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ABSTRACT

Objectives: This study investigated whether the association between modifiable dementia risk and rate of
cognitive decline differs across socioeconomic status (SES) strata.

Design, setting and participants: Data were used fromMaastricht Aging Study, a prospective cohort study with
a 12-year follow-up. The baseline sample consisted of 1023 adults over 40 years old.

Measurements: The “LIfestyle for BRAin health” (LIBRA) index was used to assess modifiable dementia risk.
Cognitive performance was assessed at baseline, 6 and 12 years, and measured in the domains of information
processing speed, executive functioning and verbal memory function. An SES score was calculated from
equivalent income and educational level (tertiles). Linear mixed models were used to study the association
between LIBRA, SES and their interaction on the rate of cognitive decline.

Results: Participants in the lowest SES tertile displayed more decline in information processing speed
(vs. middle SES: X2= 7.08, P = 0.029; vs. high SES: X2= 9.49, P= 0.009) and verbal memory (vs. middle
SES: X2= 9.28, P< 0.001; vs. high SES: X2= 16.68, P< 0.001) over 6 years compared to their middle- and
high-SES counterparts. Higher (unhealthier) LIBRA scores were associated with more decline in information
processing speed (X2= 12.66, P= 0.002) over 12 years and verbal memory (X2= 4.63, P= 0.032) over 6 years.
No consistent effect modification by SES on the association between LIBRA and cognition was found.

Conclusions: Results suggest that lifestyle is an important determinant of cognitive decline across SES groups.
Yet, people with low SES had a more unfavorable modifiable risk score suggesting more potential for lifestyle-
based interventions.
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Introduction

Dementia is one of the biggest health challenges
of our time (WorldHealthOrganization, 2019). The
expected worldwide threefold increase in the number
of people with dementia to 152 million in 2050 is
particularly attributable to the rising numbers in low-
to-middle income countries (LMIC) (World Health
Organization, n.d.; Hachinski et al., 2019; Livingston
et al., 2020). In fact, epidemiological studies have
shown stabilization and even decline in incidence

rates in high-income countries (HIC) (Hachinski
et al., 2019; Matthews et al., 2016; Prince et al.,
2016; Roehr et al., 2018; Satizabal et al., 2016;
Wolters et al., 2020). Possible explanations are the
increasing wealth and improved general health
in HIC (e.g., improved provision and access to
education, better nutrition and cardiovascular risk
management) and increasing rates of dementia risk
factors in LMIC (e.g., higher prevalence of diabetes
mellitus, smoking, hypertension, and obesity)
(Hachinski et al., 2019; Prince et al., 2016; Roehr
et al., 2018; Satizabal et al., 2016).

Indeed, there is accumulating evidence that
modifiable risk factors contribute to cognitive decline
and dementia risk, which suggests potential for
dementia risk reduction (Lincoln et al., 2014;
Livingston et al., 2020; Norton et al., 2014;
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Lautenschlager et al., 2003). The 2020 update of
the Lancet Report on Dementia Prevention,
Intervention and Care concluded that around
40% of all dementia cases are potentially attribut-
able to modifiable risk factors (Livingston et al.,
2020). The World Health Organization identified
risk reduction of dementia as one of the action
areas for 2017–2025 (World Health Organization,
2017), which was followed by publishing guide-
lines for risk reduction of cognitive decline and
dementia in 2019 (World Health Organization,
2019). The International Research Network on
Dementia Prevention ensures that scientific results
are communicated among researchers and policy-
makers worldwide (Anstey et al., 2017). These
developments within the field have led to multi-
domain lifestyle-intervention trials for middle-aged
and older individuals. The population-based Finnish
Geriatric Intervention Study to Prevent Cognitive
Impairment andDisability (FINGER) was the first to
show improvements in cognition (Ngandu et al.,
2015). The recent initiative World Wide FINGERS
aims to harmonize adapted versions of the FINGER
trial worldwide, such as the Australian Maintain
Your Brain and U.S. POINTER trials (Kivipelto
et al., 2020).

Besides lifestyle-related risk factors, lower socio-
economic status (SES), in which SES is defined as
“social and economic factors that influence which
positions individuals or groups will hold within the
structure of a society” (Krieger et al., 1997), has also
been associated with an increased risk of cognitive
decline and dementia (Deckers et al., 2019; George
et al., 2020; Hachinski et al., 2019; Yaffe et al., 2013;
Zeki Al Hazzouri et al., 2011) and an unhealthier
lifestyle (Röhr et al., 2022a).

The relationship between all three factors has also
been investigated and there are different pathways
by which lifestyle and SES can influence cognition
and dementia risk. A recent study showed that the
association between SES (i.e., education, occupa-
tion and net equivalence income) and cognitive
performance can partially be explained by health and
lifestyle factors (Röhr et al., 2022b). Other studies
suggest that SES might act as a moderator between
lifestyle and cognitive performance. For example,
higher adherence to a healthy diet was associated
with less cognitive decline over 3 years in older
adults (68–84 years) with low SES, compared with
high SES (based on income, education and
occupation) (Parrott et al., 2013). A prospective
cohort study found that financially disadvantaged
participants benefitted cognitively the most from
living healthy (based on vegetable and fish intake,
physical activity, smoking status and light-to-
moderate alcohol intake) (Weng et al., 2018).
Contrary, a prospective cohort study from 2019

found that the effect of a modifiable risk score
(including lifestyle factors) and cognitive func-
tioning over 10 years was similar across educa-
tional groups, another indicator of SES (Deckers
et al., 2018). In addition, SESmeasured as income
did not modify the lifestyle-intervention effect of the
FINGER on cognition (Rosenberg et al., 2018).

More clarity on this matter is important from a
public health perspective. It is important to identify
and target subgroups that would benefit most from
lifestyle interventions and vascular risk management
aimed at risk reduction of dementia and to develop
more extensive or other types of interventions in
specific SES groups, to reach the full potential of
primary prevention of dementia.

Therefore, this study aims to contribute to the
existing evidence by investigating whether the
association between modifiable dementia risk and
cognitive performance over 12 years is different
across groupswith different levels of SES, defined by
educational level and income.

Methods

Study design
This study used data from the Maastricht Aging
Study (MAAS), a population-based observational
study into successful and pathological cognitive
aging. Data collection for MAAS is ongoing and has
to date a fully completed follow-up period of
12 years (Jolles et al., 1995).

Participants
Potential participants for MAAS were randomly
drawn from the Research Network FamilyMedicine
Maastricht (RNFM), a registration network of family
practices in the Province of Limburg, the Nether-
lands (Metsemakers et al., 1992). The network
consisted of approximately 80,000 primary care
patients that are representative of the general Dutch
population with respect to demographic character-
istics (Metsemakers et al., 1992). A total of 10,396
individuals aged between 24 and 81 years old
without morbidity that is known to interfere with
cognitive function (e.g. dementia, schizophrenia)
received a postal letter with an invitation to participate
in MAAS. Interested individuals were screened for
exclusion criteria that were not available in the RNFM
database (e.g. score of <24 on the Mini-Mental State
Examination, history of transient ischemic attacks,
or brain surgery) (Jolles et al., 1995). This led to the
selection of 1823 Caucasian and Dutch-speaking
participants who completed the baseline assessment
between 1993 and 1995 (Jolles et al., 1995; van
Boxtel et al., 1998). The study protocol of MAAS
has been approved by the local ethics committee of
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Maastricht UniversityMedical Centre [METC2019-
1151]. Before participating in the study, all indivi-
duals were provided with oral and written informa-
tion.Written informed consent was obtained from all
participants at the start of the baseline assessment.

This study used data from the sample of ≥ 40
years old at baseline (n= 1223) and used the 6- and
12-year follow-up assessments as (cognitive) out-
come time points.

Measures

MODIFIABLE DEMENTIA RISK

To assess health and lifestyle factors associated
with dementia risk, the "LIfestyle for BRAin health"
(LIBRA) index was used (Deckers et al., 2015).
While most other dementia risk indices are based on
single cohort studies and/or include non-modifiable
factors such as age, sex or genetic factors (Cherbuin
et al., 2019; Exalto et al., 2014; Kivipelto et al., 2006;
Reitz et al., 2010; Stephen et al., 2017), LIBRA is
based on a systematic literature review and Delphi
consensus (Deckers et al., 2015) and was designed
to capture the modifiable risk fraction of 12 risk and
protective factors. LIBRA could therefore be useful
as a participant selection tool or as a surrogate
outcome measure in lifestyle intervention trials
(Coley et al., 2020; Deckers et al., 2021). LIBRA
has been associated with cognitive decline, cognitive
impairment and dementia risk in several cohorts,
particularly in middle-aged and young-old popula-
tions (Deckers et al., 2017a; Deckers et al., 2018;
Deckers et al., 2019; Deckers et al., 2020; Deckers
et al., 2021; Pons et al., 2018; Schiepers et al., 2018;
Vos et al., 2017). Presence of LIBRA factors in
MAAS (yes/no) was based on self-reported ques-
tionnaires and/or clinical data at baseline and
defined following established cutoffs. A weight
(positive for risk factors, negative for protective
factors) was assigned to the presence of each
LIBRA factor, based on the factor’s relative risk
(Deckers et al., 2015). With the exception of
information on adherence to a Mediterranean
diet, all LIBRA factors were available in MAAS.
The LIBRA total score was calculated for each
participant by summation of the individual LIBRA
weights (ranging from − 4.2 to + 12.7, with higher
scores indicating higher dementia risk). Additionally,
LIBRA discrete risk groups were calculated based on
tertiles (referred to as "low," "middle" and "high"
risk). Participants were only included in the analyses
if all 11 LIBRA factors were available. See Table S1
published as supplementarymaterial to the electronic
version of this paper at https://www.cambridge.org/
core/journals/international-psychogeriatrics for an
overview of the LIBRA factors, assigned weights
and operationalization in MAAS.

COGNITIVE OUTCOMES

Cognitive performance was assessed with a neuro-
psychological assessment administered by trained
personnel at baseline, 6- and 12-year follow-up. The
Verbal Learning Test (VLT) was used to assess
verbal memory. A total of 15meaningful words were
successively presented after which a participant was
asked to recall as many words as possible, with five
consecutive trials. Number of recalled words after
20minutes assessed delayed recall and was used as an
outcome measure in this study (Van der Elst et al.,
2005). To assess information processing speed, the
written version of the Letter-Digit Substitution Test
was used. In this test, participants were given
90 seconds to match as many letters as possible to
the given numbers following the key at the top of the
test sheet (van der Elst et al., 2006a). The Stroop
Color-Word Test (SCWT) was used to assess
executive functioning. Three cards were consecutively
presented to participants, each displaying 100 color
names (card one), colored patches (card two) and
color names printed in another color’s ink (card three).
Cognitive interference, the time needed to ignore
irrelevant but very outstanding (verbal) information in
favor of less salient information (color naming) in card
three, was used to assess executive functioning (Van
der Elst et al., 2006b). Participants were only included
in the study sample if at least one of the three cognitive
tests was administered at baseline.

SOCIOECONOMIC STATUS

SES was assessed using a compound score of
household income and educational level. Income
was measured by self-reported net month income of
the household in Euro, with 12 answering options
ranging from less than 680 euros to more than 2949
euros. In MAAS, income was measured from the
6-year follow-up and available for 712 (58.2%)
participants of the study sample. In order to account
for the household size living from a household
income, income was then recoded into a continuous
equivalent income measure by using the Organisa-
tion for Economic Co-operation and Development
(OECD) square root scale (OECD, 2011). The
midpoint of each category of income was taken and
divided by the squared root of the number of people
that this income should provide for. Educational
level was measured using the highest finalized
educational degree of a participant in eight catego-
ries (primary school, low vocational education,
intermediate secondary education, intermediate
vocational or higher secondary education, higher
vocational education, university and other), assessed
at baseline. To compute an overall compound score
of SES, equivalent income and educational level
were standardized and averaged and subsequently
categorized into tertiles.
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Statistical analysis
Chi2 tests and t-tests were used to investigate
differences in socio-demographics, LIBRA profile
and cognitive performance between the baseline
study sample and those excluded (i.e., <11 LIBRA
factors measured). ANOVA’s and chi2 tests were
used to study differences in the aforementioned
determinants between the three SES tertiles of the
baseline study sample (low, middle and high SES).
Linear mixed models were used to study the
association between LIBRA, SES and cognition
over time (3 time points: baseline, 6 and 12-year
follow-up), adjusted for baseline age, age2 and sex.
To correct for skewness, data on the VLT delayed
recall was squared and data on the SCWT interfer-
ence score was log-transformed. As suggested by
likelihood ratio tests, the models included a random
intercept, random slope and unstructured covariance
matrix. Interaction terms were added to the models
to investigate whether participants with different
LIBRA scores (time*LIBRA; using dummy variables
for the two follow-ups of time) or SES scores
(time*SES; dummy variables for middle and high
SES) differ in the rate of change of cognition over
time. The interaction terms were tested using aWald
test, which yields a chi2 statistic with 2 degrees of
freedom. Next, three-way interactions (time*LI-
BRA*SES) were added to the models to study the
effect of SES on the association between LIBRA and
cognition over time, followed by stratified analyses in
case of statistical significance. Analyses were first
performed for continuous LIBRA scores and then
repeated using LIBRA tertiles (low risk, middle risk,
high risk). Two inverse probability weights were used
to reduce selection bias (Deckers et al., 2017b;
Köhler et al., 2014; Schievink et al., 2017; Weuve
et al., 2012). First, an attritionweight was used.While
the mixed model assumes data to be missing at
random, conditional on included covariates, the
weighting further minimizes bias due to selective
dropout. The attrition weight was based on probit
regression including demographic and health-related
factors associated with missingness. Second, a
sampling weight using age, gender and level of
occupational achievement as predictors was added to
weight the estimates back to the RNFM source
population participants were recruited from (Mat-
thews et al., 2016; Weuve et al., 2012). All analyses
were performed in Stata 13.1 (StataCorp, College
Station, TX, USA) with a level of statistical
significance set a P< 0.05 in two-tailed tests.

Data availability statement
The data underlying this article will be shared on
reasonable request to the corresponding author.

Results

Participants
A flowchart of the recruitment process and selection
of the study sample is shown in Figure S1, published
as supplementary material to the electronic version
of this paper at https://www.cambridge.org/core/
journals/international-psychogeriatrics. Included
participants were by design older (t= (1819) 39.9,
df= 1819, p< 0.001). In addition, included partici-
pantswere lower educated (X2 (2)= 79.6, p< 0.001),
had more unfavorable LIBRA scores (t (1821)=
− 6.5, p< 0.001) and lower scores on cognitive
performance (information processing speed:
t (1817) = 18.9, p < 0.001; executive functioning:
t (1798)= − 11.3, p< 0.001; memory: t (1814)=
12.9, p< 0.001). There was no difference between
included and excluded participants for sex (X2 (1)=
0.72, p = 0.397). Table 1 presents the baseline
characteristics of the study sample by SES groups
(low, middle and high). Participants in the lowest
SES group were older, more often female and had a
higher (i.e., unhealthier) LIBRA score and lower
performance on cognition tasks. In contrast, the
protective factor of low-to-moderate alcohol use
was more common in the lowest SES group and
participants in the high SES group were more often
physically inactive compared to their low and
middle counterparts.

Lifestyle and cognitive decline
At baseline, higher (continuous) LIBRA scores were
associated with lower scores on information proces-
sing speed (B= − 0.37, 95%CI= − 0.58 to − 0.16,
p< 0.001; results in this paragraph not tabulated)
and executive functioning (B= 0.02, 95%CI=
0.01–0.04, p< 0.001), but not on verbal memory
(B= − 1.01, 95%CI= − 2.15 to 0.12, p= 0.081).
In the prospective analyses, a higher continuous
LIBRA score was associated with faster decline in
information processing speed (Wald test for overall
interaction: X2= 12.66, df= 2, p= 0.002; 6-year
LIBRA*time interaction: B= − 0.25, X2= 7.39,
df= 1, p= 0.007; 12-year LIBRA*time interaction:
B= − 0.47, X2= 11.64, df= 1, p= 0.001). There
was no association between the continuous LIBRA
and decline in executive functioning (Wald test for
overall interaction: X2= 0.03, df= 2, p= 0.987;
6-year LIBRA*time interaction B= − 0.0004,
X2= 0.00, df= 1, p= 0.947; 12-year LIBRA*time
interaction: B = − 0.002, X2 = 0.02, df = 1,
p = 0.875). The difference for verbal memory
from baseline to 6-year follow-up (B = − 1.52,
X2 = 4.63, df = 1, p = 0.032) was attenuated at
12-year follow-up (B = − 0.67, X2 = 0.45, df = 1,

Socioeconomic position, modifiable dementia risk and cognitive decline 577

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core/journals/international-psychogeriatrics
https://www.cambridge.org/core/journals/international-psychogeriatrics
https://www.cambridge.org/core/journals/international-psychogeriatrics
https://www.cambridge.org/core/journals/international-psychogeriatrics
https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


Ta
bl
e
1.

Ch
ar
ac
te
ris
ti
cs

of
th
e
ba
se
lin

e
st
ud
y
po
pu
la
ti
on

(n
=
12
23
)
by

so
ci
oe
co
no

m
ic

st
at
us

V
A
R
IA

B
L
E
S
a

L
O
W

S
E
S
,
N
=
4
1
9
(3

4
.3
%
)

M
ID

D
L
E

S
E
S
,
N
=
4
0
2
(3

2
.9
%
)

H
IG

H
S
E
S
,
N
=
4
0
2
(3

2
.9
%
)

P
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

D
em

og
ra
ph

ic
s

A
ge
;
m
ea
n
(S
D
)
ra
ng

e
62

.4
(1
1.
1)

40
–
82

57
.9

(1
0.
6)

40
–
79

56
.3

(1
2.
1)

40
–
82

<
0.
00

1
F
em

al
e;

n
(%

)
24

7
(5
9.
0%

)
19

9
(4
9.
5%

)
15

6
(3
8.
8%

)
<
0.
00

1
L
IB

R
A

he
al
th

an
d
lif
es
ty
le
fa
ct
or
s;
n
(%

)
H
yp

er
te
ns
io
n

20
0
(4
7.
9%

)
13

9
(3
4.
6%

)
14

0
(3
4.
7%

)
<
0.
00

1
D
ia
be

te
s

35
(8
.4
%
)

18
(4
.5
%
)

16
(4
.0
%
)

0.
01

1
H
yp

er
ch

ol
es
te
ro
le
m
ia

51
(1
2.
2%

)
56

(1
3.
9%

)
50

(1
2.
4%

)
0.
72

4
C
or
on

ar
y
he

ar
t
di
se
as
e

66
(1
5.
8%

)
61

(1
5.
2%

)
60

(1
4.
9%

)
0.
93

5
C
hr
on

ic
ki
dn

ey
di
se
as
e

21
(5
.0
%
)

17
(4
.2
%
)

18
(4
.5
%
)

0.
85

5
O
be

si
ty

11
4
(2
7.
3%

)
79

(1
9.
7%

)
63

(1
5.
6%

)
<
0.
00

1
S
m
ok

in
g

11
0
(2
6.
3%

)
99

(2
4.
6%

)
11

0
(2
7.
3%

)
0.
68

4
C
og

ni
ti
ve

ac
ti
vi
ty

11
1
(2
6.
6%

)
11

3
(2
8.
1%

)
14

1
(3
5.
0%

)
0.
02

0
P
hy

si
ca
l
in
ac
ti
vi
ty

12
5
(2
9.
9%

)
13

6
(3
3.
8%

)
21

1
(5
2.
4%

)
<
0.
00

1
L
ow

-t
o-
m
od

er
at
e
al
co

ho
l
us
e

29
6
(7
0.
8%

)
25

9
(6
4.
4%

)
20

1
(4
9.
9%

)
<
0.
00

1
H
ig
h
de

pr
es
si
ve

sy
m
pt
om

s
11

4
(2
7.
3%

)
91

(2
2.
6%

)
75

(1
8.
6%

)
0.
01

3
L
IB

R
A

sc
or
e;

m
ea
n
(S
D
)
ra
ng

e
1.
42

(2
.3
3)

−
4.
2
to

+
9.
2

1.
05

(2
.2
7)

−
4.
2
to

+
7.
7

0.
94

(2
.4
0)

−
4.
2
to

+
7.
4

0.
00

8
C
og
ni
tiv

e
fu
nc
tio

n
sc
or
eb
;
m
ea
n
(S

D
)

In
fo
rm

at
io
n
pr
oc

es
si
ng

sp
ee
d

39
.0
5
(9
.8
6)

45
.5
4
(9
.5
6)

50
.6
1
(1
0.
05

)
<
0.
00

1
E
xe
cu

ti
ve

fu
nc

ti
on

in
g

60
.1
9
(3
0.
95

)
47

.8
9
(1
8.
69

)
43

.2
6
(1
8.
44

)
<
0.
00

1
V
er
ba

l
m
em

or
y

8.
41

(2
.9
0)

9.
05

(2
.8
4)

9.
70

(3
.0
9)

<
0.
00

1

S
E
S
:
so
ci
oe

co
no

m
ic

st
at
us

(c
om

po
un

d
sc
or
e
of

ed
uc

at
io
na

l
le
ve
l
an

d
eq

ui
va
le
nt

m
on

th
in
co

m
e)
;
S
D
:
st
an

da
rd

de
vi
at
io
n;

L
IB

R
A
:
L
If
es
ty
le

fo
r
B
R
A
in

he
al
th

in
de

x.
a
N
um

be
rs

an
d
pe

rc
en

ta
ge
s
do

no
t
ad

d
up

du
e
to

m
is
si
ng

va
lu
es
.

b
In
fo
rm

at
io
n
pr
oc

es
si
ng

sp
ee
d
w
as

as
se
ss
ed

w
it
h
th
e
L
D
S
T
(h
ig
he

r
sc
or
es

re
fl
ec
tb

et
te
r
pe

rf
or
m
an

ce
),
ex
ec
ut
iv
e
fu
nc

ti
on

in
g
w
it
h
th
e
S
C
W
T
in
te
rf
er
en

ce
sc
or
e
(l
ow

er
sc
or
es

re
fl
ec
tb

et
te
r
pe

rf
or
m
an

ce
),

an
d
ve
rb
al

m
em

or
y
w
it
h
th
e
de

la
ye
d
re
ca
ll
sc
or
e
of

th
e
V
L
T

(h
ig
he

r
sc
or
es

re
fl
ec
t
be

tt
er

pe
rf
or
m
an

ce
).

578 I. Heger et al.

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


Ta
bl
e
2.

LI
BR

A
ris
k
gr
ou
ps

an
d
ch
an
ge

in
co
gn

it
io
n
ov
er

ti
m
e:

co
m
pa
ris
on

of
m
id
dl
e-

an
d
hi
gh

-r
is
k
gr
ou
ps

w
it
h
lo
w
-r
is
k
gr
ou
p

V
A
R
IA

B
L
E
S
a

B
A
S
E
L
IN

E

R
A
T
E

O
F

D
E
C
L
IN

E
F
R
O
M

B
A
S
E
L
IN

E

T
O

6
-Y

E
A
R

F
O
L
L
O
W
-U

P

R
A
T
E

O
F

D
E
C
L
IN

E
F
R
O
M

6
-Y

E
A
R

T
O

1
2
-Y

E
A
R

F
O
L
L
O
W
-U

P

O
V
E
R
A
L
L

L
IB

R
A
* T

IM
E

D
IF

F
E
R
E
N
C
E
b

9
5
%

C
I

D
IF

F
E
R
E
N
C
E
b

9
5
%

C
I

D
IF

F
E
R
E
N
C
E
b

9
5
%

C
I

X
2c

P
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

In
fo
rm

at
io
n
pr
oc
es
si
ng

sp
ee
d
(n

=
11

98
)

M
id
dl
e
ri
sk

−
1.
17

−
2.
38

to
0.
05

−
0.
71

−
1.
79

to
0.
38

−
0.
36

−
1.
56

to
0.
84

1.
86

0.
39

4
H
ig
h
ri
sk

−
2.
03

**
*

−
3.
23

to
−
0.
83

−
1.
19

*
−
2.
21

to
−
0.
17

−
1.
09

−
2.
41

to
0.
23

8.
81

0.
01

2
E
xe
cu
tiv

e
fu
nc
tio

ni
ng

(n
=
11

90
)

M
id
dl
e
ri
sk

0.
08

**
0.
02

to
0.
13

0.
00

3
−
0.
05

to
0.
06

−
0.
01

−
0.
08

to
0.
07

0.
05

0.
97

3
H
ig
h
ri
sk

0.
10

**
0.
04

to
0.
16

0.
01

−
0.
04

to
0.
07

−
0.
03

−
0.
11

to
0.
05

0.
62

0.
73

4
Ve
rb
al

m
em

or
y
(n

=
11

98
)

M
id
dl
e
ri
sk

−
4.
05

−
10

.7
5
to

2.
66

−
5.
15

−
12

.6
4
to

2.
33

9.
34

*
0.
34

to
18

.3
3

4.
84

0.
08

9
H
ig
h
ri
sk

−
2.
86

−
9.
54

to
3.
81

−
10

.5
5*

*
−
18

.0
6
to

−
3.
04

5.
02

−
5.
90

to
15

.9
5

7.
59

0.
02

3

L
IB

R
A
:
L
If
es
ty
le

fo
r
B
R
A
in

he
al
th
;
C
I:
co

nfi
de

nc
e
in
te
rv
al
;
df
:
de

gr
ee
s
of

fr
ee
do

m
.

a
In
fo
rm

at
io
n
pr
oc

es
si
ng

sp
ee
d
w
as

as
se
ss
ed

w
it
h
th
e
L
D
S
T
(h
ig
he

r
sc
or
es

re
fl
ec
tb

et
te
r
pe

rf
or
m
an

ce
),
ex
ec
ut
iv
e
fu
nc

ti
on

in
g
w
it
h
th
e
S
C
W
T
in
te
rf
er
en

ce
sc
or
e
(l
ow

er
sc
or
es

re
fl
ec
tb

et
te
r
pe

rf
or
m
an

ce
)

an
d
ve
rb
al

m
em

or
y
w
it
h
th
e
de

la
ye
d
re
ca
ll
sc
or
e
of

th
e
V
L
T

(h
ig
he

r
sc
or
es

re
fl
ec
t
be

tt
er

pe
rf
or
m
an

ce
).
A
na

ly
se
s
w
er
e
ad

ju
st
ed

fo
r
se
x,

ag
e,

ag
e2

an
d
le
ve
l
of

ed
uc

at
io
n.

b
D
iff
er
en

ce
in

co
gn

it
iv
e
pe

rf
or
m
an

ce
be

tw
ee
n
th
e
gr
ou

p
of

in
te
re
st

an
d
th
e
re
fe
re
nc

e
gr
ou

p
(l
ow

ri
sk
).

c
X

2
te
st

w
it
h
2
de

gr
ee
s
of

fr
ee
do

m
.

* p
<
0.
05

;
**
p
<
0.
01

;
**
* p

<
0.
00

1.

Socioeconomic position, modifiable dementia risk and cognitive decline 579

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


p= 0.502), and thus there was no overall association
found (X2= 4.72, df= 2, p= 0.094).

Table 2 presents the results of the comparison of
the middle- and high-risk groups with the low-risk
group, based on LIBRA tertiles. Faster decline in
information processing speed was observed in the
high-risk group compared to the low-risk group,
which was more pronounced in the 6-year follow-
up. There was an increase (not tabulated) in verbal
memory score from baseline to 6-year follow-up.
This improvement in performance was lower in
the high-risk group than in the low-risk group. No
effect was observed from 6-year to 12-year follow-
up. No differences over time were observed in
executive functioning and there were no differ-
ences in cognition scores over time between the
middle- and high-risk groups. The trajectories
over time (baseline until 12-year follow-up) of the
cognitive tests for the three LIBRA risk groups are
displayed in Figure 1.

SES and cognitive decline
Table 3 presents the results of the comparison
between the three SES groups, based on SES
tertiles. Participants in the middle- and high-SES
groups had less decline in information processing
speed and verbal memory from baseline to 6-year
follow-up (except middle SES vs. low SES for verbal
memory) compared to participants in the low SES
group. There was no difference in decline between
the middle and high SES groups for information
processing speed (rate of decline from baseline to 6
years 0.40, CI − 0.62 to 1.42, p= 0.439; and 6 years
to 12 years − 0.20, CI − 1.41 to 1.01, p= 0.741),
memory (rate of decline from baseline to 6 years
4.38, CI − 3.21 to 11.96, p= 0.257; 6 years to 12
years 0.62, CI − 9.00 to 10.24, p= 0.900) and
executive functioning (rate of decline baseline to 6
years 0.009, CI − 0.05 to 0.06, p= 0.755, 6 years to
12 years − 0.07, CI − 0.14 to 0.003, p= 0.059).

Figure 1. Estimated marginal means with 95% CIs of cognitive trajectories over time for the LIBRA risk groups. aInformation processing
speed, assessed with the LDST (higher scores reflect better performance); bExecutive functioning, assessed with the SCWT interference
score (log-transformed; lower scores reflect better performance); cVerbal memory, assessed with the delayed recall score of the
VLT (squared; higher scores reflect better performance). Adjusted for sex, age, age2 and level of education. LIBRA: LIfestyle for BRAin
health index.
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There was also no difference in executive function-
ing observed over time between the three SES
groups. Figure 2 displays the cognitive trajectories of
the three SES groups over time.

Differences in socioeconomic status
None of the three-way interaction models showed a
modifying effect of SES on the relationship between
continuous LIBRA and cognition. When categoriz-
ing LIBRA into three risk groups (tertiles), a
modifying effect of SES was found in executive
functioning. With increasing SES, the middle-risk
group needed less time to complete this task
compared to the low-risk group from baseline to
6-year follow-up (B= − 0.05, 95% CI= − 0.10 to
− 0.01, p= 0.013). This effect was attenuated at
12-year follow-up (B= 0.002, 95% CI= − 0.08 to
0.08, p= 0.970) and no effects were found for the
high-risk group compared to the low-risk group
(baseline to 6 years: B= 0.01, 95% CI= − 0.04 to

0.06, p= 0.749; 6 to 12-year follow-up: B= 0.08,
95% CI= − 0.01 to 0.17, p= 0.074).

Sensitivity analyses
We performed sensitivity analyses in which the
three-way interactionmodels were performed includ-
ing education or income separately (in tertiles),
instead of the combined SES compound score.
Results for the continuous LIBRA score did not
change, meaning that none of these models showed a
modifying effect of education or income on the
relationship between LIBRA and cognition. When
categorizing LIBRA into three risk groups (tertiles),
the modifying effect of the original SES model in
executive functioning no longer appeared
(B= − 0.11, 95% CI= − 0.26 to 0.03, p= 0.120).
A modifying effect of income was found in informa-
tion processing speed, in which participants within
the highest income group with the highest (i.e. most
unhealthy) risk profile performed worse from

Figure 2. Estimated marginal means with 95% CIs of cognitive trajectories of the SES groups over time. aInformation processing speed, assessed
with the LDST (higher scores reflect better performance); bExecutive functioning, assessed with the SCWT interference score (log-transformed;
lower scores reflect better performance); cVerbal memory, assessed with the delayed recall score of the VLT (squared; higher scores reflect better
performance). Adjusted for sex, age and age2. SES: socioeconomic status (assessed using a compound score of equivalent income and/or
educational level).
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baseline to 6-year follow-up compared to participants
within the lowest income group (B= − 2.87, 95%
CI= − 5.69 to − 0.05, p= 0.046).

Discussion

This study prospectively examined the association
between the modifiable dementia risk score LIBRA
and cognitive decline across different SES strata
over 12 years in a cognitively healthy population
aged 40 years and above. Results show that higher
LIBRA scores (both on a continuous scale and
divided into risk groups), reflecting a less brain-
healthy lifestyle, predicted more decline in informa-
tion processing speed and verbal memory function.
Participants in the lowest SES group displayedmore
decline in information processing speed and verbal
memory function compared to the higher SES
groups. However, no consistent effect modification
was found, meaning that the association between
LIBRA and rate of cognitive decline over 12 years
was similar across SES groups.

Higher modifiable dementia risk and lower SES
were both associated with faster decline in cognitive
performance, which is in line with previous work
(Deckers et al., 2018; Deckers et al., 2020; Deckers
et al., 2019; Deckers et al., 2021; Röhr et al., 2022b;
Schiepers et al., 2018; Vos et al., 2017). The finding
that the improved performance in verbal memory
score from baseline to 6-year follow-up was lower in
the high-risk group than in the low-risk group
indicated that the former benefitted less from the
practice effect that is commonly observed in repeated
assessment of verbal memory (Gavett et al., 2016).
Possible pathophysiological mechanisms by which
the different LIBRA factors affect cognition are
neurodegenerative processes (O'Brien andMarkus,
2014), cerebrovascular pathology (Wolters et al.,
2017), atherosclerotic burden (Qiu et al., 2005),
metabolic and inflammatory processes (Deckers
et al., 2015) and enhanced brain maintenance,
leading to delayed cognitive decline (Stern, 2012).

No consistent effect modification of SES was
found, which is in line with previous work
investigating LIBRA and cognitive performance in
different educational strata (Deckers et al., 2018). It
should be noted that analyses were conducted at the
level of the LIBRA total score, which takes all 11
LIBRA factors into account, and that differences in
SES for individual risk or protective factors (e.g.,
hypertension, physical inactivity) were not assessed
and could have been present (Deckers et al., 2018).
Yet, the used methods served our purpose since
LIBRA aims to identify the room for improvement
based on the total modifiable risk spectrum. These
findings suggest that modifiable lifestyle and health
factors are similarly associated with cognitive

decline across SES strata. This finding seems to
make a case for universal dementia risk reduction
across all SES levels. However, our study also shows
that participants with lower SES have a poorer
health and lifestyle status and faster decline in
cognitive performance. In addition, a recent study
(Röhr et al., 2022b) may suggest that the association
between lifestyle factors and cognitive performance
is less apparent in individuals with high SES,
although – similar to our study – the interaction
analysis was not significant. Thus, the potentially
modifiable risk fraction (i.e., the room for improve-
ment) is higher in people with low SES. Conse-
quently, health inequalities will increase further if
these high-risk groups – which are often also hard to
reach (Lafortune et al., 2016; Luten et al., 2018;
Steyaert et al., 2020) – are missed in the develop-
ment and out-roll of future interventions.

Strengths of this study include the prospective
design, which allowed us to assess exposure to
LIBRA factors years prior to our cognitive outcome
measures and to analyze serial assessment of
cognitive functioning with a comprehensive neuro-
psychological test battery, and the large sample size.
Further, this study is strengthened by using a
modifiable dementia risk score that is developed
based on an extensive systematic literature review
and Delphi consensus study (Deckers et al., 2015).
Last, we used a resource-based SES operationaliza-
tion (OECD, 2011) not only based on educational
level, which is also a proxy for cognitive reserve
(George et al., 2020), but also on an economic
(income) measure that accounts for household size.
This study, however, also has some limitations that
need to be addressed. First, dropout of the study at
6- and 12-year follow-ups could have led to selection
bias. This is an unfortunate but common phenome-
non in aging studies. Still, the response rate was
quite high for a prospective study (Wang et al., 2020)
(71.7% from baseline to 6-year follow-up, and
81.4% from 6- to 12 years) and the use of linear
mixed models allowed us to use maximum likeli-
hood estimations of missing outcome data to
minimize selection bias. Furthermore, although
the use of an SES compound score of education
and equivalent income should foremost be seen as a
strength of this study, it should be noted that there
was no data on equivalent income in 41.8%
(n= 511) of the participants, which resulted in an
SES score based on only educational level in this
group. Further, the use of self-reported measures to
calculate most of the LIBRA factors and net month
income could have led to recall bias or socially
desirable responses and could have affected the
predictive accuracy. Still, most LIBRA factors were
operationalized based on a combination of self-
report and a clinical measure (e.g., hypertension),
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diagnosis and/or registered medication use (e.g.,
diabetes, heart disease). Last, although LIBRA
assumes all individual factors to have an added
predictive value, the underlying mechanisms by
which the individual LIBRA factors affect cognition
could interact and this was not considered in the
design of the LIBRA score.

Conclusion

A higher modifiable risk score and SES predicted
cognitive decline over 12 years. Althoughmodifiable
factors were equally associated with cognitive
decline across SES strata, the modifiable risk
fraction is higher in people with low SES. It is
thus important to tailor interventions toward the
needs, wishes and barriers of subgroups, defined by
SES and/or risk status. It appears that considerable
prevention gain can be expected by engaging people
with low SES in preventive measures, as they more
often have higher LIBRA scores.
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conducting preliminary work for the purpose of this
study. This work was supported by NESTOR
(Nederlands Stimuleringsprogramma Ouderenon-
derzoek, 1995) of the Dutch Ministry of Education
& Science andWelfare, Health and Cultural Affairs.

Supplementary material

To view supplementary material for this article, please
visit https://doi.org/10.1017/S1041610223000819

References

Anstey, K. J. et al. (2017). Joining forces to prevent dementia:
The International Research Network On Dementia
Prevention (IRNDP). International Psychogeriatrics, 29,
1757–1760. https://doi.org/10.1017/S1041610217001685

Cherbuin, N., Shaw, M. E., Walsh, E., Sachdev, P. and
Anstey, K. J. (2019). Validated Alzheimer’s Disease Risk
Index (ANU-ADRI) is associated with smaller volumes in
the default mode network in the early 60s.Brain Imaging and
Behavior, 13, 65–74. https://doi.org/10.1007/s11682-017-
9789-5

Coley, N. et al. (2020). Dementia risk scores as surrogate
outcomes for lifestyle-based multidomain prevention trials-
rationale, preliminary evidence and challenges.Alzheimer’s
& Dementia: The Journal of the Alzheimer’s Association, 16,
1674–1685. https://doi.org/10.1002/alz.12169

Deckers, K. et al. (2020). Long-term dementia risk
prediction by the LIBRA score: a 30-year follow-up of the
CAIDE study. International Journal of Geriatric Psychiatry,
35, 195–203. https://doi.org/10.1002/gps.5235

Deckers, K. et al. (2019). Modifiable risk factors explain
socioeconomic inequalities in dementia risk: evidence from
a population-based prospective cohort study. Journal of
Alzheimer’s Disease, 71, 549–557. https://doi.org/10.3233/
jad-190541

Deckers, K. et al. (2021). Quantifying dementia prevention
potential in the FINGER randomized controlled trial using
the LIBRA prevention index. Alzheimer’s & Dementia: The
Journal of the Alzheimer’s Association, 17, 1205–1212. https://
doi.org/10.1002/alz.12281

Deckers, K. et al. (2017a). Lack of associations between
modifiable risk factors and dementia in the very old: findings
from the Cambridge City over-75s cohort study. Aging &
Mental Health, 22, 1272–1278. https://doi.org/10.1080/
13607863.2017.1280767

Deckers, K. et al. (2018). Gender and educational
differences in the association between lifestyle and cognitive
decline over 10 years: the Doetinchem Cohort Study.
Journal of Alzheimer’s Disease, 70, S31–S41. https://doi.org/
10.3233/jad-180492

Deckers, K. et al. (2015). Target risk factors for dementia
prevention: a systematic review and Delphi consensus study
on the evidence from observational studies. International
Journal of Geriatric Psychiatry, 30, 234–246. https://doi.org/
10.1002/gps.4245

Deckers, K., van Boxtel, M. P. J., Verhey, F. R. J. and
Köhler, S. (2017b). Obesity and cognitive decline in adults:
effect of methodological choices and confounding by age
in a longitudinal study. The Journal of Nutrition, Health &
Aging, 21, 546–553. https://doi.org/10.1007/s12603-016-
0757-3

Exalto, L. G. et al. (2014). Midlife risk score for the
prediction of dementia four decades later. Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association, 10,
562–570. https://doi.org/10.1016/j.jalz.2013.05.1772

Gavett, B. E. et al. (2016). Practice effects on story memory
and list learning tests in the neuropsychological assessment
of older adults. PloS One, 11, e0164492. https://doi.org/10
.1371/journal.pone.0164492

George, K. M. et al. (2020). Life-course individual and
neighborhood socioeconomic status and risk of dementia in

584 I. Heger et al.

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S1041610223000819
https://doi.org/10.1017/S1041610223000819
https://doi.org/10.1017/S1041610223000819
https://doi.org/10.1017/S1041610217001685
https://doi.org/10.1017/S1041610217001685
https://doi.org/10.1017/S1041610217001685
https://doi.org/10.1007/s11682-017-9789-5
https://doi.org/10.1007/s11682-017-9789-5
https://doi.org/10.1007/s11682-017-9789-5
https://doi.org/10.1007/s11682-017-9789-5
https://doi.org/10.1002/alz.12169
https://doi.org/10.1002/alz.12169
https://doi.org/10.1002/alz.12169
https://doi.org/10.1002/alz.12169
https://doi.org/10.1002/gps.5235
https://doi.org/10.1002/gps.5235
https://doi.org/10.1002/gps.5235
https://doi.org/10.1002/gps.5235
https://doi.org/10.3233/jad-190541
https://doi.org/10.3233/jad-190541
https://doi.org/10.3233/jad-190541
https://doi.org/10.3233/jad-190541
https://doi.org/10.1002/alz.12281
https://doi.org/10.1002/alz.12281
https://doi.org/10.1002/alz.12281
https://doi.org/10.1002/alz.12281
https://doi.org/10.1002/alz.12281
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.1080/13607863.2017.1280767
https://doi.org/10.3233/jad-180492
https://doi.org/10.3233/jad-180492
https://doi.org/10.3233/jad-180492
https://doi.org/10.3233/jad-180492
https://doi.org/10.1002/gps.4245
https://doi.org/10.1002/gps.4245
https://doi.org/10.1002/gps.4245
https://doi.org/10.1002/gps.4245
https://doi.org/10.1002/gps.4245
https://doi.org/10.1007/s12603-016-0757-3
https://doi.org/10.1007/s12603-016-0757-3
https://doi.org/10.1007/s12603-016-0757-3
https://doi.org/10.1007/s12603-016-0757-3
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1016/j.jalz.2013.05.1772
https://doi.org/10.1371/journal.pone.0164492
https://doi.org/10.1371/journal.pone.0164492
https://doi.org/10.1371/journal.pone.0164492
https://doi.org/10.1371/journal.pone.0164492
https://doi.org/10.1371/journal.pone.0164492
https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


the atherosclerosis risk in communities neurocognitive
study. American Journal of Epidemiology, 189, 1134–1142.
https://doi.org/10.1093/aje/kwaa072

Hachinski, V. et al. (2019). Preventing dementia by
preventing stroke: The Berlin Manifesto. Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association, 15,
961–984. https://doi.org/10.1016/j.jalz.2019.06.001

Jolles, J., Houx, P. J., Van Boxtel, M. P. and Ponds, R.
W. H. M. (1995). Maastricht Aging Study. Maastricht:
Neuropsych Publishers.

Kivipelto, M. et al. (2020). World-Wide FINGERS
Network: a global approach to risk reduction and prevention
of dementia. Alzheimer’s & Dementia: The Journal of the
Alzheimer’s Association, 16, 1078–1094. https://doi.org/10
.1002/alz.12123.

Kivipelto, M. et al. (2006). Risk score for the prediction of
dementia risk in 20 years among middle aged people: a
longitudinal, population-based study. Lancet Neurology, 5,
735–741. https://doi.org/10.1016/s1474-4422(06)70537-3

Köhler, S. et al. (2014). Temporal evolution of cognitive
changes in incident hypertension: prospective cohort study
across the adult age span. Hypertension, 63, 245–251.
https://doi.org/10.1161/hypertensionaha.113.02096

Krieger, N., Williams, D. R. and Moss, N. E. (1997).
Measuring social class in US public health research:
concepts, methodologies, and guidelines.Annual Review of
Public Health, 18, 341–378. https://doi.org/10.1146/annurev
.publhealth.18.1.341

Lafortune, L. et al. (2016). Behavioural risk factors in mid-
life associated with successful ageing, disability, dementia
and frailty in later life: a rapid systematic review. PLoSOne,
11, e0144405. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/26845035

Lautenschlager, N. T., Almeida, O. P. and Flicker, L.
(2003). Preventing dementia: why we should focus on health
promotion now. International Psychogeriatrics, 15, 111–
119. https://doi.org/10.1017/s1041610203008809

Lincoln, P. et al. (2014). The Blackfriars Consensus on brain
health and dementia. Lancet, 383, 1805–1806. https://doi
.org/10.1016/s0140-6736(14)60758-3

Livingston, G. et al. (2020). Dementia prevention,
intervention, and care: 2020 report of the Lancet
Commission. Lancet, 396, 413–446. https://doi.org/10
.1016/s0140-6736(20)30367-6

Luten, K. A., Dijkstra, A., De Winter, A. F. and
Reijneveld, S. A. (2018). Developing a community-based
intervention for Dutch older adults in a socioeconomically
disadvantaged community. Health Promotion International,
34, 567–580. https://doi.org/10.1093/heapro/day011

Matthews, F. E. et al. (2016). A two decade dementia
incidence comparison from the Cognitive Function and
Ageing Studies I and II.Nature Communications, 7, 11398.
https://doi.org/10.1038/ncomms11398

Metsemakers, J. F., Höppener, P., Knottnerus, J. A.,
Kocken, R. J. and Limonard, C. B. (1992).
Computerized health information in The Netherlands: a
registration network of family practices. British Journal of
General Practice, 42, 102–106.

Ngandu, T. et al. (2015). A 2 year multidomain intervention
of diet, exercise, cognitive training, and vascular risk
monitoring versus control to prevent cognitive decline in
at-risk elderly people (FINGER): a randomised controlled

trial. Lancet, 385, 2255–2263. https://doi.org/10.1016/
s0140-6736(15)60461-5

Norton, S., Matthews, F. E., Barnes, D. E., Yaffe, K.
and Brayne, C. (2014). Potential for primary prevention of
Alzheimer’s disease: an analysis of population-based data.
Lancet Neurology, 13, 788–794. https://doi.org/10.1016/
s1474-4422(14)70136-x

O’Brien, J. T. and Markus, H. S. (2014). Vascular risk
factors and Alzheimer’s disease. BMC Medicine, 12, 218.
https://doi.org/10.1186/s12916-014-0218-y

OECD (2011).DividedWe Stand:Why Inequality Keeps Rising.
OECD Publishing.

Parrott, M. D. et al. (2013). Relationship between diet
quality and cognition depends on socioeconomic position in
healthy older adults. Journal of Nutrition, 143, 1767–1773.
https://doi.org/10.3945/jn.113.181115

Pons, A. et al. (2018). Utility of the LIBRA index in relation
to cognitive functioning in a clinical health seeking sample.
Journal of Alzheimer’s Disease, 62, 373–384. https://doi.org/
10.3233/jad-170731

Prince, M. et al. (2016). Recent global trends in the
prevalence and incidence of dementia, and survival with
dementia. Alzheimer’s Research & Therapy, 8, 23–23.
https://doi.org/10.1186/s13195-016-0188-8

Qiu, C., Winblad, B. and Fratiglioni, L. (2005). The age-
dependent relation of blood pressure to cognitive function
and dementia. Lancet Neurology, 4, 487–499. https://doi
.org/10.1016/s1474-4422(05)70141-1

Reitz, C. et al. (2010). A summary risk score for the
prediction of Alzheimer disease in elderly persons. Archives
of Neurology, 67, 835–841. https://doi.org/10.1001/
archneurol.2010.136

Roehr, S., Pabst, A., Luck, T. and Riedel-Heller, S.
(2018). Is dementia incidence declining in high-income
countries? A systematic review and meta-analysis. Clinical
Epidemiology, 10, 1233–1247. https://doi.org/10.2147/
CLEP.S163649

Röhr, S. et al. (2022a). Social determinants and lifestyle
factors for brain health: implications for risk reduction of
cognitive decline and dementia. Scientific Reports, 12,
12965. https://doi.org/10.1038/s41598-022-16771-6

Röhr, S. et al. (2022b). Socioeconomic inequalities in
cognitive functioning only to a small extent attributable to
modifiable health and lifestyle factors in individuals
without dementia. Journal of Alzheimer’s Disease, 90,
1523–1534. https://doi.org/10.3233/jad-220474

Rosenberg, A. et al. (2018). Multidomain lifestyle
intervention benefits a large elderly population at risk for
cognitive decline and dementia regardless of baseline
characteristics: the FINGER trial. Alzheimer’s & Dementia:
The Journal of the Alzheimer’s Association, 14, 263–270.
https://doi.org/10.1016/j.jalz.2017.09.006

Satizabal, C. L. et al. (2016). Incidence of dementia over
three decades in the Framingham Heart Study. The New
England Journal of Medicine, 374, 523–532. https://doi.org/
10.1056/NEJMoa1504327

Schiepers, O. J. G. et al. (2018). Lifestyle for Brain Health
(LIBRA): a new model for dementia prevention.
International Journal of Geriatric Psychiatry, 33, 167–175.
https://doi.org/10.1002/gps.4700

Schievink, S. H. J. et al. (2017). Cognitive changes in
prevalent and incident cardiovascular disease: a 12-year

Socioeconomic position, modifiable dementia risk and cognitive decline 585

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1093/aje/kwaa072
https://doi.org/10.1093/aje/kwaa072
https://doi.org/10.1093/aje/kwaa072
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1016/j.jalz.2019.06.001
https://doi.org/10.1002/alz.12123
https://doi.org/10.1002/alz.12123
https://doi.org/10.1002/alz.12123
https://doi.org/10.1002/alz.12123
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.1161/hypertensionaha.113.02096
https://doi.org/10.1161/hypertensionaha.113.02096
https://doi.org/10.1161/hypertensionaha.113.02096
https://doi.org/10.1161/hypertensionaha.113.02096
https://doi.org/10.1161/hypertensionaha.113.02096
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://doi.org/10.1146/annurev.publhealth.18.1.341
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://www.ncbi.nlm.nih.gov/pubmed/26845035
https://doi.org/10.1017/s1041610203008809
https://doi.org/10.1017/s1041610203008809
https://doi.org/10.1017/s1041610203008809
https://doi.org/10.1016/s0140-6736(14)60758-3
https://doi.org/10.1016/s0140-6736(14)60758-3
https://doi.org/10.1016/s0140-6736(14)60758-3
https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1093/heapro/day011
https://doi.org/10.1093/heapro/day011
https://doi.org/10.1093/heapro/day011
https://doi.org/10.1038/ncomms11398
https://doi.org/10.1038/ncomms11398
https://doi.org/10.1038/ncomms11398
https://doi.org/10.1016/s0140-6736(15)60461-5
https://doi.org/10.1016/s0140-6736(15)60461-5
https://doi.org/10.1016/s0140-6736(15)60461-5
https://doi.org/10.1016/s0140-6736(15)60461-5
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1186/s12916-014-0218-y
https://doi.org/10.1186/s12916-014-0218-y
https://doi.org/10.1186/s12916-014-0218-y
https://doi.org/10.3945/jn.113.181115
https://doi.org/10.3945/jn.113.181115
https://doi.org/10.3945/jn.113.181115
https://doi.org/10.3945/jn.113.181115
https://doi.org/10.3945/jn.113.181115
https://doi.org/10.3233/jad-170731
https://doi.org/10.3233/jad-170731
https://doi.org/10.3233/jad-170731
https://doi.org/10.3233/jad-170731
https://doi.org/10.1186/s13195-016-0188-8
https://doi.org/10.1186/s13195-016-0188-8
https://doi.org/10.1186/s13195-016-0188-8
https://doi.org/10.1016/s1474-4422(05)70141-1
https://doi.org/10.1016/s1474-4422(05)70141-1
https://doi.org/10.1016/s1474-4422(05)70141-1
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.1001/archneurol.2010.136
https://doi.org/10.2147/CLEP.S163649
https://doi.org/10.2147/CLEP.S163649
https://doi.org/10.2147/CLEP.S163649
https://doi.org/10.2147/CLEP.S163649
https://doi.org/10.2147/CLEP.S163649
https://doi.org/10.1038/s41598-022-16771-6
https://doi.org/10.1038/s41598-022-16771-6
https://doi.org/10.1038/s41598-022-16771-6
https://doi.org/10.3233/jad-220474
https://doi.org/10.3233/jad-220474
https://doi.org/10.3233/jad-220474
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1016/j.jalz.2017.09.006
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1002/gps.4700
https://doi.org/10.1002/gps.4700
https://doi.org/10.1002/gps.4700
https://doi.org/10.1002/gps.4700
https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


follow-up in the Maastricht Aging Study (MAAS).
European Heart Journal, 43, e2–e9. https://doi.org/10.1093/
eurheartj/ehx365

Stephen, R. et al. (2017). Associations of CAIDE Dementia
Risk Score with MRI, PIB-PET measures, and cognition.
Journal of Alzheimer’s Disease, 59, 695–705. https://doi.org/
10.3233/jad-170092

Stern, Y. (2012). Cognitive reserve in ageing and Alzheimer’s
disease. Lancet Neurology, 11, 1006–1012. https://doi.org/10
.1016/s1474-4422(12)70191-6

Steyaert, J. et al. (2020). Putting primary prevention of
dementia on everybody’s agenda. Aging & Mental Health,
25, 1376–1380. https://doi.org/10.1080/13607863.2020
.1783514

Van Boxtel, M. P. et al. (1998). The relation between
morbidity and cognitive performance in a normal aging
population. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences, 53, M147–M154. https://doi
.org/10.1093/gerona/53a.2.m147

Van Der Elst, W., Van Boxtel, M. P., Van Breukelen, G.
J. and J., Jolles (2005). Rey’s verbal learning test:
normative data for 1855 healthy participants aged 24-81
years and the influence of age, sex, education, and mode of
presentation. Journal of the International Neuropsychological
Society, 11, 290–302. https://doi.org/10.1017/
s1355617705050344

Van Der Elst, W., Van Boxtel, M. P., Van Breukelen, G.
J. and J., Jolles (2006a). The Letter Digit Substitution
Test: normative data for 1,858 healthy participants aged
24-81 from the Maastricht Aging Study (MAAS): influence
of age, education, and sex. Journal of Clinical and
Experimental Neuropsychology, 28, 998–1009. https://doi.org/
10.1080/13803390591004428

Van Der Elst, W., Van Boxtel, M. P., Van Breukelen, G.
J. and J., Jolles (2006b). The Stroop color-word test:
influence of age, sex, and education; and normative data
for a large sample across the adult age range. Assessment, 13,
62–79. https://doi.org/10.1177/1073191105283427

Vos, S. J. B. et al. (2017). Modifiable risk factors for
prevention of dementia in midlife, late life and the oldest-
old: validation of the LIBRA index. Journal of Alzheimer’s

Disease, 58, 537–547. https://doi.org/10.3233/JAD-161208
Wang, K., Eftang, C. N., Jakobsen, R. B. and Årøen, A.

(2020). Review of response rates over time in registry-based
studies using patient-reported outcome measures. BMJ
Open, 10, e030808. https://doi.org/10.1136/bmjopen-2019-
030808

Weng, P. H. et al. (2018). The effect of lifestyle on late-life
cognitive change under different socioeconomic status. PloS
One, 13, e0197676. https://doi.org/10.1371/journal.pone
.0197676

Weuve, J. et al. (2012). Accounting for bias due to selective
attrition: the example of smoking and cognitive decline.
Epidemiology, 23, 119–128. https://doi.org/10.1097/EDE
.0b013e318230e861

Wolters, F. J. et al. (2020). Twenty-seven-year time trends
in dementia incidence in Europe and the United States:
The Alzheimer Cohorts Consortium. Neurology, 95,
e519–e531. https://doi.org/10.1212/wnl
.0000000000010022

Wolters, F. J. et al. (2017). Cerebral perfusion and the risk of
dementia: a population-based study. Circulation, 136,
719–728. https://doi.org/10.1161/circulationaha.117.027448

World Health Organization (n.d.). Factsheet Dementia
[Online]. Available at https://www.who.int/news-room/fact-
sheets/detail/dementia; last accessed 9 February 2021.

World Health Organization (2017). Global Action Plan on
the Public Health Response to Dementia 2017-2025. Geneva:
World Health Organization.

World Health Organization (2019). Risk Reduction of
Cognitive Decline and Dementia: WHO Guidelines. Geneva.:
World Health Organization.

Yaffe, K. et al. (2013). Effect of socioeconomic disparities on
incidence of dementia among biracial older adults:
prospective study. BMJ, 347, f7051. https://doi.org/10
.1136/bmj.f7051

Zeki Al Hazzouri, A. et al. (2011). Life-course
socioeconomic position and incidence of dementia and
cognitive impairment without dementia in older Mexican
Americans: results from the Sacramento area Latino
study on aging. American Journal of Epidemiology, 173,
1148–1158. https://doi.org/10.1093/aje/kwq483

586 I. Heger et al.

https://doi.org/10.1017/S1041610223000819
Downloaded from https://www.cambridge.org/core. IP address: 3.137.219.33, on 13 Mar 2025 at 00:49:13, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.3233/jad-170092
https://doi.org/10.3233/jad-170092
https://doi.org/10.3233/jad-170092
https://doi.org/10.3233/jad-170092
https://doi.org/10.1016/s1474-4422(12)70191-6
https://doi.org/10.1016/s1474-4422(12)70191-6
https://doi.org/10.1016/s1474-4422(12)70191-6
https://doi.org/10.1080/13607863.2020.1783514
https://doi.org/10.1080/13607863.2020.1783514
https://doi.org/10.1080/13607863.2020.1783514
https://doi.org/10.1080/13607863.2020.1783514
https://doi.org/10.1080/13607863.2020.1783514
https://doi.org/10.1093/gerona/53a.2.m147
https://doi.org/10.1093/gerona/53a.2.m147
https://doi.org/10.1093/gerona/53a.2.m147
https://doi.org/10.1093/gerona/53a.2.m147
https://doi.org/10.1093/gerona/53a.2.m147
https://doi.org/10.1017/s1355617705050344
https://doi.org/10.1017/s1355617705050344
https://doi.org/10.1017/s1355617705050344
https://doi.org/10.1017/s1355617705050344
https://doi.org/10.1080/13803390591004428
https://doi.org/10.1080/13803390591004428
https://doi.org/10.1080/13803390591004428
https://doi.org/10.1080/13803390591004428
https://doi.org/10.1177/1073191105283427
https://doi.org/10.1177/1073191105283427
https://doi.org/10.1177/1073191105283427
https://doi.org/10.3233/JAD-161208
https://doi.org/10.3233/JAD-161208
https://doi.org/10.3233/JAD-161208
https://doi.org/10.1136/bmjopen-2019-030808
https://doi.org/10.1136/bmjopen-2019-030808
https://doi.org/10.1136/bmjopen-2019-030808
https://doi.org/10.1136/bmjopen-2019-030808
https://doi.org/10.1371/journal.pone.0197676
https://doi.org/10.1371/journal.pone.0197676
https://doi.org/10.1371/journal.pone.0197676
https://doi.org/10.1371/journal.pone.0197676
https://doi.org/10.1371/journal.pone.0197676
https://doi.org/10.1097/EDE.0b013e318230e861
https://doi.org/10.1097/EDE.0b013e318230e861
https://doi.org/10.1097/EDE.0b013e318230e861
https://doi.org/10.1097/EDE.0b013e318230e861
https://doi.org/10.1212/wnl.0000000000010022
https://doi.org/10.1212/wnl.0000000000010022
https://doi.org/10.1212/wnl.0000000000010022
https://doi.org/10.1212/wnl.0000000000010022
https://doi.org/10.1161/circulationaha.117.027448
https://doi.org/10.1161/circulationaha.117.027448
https://doi.org/10.1161/circulationaha.117.027448
https://doi.org/10.1161/circulationaha.117.027448
https://doi.org/10.1161/circulationaha.117.027448
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.1136/bmj.f7051
https://doi.org/10.1136/bmj.f7051
https://doi.org/10.1136/bmj.f7051
https://doi.org/10.1136/bmj.f7051
https://doi.org/10.1093/aje/kwq483
https://doi.org/10.1093/aje/kwq483
https://doi.org/10.1093/aje/kwq483
https://doi.org/10.1017/S1041610223000819
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	Socioeconomic position, modifiable dementia risk and cognitive decline: results of 12-year Maastricht Aging Study
	ABSTRACT
	Introduction
	Methods
	 Study design
	 Participants
	 Measures
	Modifiable dementia risk
	Cognitive outcomes
	Socioeconomic status

	 Statistical analysis
	 Data availability statement

	Results
	 Participants
	 Lifestyle and cognitive decline
	 SES and cognitive decline
	 Differences in socioeconomic status
	 Sensitivity analyses

	Discussion
	Conclusion
	Conflict of interest
	Description of authors' roles
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


