
, w

hi
ch

 su
rv

ey
ed

 ch
ild

ho
od

 in
te

lli
ge

nc
e 

qu
ot

ie
nt

. C
oh

or
t o

f c
hi

ld
re

n 
bo

rn
 in

 1
92

1
In

 th
e 

AB
C2

1 
bu

t n
ot

 th
e 

AB
C3

6,
 h

om
oc

ys
te

in
e 

ac
co

un
te

d
or

 1
93

6;
 1

83
 A

BC
21

 a
nd

 1
48

 A
BC

36
, l

iv
in

g 
in

de
pe

nd
en

tly
 in

 th
e 

lo
ca

l c
om

m
un

ity
fo

r a
pp

ro
xi

m
at

el
y 

7–
8

%
 o

f t
he

 v
ar

ia
nc

e 
in

 co
gn

iti
ve

pe
rfo

rm
an

ce
.

M
ill

er
 e

ta
l.,

 2
00

3 
[2

5]
co

m
m

un
ity

-d
w

el
lin

g 
el

de
rly

 L
at

in
os

 (a
ge

d
≥

60
 y

) (
n

=
17

89
)

Ho
m

oc
ys

te
in

e 
is 

a 
m

od
es

t i
nd

ep
en

de
nt

 p
re

di
ct

or
 o

f
co

gn
iti

ve
 fu

nc
tio

n 
in

 co
m

m
un

ity
-d

w
el

lin
g 

el
de

rly
 L

at
in

os
.

Ra
va

gl
ia

 e
ta

l.,
 2

00
3 

[2
6]

he
al

th
y,

 co
gn

iti
ve

ly
 n

or
m

al
 It

al
ia

n 
co

m
m

un
ity

 d
w

el
le

rs
 a

ge
d 

≥
65

 y
 (n

=
65

0)
El

ev
at

ed
 p

la
sm

a 
ho

m
oc

ys
te

in
e 

ha
s a

n 
in

de
pe

nd
en

t,
gr

ad
ed

 a
ss

oc
ia

tio
n 

w
ith

 co
nc

ur
re

nt
 co

gn
iti

ve
 im

pa
irm

en
t

as
 m

ea
su

re
d 

w
ith

 th
e 

M
M

SE
 in

 h
ea

lth
y 

el
de

rly
 co

m
m

un
ity

dw
el

le
rs

.

Ga
rc

ia
 e

ta
l.,

 2
00

4 
[2

7]
co

gn
iti

ve
ly

 n
or

m
al

, c
om

m
un

ity
-d

w
el

lin
g 

pa
rt

ic
ip

an
ts

 a
ge

d 
65

 a
nd

 o
ld

er
 (n

=
28

1)
Si

gn
ifi

ca
nt

 co
rr

el
at

io
ns

 b
et

w
ee

n 
le

ve
ls 

of
 h

om
oc

ys
te

in
e

an
d 

th
e 

St
ro

op
 sc

or
e 

an
d 

ho
m

oc
ys

te
in

e 
an

d 
so

m
e 

sc
or

es
of

 th
e 

Ca
lif

or
ni

a 
Ve

rb
al

 L
ea

rn
in

g 
Te

st
 w

er
e 

fo
un

d.

Pr
os

pe
ct

iv
e 

co
m

m
un

ity
-b

as
ed

 st
ud

ie
s

St
ud

y
Su

bj
ec

ts
Co

nc
lu

sio
n

Ka
lm

ijn
 e

ta
l.,

 1
99

9 
[2

8]
co

m
m

un
ity

-d
w

el
lin

g 
re

sp
on

de
nt

s a
ge

d 
55

 y
ea

rs
 o

r o
ve

r (
n

=
70

2)
No

 in
ve

rs
e 

as
so

ci
at

io
n 

be
tw

ee
n 

el
ev

at
ed

 p
la

sm
a

ho
m

oc
ys

te
in

e 
le

ve
ls 

an
d 

co
nc

ur
re

nt
 co

gn
iti

ve
 im

pa
irm

en
t

or
 su

bs
eq

ue
nt

 co
gn

iti
ve

 d
ec

lin
e 

ov
er

 a
 3

-y
 fo

llo
w

-u
p 

w
as

fo
un

d.

Se
sh

ad
ri 

et
al

., 
20

02
 [2

9]
su

bj
ec

ts
 w

ith
ou

t d
em

en
tia

 (6
67

 w
om

en
 a

nd
 4

25
 m

en
) f

ro
m

 th
e 

Fr
am

in
gh

am
 H

ea
rt

 S
tu

dy
 (n

=
10

92
)

An
 in

cr
ea

se
d 

ba
se

lin
e 

pl
as

m
a 

ho
m

oc
ys

te
in

e
co

nc
en

tr
at

io
n 

w
as

 a
 st

ro
ng

, i
nd

ep
en

de
nt

 ri
sk

 fa
ct

or
 fo

r
th

e 
de

ve
lo

pm
en

t o
f d

em
en

tia
 a

nd
 A

lz
he

im
er

’s 
di

se
as

e
ov

er
 a

n 
8-

y 
pe

rio
d.

Te
un

iss
en

 e
ta

l.,
 2

00
3 

[3
0]

no
rm

al
 a

gi
ng

 in
di

vi
du

al
s a

ge
d 

30
–8

0 
ye

ar
s (

n
=

93
)

An
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
el

ev
at

ed
 h

om
oc

ys
te

in
e

co
nc

en
tr

at
io

ns
 a

nd
 p

ro
lo

ng
ed

 lo
w

er
 co

gn
iti

ve
pe

rfo
rm

an
ce

 h
as

 b
ee

n 
ob

se
rv

ed
 a

fte
r s

ix
 y

ea
rs

 o
f

fo
llo

w
-u

p.



4 European Journal of Nutrition (2005) Vol. ■, Number ■
© Steinkopff Verlag 2005

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/m2,
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 µmol/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 µmol/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 10th and 90th 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/m2. Mean plasma homocysteine
level was 16.9 µmol/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. Differ-
ences 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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■ 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.

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-

Variable Total Women Men
population (n = 108) (n = 49)

Age (years)c 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)b 21.6±2.5 20.3±2.5 24.8±2.5

Smoking habits (%)*
Never 32 44 4
Former 22 10 49
Current 18 15 24
Missing 28 31 22

History of CVDd (%) 45 40 55

Diabetes (%) 14 13 14

Chronic renal failuree (%)* 20 12 38

BMI (kg/m2)a 25.3±3.5 25.4±3.6 25.1±3.3

Homocysteine concentration (µmol/L)b 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

MMSEc 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 orientationb 10.8±1.8 11.3±1.8 9.8±1.7
Languagec 2 (0; 5) 2 (0; 5) 2 (0; 5)
Praxisc 2 (0; 5) 2 (0; 5) 2 (0; 4)

GDSc 4 (1; 9) 3 (1; 9) 4 (1; 8)

(a mean ± SD; b geometric mean ± SD; c median (p10; p90))
d CVD cardiovascular disease
e serum creatinine > 120 µmol/L
* p < 0.001 difference between men and women

Table 2 General health characteristics of a sub-
group of Dutch institutionalised elderly (n = 157)

Table 3 Multiple linear regression models for homocysteine concentration (inde-
pendent variable) versus ADAS-cog score (dependent variable) in a subgroup of
Dutch institutionalised elderly (β (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 1 homocysteine concentration alone; Model 2 model 1 + age
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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 et al.
[21] used in their study participants with a mean MMSE
of 27.5 ± 2.1. In the studies of Budge et al. [22], Duthie
et al. [24] and Ravaglia et al. [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 µmol/L) were relatively high in
comparison to other studies.In four other cross-sectional
studies fasting homocysteine levels were determined:
Riggs et al. [19], Ravaglia et al. [26], Morris et al. [20] and
Miller et al. [25] found a homocysteine level of 11.9
µmol/L,12.3 µmol/L,10.4 µmol/L and 9.8 µmol/L respec-
tively. Prins et al. [21], Budge et al. [22] and Stewart et al.
[23] used non-fasting homocysteine levels of 11.5
µmol/L, 12.6 µmol/L and 12.3 µmol/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 have been put forward.In the reference
population used by the Dutch Heart Foundation a cut-off
value of 17.4 µmol/L for men between 60 and 70 years old
and 15.2 µmol/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 µmol/L and 18.3 µmol/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
the reason that we did not find an association between ho-
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 et al. [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 B12 and plasma vitamin B6. 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.
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