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Objective: As no causal treatment for dementia is available yet, the focus of
dementia research is slowly shifting towards prevention strategies. Therefore, this
study aimed to examine the predictive accuracy of the “Lifestyle for BRAin Health”
(LIBRA) score, a weighted compound score of 12 modifiable risk and protective fac-
tors, for dementia and mild cognitive impairment (MCI) in midlife and late-life, and
in individuals with high or low genetic risk based on presence of the apolipoprotein
(APOE) €4 allele.

Methods: The LIBRA score was calculated for participants from the Finnish Cardio-
vascular Risk Factors, Aging and Dementia (CAIDE) population-based study examined
in midlife (n = 1024) and twice in late-life (n = 604) up to 30 years later. Diagnoses of
MCI and dementia were made according to established criteria. Cox proportional haz-
ards models were used to assess the association between LIBRA and risk of dementia
and MCI in models adjusted for sex and education (age as timescale).

Results:
ard ratio [HR] = 1.27; 95% confidence interval [Cl], 1.13-1.43) and MCI (unadjusted
model: HR = 1.12; 95% Cl, 1.03-1.22) up to 30 years later. Higher late-life LIBRA
scores were related to higher risk of MCI (HR = 1.11; 95% Cl, 1.00-1.25), but not
dementia (HR = 1.02; 95% ClI, 0.84-1.24). Higher late-life LIBRA scores were related

to higher dementia risk among apolipoprotein E (APOE) €4 non-carriers.

Higher midlife LIBRA scores were related to higher risk of dementia (haz-

Conclusions:  Findings emphasize the importance of modifiable risk and protective

factors for dementia prevention.
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1 | INTRODUCTION

Dementia is one of the core challenges facing our aging society.! Pre-
vention is crucial given that there are no treatments available to stop
or reverse dementia.? For this, evidence-based preventive strategies
are needed, focusing on modifiable risk factors.>> Such strategies
should include the early identification of persons at risk for dementia,
eg, in midlife, in order to target risk factors before irreparable brain
damage and cognitive symptoms occur. The “Lifestyle for BRAIin
Health” (LIBRA) score was developed based on a systematic literature
review and expert consensus study.® It consists of modifiable risk and
protective factors that are promising targets for preventive strategies
and thus reflects an individual's prevention potential for dementia. So
far, LIBRA has been shown to explain variance in cognitive functioning
and dementia risk in various population- and patient-based prospec-
tive cohort studies.””** Yet, more research is needed into the predic-
tive validity of LIBRA: (a) for other outcome measurements such as
mild cognitive impairment (MCI), (b) in an aging cohort (followed from
midlife to late-life), (c) in long-term cohort studies where follow-up
may be decades later, and (d) in interaction with genetic risk (eg, apo-
lipoprotein E [APOE] €4 genotype).

Therefore, the overall aim of the present study was to investigate
the predictive validity of the LIBRA score in the longitudinal
population-based Cardiovascular Risk Factors, Aging and Dementia
(CAIDE) study.'? The first aim was to investigate the performance of
the LIBRA score, measured in the same individuals, midlife (40-50
years) and late-life (65-79 years) for predicting the risk of incident
dementia and MCI up to 30 years later. The second aim was to inves-
tigate potential differences between persons with high and low
genetic risk for dementia (APOE €4 carriers versus non-carriers)
regarding the relations of the LIBRA score with dementia and MCl risk.

2 | MATERIALS AND METHODS

2.1 | The CAIDE study

CAIDE participants were randomly selected from four independent
population-based samples of the North Karelia Project and the
FINMONICA study. Participants were examined in midlife'®*° in
1972, 1977, 1982, or 1987. In 1998, a random sample of 2000 indi-
viduals aged 65 to 79 years from the towns and surroundings of Kuo-
pio and Joensuu in Eastern Finland was invited for the first re-
examination.'? Of these, 1449 persons (72.5%) participated. A second
re-examination took place between 2005 and 2008. Of the initial
2000 individuals, 1426 were still alive and living in the target areas
in 2005, and 909 (63.7%) attended the re-examination (Figure S1). In
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total, 1511 participants attended at least one re-examination, and
750 attended both re-examinations, with completed cognitive assess-
ments. Mean follow-up time (SD) from midlife was 20.9 (4.9) years
until the first re-examination, and 28.9 (5.0) years until the second
re-examination. The study was approved by the local ethics committee
of Kuopio University and Kuopio University Hospital, and written

informed consent was obtained from all participants.

2.2 | Assessment of MCIl and dementia

In both re-examinations, cognitive status was assessed with a three-
step protocol (screening, clinical, and differential diagnostic phase).
Individuals scoring less than or equal to 24 on the Mini-Mental State
Examination (MMSE)“> at screening were referred for additional clini-
cal assessments. In 2005 to 2008, individuals with less than or equal
to 24 points or a decline greater than or equal to three points on
MMSE, less than 70% delayed recall in the CERAD word list,Y” or an
informant expressing concerns about the participant's cognition were
referred for more assessments. Both re-examinations had a clinical
phase with detailed neuropsychological and medical assessments and
a differential diagnostic phase. A review board consisting of a senior
neurologist, senior neuropsychologist, study physician, and study neu-
ropsychologist ascertained the final diagnosis based on all available
information. In both re-examinations, diagnosis of MCI and dementia

were made according to established criteria.8-2°

2.3 | Design of the present study

For midlife LIBRA score analyses, the study population included 1024
CAIDE participants with available data for the midlife LIBRA score and
who attended at least one re-examination with completed cognitive
assessments (Figure 1). Outcomes were incident dementia (n = 84)
or MCI (n = 151) as diagnosed at the CAIDE re-examination visits.
For late-life LIBRA score analyses, the study population included
604 individuals with available 1998 data for the late-life LIBRA score,
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MIDLIFE n = 1360
1972, 1977, 1982 or 1987

Available data for LIBRA
score

!

LATE-LIFE n = 1024

Participants in either:
- 1% re-examination
(1998), or
- 2nre-examination
(2005-2008)

!

MCI n =151
Dementia n = 84

FIGURE 1 Study design

who were cognitively normal at the 1998 re-examination (ie, no
dementia or MCI), and who returned for the 2005 to 2008 re-exami-
nation. Outcomes were incident dementia (n = 35) or MCI (n = 108)
as diagnosed at the 2005 to 2008 re-examination.

2.4 | LIBRA score

The LIBRA score was developed after triangulation of results from a
systematic literature review on risk and protective factors for dementia
and an expert consensus study,’ as part of the European (FP7) INnova-
tive, Midlife INtervention for Dementia Deterrence (In-MINDD) pro-
ject.?! It consists of 12 modifiable risk and protective factors that
can be targeted by tailored lifestyle interventions and primary preven-
tion. Risk factors are coronary heart disease, diabetes, hypercholester-
olemia, hypertension, depression, obesity, smoking, physical inactivity,
and renal disease. Protective factors are low-to-moderate alcohol use,
high cognitive activity, and healthy diet. A weight is assigned to each
factor, based on the factor's relative risk (Table $1).° Weights are then
standardized and summed up to yield the final LIBRA score (range from
-5.9 to +12.7), with higher scores indicating greater risk. A modified
version of the LIBRA score was developed for the purpose of valida-
tion in older cohorts. It consists of 10 factors, excluding the risk factors
obesity and hypertension, since these are considered to be major risk

factors in midlife only.3%2224

2.5 | Assessment of LIBRA

At the midlife examination, assessments and survey methods were
standardized and adhered to international guidelines and the World
Health Organization (WHO) (Multinational MONItoring of trends and
determinants in CArdiovascular [MONICA] disease) protocol.?> CAIDE
re-examination surveys were similar to midlife. Surveys involved self-

administered questionnaires on medical history, sociodemographic

Psychiatry

LATE-LIFE n = 1022
Cognitively normal at the 1998 re-examination

Available data for LIBRA score

l

LATE-LIFE n = 604
Participants in the 2005-2008 re-

examination
MCIn=108

Dementia n =35

and psychological factors, and health-related behaviors. A trained
nurse verified the answers, and measured height, weight and blood
pressure. A venous blood sample was taken to determine serum total
cholesterol. APOE genotype was determined from blood leucocytes
using polymerase chain reaction and Hhal digestion.2

In CAIDE, data were available for all LIBRA factors, except for cog-
nitive activity. Factors were dichotomized based on previously used
cut-offs (Table S1). Hypertension was defined as a systolic blood pres-
sure > 140 mmHg or diastolic blood pressure > 90 mmHg. Participants
were classified as obese if their body mass index (BMI) exceeded 30
kg/m?. The cut-off point for hypercholesterolemia was greater than
or equal to 6.5 mmol/L. Diabetes and coronary heart disease were
based on self-reports of diagnoses made by a physician and diagnoses
from the Finnish Hospital Discharge Register. Renal disease was based
solely on diagnoses from the Finnish Hospital Discharge Register. A
cut-off point for depressive symptoms was created based on the sum
scores of two questions related to feelings of hopelessness.?” Persons
who engaged in physical activity at least twice a week, lasting at least
20 to 30 minutes each occasion, and causing sweating and breathless-
ness, were regarded as physically active. Low-to-moderate alcohol con-
sumption was based on categorized frequency of alcohol use. For
smoking, participants were divided into ever smokers and never
smokers. Since information on diet was available for only a small group
of approximately 240 participants in midlife, analyses including diet
were conducted separately. Adherence to a healthy diet was based
on previously used cut-offs of the CAIDE Healthy Diet Index.?®
Observed LIBRA scores ranged from -2.7 to +12.7.

2.6 | Statistical analysis

To examine differences in risk factors and demographic variables
between participants with incident dementia, MCI and controls, one-

way analysis of variance (ANOVA) and x? tests were used. Cox
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proportional hazard regression models were used to test associations
between the LIBRA score and dementia or MCI risk. Harrell concor-
dance rate (C statistic) for censored data was calculated to examine
predictive accuracy. The C-statistic indicates the probability that a ran-
domly selected participant who developed the outcome (dementia or
MCI) had a higher risk score than a participant who did not develop
the outcome. It is equal to the area under the Receiver Operating
Characteristic curve and ranges from 0.5 to 1. Model 1 was unad-
justed (except for age as the time scale, see below), and model 2
was adjusted for the covariates sex and education. In addition, we
tested for a multiplicative interaction between LIBRA score and APOE
genotype (g4 carriers versus non-carriers). All analyses were done in
Stata 14 (StataCorp LP, TX), and the level of statistical significance
was P < .05.

For midlife LIBRA analyses, stcox was used with age as time scale
and age at first assessment (midlife) as origin. Right censoring was
defined as the age at the first dementia diagnosis in CAIDE re-exami-
nations or end of study (date of last available CAIDE re-examination).
The same approach was used in analyses with MCI as outcome (ie,
considering date of first MCI diagnosis). The proportional hazard
assumption was assessed based on the Schoenfeld residuals.

For late-life LIBRA analyses, stcox was used, with age as time scale
and age during the later assessment wave in 1998 as origin. Censoring
age at follow-up was defined analog to the midlife analysis at the 2005
to 2008 CAIDE re-examination.

3 | RESULTS

3.1 | Population characteristics

Population characteristics are shown in Table 1. As expected, individ-
uals with incident dementia were older, had a lower education level,
and were more often APOE €4 carriers (all P < .01). Sex distribution
was not significantly different between diagnostic groups.

Midlife LIBRA scores were higher in participants who subsequently
developed dementia (total population: n = 1024; mean LIBRA score
[SD]: 3.22 [1.82]; range: -1.0 to 9.3). From the list of individual LIBRA
factors, hypertension (elevated systolic and diastolic blood pressure),
obesity (high BMI), and high cholesterol were significantly more com-
mon among the incident dementia group.

Differences in late-life LIBRA scores between diagnostic groups
were less pronounced (total population: n = 604; mean LIBRA score
(SD): 2.76 (1.70); range: -1.0 to 7.5). The incident dementia group
included a higher percentage of individuals with coronary heart dis-
ease and a lower percentage of individuals with hypertension (lower

systolic and diastolic blood pressure).

3.2 | Midlife LIBRA and incident dementia and MCI

Performance of the LIBRA score in predicting dementia or MCI is
shown in Table 2 (continuous LIBRA score) and Figure 2 (quartiles of

LIBRA score). Higher midlife LIBRA scores were significantly related

to higher dementia risk (hazard ratio [HR] = 1.27; 95% confidence
interval [Cl], 1.13-1.43; C-statistic = 0.67). In addition, higher midlife
LIBRA scores were significantly associated with higher MCI risk (HR
=1.12; 95% Cl, 1.03-1.22; C-statistic = 0.58), but not after adjustment
for sex and education (HR = 1.05; 95% CI, 0.97-1.16; C-statistic =
0.65) (Table 2). When risk for dementia was categorized into quartiles
(C-statistic = 0.63), HRs for the second to fourth quartile (lowest quar-
tile is the reference) were 1.15 (95% Cl, 0.59-2.23), 1.66 (95% Cl,
0.89-3.08), and 3.19 (95% Cl, 1.78-5.73), respectively. Quartile 4 pre-
dicted a higher dementia risk as compared with the lowest quartile (P
< .001). For MCI (C-statistic = 0.59), the second (HR = 1.76; 95% ClI,
1.13-2.74; P = .012) and third (HR = 2.05; 95% ClI, 1.32-3.19; P =
.001) quartile predicted a higher MCI risk compared with the lowest
quartile but not the fourth quartile (HR = 1.59; 95% Cl, 0.95-2.66; P
=.078).

In the small group of participants with available midlife diet data,
the LIBRA score including diet was not significantly related to demen-
tia or MCl risk, although C-statistic values increased (Table 2). No sig-
nificant interactions between midlife LIBRA score and APOE €4 carrier

status were found in any of the models (results not shown).

3.3 | Late-life LIBRA and incident dementia and MCI

Late-life LIBRA scores were not significantly related to dementia.
However, higher late-life LIBRA scores were significantly associated
with MCl risk (HR = 1.11; 95% Cl, 1.00-1.25; C-statistic = 0.63). When
risk for dementia was categorized into quartiles (C-statistic = 0.58),
none of them predicted a higher dementia risk as compared with the
lowest quartile (second quartile: (HR = 1.23; 95% Cl, 0.51-2.93); third
quartile: (HR = 0.69; 95% Cl, 0.24-2.00); fourth quartile: (HR = 1.48;
95% Cl, 0.61-3.61). For MCI (C-statistic = 0.59), only the third quartile
(HR = 2.07; 95% Cl, 1.23-3.47; P = .006) predicted a higher MCI risk
compared with the lowest quartile but not the second (HR = 1.38;
95% Cl, 0.79-2.42; P = .260) and fourth quartile (HR = 1.69; 95% Cl,
0.96-3.00; P = .069).

Significant interactions between late-life LIBRA scores and APOE
€4 carrier status were found in relation to dementia risk (P = .011).
The HRs (95% Cl) for dementia were 1.26 (0.96-1.64) among non-car-
riers, and 0.73 (0.53-1.01) among carriers. No significant interactions
between late-life LIBRA scores and APOE €4 carrier status were found
in relation to MCI risk.

In late life, higher modified LIBRA scores (excluding midlife risk fac-
tors obesity and hypertension) were not significantly associated with
dementia (HR = 1.22; 95% Cl, 0.97-1.53) or MCI (data not shown).
Again, significant interactions between modified late-life LIBRA scores
and APOE €4 carrier status were only found in relation to dementia
risk (data not shown).

4 | DISCUSSION

In a general Finnish population, higher midlife LIBRA scores were

related to higher risk of developing dementia or MCl up to 30 years



DECKERS ET AL.

tm Psychiatry

TABLE 1 Characteristics of the study population

Study Population

n (Control/MCI/Dementia) Control Incident MCI Incident Dementia P Value
Sex (women) 793/147/84 61.0% 60.5% 58.3% .89
Education, y 789/146/84 8.9 (3.5) 7.8(2.7) 8.0 (3.5) <.001
APOE4 carriers 781/145/81 33.9% 37.2% 54.3% <01
Midlife
Age 793/147/84 47.8 (4.7) 48.2 (4.8) 50.6 (4.8 <.001
Total cholesterol, mmol/L 793/147/84 6.7 (1.2) 6.9 (1.1) 9 (1.1) .39
Systolic blood pressure, mmHg 793/147/84 142.3 (18.8) 144.6 (22.1) 149.7 (22.3) <.01
Diastolic blood pressure, mmHg 793/147/84 89.6 (10.6) 90.7 (10.7) 93.4 (10.3) <01
Body mass index 793/147/84 26.0 (3.5) 26.7 (3.6) 27.2 (3.9 <.01
LIBRA score 793/147/84 3.1(1.8) 3.3 (1.6) 4.0 (2.1) <.001
LIBRA score including diet 184/35/20 2.6 (2.2) 2.9 (1.8) 3.6 (2.1) .13
Low/moderate alcohol use 793/147/84 43.6% 35.4% 38.1% 3
Smoking 793/147/84 47.0% 40.8% 42.86 .32
Physical inactivity 793/147/84 60.1% 58.5% 69.0% .24
Depressive symptoms 793/147/84 8.7% 12.9% 13.1% .15
Coronary heart disease 793/147/84 4.8% 6.1% 4.8% 79
Diabetes mellitus 793/147/84 0.8% 0.7% 0.0% .73
High cholesterol 793/147/84 52.8% 60.5% 65.5% <.05
Obesity 793/147/84 11.7% 13.6% 25.0% <01
Hypertension 793/147/84 63.7% 63.3% 80.9% <01
Chronic kidney disease 793/147/84 0% 0% 0% -
Healthy diet 184/35/20 43.5% 40.0% 25.0% .27
late-life (1998)
Age 461/108/35 69.8 (3.4) 70.6 (3.2) 724 (4.3 <.001
Total Cholesterol, mmol/L 461/108/35 5.8 (1.0) 5.8 (1.0) 5(1.1) 22
Systolic blood pressure, mmHg 461/108/35 150.5 (22.9) 151.1 (21.9) 140.2 (23.0) <.05
Diastolic blood pressure, mmHg 461/108/35 81.3 (10.6) 81.2 (10.9) 76.1 (10.4) <.05
Body mass index 461/108/35 27.6 (3.9) 28.3 (4.0) 26.7 (4.0) .08
LIBRA score 461/108/35 2.7 (1.7) 3.1(1.6) 2.8 (1.9) .05
Low-moderate alcohol use 461/108/35 38.0% 34.3% 48.6% 31
Smoking 461/108/35 35.4% 32.4% 31.43% .78
Physical inactivity 461/108/35 17.6% 24.1% 25.7% .18
Depressive symptoms 461/108/35 7.6% 11.1% 17.1% .10
Coronary heart disease 461/108/35 25.4% 36.1% 45.7% <.01
Diabetes mellitus 461/108/35 8.5% 6.4% 11.4% .62
High cholesterol 461/108/35 24.3% 20.4% 28.6% .55
Obesity 461/108/35 22.6% 32.4% 22.9% .10
Hypertension 461/108/35 69.4% 76.8% 48.6% <.01
Chronic kidney disease 461/108/35 0% 0% 0% -

Note. Values are means (SD) unless otherwise specified.

Abbreviations: APOE, apolipoprotein; LIBRA, Lifestyle for BRAiIn health; MCI, mild cognitive impairment.
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TABLE 2 Performance of the LIBRA score in predicting dementia and mild cognitive impairment (MCI)

Dementia MCI
n HR 95% ClI Harrell C n HR 95% ClI Harrell C
Midlife LIBRA
Model 1 1024 1.31* 1.17-1.46 0.65 1024 1.12* 1.03-1.22 0.58
Model 2 1019 1.27* 1.13-1.43 0.67 1019 1.05 0.97-1.16 0.65
Including diet, model 1 239 1.21 0.98-1.50 0.68 239 1.01 0.86-1.20 0.53
Including diet, model 2 231 1.14 0.89-1.46 0.75 231 1 0.84-1.20 0.69
late-life LIBRA
Model 1 604 1.01 0.84-1.23 0.50 604 1.14* 1.02-1.27 0.60
Model 2 595 1.02 0.84-1.24 0.53 595 1.11* 1.00-1.25 0.63

Note. Cox regression models with age as time scale and baseline age as origin. Model 1 is the unadjusted model. Model 2 is adjusted for sex and education.

Abbreviations: Cl, confidence interval; HR, hazard ratio; LIBRA, Lifestyle for BRAin health; MCI, mild cognitive impairment.

*Values are statistically significant (P < .05).

Midlife LIBRA and cumulative hazard of dementia

Cumulative Hazard
4

2‘0 30
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FIGURE 2 LIBRA score quartiles and cumulative hazard of dementia or mild cognitive impairment (MCI). Abbreviations: LIBRA, Llfestyle for
BRAIn health; MCI, mild cognitive impairment [Colour figure can be viewed at wileyonlinelibrary.com]

later. Higher late-life LIBRA scores were related to higher risk of MCl
up to 10 years later and to higher dementia risk, although the latter
was restricted to APOE €4 non-carriers. These findings emphasize
the potential role of modifiable risk factors in the development of
MCI and dementia, and the potential usefulness of LIBRA as a tool
for facilitating preventive strategies.

The LIBRA score was designed to reflect an individual's prevention
potential for dementia and to identify individuals who might benefit

from preventive strategies, and thus focuses exclusively on modifiable

risk and protective factors, yielding a weighted sum score. Available
risk scores for MCl or dementia have usually combined modifiable risk
and protective factors with, eg, age, sex, formal education, cognitive
performance, and/or other biomarkers.?’ Age and education are
strong risk factors for dementia and usually have the highest weights
in risk scores they are part of.%° It is perhaps not surprising that the
dementia predictive performance of the LIBRA score was lower than
C-statistic or area under the curve (AUC) values reported for such risk
scores (eg, 0.75-0.77 for the validated midlife CAIDE Dementia Risk
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Score versus 0.65 for midlife LIBRA score in the present study).®* The
CAIDE risk score is based on a data-driven approach within the CAIDE
cohort study and is developed to maximize prediction of persons at-
risk of dementia.®2 The C-statistic improved after adding diet to the
LIBRA score, although the small number of participants with midlife
diet data, and lack of late-life diet data limited these analyses. The lack
of data on cognitive activity in the present study may also have
affected the LIBRA score predictive performance, given the growing
evidence that high engagement in cognitive activities is associated
with lower risk for cognitive impairment or dementia.®

Higher midlife LIBRA scores were significantly related to higher
dementia risk even after taking age, education, and sex into account,
thus emphasizing the importance of modifiable lifestyle and
vascular/metabolic factors for dementia risk, and the importance of
early preventive strategies. Given the low awareness in the general
public and health care professionals about links between such modifi-

able factors and dementia risk,333¢

a great deal is to be gained and the
LIBRA score could be useful for educational and motivational pur-
poses to facilitate lifestyle changes for healthy cognitive aging and
dementia prevention. LIBRA can give people insight and feedback on
their personal risk profile and identify areas of already healthy behav-
iors (to facilitate maintenance), areas of unhealthy behaviors (to facili-
tate change), and chronic vascular/metabolic conditions (to facilitate
appropriate management).2! This personal LIBRA profile is supported
by an overview of risk factors with the highest penetrance (the accom-
panying weights/percentages are visualized in a clear manner) in rela-
tionship with their dementia risk. In this way, an individual gets an
impression of the relative importance of each factor within their per-
sonal dementia risk profile. It can be used as a tool in clinical setting
(eg, general practice) by helping people to make multiple intermediate
steps (eg, reducing the score from +5 to +1) towards a more brain-
healthy lifestyle.®” Further, LIBRA can be used not only as a
selection tool to identify high risk groups for future early intervention
studies focused on dementia risk reduction but also as a
surrogate/intermediate endpoint and surveillance tool to monitor
intervention success along the road.

In the present study, performance of the midlife LIBRA score was
better than the performance of the late-life LIBRA score, suggesting
that the significance of the selected modifiable risk and protective
factors for dementia and MCI may be different in midlife compared
with older ages. This is in line with previous studies showing that
dementia risk scores based on midlife risk profiles tend to perform
less well in older populations.**2383? For example, important mid-
life vascular risk factors such as hypertension, obesity, or hypercho-
lesterolemia tend to be less predictive for dementia at older
ages,s'zz'24 and some late-life risk scores have even included low
blood pressure and/or low BMI as predictors.?’ Blood pressure,
BMI, and cholesterol tend to decline from midlife to late-life in peo-
ple who develop dementia later on, although the exact mechanisms
are not fully clear.® Such changes during the long pre-clinical phase
of dementia-related diseases are also a major challenge for longer-
term dementia risk monitoring. The LIBRA score is also not very

suitable for identifying individuals who are already close to dementia
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onset® and who may need referral to specialized clinics for detailed
cognitive and other assessments, as well as early initiation of phar-
macological treatment.

The midlife LIBRA score performed better in predicting dementia
risk than MClI risk. This is perhaps not surprising considering the nota-
ble heterogeneity of MCl as defined by older criteria in use at the time
of the CAIDE visits. The performance of the late-life LIBRA scores in
predicting MCI risk (C-statistic = 0.60) was similar to the basic predic-
tion model developed in the Mayo Clinic Study of Aging, including
education and self-reported memory complaints together with several
lifestyle and vascular factors.*®

While the associations of midlife LIBRA scores with dementia or
MCI risk were not influenced by the APOE €4 allele in the present
study, a significant interaction with APOE €4 carrier status was
found for late-life LIBRA index in relation to dementia risk. Higher
late-life LIBRA scores were associated with elevated dementia risk
particularly among non-carriers. While some midlife lifestyle/vascular
risk factors have been reported to have a more pronounced detri-
mental impact on dementia risk among APOE €4 carriers compared
with non-carriers,” it is possible that the impact of such risk factors
among carriers may become less pronounced at older ages. APOE €4
carriers who survive and do not develop dementia until after the age
of 75 to 80 vyears represent a highly selected group where other
genetic and/or non-genetic risk and protective factors may also be
important.

The major strengths of the present study include the population-
based design, the long follow-up period starting already in midlife,
and detailed assessments at several time points during the second
half of the life-course. For these reasons, CAIDE is a highly suitable
cohort study for external validation of LIBRA. The risk prediction in
this study applies only to individuals who actually survive to older
ages, when they are more likely to develop dementia. As an inevita-
ble part of all studies with a long-follow up period, mortality, and
non-participation are often linked to poorer health, ie, people who
are more likely to develop dementia, or die before dementia onset.
This might have led to selection of a healthier sample and therefore
may result in an underestimation of the “true” association. While
data for most LIBRA factors were available in the CAIDE study, reli-
ance on register diagnoses for some chronic conditions (ie, only con-
ditions severe enough to require hospitalization) may have affected
the predictive performance of the LIBRA score. Also, complete data
on pharmacological treatment for the included risk factors/
conditions were not available. In addition, interactions between risk
factors were not taken into account in the design of the LIBRA
score. Knowledge on possible interactions between risk factors is
still incomplete in the available literature, and therefore more
research on this matter is needed.

Findings from the present study emphasize the role of modifiable
risk and protective factors in the development of MCl and dementia.
The LIBRA score may be useful for educational and motivational pur-
poses in public health initiatives by emphasizing areas amenable to
preventive lifestyle measures and for identifying at-risk individuals

who may benefit from lifestyle interventions.
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