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Background
High cognitive activity possibly reduces the risk of cognitive
decline and dementia.

Aims
To investigate associations between an individual’s need to
engage in cognitively stimulating activities (need for cognition,
NFC) and structural brain damage and cognitive functioning in
the Dutch general population with and without existing cognitive
impairment.

Method
Cross-sectional data were used from the population-based
cohort of the Maastricht Study. NFC was measured using the
Need For Cognition Scale. Cognitive functioning was tested in
three domains: verbal memory, information processing speed,
and executive functioning and attention. Values 1.5 s.d. below
the mean were defined as cognitive impairment. Standardised
volumes of white matter hyperintensities (WMH), cerebrospinal
fluid (CSF) and presence of cerebral small vessel disease (CSVD)
were derived from 3T magnetic resonance imaging. Multiple
linear and binary logistic regression analyses were used adjusted
for demographic, somatic and lifestyle factors.

Results
Participants (n = 4209; mean age 59.06 years, s.d. = 8.58; 50.1%
women) with higher NFC scores had higher overall cognition

scores (B = 0.21, 95% CI 0.17–0.26, P < 0.001) and lower odds for
CSVD (OR = 0.74, 95% CI 0.60–0.91, P = 0.005) and cognitive
impairment (OR = 0.60, 95% CI 0.48–0.76, P < 0.001) after adjust-
ment for demographic, somatic and lifestyle factors. The asso-
ciation between NFC score and cognitive functioning was similar
for individuals with and without prevalent cognitive impairment.
We found no significant association between NFC and WMH or
CSF volumes.

Conclusions
A high need to engage in cognitively stimulating activities is
associatedwith better cognitive functioning and less presence of
CSVD and cognitive impairment. This suggests that, in middle-
aged individuals, motivation to engage in cognitively stimulating
activities may be an opportunity to improve brain health.
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Given the projected increase in the number of people with dementia
worldwide and the absence of a curative treatment, dementia is con-
sidered one of the biggest public health concerns of the 21st
century.1 Observational research has shown that a substantial pro-
portion of dementia cases are potentially attributable to modifiable
risk factors, and the Lancet Commission on Dementia Prevention,
Intervention and Care has emphasised that we should be ambitious
about dementia risk reduction through lifestyle modifications.1 This
message is reinforced by several recent publications, such as World
Health Organization (WHO) guidelines,2 Alzheimer’s Disease
International’s report3 and the WHO position paper4 on brain
health.

Results from randomised controlled trials showed mixed find-
ings regarding the influence of multi-domain lifestyle interventions
on participants’ cognitive functioning.5 The FINGER trial suggested
that an intensive 2-year multi-domain intervention consisting of
diet improvement, exercise, cognitive training and cardiovascular
risk monitoring could maintain or improve cognitive functioning
in older persons at risk for dementia.6 Somemulti-domain interven-
tion studies in different at-risk groups found similar results,7–10

especially those that included cognitive training as part of the
multi-domain intervention,5 whereas others did not.11 Two trials

focused on incident dementia as an outcome, but individuals in
the intervention group were as likely to develop dementia as those
in the control group.12,13 In other words, multi-domain interven-
tions may have small beneficial effects on cognitive functioning in
older persons, but it is still unclear whether such interventions
can delay or prevent dementia. Thus, further insight into how envir-
onmental and lifestyle factors influence the onset and course of
dementia is essential, for example for developing preventive inter-
ventions against dementia and its effective management.2,14

Engaging in cognitively stimulating activities is considered a
promising modifiable protective factor for cognitive decline and
dementia.15,16 It is hypothesised that engaging in such activities con-
tributes to the individual’s ‘cognitive reserve’ by promoting synap-
togenesis and strengthening of neural networks.17 This concept
aims to explain why some individuals tolerate brain pathology
better than others and, consequently, whether the development of
cognitive symptoms is delayed or ruled out.18,19 Cognitively stimu-
lating activities are activities in which information processing is a
central component, such as listening to the radio, reading and
playing strategic games like cards or puzzles.20 An individual’s
need to engage in cognitively stimulating activities, which can be
captured by the construct ‘need for cognition’ (NFC), includes
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intrinsic motivation and enjoyment at being involved in cognitively
stimulating activities. Also, persons with a higher NFC have the ten-
dency to engage in and enjoy thinking, and make active efforts to
structure relevant situations and increase understanding.21

Importantly, NFC can thus be seen as a main driver for subsequent
engagement in cognitively stimulating activities, which makes it an
important primary intervention target.21 Several studies have exam-
ined whether an individual’s NFC is associated with cognitive func-
tioning, but findings are mixed; however, most studies were
relatively small (<350 participants) and were conducted in non-
representative samples.22–24

As far as we know, there is no previous research on the associ-
ation between NFC and structural brain damage. However, an asso-
ciation between engagement in cognitively stimulating activities and
brain damage has been established.25 For example, a systematic
review by Anatürk et al25 found that cognitive activity correlated
with whole-brain assessments of white matter volume and
number of lesions. Thus, it could be hypothesised that NFC is pos-
sibly associated with markers of brain damage and therefore might
be a potential protective factor for overall brain health.

Therefore, the present study aimed to investigate the association
between an individual’s need to engage in cognitively stimulating
activities and overall cognitive functioning, cognitive impairment
and evidence of structural brain damage in the Dutch general popu-
lation aged 40–75 years. In addition, we investigated the potential
moderating effects of structural brain damage and cognitive impair-
ment on the association between an individual’s need to engage in
cognitively stimulating activities and overall cognitive functioning
to assess whether this association was different for people with
and without existing brain damage or cognitive impairment.

Method

Study population and design

We used data from theMaastricht Study, an observational prospect-
ive population-based cohort study. The rationale and methodology
have been described previously.26 In brief, the study focuses on the
aetiology, pathophysiology, complications and comorbidities of
type 2 diabetes and is characterised by an extensive phenotyping
approach. Eligible for participation were all individuals aged
between 40 and 75 years who were living in the southern part of
The Netherlands. Participants were recruited through mass media
campaigns and from the municipal registries and the regional
Diabetes Patient Registry via postal mailings. Recruitment was
stratified according to known diabetes status, with an oversampling
of individuals with type 2 diabetes, for reasons of efficiency. The
present report includes cross-sectional data from 7689 participants
who completed the baseline survey between November 2010 and
December 2017. The examinations of each participant were per-
formed within a time window of 3 months. Participants were
included in the analyses if data on the Need for Cognition Scale, cog-
nition, magnetic resonance imaging (MRI) outcomes, sociodemo-
graphic characteristics and lifestyle factors were available.

An individual’s need to engage in cognitively stimulating
activities

The 18-item Need for Cognition Scale is an instrument to detect an
individual’s ‘tendency to engage in and enjoy thinking’ and consists
of various statements linked to the construct of NFC.21 Items are
evenly phrased positively and negatively, for example ‘Thinking is
not my idea of fun’ (negative wording) and ‘I would prefer
complex to simple problems’ (positive wording). Participants indi-
cate their agreement with statements on a 9-point Likert scale,

ranging from ‘very strong disagreement’ (score of −4) to ‘very
strong agreement’ (score of +4); the total score range is −72 to
72). A high score on the Need for Cognition Scale implies that
someone is highly motivated to engage in cognitively stimulating
activities. In addition to looking at a continuous measurement of
NFC (mean score on the Need for Cognition Scale; sum score
divided by total number of completed items), participants were
also classified into three groups based on tertiles (low, medium,
high) of the mean Need for Cognition Scale score.

Cognitive functioning

Cognitive functioning was assessed by a 30-min neuropsychological
test battery conducted by trained research assistants.26 The individ-
ual neuropsychological tests scores were standardised and divided
in three cognitive domains: memory, processing speed, and execu-
tive functioning and attention. For memory function, immediate
and delayed recall on the Verbal Learning Test were used.27

Information processing speed was based on the Stroop Color–
Word Test Parts 1 and 2,28 the Concept Shifting Test Parts A and
B29 and the Letter Digit Substitution Test.30 Executive functioning
and attention were assessed using the Concept Shifting Test Part
C and Stroop Color–Word Test Part 3. Test scores were standar-
dised into z-scores based on the means and standard deviations of
individual variables across the study sample and then averaged in
cognitive domain scores. The three domain scores were averaged
to yield an overall cognition score. In addition, a score of ≤1.5
s.d. below the mean on any of the three cognitive domains based
on normative data for age, gender and level of education was con-
sidered as indicative of cognitive impairment (yes/no).

Structural brain damage and cerebral small vessel
disease

Structural brain damage was based on volumetric parameters mea-
sured using 3T MRI (MAGNETOM Prisma-fit Syngo MR D13D;
Siemens Healthcare, Erlangen, Germany). The following MRI
protocol was used: a three-dimensional T1-weighted sequence, a
T2 fluid-attenuated inversion recovery (FLAIR) and a gradient
recalled echo (GRE) pulse sequence with susceptibility-weighted
imaging (SWI). The T1-weighted and T2 FLAIR images were
used to assess participants’ brain volume. The T1-weighted and
T2 FLAIR images were also used to segment brain tissue into grey
matter, white matter and cerebrospinal fluid volumes, and their
sum indicates intracranial volume. The sum of grey matter and
white matter volumes was used to calculate total brain volume.
Volumetric measures of white matter hyperintensities (WMH;
mL) and cerebrospinal fluid (CSF; mL) were used as a proxy of cere-
brovascular damage and brain atrophy respectively. The combined
cerebral small vessel disease (CSVD) score was defined as any of (a)
WMH volume >3.0 mL, (b) presence of lacunar infarct or (c) pres-
ence of cerebral microbleeds, resulting in a binary score of CSVD
present (yes/no).

Demographics and covariates

Information on age (years), gender (male/female), educational level
(low/medium/high), smoking status (never/former/current) and
history of cardiovascular disease (CVD; yes/no) was collected
from study questionnaires. Participants were asked to bring their
medication for review, from which the use of antihypertensive
medication (yes/no), antidepressants (yes/no) and lipid-modifying
medication (yes/no) was noted. Hypertension (yes/no) was based
on average office blood pressure measurement using a blood pres-
sure monitor (Omron 705IT, Japan; systolic blood pressure
≥140 mmHg or diastolic blood pressure ≥90 mmHg) or current
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antihypertensive medication use. The presence of a current minor
or major depressive episode (yes/no) was assessed using the Mini-
International Neuropsychiatric Interview (MINI).31 Participants
completed a Food Frequency Questionnaire, from which we
obtained adherence to the Dutch Health Diet Index (DHDI; sum
score), reflecting diet, and the Community Healthy Activities
Model Program for Seniors questionnaire (CHAMPS; sum score),
for assessment of physical activity.32–35 The presence of type 2 dia-
betes (yes/no) was based on their glucose tolerance status measured
using an oral glucose tolerance test (≥11.1 mmol/l), according to the
WHO definition.36 The total cholesterol to high density lipoprotein
(HDL) cholesterol ratio was determined through laboratory assess-
ment. Height and weight were measured, and body mass index
(BMI) was calculated from these using the formula BMI = kg/m2.

Statistical analysis

Differences in characteristics between the three NFC groups (ter-
tiles) and between the final study sample and the excluded group
were tested using one-way analysis of variance (ANOVA) for con-
tinuous variables and Pearson’s χ2-test for categorical variables.
Multiple linear regression analyses were used to test the association
between NFC (continuous score and tertiles) and (a) cognitive func-
tioning, (b) WMH and (c) CSF. Binary logistic regression analyses
were used to test the association between NFC and presence of (a)
cognitive impairment and (b) CSVD. All analyses followed the
same protocol of adding blocks of potential confounders. Model 1
was the crude model (adjusted for MRI lag-time, to correct for
time between assessment and MRI, and intracranial volume for
volumetric MRI markers, to correct for head size). In model 2, we
adjusted for demographic factors (model 1 plus age, gender, educa-
tion, type 2 diabetes (because of the oversampling of type 2 dia-
betes)). In model 3, we adjusted for somatic factors (model 2 plus
BMI, hypertension, history of CVD, depression, antidepressants,
cholesterol, lipid-modifying medication). In model 4, we adjusted
for lifestyle factors (model 3 plus smoking status, physical activity,
diet). Model 3 was considered the main model because missingness
was relatively high for smoking status, physical activity and diet.

To examine whether there was an interaction effect between
NFC and brain damage on cognitive functioning, interaction
terms (NFC ×WMH; NFC × CSF; NFC × CSVD) were included in
the regression analyses. Similarly, to study whether there was an
interaction effect between NFC and cognitive impairment on cogni-
tive functioning and brain damage the interaction term ‘NFC × cog-
nitive impairment’ was included in the regression analysis.
Additional interaction terms were included inmodel 3 to investigate
whether the associations between NFC and cognitive functioning/
impairment and MRI markers were modified by age, gender and
type 2 diabetes status. Associations are expressed by the unstandar-
dised regression coefficients (B) and the 95% confidence intervals
(CI) for linear regression and by odds ratios (OR) and 95% confi-
dence intervals for logistic regression. The possibility of multicolli-
nearity among NFC, age, gender and education was explored using
the variance inflation factor (VIF). AsWMHwas skewed, a constant
was added and the variable was log transformed. The possibility of a
dose–response relationship or non-linear association was explored
by replacing the continuous variable of NFC with a categorical
(low/medium/high) variable of NFC and tested with a likelihood
ratio test for a linear trend. A non-significant test suggests no devi-
ation from a linear trend, which is consistent with a linear dose–
response relation. In a sensitivity analysis, we restricted model 3
to participants with missing data on model 4 to explore potential
selection bias in model 4. For similar reasons, we included partici-
pants with missing MRI data when testing the association
between NFC and cognitive functioning/impairment. P-values

<0.05 were considered statistically significant for two-sided tests.
All statistical testing was performed with Stata Statistical Software,
version 17.0 for Mac OS.

Standard protocol approvals, registrations, and patient
consents

The Maastricht Study has been approved by the institutional
medical ethical committee (NL31329.068.10) and the Ministry of
Health, Welfare and Sports of The Netherlands (permit 131088-
105234-PG) and conformed with the Declaration of Helsinki.26

All participants gave written informed consent.

Results

General characteristics of the study population

Of the original 7689 participants, 3480 (45.3%) were excluded from
this study, largely owing to missing data on NFC, cognitive func-
tioning and MRI (Fig. 1). This resulted in a study population of
4209 participants (mean age 59.06 years, s.d. = 8.58; 50.1% female).

Compared with included participants for this study, excluded
participants (n = 3480) had lower overall cognition scores (−0.1 v.
0.1; F(1) = 172.2, P < 0.001), lower education (40.7% v. 29.9%;
χ2(2) = 100.9, P < 0.001) and a higher mean age (59.1 years v. 60.7
years; F(1) = 70.1, P < 0.001). Excluded participants more often
had type 2 diabetes (18.9% v. 32.0%; χ2(1) = 173.2, P < 0.001),
depression (3.0% v. 3.8%; χ2(2) = 8.3, P = 0.016), hypertension
(49.2% v. 60.8%; χ2(1) = 102.2, P < 0.001) and CVD (12.0% v.
23.5%; χ2(1) = 172.6, P < 0.001) compared with the study sample.
Furthermore, excluded participants more often used lipid-
modifying medication (26.4% v. 40.0%; χ2(1) = 160.2, P < 0.001)
and antidepressants (6.2% v. 8.4%; χ2(1) = 13.2, P < 0.001).
Excluded participants had a higher BMI (26.5 kg/m2 v. 27.6 kg/
m2; F(1) = 117.1, P < 0.001), were more often smokers (48.8% v.
50.0%; χ2(2) = 51.0, P < 0.001), were less physically active (13.5 h/
week v. 14.1 h/week; F(1) = 8.6, P = 0.003) and less often adhered
to a healthy diet (DHDI score 82.7 v. 84.5; F(1) = 24.4, P < 0.001)
compared with the study sample.

Table 1 summarises the characteristics of the total study popu-
lation and stratified by NFC tertiles (low, medium, high).
Participants with a higher NFC score were more likely to be
younger and male compared with participants with low or
medium NFC scores. Participants with a low NFC score were
more likely to have a lower level of education, have depression,
use antidepressants, have a higher presence of CSVD and smaller
CSF volume than participants with a medium or high NFC score.
Participants with a low NFC score were more likely to have
higher total hours of physical activity per week compared with par-
ticipants with a higher NFC score. No crude differences between the
NFC groups were observed with regard to type 2 diabetes status,
BMI, hypertension, CVD history, smoking status and WMH
volume.

NFC and overall cognition

After adjusting for demographic and somatic factors (model 3), a
higher NFC score was associated with higher cognitive functioning
(B = 0.213, 95% CI 0.169–0.258, P < 0.001; for full model metrics see
the Supplementary material, available at https://dx.doi.org/10.1192/
bjp.2023.159). After full adjustment (model 4), the associations
between NFC score and cognitive functioning remained similar.
Also, a higher NFC score was associated with higher levels in all
three domains of cognitive functioning adjusted for demographic
and somatic factors (model 3; memory: B = 0.187, 95% CI 0.116–
0.257, P < 0.001; executive functioning and attention: B = 0.243,
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95% CI 0.181–0.304, P < 0.001; processing speed: B = 0.211, 95% CI
0.156–0.266, P < 0.001; see Supplementary material for full model
metrics). Again, associations remained similar when we additionally
adjusted for lifestyle factors (model 4). Finally, cognitive function-
ing differed across NFC tertiles: participants with medium (B =
0.073, 95% CI −0.034 to 0.111, P < 0.001) and high NFC (B =
0.169, 95% CI −0.127 to 0.211; P < 0.001) showed better cognitive
functioning compared with those with low NFC (model 3), suggest-
ing a dose–response relationship (Fig. 2). This dose–response rela-
tionship was confirmed with a likelihood ratio (LR) test that showed
a linear trend (LR χ2(2) =−22.94, P = 1.000).

A higher NFC score was associated with lower odds of cognitive
impairment (OR = 0.602, 95% CI 0.479–0.757, P < 0.001) after
adjusting for demographic and somatic factors (model 3). This asso-
ciation remained similar after full adjustment (model 4). The odds
for cognitive impairment were lower for participants with amedium
(OR = 0.846, 95% CI 0.696–1.029, P = 0.094) and high NFC score
(OR = 0.707, 95% CI 0.572–0.873, P = 0.001) compared with parti-
cipants with a low NFC score (model 3; see Supplementary material

for full model metrics). The likelihood ratio test showed a linear
trend (LR χ2(2) = 2.98, P = 0.225). No multicollinearity among
NFC, age, gender and education was present (Supplementary
Tables 13–15).

NFC and structural brain damage

After adjustment for demographic and somatic factors (model 3), a
higher NFC score was associated with lower odds for CSVD (OR =
0.740, 95% CI 0.599–0.913, P = 0.005 (Table 2; see Supplementary
material for full model metrics). After full adjustment (model 4),
the association between NFC score and CSVD remained similar.
No significant associations between NFC score and CSF or WMH
volumes were observed (Table 2).

Participants with a high NFC score had lower odds for CSVD
compared with participants with a low NFC score (model 3;
OR = 0.820, 95% CI 0.675–0.996, P = 0.046). The association for
themediumNFC tertile was directionally similar, but not significant
(OR = 0.856, 95% CI 0.715–1.024, P = 0.089) in model 3. Again,

Total sample of the Maastricht Study

n = 7689

Study population with data on NFC,
cognitive functioning, CSVD, WMH,

CSF and cognitive impairment

n = 4277

Study population with data on
confounders of Model 3

(main model)

n = 4209

Study population with data on
confounders of Model 4

n = 4025

Excluded (n = 184):

Individual confounders missing:

− Missing on Model 4 confounders

− Missing DHDI data (n = 467)
− Missing data on physical activity

(n = 899)
− Missing data on smoking status

(n = 63)

Excluded (n = 68):
− Missing on Model 3 confounders

Individual confounders missing:
− Missing T2DM data (n = 50)
− Missing hypertension data (n = 8)
− Missing history of cardiovascular

disease (n = 98)
− Missing cholesterol data (n = 6)
− Missing current depression data

(n = 306)
− Missing BMI data (n = 3)
− Missing education data (n = 114)

Excluded (n = 3412):

Individual variables missing:

− Missing NFC, MRI, cognitive
functioning/impairment data

− Missing NFC data (n = 988)
− Missing MRI data (n = 2506)
− Missing cognitive functioning data

(n = 473)
− Missing cognitive impairment data

(n = 418)

Fig. 1 Flowchart of participant selection.

NFC, need for cognition; MRI, magnetic resonance imaging; CSVD, cerebral small vessel disease; WMH, white matter hyperintensities; CSF, cerebrospinal fluid; T2DM, type 2
diabetes mellitus; BMI, body mass Index; DHDI, Dutch Healthy Diet Index.
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associations between NFC score tertiles and CSF or WMH volumes
were not significant after adjusting for demographic and somatic
factors (Table 3). No multicollinearity among NFC, age, gender
and education was present (Supplementary Table 16).

Potential effect modifiers

Potential moderating effects between NFC and the three proxies of
brain damage (CSVD, WMH, CSF) on cognitive functioning were

tested, but no significant interaction was observed (CSVD: B =
−0.073, 95% CI −0.160 to 0.015, P = 0.104; WMH: B =−0.010,
95% CI −0.081 to 0.064, P = 0.794; CSF: B = 0.000, 95% CI −0.001
to 0.001, P = 0.615). Using the tertiles of NFC score, we found an
interaction effect on cognitive functioning between NFC score
and CSVD but not between NFC score and WMH or CSF
(CSVD ×medium NFC: B =−0.081 (95% CI −0.161 to −0.001,
P = 0.048; CSVD × high NFC: B =−0.098, 95% CI −0.179 to
0.016, P = 0.019), suggesting that higher NFC was less strongly

Table 1 Characteristics of the total study population and stratified by tertiles of need for cognition (NFC)a

Total study population
(n = 4209)

Low NFC
(n = 1108)

Medium NFC
(n = 1572)

High NFC
(n = 1529) P

Age, years: mean (s.d.) 59.1 (8.6) 59.8 (8.4) 59.1 (8.7) 58.6 (8.5) 0.002
Gender, female: n (%) 2109 (50.1) 711 (64.2) 802 (51.0) 596 (39.0) <0.001
Educational level, n (%)

Low 1260 (29.9) 555 (50.1) 505 (32.1) 200 (13.1) <0.001
Middle 1210 (28.8) 326 (29.4) 492 (31.3) 392 (25.6)
High 1739 (41.3) 227 (20.5) 575 (36.6) 937 (61.3)

Type 2 diabetes, n (%) 796 (18.9) 222 (20.0) 308 (19.6) 266 (17.4) 0.159
BMI, mean (s.d.) 26.5 (4.2) 26.6 (4.4) 26.5 (4.1) 26.4 (4.0) 0.427
Hypertension, n (%) 2072 (49.2) 560 (50.5) 784 (49.9) 728 (47.6) 0.270
Total/HDL cholesterol, ratio (s.d.) 3.6 (1.2) 3.5 (1.2) 3.6 (1.2) 3.7 (1.2) 0.004
Use of lipid-modifying medication, n (%) 1113 (26.4) 323 (29.2) 433 (27.5) 357 (23.4) 0.002
Cardiovascular history, n (%) 506 (12.0) 143 (12.9) 185 (11.8) 178 (11.6) 0.570
Depression, n (%) 125 (3.0) 59 (5.3) 47 (3.0) 19 (1.2) <0.001
Use of antidepressants, n (%) 261 (6.2) 110 (9.9) 89 (5.7) 62 (4.1) <0.001
Smoking status, n (%)b

Never 1677 (39.9) 451 (40.7) 595 (37.9) 631 (41.3) 0.248
Former 2054 (48.8) 528 (47.7) 789 (50.2) 737 (48.3)
Current 476 (11.3) 129 (11.6) 188 (12.0) 159 (10.4)

Total physical activities, h/week: mean (s.d.)c 14.1 (8.1) 14.4 (8.0) 14.2 (8.3) 13.8 (7.8) 0.040
DHDI score, mean (s.d.)d 84.5 (15.0) 84.1 (14.8) 84.5 (15.1) 84.8 (14.9) 0.434
Presence of CSVD, n (%) 1325 (31.5) 387 (34.9) 490 (31.2) 448 (29.3) 0.008
WMH volume, mL: mean (s.d.) 0.9 (2.8) 1.0 (2.8) 1.0 (3.2) 0.8 (2.4) 0.170
CSF volume, mL: mean (s.d.) 251.5 (47.0) 244.8 (46.2) 252.0 (46.4) 255.9 (47.7) <0.001
Cognitive functioning score, mean (s.d.) 0.1 (0.6) −0.1 (0.7) 0.1 (0.6) 0.2 (0.6) <0.001
Executive functioning and attention score, mean (s.d.) 0.1 (0.8) −0.1 (0.8) 0.1 (0.7) 0.3 (0.8) <0.001
Memory score, mean (s.d.) 0.1 (0.9) 0.0 (0.9) 0.1 (0.9) 0.2 (0.9) <0.001
Processing speed score, mean (s.d.) 0.1 (0.7) −0.1 (0.8) 0.1 (0.7) 0.2 (0.7) <0.001

BMI, body mass index; HDL, high-density lipoprotein; DHDI, Dutch Healthy Diet Index; CSVD, cerebral small vessel disease; WMH, white matter hyperintensities; CSF, cerebrospinal fluid.
a. Percentages do not total 100 owing to rounding.
b. Based on n = 4207 owing to missing values.
c. Based on n = 4208 owing to missing values.
d. Based on n = 4028 owing to missing values.
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Fig. 2 Association between need for cognition (NFC) tertiles and overall cognitive functioning.
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associated with cognition in those with CSVD. We observed no
interaction effects on cognitive functioning between NFC score
and cognitive impairment (B = 0.037, 95% CI −0.044 to 0.117, P
= 0.372) or CSVD (OR = 1.002, 95% CI 0.312–3.948, P = 0.872).
These results remained similar when using NFC tertiles. Lastly,
interactions were tested between NFC score (both continuous
measure and tertiles) and age, gender and type 2 diabetes, and
betweenWMH, CSF and CSVD and age, gender and type 2 diabetes,
but no significant interactions were observed.

Sensitivity analysis

When participants with missing data on lifestyle factors (model 4
covariates smoking status, physical activity and diet; n = 184) were
excluded from the regression analyses in model 3, associations
remained unchanged. When including participants with missing
MRI data (n = 2506), associations between NFC and cognitive
functioning/impairment remained similar.

Discussion

Main findings

This cross-sectional population-based study investigated the asso-
ciations between an individual’s NFC score, cognition and struc-
tural brain damage in mid-life. Individuals with a higher NFC
score, representing higher motivation for and pleasure in engaging
in cognitively stimulating activities, showed better cognitive func-
tioning and had lower odds for CSVD and cognitive impairment.
No associations were observed between NFC score and WMH or
CSF volumes. No potential effect modifiers were identified, other
than that the association between the tertiles of NFC score and cog-
nitive functioning differed for persons without CSVD compared
with persons with CSVD. Finally, associations did not differ
between those with and without prevalent cognitive impairment.

Interpretation of our findings and comparison with the
literature

Our results are supported by previous research. A prospective study
by Baer et al23 suggested that NFC was associated with change in

cognitive functioning in recent retirees (n = 333): participants
with a higher NFC showed greater improvement in cognitive
status 2 years after retirement than participants with a lower
NFC. Likewise, Maldonato et al22 found that NFC and neurocogni-
tive ability were strongly correlated in 1174 healthy elderly partici-
pants in the USA. In contrast, a study by Gärtner et al did not find
evidence for an association between NFC and executive functions in
young adults.24 A possible explanation could be that the sample was
relatively small (n = 189), participants were on average relatively
young (mean age 23.8 years) and had relatively low variation in
their cognitive abilities and likely educational level as participants
were recruited on a university campus. Furthermore, our findings
suggested a dose–response relationship between NFC and cognitive
functioning: the higher someone’s NFC, the better their cognitive
functioning.

NFC was significantly associated with the presence of CSVD,
but there were no associations between NFC and WMH or CSF
volumes, the latter a measure of overall brain atrophy. The associ-
ation between NFC score and CSVD was independent of demo-
graphic, somatic and lifestyle factors, and did not differ by type 2
diabetes status, gender or cognitive impairment. Although a link
between engagement in cognitively stimulating activities and
brain damage has been described in the literature, to the best of
our knowledge, there is no previous research on the association
between NFC score and brain damage. For example, a systematic
review from Anatürk et al25 showed that high socio-intellectual
activities were associated with larger global white matter volume
and fewer white matter lesions, although effect sizes were small.
Also, higher engagement in cognitively stimulating activities has
been associated with larger global grey matter volume, which in
turn is associated with better cognitive functioning.25,37 Although
previous literature did not specifically focus on the association
between NFC and brain damage, results of this study build on exist-
ing evidence that higher engagement in cognitively stimulating
activities is associated with less presence of brain damage markers.

The association between NFC score and cognitive functioning
were similar for men and women, people with and without type 2
diabetes, and for individuals with and without prevalent cognitive
impairment. The last is of particular importance and suggests that
individuals could benefit from increasing NFC regardless of their

Table 2 Association between need for cognition score (continuous) and cerebral small vessel disease, white matter hyperintensities volume and
cerebrospinal fluid volume

Cerebral small vessel disease White matter hyperintensities Cerebrospinal fluid

OR 95% CI P B 95% CI P B 95% CI P

Model 1 0.656 0.546–0.787 <0.001 −0.100 −0.145 to −0.055 <0.001 −3.217 −6.253 to −0.180 0.038
Model 2 0.736 0.597–0.908 0.004 −0.036 −0.080 to 0.008 0.110 0.063 −2.626 to 2.752 0.963
Model 3a 0.740 0.599–0.913 0.005 −0.030 −0.074 to 0.014 0.185 0.216 −2.479 to 2.910 0.875
Model 4 0.725 0.584–0.900 0.004 −0.026 −0.072 to 0.020 0.263 0.462 −2.290 to 3.214 0.742

OR, odds ratio; B, unstandardised regression coefficient; model 1: Adjusted for magnetic resonance imaging (MRI) lag time and intracranial volume for volumetric MRI markers; model 2:
model 1 plus adjustment for age, gender, education, type 2 diabetes; model 3: model 2 plus adjustment for body mass index, hypertension, history of cardiovascular disease, depression,
antidepressants, cholesterol, and lipid-modifying medication; model 4: model 3 plus adjustment for smoking status, physical activity, Dutch Health Diet Index sum score.
a. Main model.

Table 3 Association between need for cognition (NFC) score (tertiles) and cerebral small vessel disease, white matter hyperintensities volume and
cerebrospinal fluid volume in model 3 (main model)a

Cerebral small vessel disease White matter hyperintensities Cerebrospinal fluid

OR 95% CI P B 95% CI P B 95% CI P

Low NFC Reference Reference Reference
Medium NFC 0.856 0.715–1.024 0.089 −0.000 −0.039 to 0.038 0.989 0.310 −2.027 to 2.649 0.795
High NFC 0.820 0.675–0.996 0.046 −0.018 −0.059 to 0.023 0.392 −0.437 −2.954 to 2.080 0.734

OR, odds ratio; B, unstandardised regression coefficient.
a. Adjusted for magnetic resonance imaging (MRI) lag time and intracranial volume for volumetric MRI markers, age, gender, education, type 2 diabetes, body mass index, hypertension,
history of cardiovascular disease, depression, antidepressants, cholesterol and lipid-modifying medication.
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cognitive status and that efforts at enlarging NFC might benefit
persons with and without prevalent cognitive impairment. Next,
there were no interactive effects between NFC score and WMH or
CSF volumes on cognitive functioning, which suggests that the asso-
ciation between NFC score and cognitive functioning also did not
depend on inter-individual difference in volumetric measures of
structural brain integrity, including subtle vascular damage or
atrophy. An interaction was observed between NFC tertiles and
CSVD on cognitive functioning: NFC might be more beneficial
for cognitive functioning in persons without CSVD compared
with persons with CSVD. However, this effect was not found in
our main analysis, where we used NFC score as a continuous
measure, and it requires replication.

Clinical implications

The results of our study add to the growing body of literature sug-
gesting that a cognitively active lifestyle is protective against cogni-
tive decline and dementia.16,38–43 NFC in both adolescents and
adults (mid-life and later in life), assessed using the Need for
Cognition Scale, has been shown to be indicative of the individual’s
engagement in cognitively stimulating activities.21,44,45 Yet, it is also
important to distinguish an individual’s NFC and their actual
engagement in these activities. Current preventive strategies
against cognitive decline and dementia mostly aim at promoting
engagement in cognitively stimulating activities, but this might be
less effective if NFC is low. Increasing intrinsic motivation is a
crucial first step towards behavioural change and therefore strength-
ening one’s NFC should be a primary target for improving or main-
taining cognitive functioning and brain health. Mental health
clinicians and policymakers should put more emphasis on the
potential of NFC and could capitalise on this by creating awareness
of this topic as a first step. In line with behaviour change models,46

people with high NFC might already be in the next stage of behav-
ioural change (more intention/motivation to change their health
behaviour) compared with people with low NFC. A first step for
clinicians is to screen for individuals with high NFC in order to
engage them in cognitively stimulating activities. Next, individuals
with low NFC need to be motivated by clinicians to prevent them
remaining stuck in the early stages of behavioural change. This
can be done by person-centred counselling approaches such as
motivational interviewing.47

Strengths and limitations

Strengths of this study include the population-based design, the
large sample with a wide age range (40–75 years) and availability
of data on NFC, multiple domains of cognitive functioning and
state-of-the-art MRI images. Further, many covariates were
assessed, which allowed us to adjust for major confounders, includ-
ing other dementia risk and protective factors. Associations between
NFC and CSVD, CSF and WMH and between NFC and cognitive
functioning/impairment remained unchanged in model 4; further-
more, when rerunning model 3 by excluding participants with
missing data on model 4 covariates, the associations in model 3
remained similar. When including participants with missing MRI
data, associations between NFC and cognitive functioning/impair-
ment remained similar. This suggested that not including partici-
pants with missing data on model 4 covariates or MRI data in the
main analysis (model 3) did not introduce selection bias.

This study also had several limitations. First, self-selection
might have led to a study population that is healthier and more
health-conscious than the general population, which is a common
problem in observational cohort studies. Second, excluding partici-
pants with missing data on NFC, cognitive functioning and MRI
and the possible confounders included in model 3 may have

introduced selection bias. Compared with our study sample, the
excluded group was indeed older, had lower overall cognition
scores, lower levels of education and seemed to be burdened with
more comorbidities, such as depression, hypertension and CVD.
Together, these forms of selection bias most likely led to an under-
estimation of the associations explored in this study and lower gen-
eralisability. Third, despite log transformation of WMH volume,
non-normal distribution and heteroskedasticity of the variable
was still present, which might have made study outcomes involving
WMH less precise. This might lead to an underestimation of the
associations explored in this study. Last, since analyses were
cross-sectional, temporal relationships between variables in our
models cannot be established, and the observational study design
cannot rule out residual confounding. Hence, no statements on
cause and effect can be made. Further research is needed to better
inform about possible causality, specifically large-scale longitudinal
studies and cohorts that are followed over the lifespan.
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