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Abstract.
Background: Several modifiable risk factors for cognitive decline have been identified, but whether differences by gender
and educational level exist is unclear.
Objective: The present study aims to clarify this by prospectively investigating the relationship between health and lifestyle
factors and cognitive functioning in different subgroups defined by gender and educational level.
Methods: 2,347 cognitive healthy individuals (mean age = 54.8, SD = 6.8, range: 41–71; 51.8% female; 26.2% low education)
from the Doetinchem Cohort Study were examined for cognitive function at baseline, and at 5- and 10-year follow-up. Healthand lifestyle factors were captured by a poly-environmental risk score labelled ‘LIfestyle for BRAin Health’ (LIBRA). This
score consists of 12 modifiable risk and protective factors for cognitive decline and dementia, with higher scores indicating
greater risk (range: –2.7 to +12.7). Heterogeneity in associations between LIBRA and decline in verbal memory, cognitive
flexibility, and mental speed between males and females and individuals with different levels of education were assessed in
linear mixed models.
Results: Overall, higher LIBRA scores predicted faster decline in verbal memory, cognitive flexibility, and mental speed
over 10 years. Higher LIBRA scores were further associated with increased risk for incident cognitive impairment (one-point
increase in LIBRA: HR = 1.09, 1.04–1.14, p = 0.001). In general, these effects were similar across gender and educational
level.
Conclusion: A composite risk score comprising unhealthy lifestyle and relatively poor health in midlife is significantly
associated with a worse course of cognition 10 years later. These associations were for the most part unrelated to gender or
educational differences.
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INTRODUCTION
The increasing number of people with dementia worldwide will majorly affect the burden on the
health care system and society as a whole [1, 2]. While
investing in the quest to find a disease-modifiable
drug for dementia is important, primary prevention
is likely the best strategy to promote brain health
in late life [3]. One-third of all Alzheimer’s disease
cases worldwide have been attributed to common
modifiable risk factors under the causality assumption [4, 5]. The incidence of cognitive disorders like
dementia might thus be reduced through effective
primary prevention strategies such as health education and lifestyle interventions [3, 6]. Yet, evidence
from dementia intervention studies is scarce due to
unresolved methodological issues such as the identification of risk factors with the biggest impact,
the optimal time window when factors have the
best potential to positively or negatively affect brain
health, and the intensity of interventions [6]. Additionally, the current literature on risk factors for
cognitive decline or dementia is not clear on specific gender- and education-effects. Female gender
has been associated with increased risk of developing dementia in several European cohort studies
[7–9], which partly can be related to increased life
expectancy in women [10]. However, more recent
population-based studies from the United States
found no gender differences with regard to dementia prevalence and incidence [11–14]. Differences by
educational level are often related to a greater brain
reserve capacity in people with a high educational
level [15], but can also be linked to differences in
general health and lifestyle. Having a better understanding of the gender and educational differences in
dementia risk factor profiles should inform the design
of (future) personalized prevention programs.
Therefore, the aim of the present study is to investigate the relationship between a compound score of
modifiable health and lifestyle factors and change
in cognitive functioning over 10 years in the general population. More specifically, heterogeneity in
associations between different subgroups defined by
gender and educational level will be studied.
METHODS
Study population
The Doetinchem Cohort Study is a Dutch ongoing prospective cohort study developed to evaluate

Fig. 1. Timeline of the cognitive tests.

the impact of lifestyle and biological risk factors on
various aspects of health. It consists of a random
sample of 7,769 men and women from the 12,405
respondents in the baseline study (1987–1991) [16,
17]. At baseline, an age-and gender-stratified random sample from the general population aged 20–59
years was invited to participate. The cohort is reexamined every 5 years (1993–1997, 1998–2002,
2003–2007, 2008–2012, 2013–2017). In 1995, a random sample of one-third of participants aged ≥45
years was invited for cognitive testing, of which only
2% refused to participate. Between 1995 and 2002,
a total of 3,350 respondents participated in cognitive
testing for the first time. Five years later (2000–2007),
2,690 of them participated again in cognitive testing and 10 years later 2,369 persons participated
(2005–2012). There were no differences in mean
age (55.7 years versus 56.2 years; p = 0.56) and distributions of gender (50.1% versus 50.8% women;
p = 0.91) and level of education (low: 33.7% versus
43.9%, medium: 41.9% versus 40.9%, high: 24.4%
versus 15.2%; p = 0.12) between the participants who
did and did not complete cognitive testing. A total of
2,797 (1,409 women; 1,388 men) individuals with at
least two cognition measurements were included for
the present analyses (Fig. 1). The study was approved
by the external Medical Ethics Committee of the
Dutch Organization of Applied Scientific Research
(TNO) according to the guidelines of the Helsinki
Declaration. All participants gave written informed
consent.
Demographics
Information on age, gender, and educational level
was collected using standardized questionnaires that
were administered at baseline. Educational level was
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evaluated as the highest level reached and classified into low (primary school and low vocational
education), medium (intermediate secondary education and intermediate vocational or higher secondary
education) or high (higher vocational education
or university). Vocational education is education
directed at a particular occupation and its skills.
Cognitive tests
A neuropsychological test battery was administered by trained investigators at baseline and the 5and 10-year follow-up measurements. For the present
study, the 15 Words Verbal Learning Test (VLT),
the Stroop Color Word Test (SCWT), and the Letter Digit Substitution Test (LDST) were used. These
neuropsychological tests have been described in more
details elsewhere [18]. Distributions of scores on the
SCWT were normalized (log-transformation). For
each neuropsychological test, a standardized z-score
was calculated at each time point, on the basis of
the mean and standard deviation of the total sample
at baseline. By doing this, we were able to evaluate
cognitive changes over time. Standardized scores of
the SCWT were inverted, so that higher scores represent better cognitive performance. The present study
focuses on three cognitive functions: verbal memory
(z-score of VLT delayed recall), cognitive flexibility (i.e., high-order information processing; z-score
of the interference score of the SCWT; interference
score: SCWT card III – ((SCWT card I + SCWT card
II) / 2)), and mental speed (z-score SCWT card I + zscore SCWT card II + z-score LDST / 3). Cognitive
decline was defined as the difference between the
compound scores at baseline and follow-up. Participants with a score of <1.5 standard deviation below
the mean of the baseline measurement on any of the
three cognitive functions mentioned above were classified as cognitively impaired.
Health and lifestyle factors
Health and lifestyle factors were captured by a
poly-environmental risk score labelled the ‘LIfestyle
for BRAin health’ index (LIBRA) [19]. LIBRA consists of twelve modifiable risk and protective factors
for cognitive decline and dementia that can be targeted by tailored lifestyle interventions and primary
prevention. Risk factors are coronary heart disease, diabetes, hypercholesterolemia, hypertension,
depression, obesity, smoking, physical inactivity, and
renal disease. Protective factors are low-to-moderate
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alcohol use, high cognitive activity, and healthy diet.
LIBRA was developed after triangulation of results
from a systematic literature review on risk and protective factors for dementia and an expert consensus
study [19], as part of the European (FP7) INnovative, Midlife INtervention for Dementia Deterrence
(In-MINDD) project [20]. A weight was assigned to
each factor, based on the factor’s relative risk [19].
Weights were then standardized and summed to yield
the final LIBRA score (LIBRA range from –5.9 to
+12.7), with higher scores indicating greater risk. It
has been shown to explain variance in cognitive functioning and dementia risk in previous (populationand patient-based) cohort studies [21–23].
In the Doetinchem Cohort Study, status information at baseline was available for all LIBRA
factors, except for high cognitive activity, with a
theoretical LIBRA score range from –2.7 to +12.7.
Health and lifestyle factor status was based on
clinical data from physical examination (including non-fasting blood plasma samples) performed
at the research center and/or self-reported information (e.g., self-completion questionnaire). Each
measure was dichotomized according to established
cut-offs as explained below. The presence of coronary
heart disease was based on self-reported myocardial infarction (“Did you ever had a heart attack?”)
or self-reported cardiac interventions (“Have you
ever had bypass surgery?”; “Have you ever had
cardiac catheterization?”; “Have you ever had coronary angioplasty?”). Diabetes was defined on the
basis of self-report or random blood glucose level
≥ 11.0 mmol/l. Hypercholesterolemia was based on
total cholesterol ≥ 6.5 mmol/l and/or self-reported
use of cholesterol-lowering medication. Hypertension was defined as systolic blood pressure ≥ 140
mmHg, diastolic blood pressure ≥ 90 mmHg (using
a random-zero sphygmomanometer), and/or the use
of antihypertensive medication. Depressive symptoms were assessed using the Dutch version of the
MOS 36-Item Short-Form Health Survey (SF-36).
The scales ‘mental health’ and ‘vitality’ evaluate
symptoms of depression. Scores on both scales range
from 0–100, in which higher scores represent better (mental) health [24, 25]. For the purpose of the
present study, the sum score of both scales was taken
and the lowest 10% of the respondents were classified
as depressed based on Dutch population trends [26].
Body mass index (BMI) was calculated, from measured weight (minus 1 kilogram to adjust for clothing)
and height, as weight in kilograms divided by height
in meters squared (kg/m2 ). The cut-off point for obe-
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sity (BMI ≥ 30 kg/m2 ) was used according to the
World Health Organization guidelines [27]. Smoking
status was defined based on cigarette smoking status
at baseline (smokers: less or more than once a month;
non-smokers: former smokers and never smokers).
The level of physical activity was classified into
four categories based on the European Prospective
Investigation into Cancer and Nutrition (EPIC) questionnaire on physical activity: inactive, moderately
inactive, moderately active, and active [28, 29]. For
the purpose of the present study, it was further dived
into low (inactive, moderately inactive) and high
(moderately active, active) physical activity. Renal
dysfunction was based on a combined creatininecystatin C equation for estimated glomerular filtration
rate (eGFRcc) [30]. The cut-off for renal dysfunction was eGFRcc < 60 mL/min per 1.73 m2 . Alcohol
consumption was defined as the intake of a total number of glasses of beer, wine, and liquor per week.
The cut-off for low-to-moderate alcohol consumption was a maximum of one alcohol consumption
per day for both men and women and was based on
the Dutch dietary guidelines [31]. The habitual consumption of 178 food items during the previous year
was assessed with a validated food frequency questionnaire [32, 33]. A healthy diet was based on the
modified Mediterranean Diet Score (MDS) [34]. This
score consists of the following nine nutritional components: vegetables, fruits, legumes and nuts, grains,
fish and seafood, meat products, unsaturated to saturated fatty acid ratio, dairy products, and alcohol.
A value of 0 or 1 was assigned to each component,
using gender-specific medians in the study population as cut-off. Since the traditional Mediterranean
diet is characterized by low meat and dairy intake, the
scores for these two components were inverted. Furthermore, alcohol consumption is a separate LIBRA
factor and therefore it was not included in the MDS.
The MDS ranged from zero (minimal adherence) to 8
(maximal adherence). A MDS score of ≥ 5 was used
as the cut-off for healthy diet [35].

The models included a random intercept and random slope with an independent correlation matrix,
because likelihood-ratio testing suggested the best
fit for this approach. First, the association between
LIBRA and change in cognition in the total sample
was tested. Interaction terms between LIBRA and a
discrete time variable were included by using dummy
variables for the two follow-ups (1 = baseline to 5
years; 2 = baseline to 10 years). The LIBRA-by-time
interaction was tested using a likelihood ratio-test
with 2 degrees of freedom. Next, the three-way interaction was tested using a likelihood ratio-test with
4 (gender) or 8 (education) degrees of freedom,
followed by stratified analyses in case of statistical significance (p < 0.05). Cox proportional hazards
regression models were used to examine the association between LIBRA and time to cognitive impairment (and whether this possible association was
moderated by gender or educational level), resulting
in hazard ratios (HR) and their 95% confidence interval (CI). The proportional hazard assumption was
assessed based on the Schoenfeld residuals. Cognitive impairment was treated as the failure event and
date of birth was used as the origin of the time axis.
Survival time was calculated from study entry (first
cognitive measurement (t0 )) until study exit (date of
cognitive measurement where cognitive impairment
was present or last cognitive measurement (t5 or t10 )),
whichever came first. Analyses were adjusted for
age (at baseline), gender (in analyses on educational
level), and educational level (in analyses on gender).
First, analyses were performed for the continuous
LIBRA score. Further, participants were classified in
three risk groups based on tertiles of the LIBRA score
(i.e., tertile 1 = low-risk, tertile 2 = intermediate-risk,
tertile 3 = high-risk). All analyses were done in
Stata/SE 15 (StataCorp, TX) and the level of statistical significance was p < 0.05 in two-sides tests.
RESULTS
Sample characteristics

Statistical analyses
To examine baseline differences (in health and
lifestyle factors and demographic variables) between
males and females and between participants with different levels of education, independent samples t-test,
χ2 -tests, and one-way ANOVA were used. Linear
mixed models tested the association between LIBRA
and change in cognition over time (using continuous
cognitive function scores at the three time points).

After exclusion of individuals with baseline
cognitive impairment (n = 386), an incomplete neuropsychological assessment at baseline (n = 26), and
persons with incomplete LIBRA factors (n = 38
(excluding 8 individuals with baseline cognitive
impairment); Supplementary Table 1), the sample
included in these analyses consisted of 2,347 individuals. Baseline characteristics are summarized by
gender and educational level in Table 1. Males
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Table 1
Baseline characteristics of the study population (n = 2,347) by gender and educational level

Demographics
Age, mean (SD)
Female, n (%)
Educational level, n (%)
Low
Middle
High
Health and lifestyle factors
Coronary heart disease, n (%)
Diabetes, n (%)
Hypercholesterolemia, n (%)
Hypertension, n (%)
Depressive symptoms, n (%)
Obesity, n (%)
Smoking, n (%)
Low-to-moderate alcohol use, n (%)
Physical inactivity, n (%)
Renal dysfunction, n (%)
Healthy diet, n (%)
LIBRA score, mean (SD)∗
Cognitive function scores
Verbal memory, mean (SD)
Cognitive flexibility, mean (SD)
Mental speed, mean (SD)

Males
(n = 1,132)

Gender
Females
(n = 1,215)

55.0 (6.8)
–

54.7 (6.7)
–

217 (19.2)
515 (45.5)
400 (35.3)

397 (32.7)
532 (43.8)
286 (23.5)

72 (6.4)
30 (2.7)
301 (26.6)
463 (40.9)
74 (6.5)
127 (11.2)
227 (20.1)
443 (39.1)
290 (25.6)
10 (0.9)
434 (38.3)
0.99 (1.97)
–0.01 (0.85)
0.15 (0.74)
0.13 (0.83)

Educational level
Medium
High
(n = 1,047)
(n = 686)

p

Low
(n = 614)

p

0.234
–
<0.001

55.8 (6.9)
397 (64.7)
–

54.8 (6.8)
532 (50.8)
–

54.1 (6.5)
286 (41.7)
–

<0.001
<0.001
–

34 (2.8)
26 (2.1)
340 (28.0)
421 (34.7)
136 (11.2)
164 (13.5)
284 (23.4)
827 (68.1)
284 (23.4)
12 (1.0)
475 (39.1)
0.73 (2.00)

<0.001
0.418
0.449
0.002
<0.001
0.094
0.051
<0.001
0.206
0.793
0.707
0.001

28 (4.6)
14 (2.3)
196 (31.9)
253 (41.2)
69 (11.2)
134 (21.8)
139 (22.6)
414 (67.4)
141 (23.0)
4 (0.7)
201 (32.7)
1.14 (2.09)

49 (4.7)
31 (3.0)
276 (26.4)
408 (39.0)
93 (8.9)
102 (9.7)
254 (24.3)
554 (52.9)
247 (23.6)
13 (1.2)
382 (36.5)
0.91 (1.94)

29 (4.2)
11 (1.6)
169 (24.6)
223 (32.5)
48 (7.0)
55 (8.0)
118 (17.2)
302 (44.0)
186 (27.1)
5 (0.73)
326 (47.5)
0.52 (1.92)

0.905
0.190
0.009
0.003
0.028
<0.001
0.002
<0.001
0.151
0.386
<0.001
<0.001

0.30 (0.92)
0.22 (0.87)
0.27 (0.82)

<0.001
0.029
<0.001

–0.14 (0.80)
–0.02 (0.93)
–0.17 (0.70)

0.15 (0.87)
0.16 (0.75)
0.22 (0.80)

0.40 (0.95)
0.41 (0.74)
0.52 (0.82)

<0.001
<0.001
<0.001

SD, standard deviation; LIBRA, LIfestyle for BRAin health. ∗ LIBRA score theoretical range: –2.7 to 12.7; observed range: –2.7 to 9.3.

were on average higher educated, had higher presence of coronary heart disease and hypertension,
had less depressive symptoms, were less often lowto-moderate alcohol drinkers, had higher LIBRA
scores, and had lower scores on all three cognitive
functions in comparison with females. Individuals
with a low educational level were on average older,
more often female, had higher presence of hypercholesterolemia, obesity, and hypertension, had more
depressive symptoms, were more often smokers,
were more often low-to-moderate alcohol drinkers,
adhered less often to a healthy diet, had higher LIBRA
scores, and had lower scores on all three cognitive
functions in comparison with persons with a medium
or high educational level.
Participants who dropped out during follow-up
(n = 981) were on average older (57.6 years versus
54.9 years; p < 0.001), were lower educated (43.8%
versus 29.2% low education), had lower LIBRA
scores (1.67 versus 0.84; p < 0.001), and had lower
cognitive scores (0.3–0.4 lower z-scores on all three
cognitive functions; p < 0.001) at baseline than participants who still were in the study at t10 (n = 2,369).
No differences between the groups were observed
for gender (p = 0.86). Associations between LIBRA
and cognitive functions at baseline were comparable

between the follow-up and drop-out group. However,
for verbal memory, differences between men and
women were stronger in the drop-out group and the
association between LIBRA and verbal memory was
especially present in persons with high educational
level in the drop-out group.
Lifestyle and cognitive decline
The continuous LIBRA score was associated
with a significant decline in verbal memory (overall interaction: χ2 = 10.04; df = 2; p = 0.007; 5-year
LIBRA-by-time interaction: B = –0.03, χ2 = 8.82,
df = 1, p = 0.003; 10-year LIBRA-by-time interaction: B = –0.02, χ2 = 5.71, df = 1, p = 0.017)
and mental speed (overall interaction: χ2 = 32.62;
df = 2; p < 0.001; 5-year LIBRA-by-time interaction: B = –0.03, χ2 = 31.29, df = 1, p < 0.001;
10-year LIBRA-by-time interaction: B = –0.02,
χ2 = 12.93, df = 1, p < 0.001), but not with cognitive flexibility (overall interaction: χ2 = 5.10;
df = 2; p = 0.078; 5-year LIBRA-by-time interaction: B = –0.02, χ2 = 5.10, df = 1, p = 0.024; 10-year
LIBRA-by-time interaction: B = –0.01, χ2 = 1.06,
df = 1, p = 0.302). Individuals in the intermediate- and
high-risk groups showed significantly more decline
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Table 2
Change in cognitive function over time across LIBRA tertiles. Associations by gender rather than population mean effects are shown in case
of significant interaction by gender in the primary analyses
Parameter

n

Time
Baseline

Verbal memory
Males
LIBRA tertile 2
LIBRA tertile 3
Females
LIBRA tertile 2
LIBRA tertile 3
Cognitive flexibility
LIBRA tertile 2
LIBRA tertile 3
Mental speed (N
LIBRA tertile 2
LIBRA tertile 3

2,347
1,132
331
351
1,215
338
377
2,347
669
728
2,347
669
728

Rate of decline from
baseline to 5-year
follow-up
Difference∗
95%CI

Rate of decline from
baseline to 10-year
follow-up
Difference∗
95%CI

LIBRA x Time
χ2 (df = 2)

p

Difference∗

95%CI

–0.13
–0.18

–0.25 to –0.003
–0.30 to –0.06

0.04
–0.03

–0.08 to 0.17
–0.15 to 0.09

–0.09
–0.06

–0.21 to 0.03
–0.18 to 0.06

4.90
0.88

0.086
0.645

–0.02
0.07

–0.15 to 0.11
–0.06 to 0.19

–0.17
–0.18

–0.30 to –0.05
–0.31 to –0.06

–0.07
–0.17

–0.19 to 0.06
–0.29 to –0.05

7.34
10.59

0.025
0.005

0.02
0.01

–0.06 to 0.10
–0.06 to 0.09

–0.12
–0.16

–0.20 to –0.05
–0.24 to –0.08

–0.05
–0.04

–0.13 to 0.03
–0.12 to 0.03

9.54
16.60

0.009
<0.001

–0.03
–0.01

–0.11 to 0.05
–0.09 to 0.07

–0.03
–0.16

–0.08 to 0.03
–0.21 to –0.10

–0.08
–0.10

–0.14 to –0.03
–0.16 to –0.05

8.78
31.62

0.012
<0.001

*Difference in cognitive performance between the group of interest and the reference group (LIBRA tertile 1; low-risk group); Analyses
were adjusted for age (at baseline), gender, educational level and LIBRA x Time. CI, confidence interval; df, degrees of freedom; LIBRA,
LIfestyle for BRAin health.

on all three cognitive functions over the 10-year study
period in comparison with persons from the low-risk
group (Table 2 and Figs. 2–4). There were no significant differences between the intermediate- and
high-risk groups.
Gender and educational differences
For the continuous LIBRA score, there were no
significant differences in cognitive decline within the
subgroups defined by gender and educational level.
The differences in 10-year decline in cognitive flexibility and mental speed between the three LIBRA
risk groups were similar across gender. However,
there was a significant difference in decline on verbal

Fig. 3. Cognitive flexibility trajectories for individuals in the three
LIBRA risk groups.

Fig. 2. Verbal memory trajectories for individuals in the three
LIBRA risk groups, by gender.

Fig. 4. Mental speed trajectories for individuals in the three
LIBRA risk groups.
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memory between males and females as a function
of baseline LIBRA risk status (χ2 = 11.15; df = 4;
p = 0.025). Men in the intermediate- and high-risk
groups had significant lower verbal memory scores
in comparison with males from the low-risk group,
but showed no significantly different decline over the
10-year study period (Table 2). On the other hand,
there were no baseline differences between women
across the risk groups, but a steeper decline was found
in women from the higher risk groups in comparison
with women from the low-risk group. The association
between LIBRA risk groups and cognitive decline did
not differ across educational level.
Lifestyle and incident cognitive impairment
During the 10-year study period, 440 individuals (18.8% of total sample; 45.2% female; 41.4%
low education) developed cognitive impairment
(incidence rate = 212.2 (95% CI, 193.3–233.0) per
10,000 person-years). Higher LIBRA scores were
significantly associated with increased risk of incident cognitive impairment (one-point increase in
LIBRA: HR = 1.09, 1.04–1.14, p = 0.001). More
specifically, the high-risk group had an increased
risk for incident cognitive impairment compared to the low-risk group (high-risk group:
HR = 1.47, 1.17–1.5, p = 0.001; intermediate-risk
group: HR = 1.26, 0.99–1.61, p = 0.061). There was
no significant interaction between LIBRA (continuous and risk groups) and gender or educational level.
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had lower scores on mental speed at baseline in
comparison with individuals with a high education
level (all pairwise comparisons p < 0.001). A higher
LIBRA score was associated with more decline in
mental speed over the 10-year study period (this
effect was particularly driven by a steep decline
from baseline to 5-year follow-up), but not with
verbal memory or cognitive flexibility. There were
no significant differences in the course of cognition
within the subgroups defined by gender and educational level (no further subdivision in LIBRA risk
groups due to limited sample size; data not shown).
Third, we investigated the association of interest
in individuals with cognitive function scores on all
three measurements (verbal memory: n = 1,936; cognitive flexibility: n = 1,929; mental speed: n = 1,930)
in order to examine the potential influence of dropouts. Results for the continuous LIBRA score were
comparable to the primary analyses. Looking at the
LIBRA risk groups, the difference in decline on verbal memory between males and females as a function
of baseline LIBRA risk status was no longer significant (χ2 = 8.61; df = 4; p = 0.072). Individuals in the
high-risk group showed significantly more decline on
all three cognitive functions over the 10-year study
period in comparison with persons from the lowrisk group. Individuals in the intermediate-risk group
showed only more decline in cognitive flexibility
compared with those from the low-risk group. Again,
the association between the LIBRA risk groups and
cognitive decline did not differ across educational
level (data not shown).

Sensitivity analyses
Three sensitivity analyses were performed (same
approach as primary analyses). As cardiovascular
accidents are related to health and lifestyle factors
and can have detrimental effects on cognitive performance, we investigated the effects of previous
reported cardiovascular accidents (n = 29) on our
association of interest. Adjusting for cardiovascular accidents did not alter any of the results (data
not shown). Second, we investigated the relationship
between the continuous LIBRA score and cognitive decline in persons with cognitive impairment
at baseline (n = 378 after exclusion of 8 individuals with incomplete LIBRA scores; 41.0% female;
56.9% low education). At baseline, there were no
gender or educational differences in LIBRA scores.
Males had lower scores on verbal memory at baseline in comparison with females (p < 0.001), while
individuals with a low and medium educational level

DISCUSSION
In this prospective cohort study, we studied the
relationship between a modifiable risk score and cognitive functioning in different subgroups defined by
gender and educational level. In general, our results
suggest that a higher LIBRA score predicted faster
decline in verbal memory, cognitive flexibility, and
mental speed over 10 years. These effects were similar across educational groups. A steeper decline in
verbal memory was found in women from the higher
risk groups in comparison with women from the lowrisk group. On the other hand, men in the higher risk
groups presented lower scores on verbal memory at
baseline already. A faster decline in cognitive flexibility and mental speed in the higher risk groups was not
gender-specific. Higher LIBRA scores were further
associated with increased risk for incident cognitive
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impairment. Yet, this association was not moderated
by gender or educational level. Sensitivity analyses
adjusting for cardiovascular accidents showed similar
results. To further explore the relationship between
health and lifestyle factors and the course of cognition, we also looked at a subgroup with baseline
cognitive impairment and found that higher LIBRA
scores were predictive of a steep decline in mental
speed (especially in the first five years after cognitive impairment). These findings suggest the potential
usefulness of lifestyle programs in secondary prevention of cognitive disorders and require further
investigation.
Numerous studies investigated the individual
effects of health and lifestyle factors on cognitive
functioning or dementia risk [5, 19, 36, 37]. Besides,
the associations between (female) gender and (low)
educational level and the risk for cognitive impairment or dementia are well-known [7, 8, 38]. Several
studies looked at the effect of gender differences in
relation to distribution and prediction of dementia
risk factors [39, 40], of which some showing differences for risk factors like midlife hypertension
[41] and marital status [42]. One of these studies
conducted in a sample of older adults from South
Korea showed that high blood pressure, poor hearing,
regular exercise, normal weight, and having limitations in instrumental activities of daily living (IADL)
were significant predictors of cognitive impairment
in women, whereas age and limitations in activities
in daily living (ADL) were associated with cognitive impairment in men [39]. Yet, to our knowledge,
the present study is the first study that investigated
the relationship between a compound score of health
and lifestyle factors and cognitive decline in middleaged subgroups defined by gender and educational
level. It is important to note that LIBRA is a composite risk score. Therefore, differences by gender
and educational level could have been present on
the level of individual risk and protective factors.
Yet, the aim of the present study was to investigate
whether there were differences in dementia risk factors profiles between males and females and between
individuals with different levels of education. LIBRA
is a suitable tool for this purpose since it assesses
an individual’s potential for dementia prevention
by flagging their personal ‘room for improvement’.
Despite our findings, future studies are encouraged to
further investigate gender and educational differences
in dementia risk profiles.
Several mechanisms have been proposed to explain
gender and educational differences in cognitive

functioning or dementia risk. For gender differences,
the first and most obvious one is the fact that women
outlive men [10] and therefore have been longer
exposed to the detrimental effects of risk factors
on brain health. Other mechanisms that might be
involved are hormonal differences, genetic factors,
differences in brain networks, and differences in
social, economic, societal, and cultural roles and relationships. For educational differences, the concept of
brain reserve might play an important role. It suggests
that inborn intelligence and a mentally stimulating
lifestyle, such as educational and occupational attainments, may delay cognitive decline or dementia onset
by increasing an individual’s brain reserve [15, 43,
44]. Several studies have found that people with more
years of formal education have lower risk of cognitive decline or dementia than those with fewer years
of education [5, 19, 36]. Other possible mechanisms
(and in some way related to each other) include differences in health choices, health literary, financial
resources, and access to health services.
Our study has a number of strengths including the
prospective design, the fact that the sample represents
the target population of middle-aged and healthy individuals, the availability of several health and lifestyle
factors (including Mediterranean diet and renal function), and the long follow-up period with repeated
assessment of cognitive functioning with a sensitive
neuropsychological test battery. Yet, there are also
some limitations to our study. First, as an inevitable
part of all longitudinal studies, not all participants
who entered the study returned for the follow-up measurements. Although an 71% response rate at the last
follow-up is quite high, this still might have led to
some selection of a healthier sample and therefore
may results in an underestimation of the “true” association. Indeed, differences between participants who
still were in the study at t10 and participants who
dropped out during follow-up were evident. Selection bias was reduced by use of linear mixed models
using all available data with maximum likelihood
to estimate data points of individuals with missing
data. One of the major strengths of linear mixed
models is that data are missing at random if covariates (e.g., age, educational level, LIBRA) related to
missingness are included in the model. In addition,
sensitivity analyses in a subsample of individuals
with cognition data on all three time points showed
only minor changes for the decline in verbal memory
between males and females, suggesting that selection
bias was not exceptional. Secondly, participants with
missing data (e.g., incomplete LIBRA scores (n = 38)
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and incomplete neuropsychological assessment at
baseline (n = 26)) were excluded from the analyses
(Supplementary Table 1). Although these numbers
were quite small (±2%) and analyses showed no significant differences between individuals with (n = 64)
and without (n = 2,347) missing data with regard to
demographics, health and lifestyle factors (except
for obesity: 16 out of 64 (25.0%) versus 291 out
of 2,347 (12.4%); p = 0.003), and cognitive function
scores at baseline, this could have led to an underor overestimation of the observed effects. Third, the
ascertainment of some health and lifestyle factors was
based on self-report or suboptimal operationalization (e.g., depressive symptoms), which could have
resulted in response bias or non-differential exposure
misclassification. Other, namely body weight, height,
blood pressure, cholesterol levels, blood glucose levels, and eGFRcc were objectively measured with
standardized protocols and instruments. Fourth, the
classification of cognitive impairment (<1.5 standard
deviation below the mean criterion) is challenging
and could have led to identification of more false positives given the cognitive health and relatively young
age captured in this sample.
Our results might help in identifying (risk) groups
that benefit from preventative measures in the general
population. Future studies should investigate the possible mediation effects of various biological factors
(e.g., genetics, hormones, brain networks) in relation to the observed associations and more studies
need to assess gender differences rather than just
adjusting for gender in analyses. Given the double
aging of our society and the worldwide increase in
sedentary lifestyle behavior, policy makers, insurance
companies, and public health campaigns should place
more emphasis on brain-healthy lifestyle changes
in middle-aged and younger individuals to promote
optimal brain ageing and prevention of dementia in
the long-term.
In conclusion, our research showed that a composite risk score comprising unhealthy lifestyle and
relatively poor health in midlife is significantly associated with a worse course of cognition 10 years later.
These associations were for the most part unrelated
to gender or educational differences.
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