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Abstract.
Background: Recently, the LIfestyle for BRAin health (LIBRA) index was developed to assess an individual’s prevention
potential for dementia.
Objective: We investigated the predictive validity of the LIBRA index for incident dementia in midlife, late life, and the
oldest-old.
Methods: 9,387 non-demented individuals were recruited from the European population-based DESCRIPA study. An individ-
ual’s LIBRA index was calculated solely based on modifiable risk factors: depression, diabetes, physical activity, hypertension,
obesity, smoking, hypercholesterolemia, coronary heart disease, and mild/moderate alcohol use. Cox regression was used to
test the predictive validity of LIBRA for dementia at follow-up (mean 7.2 y, range 1–16).
Results: In midlife (55–69 y, n = 3,256) and late life (70–79 y, n = 4,320), the risk for dementia increased with higher LIBRA
scores. Individuals in the intermediate- and high-risk groups had a higher risk of dementia than those in the low-risk group.
In the oldest-old (80–97 y, n = 1,811), higher LIBRA scores did not increase the risk for dementia.
Conclusion: LIBRA might be a useful tool to identify individuals for primary prevention interventions of dementia in midlife,
and maybe in late life, but not in the oldest-old.

Keywords: Aging, dementia, modifiable risk factors, prevention

INTRODUCTION

Dementia is one of the fastest growing health prob-
lems worldwide, without any cure available so far
for its most common forms including Alzheimer’s
disease. This urges the need for prevention. For pre-
vention, early identification of individuals at high risk
for dementia is of great importance. In particular, a
better understanding of the role of modifiable risk
factors in predicting dementia is crucial, as these risk
factors constitute promising targets for prevention
strategies across a wide age spectrum [1, 2].

Recently, the LIfestyle for BRAin health (LIBRA)
index was developed to assess an individual’s room
for prevention of dementia in midlife [3]. The index
is a dementia risk score that is defined based on
empirical evidence from the existing literature and
expert consensus. It includes 12 easily assessable and
solely modifiable health and lifestyle factors that are
all within the reach of interventions (e.g., physical
activity and obesity).

Previously defined dementia risk indices are based
on single cohort studies rather than the total evidence
in the existing literature [4–8] and/or included non-
modifiable risk factors (e.g., sex, APOE genotype)
[4–9]. This makes them less generalizable and less
suitable for global prevention strategies. Moreover,
some indices were defined in a midlife population [4]
whereas others were defined in an older population
[6]. Previous research has shown that dementia risk
factors may act differently throughout the adult life
span [10, 11]. Thus, more knowledge is needed on the
validity of modifiable risk factors in midlife, late life,
and the oldest-old to introduce timely and appropriate
prevention strategies.

The aim of our study was to test the ability of
the LIBRA index to assess the prevention poten-
tial by investigating the predictive validity of the
LIBRA index for incident dementia in midlife, late
life, and the oldest-old in a large multicenter Euro-
pean population-based cohort.

METHODS

Participants

Participants were recruited from the DESCRIPA
study, a multicenter study consisting of eight har-
monized European population-based cohorts. For the
current study, six cohorts fulfilled our inclusion cri-
teria: The Swedish Prospective Population Study of
Women (GPPSW) [12] and Gerontological and Geri-
atric Population Study of 85-year-olds (GH85) [13],
the Italian Longitudinal Study of Aging (ILSA), [14]
the Dutch Longitudinal Aging Study Amsterdam
(LASA) [15] and Maastricht Aging Study (MAAS),
[16, 17] and the French Personnes Agées QUID study
(PAQUID). [18] The medical ethics committee at
each center approved the study. All subjects provided
informed consent.

Inclusion criteria for the current study were age
≥55 years, good subjective general health, a direct or
indirect baseline measure of at least 7 out of 9 modi-
fiable risk factors as described below, information on
educational level, and at least one clinical follow-up.
Individuals with dementia at baseline were excluded.

Clinical assessment was performed according to
each study protocol. Generally, it included a medical
history by interview or questionnaire, medical and
neurological examination, and cognitive assessment.
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For a subgroup, blood sampling was performed.
Clinical follow-up assessment was performed at
study-specific intervals up to 16 years after base-
line. The outcome measure was incident dementia
according to the DSM-III-R [19] or for the LASA
study defined as impairment in multiple cognitive
domains [15].

Risk factors

Modifiable risk factors were selected from the
LIBRA index [3]. We had data available on nine of
the 12 risk/protective factors: depression, diabetes,
physical inactivity, hypertension, obesity, smoking,
hypercholesterolemia, coronary heart disease, and
mild/moderate alcohol use. No data were available on
cognitive activity, renal dysfunction, and adherence
to a Mediterranean diet.

To compose the LIBRA index, direct or indirect
measures of the nine risk factors were used accord-
ing to each study-specific protocol (Supplementary
Tables 1 and 2). The LIBRA index was calculated
following a previously applied approach based on the
relative risk (RR) of all risk factors separately [4, 9],
as recently reported [3]. Briefly, the natural logarithm
(ln) of the RR was calculated for each factor. Next,
these were standardized by taking the lowest ln (RR)
as a reference value (score 1) and dividing all other
values by this value. Finally, summing the scores of
the risk factors resulted in the total LIBRA index.
A higher LIBRA score indicates a higher risk for
dementia.

Since age, sex, and education are well-established
risk factors for dementia, albeit non-modifiable, two
extended versions of the LIBRA index were calcu-
lated by adding standardized scores of age, sex, and
education to the LIBRA index based on the beta
weights reported by Anstey and colleagues (age for
males, age for females, and years of education; see
models 2 and 3 below) [9]. Our educational level cat-
egories were slightly different from those used by
Anstey and colleagues [9] because the data avail-
able in this study were not always coded according to
their coding system (Supplementary Table 1). The
standardized score for each risk factor is listed in
Table 1.

Statistical analyses

Baseline differences in proportion of risk fac-
tors between subjects with and without dementia at
follow-up were analyzed using χ2 or Fisher’s exact

Table 1
Risk factor scores for incident dementia used to calculate

the LIBRA index

Risk score

Demographic factors
Age for males <65 years 0

65–69 years 0.4
70–74 years 5.2
75–79 years 6.8
80–84 years 11.2
85–89 years 14.1
≥90 years 16.4

Age for females <65 years 0
65–69 years 2.1
70–74 years 6.2
75–79 years 9.2
80–84 years 12.4
85–89 years 15.3
≥90 years 17.6

Educational level High 0
Medium 1.4

Low 2.7
Risk factors of LIBRA index
Depression No 0

Yes 2.1
Hypertension No 0

Yes 1.6
Obesity No 0

Yes 1.6
Smoking No 0

Yes 1.5
Hypercholesterolemia No 0

Yes 1.4
Diabetes No 0

Yes 1.3
Physical inactivity No 0

Yes 1.1
Coronary heart disease No 0

Yes 1.0
Low/moderate alcohol use No 0

Yes –1.0

Risk scores were calculated based on relative risks (for the LIBRA
risk factors)3 and beta coefficients (for the demographic factors)9

in the literature, as described in the Methods. The LIBRA index is
the sum of the individual risk scores. LIBRA, LIfestyle for BRAin
health.

tests. Cox proportional hazards models were used to
examine prediction of dementia on a 16-year follow-
up using the LIBRA index (model 1). We performed
analyses separately by age groups. Due to the increase
in life expectancy and in the mean age of retirement,
midlife was defined age 55–69 years, late life age
70–79 years, and oldest-old age 80–97 years. First,
analyses were performed for the continuous LIBRA
index and C-statistics were calculated as a measure
of predictive accuracy. Next, the LIBRA index was
categorized into three age-specific risk groups based
on tertiles (i.e., low-, intermediate-, high-risk). Addi-
tionally, the prediction of dementia by two alternate
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versions of the LIBRA index was tested: LIBRA +
educational level (model 2); and LIBRA + age, sex
and educational level (model 3). Survival curves of
all Cox proportional hazards models were plotted. All
analyses were corrected for center. Statistical analy-
ses were done with the SPSS version 23.0 (Chicago,
IL, USA) and R Survival package, function SurvCon-
cordance, with significance set at p < 0.05.

RESULTS

Sample characteristics

9,387 participants were included with a mean age
of 72.9 (SD 7.3, 55–97) years, of whom 5141 (55%)
were female. 31% of the cases had data on APOE
genotype available. The average LIBRA index was
2.9 (SD 2.0, range –1.0 to 10.5). After an aver-
age follow-up of 7.2 years (SD 3.6, range 1 to 16),
1120 (12%) individuals progressed to dementia. The
dementia incidence rate was 16.8 (95% CI 16.0–17.6)
per 1000 person-years. The availability and preva-
lence of risk factors is presented by outcome for each
age group separately in Table 2. The availability of
risk factors in the total cohort is presented in Supple-
mentary Table 3. Overall, APOE genotype (�4 carrier
versus non-carrier) did not influence predictive accu-
racy of the LIBRA index for progression to dementia
(model 1; LIBRA*APOE HR = 0.97, p = 0.664).

Modifiable risk factor profiles for dementia

Midlife, age 55–69 years
3,256 individuals were classified in the midlife

group (mean age 65.0 (SD 4.0) years; 51% female),
of whom 190 (6%) progressed to dementia after
an average follow-up of 8.1 (SD 3.5) years. The
dementia incidence rate was 7.2 (95% CI 6.3–8.1)
per 1000 person-years. The average LIBRA index
for individuals in midlife was 2.6 (SD 2.1, range
–1.0 to 10.5). The risk for dementia increased
on a log-linear scale with higher LIBRA scores
(HR = 1.10, 1.02–1.18, p = 0.020; C statistic 0.57, SE
0.03; model 1). When educational level (model 2)
or age, sex, and educational level (model 3) were
added to the LIBRA index, the risk for dementia
slightly increased (HR = 1.13, 1.06–1.21, p < 0.001
and HR = 1.11, 1.04–1.17, p = 0.001 respectively).

Next, individuals were classified based on tertiles
in low (n = 1070, score –1.0 to 1.5), intermediate
(n = 1132, score 1.6 to 3.5), and high (n = 1054,
score 3.6 to 10.5) dementia risk groups. Table 3

describes the proportions of risk factors in the three
risk groups. Individuals in the intermediate- and high-
risk groups showed a higher risk for dementia than
those in the low-risk group (intermediate HR = 1.56,
1.04–2.36, p = 0.033; high HR = 1.92, 1.25–2.96,
p = 0.003; Table 4; Fig. 1). When education (model 2)
or age, sex, and education (model 3) were added to
the LIBRA index results remained similar (Table 4),
except that now the increased risk for dementia in
the intermediate risk group compared to the low-risk
group did not reach statistical significance in model
2 (HR = 1.40, 0.96–2.03, p = 0.078). The high-risk
group had an increased dementia risk compared to
the intermediate risk group in model 3 (HR = 1.44,
1.04–1.99, p = 0.029).

Late life, age 70–79 years
4,320 individuals were classified in the late life

group (mean age 74.5 (SD 2.9) years; 56% female),
of whom 580 (13%) progressed to dementia after an
average follow-up of 7.3 (SD 3.5) years. The demen-
tia incidence rate was 18.8 (95% CI 17.6–20.0) per
1000 person-years. The average LIBRA index for
individuals in late life was 3.2 (SD 2.0, range –1.0
to 9.6). The risk for dementia increased on a log-
linear scale with higher LIBRA scores (HR = 1.08,
1.03–1.13, p = 0.002; C statistic 0.50, SE 0.01;
model 1). The predictive accuracy for dementia
slightly increased when educational level (model 2)
or age, sex, and educational level (model 3) were
added to the index (HR = 1.10, 1.06–1.15, p < 0.001
and HR = 1.14, 1.10–1.17, p < 0.001, respectively).

Individuals in the intermediate (n = 1,496, score
2.4 to 4.1) and high (n = 1,392, score 4.2 to 9.6)
risk groups presented a greater risk of incident
dementia than those in the low (n = 1,432, score
–1.0 to 2.3) risk group (Intermediate HR = 1.25,
1.02–1.52, p = 0.030; High HR = 1.38, 1.11–1.72,
p = 0.005; Table 4; Fig. 1). When education (model 2)
or age, sex, and education (model 3) were added to
the LIBRA index, results remained similar (Table 4),
except that the high-risk group had an increased risk
for dementia compared to the intermediate risk group
in model 3 (HR = 2.12, 1.73–2.61, p < 0.001).

Oldest-old, age 80–97 years
1,811 individuals were classified in the oldest-old

group (mean age 83.2 (SD 2.5) years; 58% female),
of whom 350 (19%) progressed to dementia after an
average follow-up of 5.5 (SD 3.2) years. The demen-
tia incidence rate was 36.4 (95% CI 34.1–38.7) per
1000 person-years. The average LIBRA index for
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Fig. 1. Survival curves for the LIBRA risk groups. Individuals are classified in risk groups based on tertiles of the LIBRA index score. On
the left are survival curves for individuals in midlife, in the middle for individuals in late life, and on the right for the oldest-old. (1) Model 1:
Model with the LIBRA index, (2) Model 2: extended model with the LIBRA index + education, and (3) Model 3: extended model with the
LIBRA index + age, sex, and education. The dotted grey line represents individuals in the low-risk group, the dotted green line represents
individuals in the intermediate-risk group, and the solid blue line represents individuals in the high-risk group.

the oldest-old was 2.9 (SD 1.8, range –1.0 to 9.5).
The risk for dementia decreased on a log-linear scale
with higher LIBRA scores (HR = 0.93, 0.88–0.99,
p = 0.031; C statistic 0.54, SE 0.02; model 1). No
decreased risk for dementia was found when edu-
cational level (model 2) was added to the index
(HR = 1.00, 0.94–1.05, p = 0.870). When age, sex,
and educational level (model 3) were added to the
index, the risk for dementia increased with higher
LIBRA scores (HR = 1.08, 1.13–1.17, p < 0.001).

Individuals in the intermediate (n = 655, score 2.1
to 3.7) and high (n = 554, score 3.8 to 9.5) risk
groups did not present greater risk of incident demen-
tia compared to those in the low (n = 602, score

–1.0 to 2.0) risk group (Intermediate HR = 0.91,
0.71–1.17, p = 0.461; High HR = 0.82, 0.62–1.09,
p = 0.164; Table 4; Fig. 1). When education (model
2) or age, sex, and education (model 3) were added
to the LIBRA index, results were similar (Table 4)
but the high-risk group had an increased risk for
dementia compared to the low-risk group in model
3 (HR = 1.48, 1.13–1.94, p = 0.004).

Modified LIBRA index

As obesity and hypertension are considered to be
major risk factors for later development of dementia
only in midlife, we performed an additional analysis
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based on model 1 but with exclusion of obesity
and hypertension from the LIBRA index for late
life and the oldest-old. In late life, higher modified
LIBRA scores were associated with an increased
risk for dementia (HR = 1.11, 1.05–1.17, p < 0.001).
After classifying individuals in risk groups based
on tertiles of the modified LIBRA index, we found
that the intermediate- and high-risk groups had an
increased risk for dementia compared to the low-risk
group in late life (intermediate HR = 1.41, 1.16–1.72,
p = 0.001; high HR = 1.47, 1.16–1.86, p = 0.002). In
the oldest-old, the risk for dementia did not increase
with higher modified LIBRA scores (HR = 0.95,
0.89–1.02, p = 0.179). The intermediate- and high-
risk groups did not have a higher risk for dementia
than the low-risk group in the oldest-old (intermedi-
ate HR = 0.97, 0.75–1.25, p = 0.801; high HR = 0.87,
0.65–1.15, p = 0.310).

DISCUSSION

Our study showed that modifiable risk factors
based on the LIBRA index could be used to quantify
dementia risk in midlife and late life, but not in the
oldest-old. Our findings highlight the need for indi-
viduals to attain a low LIBRA score, e.g., by adapting
a brain-healthy lifestyle and prevention of chronic
disease, in order to reduce their risk for dementia.

Alzheimer’s disease is the most common form
of dementia. Recent evidence suggests that one in
three up to one in two Alzheimer’s disease cases
are potentially attributable to modifiable risk fac-
tors. Particularly improved prevention of vascular and
metabolic morbidity and depression, and higher lev-
els of education could help to reduce the dementia
prevalence worldwide [1, 20]. Our results indicate
that the LIBRA index might be a useful tool to iden-
tify individuals for primary prevention interventions
of dementia and monitor individuals risk-change over
time. Moreover, all LIBRA factors can be easily
assessed based on interview and routine medical
assessment, which makes it feasible and easily appli-
cable, e.g., in daily primary care practice [21]. Also,
other risk factors can be added to the LIBRA index
to improve its predictive ability as new evidence
becomes available.

Our multicenter data support previous findings
that modifiable risk factors may act differently in
midlife and later life and that this affects the predic-
tion of dementia. The LIBRA index was specifically
designed to determine an individual’s room for pre-
vention in midlife. We found that the current index is

indeed mainly useful to predict dementia in midlife,
and in late life particularly in its modified form,
but not in the oldest-old. This corroborates previous
reports showing variability in the effects of certain
risk factors over the life-course, with some factors
having maximum penetrance in midlife rather than in
later life, including obesity and hypertension [11, 22].
Moreover, most inconsistent findings on predictive
ability of risk factors come from late life studies,
probably reflecting multi-comorbidity at the oldest
age [10, 11, 23]. Our results show that excluding obe-
sity and hypertension from the LIBRA index would
not improve quantifying an individual’s prevention
potential in the oldest-old. However, we found that
adding age, sex, and educational level to the LIBRA
index in the oldest-old allowed a better differentia-
tion between individuals with lower and higher risk
for dementia, whereas this influence was much lower
in midlife and early late life. This could partly be
explained by the larger weight that was ascribed to
older age but also suggests that demographic factors
play a lesser role in midlife over and above modifi-
able factors. Lifestyle-related risk factors may also
be affected by brain aging and ongoing cognitive
decline, and therefore play a more important role in
midlife and early late life. In addition, at the old-
est age, underlying dementia-related pathology might
have already accumulated so that the predictive value
of risk factors becomes lower. The oldest-old might
represent a selected group who have survived into
old age because of (unknown) resilience factors that
compensate for lifelong exposure to poor health and
lifestyle.

The LIBRA index is unique in that it reflects an
individual’s prevention potential for dementia. The
predictive accuracy of the LIBRA index for demen-
tia was somewhat lower compared to that of other
prediction indices [24]. This is not unexpected given
that previous indices were maximized for risk pre-
diction by including major predictors for dementia
such as age, gender, education, and APOE genotype.
It seems that most of the variance explained by these
indices stem from the inclusion of such deterministic
factors that are not amenable to change. Furthermore,
previous indices were often developed based on a
single cohort, and several lack validation in external
datasets, increasing the likelihood of overestimating
its predictive accuracy [24].

The strengths of our study included the large
sample size, relatively long-term follow-up, and gen-
eralizability to a wide age spectrum. The use of
a multicenter design allowed for a large sample
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size and for testing of age-dependent effects. How-
ever, our study had several limitations. Indirect and
center-specific measures of risk factors could have
introduced heterogeneity in exposure classification.
Furthermore, we used only nine out of twelve risk
factors of the LIBRA index. The lack of three LIBRA
factors (i.e., cognitive activity, renal dysfunction, and
adherence to a Mediterranean diet) may have influ-
enced the predictive validity of the LIBRA index.
Also, not all individuals had data available for all
nine risk factors but when we compared our findings
to those for participants with all risk factors avail-
able, results remained similar (data not shown). Next,
like other indices, LIBRA results in a simple additive
score and interactions between risk factors were not
taken into account, as this information is not avail-
able in the existing literature. Moreover, we used
all-cause dementia as outcome measure, given the
lack of information on type of dementia. Although
Alzheimer’s disease was likely the most common
diagnosis, investigating the association between risk
factors and specific subtypes of dementia would be
relevant in future studies. Although our study had
a relatively long follow-up (mean 7.2 years, range
1–16) some individuals likely would have progressed
to dementia at a later stage, which could increase the
predictive validity of the LIBRA index. We did not
correct for mortality. Probably, people with higher
LIBRA scores present with more multi-morbidity
and were more likely to die as a competing risk for
dementia. From this perspective, our results might
underestimate the true potential of the LIBRA index.
Finally, some individuals were already under treat-
ment for a certain risk factor, which may limit the
room for prevention.

In sum, our results support the role of modifi-
able risk factors in the development of dementia and
demonstrate the utility and validity of the LIBRA
index in midlife and late life up to 79 years. LIBRA
can be a useful tool for raising people’s awareness and
for the identification of individuals who might ben-
efit most from primary prevention strategies through
lifestyle change or health management. Further val-
idation of the LIBRA index is needed in external
datasets and subgroups such as individuals with mild
cognitive impairment.
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