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Abstract.
Background: Dementia prevention can be addressed if the intervention is applied early.
Objective: The objective of this study was to develop and validate competing risk models to predict the late risk of dementia
based on variables assessed in middle age in a southern European population.
Methods: We conducted a prospective observational study of the EPIC-Spain cohort that included 25,015 participants.
Dementia cases were identified from electronic health records and validated by neurologists. Data were gathered on sociode-
mographic characteristics and cardiovascular risk factors. To stratify dementia risk, Fine and Gray competing risk prediction
models were constructed for the entire sample and for over-55-year-olds. Risk scores were calculated for low (the 30% of
the sample with the lowest risk), moderate (> 30%–60%), and high (> 60%–100%) risk.
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Results: The 755 cases of dementia identified represented a cumulative incidence of 3.1% throughout the study period. The
AUC of the model for over-55-year-olds was much higher (80.8%) than the overall AUC (68.5%) in the first 15 years of
follow-up and remained that way in the subsequent follow-up. The weight of the competing risk of death was greater than
that of dementia and especially when the entire population was included.
Conclusion: This study presents the first dementia risk score calculated in a southern European population in mid-life and
followed up for 20 years. The score makes it feasible to achieve the early identification of individuals in a southern European
population who could be targeted for the prevention of dementia based on the intensive control of risk factors.
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INTRODUCTION

Dementia has reached epidemic proportions in
developed countries [1]. The number of patients
is expected to double, or even triple, over the
next 20 years, unless effective interventions are
implemented [2, 3]. Until now, symptomatic and
etiopathogenic pharmacological interventions for
dementia have been the focus of research. Unfortu-
nately, approved dementia drugs have small effect
sizes, and disease-modifying treatments have so far
failed to demonstrate efficacy [4]. Evidence that the
neuropathological changes in Alzheimer’s disease
(AD) begin decades before the onset of symptoms
has prompted clinical trials of anti-amyloid ther-
apies in asymptomatic individuals with abnormal
levels of AD biomarkers [5]. Nonetheless, even if
this approach proves successful and an effective drug
is found, its application would be expensive and
faces challenges such as target population identifi-
cation and screening procedures [6, 7]. On the other
hand, mathematical models have shown that demen-
tia does not appear in two-thirds of individuals with
some degree of amyloid-� deposition due to the
existence of the competing risk of death from other
causes [6]. Dementia management has evolved from
the treatment of symptoms to focus on various pri-
mary prevention strategies in healthy individuals and
secondary prevention in people with mild cognitive
impairment (MCI) [8–10].

Predictive models have been developed to pre-
dict the risk of events associated with diseases such
as complications or death [11, 12]. The translation
of such models into risk scores by selecting only
a few easily measurable factors enables the imple-
mentation of preventive measures in people at higher
risk of a disease. Although the absolute risk of
an event may differ between populations, the clas-
sification of individuals’ risk through the use of
scores is consistent and enables prevention to be
addressed in a stratified manner [13]. The evidence

that modifiable cardiovascular risk factors such as
hypertension, hypercholesterolemia, obesity, and dia-
betes are directly associated with the risk of dementia
opens the door to the use of interventions tackling
these factors to reduce the prevalence of dementia [3,
14, 15]. Adding sociodemographic and genetic vari-
ables, scores have been proposed for assessing the
risk of developing dementia in mid-life or after 65
years of age [14, 16]. These predictive models make
it possible to identify asymptomatic individuals at
high risk of dementia to be targeted by multimodal
interventions to modify risk factors [5]. On the other
hand, the external validation of these scores has not
been satisfactory for several reasons [17, 18]. Among
them, we note that the models have not included
competing risks and their predictive performance is
limited by the small number of events recorded when
the exposure is measured at middle age [19, 20]. On
the other hand, the studies have been based on popu-
lations from northern Europe and the United States,
which hinders their application to other populations
such as those in southern Europe [14, 17, 21]. The
objective of this study was to develop competing risk
models to predict the late risk of dementia based
on risk factors at middle age using data from the
European Prospective Investigation into Cancer and
Nutrition (EPIC)-Spain cohort.

METHODS

Study design and subjects

The study design consisted of a prospective obser-
vational analysis of the EPIC cohort to develop
predictive models and dementia risk scores. This
design was feasible because the EPIC cohort assessed
the exposure of individuals from the general pop-
ulation to risk factors in mid-life, the incidence of
dementia throughout a 20-year follow-up, and the
competing risk of death from other causes [14, 20,
22]. The sample included 25,015 participants (57%
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women), between 30 and 70 years old, from the three
EPIC-Spain Dementia Cohort centers (Gipuzkoa,
Navarra, and Murcia) [23]. The EPIC study proto-
col was approved by the International Agency for
Research on Cancer Ethics Committee and the partic-
ipants gave written informed consent to update their
clinical information from available medical records.

Identification of dementia in the sample.

The baseline assessment of the EPIC study was
carried out in 1992–1996 and did not include any
cognitive questionnaires. Nonetheless, participants
needed to demonstrate the physical and mental capac-
ity necessary to complete extensive assessments,
including a 1 h interview on their dietary habits.
Fulfilling all the requirements for this interview
implied that participants had normal cognition and
failure to complete it led to exclusion from the
study. Incident cases of dementia were identified
by searching for this diagnosis in the electronic
health record (EHR) and validating it with a pro-
tocol that has been described in detail elsewhere
[23, 24]. First, to identify potential cases of demen-
tia the EPIC registries and mortality registries were
linked to the organizational databases of the Mur-
cian, Basque, and Navarre Health Services using the
dementia codes of the International Classification of
Diseases and Related Health Problems 9a and 10a
editions (ICD-9 : 290, 331 and ICD-10: F00–F03,
G30), International Classification of Primary Care
(ICPC2: P20, P70, N29, N99), and the Anatomical
Therapeutic Chemical (ATC) classification system
(N06DA02 [Donepezil], N06DA03 [Rivastigmine],
N06DDA04 [Galantamine], and N06DX01 [Meman-
tine]). Second, a group of neurologists reviewed all
the information extracted from the EHR on potential
cases of dementia using a validation protocol to con-
firm the incident cases identified. The follow-up of
the sample was measured from the date of inclusion
until the date of diagnosis, death, loss to follow-up or
the most recent confirmation of vital status (Decem-
ber 31, 2017, for Gipuzkoa; December 31, 2015, for
Navarra; and November 30, 2016, for Murcia). The
diagnosis of dementia in computerized health records
in Spain has been validated with a sensitivity of 80.2%
and a specificity of 99.9% [25, 26].

Variables

Baseline data on diet, lifestyle, and medical his-
tory were collected during face-to-face interviews.

In addition, participants underwent a physical exam-
ination to obtain anthropometric information. The
study design has been described in more detail else-
where [22]. The types of data collected at recruitment
were: age, sex, level of education, body mass index
(BMI), waist circumference (considering < 102 cm
low in men and < 88 cm low in women), physical
activity (active versus sedentary), adherence to a
Mediterranean diet according to the relative Mediter-
ranean Diet Score (rMED) and physical activity at
work. The rMED score is a linear scale incorporating
nine key components of a Mediterranean diet that
ranks participants into low (0–6), moderate (7–10),
and high (11–18) adherence groups. [27] Informa-
tion on physical activity at work was used to classify
individuals as active or non-active according to the
Cambridge Physical Activity Index (CPAI) [28, 29].
Specifically, the four categories of the CPAI were
re-coded as active versus not active (inactive, mod-
erately inactive, and moderately active). We also
included self-reported variables such as smoking,
history of heart attack, stroke, arterial hypertension,
hypercholesterolemia, diabetes, cancer, and asthma.

Statistical analysis

Differences between participants with and with-
out dementia were assessed using Student’s t-tests or
Mann-Whitney U tests for continuous variables and
χ2 or Fisher’s exact tests for categorical variables.
Missing values were handled by multiple imputation
using the package mice created by van Buuren and
Groothuis-Oudshoorn [30, 31].

Following the recommendations of Licher et al.,
we accounted for the competing risk of death from
other causes [17]. A competing risk is an event
whose occurrence precludes the occurrence of the
primary event of interest [32]. For this reason, nei-
ther logistic regression nor Cox regression was used
to construct the predictive models and scores, but
rather the non-parametric models of Fine and Gray
that analyze survival together with other competing
risks [20]. We developed multivariate cause-specific
Fine and Gray risk models to estimate the effect of
the covariates on the cumulative incidence function
or on the probability of events occurring over time,
and thereby, estimated the expected probabilities
over several years. The assumption of proportional
hazards was checked by analyzing the Schoenfeld
residuals. Besides variables found to be statistically
significant, we took into account those used previ-
ously in predictive models and recommended in the
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literature [17, 33]. As the target was a southern Euro-
pean population, Mediterranean diet assessed by the
rMED score was also incorporated into the model
[24]. The discriminatory power of the model was
assessed using the modified C statistic and the Brier
score [34].

Age since recruitment was used as the time scale
in the models. The end time was age at diagnosis (for
cases), age at most recent follow-up (for participants
at risk), or age at death. Given the cumulative number
of cases from 55 years of age, scores were constructed
from the models using, first, the entire study sample
and, second, only those 55 years of age or older. To
make the risk probabilities intuitive for the end user,
a risk score was created based on the validated mod-
els by approximating all coefficients by integers such
that the risk score was obtained by summing inte-
ger scores corresponding to each factor. Specifically,
the estimated regression coefficients were multiplied
by 10 to show more clearly the effect of the coef-
ficients that make the smallest contributions. The
hazard model was linear in the coefficients, with a
one unit change in the covariate having an additive
effect on the log hazard ratio equal to the regression
coefficient. The resulting coefficients were rounded
to the nearest integer to achieve a model based on inte-
ger scores and represented the component of the score
for the presence of the given risk factor. The reference
levels of the variables were assigned a score of zero,
and this is the category that confers the least risk when
a risk has more than two levels. [35] The discrimina-
tory power of the final score was measured against
that of the original model. Given the large effect of
baseline age on the models [17], we built, besides
the general model with the whole sample, a specific
model for individuals aged 55 years or older. In con-
trast, as the baseline age distribution of the cohort
was very young and the number of events in the pop-
ulation younger than 55 years very low, we did not
build a specific model for individuals younger than
55 years.

Instead of split-sample methods, we applied boot-
strap for estimating the performance of the predictive
models with the “riskRegression” R library. This
technique meant that 1,000 bootstrap samples with
replacement were used to develop, first, a prediction
model and, second, the performance of the estimated
model. From the final regression models and based
on their characteristics in middle age, each individual
was assigned the probability that the event occurred
before 15, 20, or 25 years respectively, and the cal-
ibration and discriminatory power of the predictive

models were validated by comparing with the cor-
responding events observed for each instant in time
[36, 37].

The calibration curve was generated at different
years of follow-up and the Hosmer-Lemeshow C
statistic was calculated [38]. To optimize the fit, cal-
ibration was achieved at 15, 20, and 25 years of
follow-up. This C statistic compares the observed
and expected number of cases that are ordered and
grouped by quintile based on the estimated probabil-
ity to have the event before time t.

The discrimination of the models was evaluated
using the Brier score and the area under the receiver
operating characteristic curve (AUC), which shows
the sensitivity and the 1-specificity obtained at dif-
ferent cut-off values of the estimated probability for
each time t in each predictive model evaluated. In
addition, for two individuals in whom the event is
observed, we would expect that the assigned proba-
bility would be higher for the one who experienced
it earlier in time [34]. The Brier score compares
the prognostic probabilities with the individual by
individual results and is calculated as the root mean
square difference between forecast probabilities and
actual results [34]. Like reliability, the lower the value
of the Brier score, the better the prognostic perfor-
mance. Therefore, a perfect score is 0. Finally, we
split the sample into three groups establishing cut-off
points for the distribution of risk score percentiles.
Cut-off points were set for low (the 30% of the sam-
ple with the lowest risk), moderate (> 30%–60%), and
high (> 60%–100%) risk and we calculated the corre-
sponding rates of incidence of dementia and mortality
over time.

RESULTS

The initial data sample included 25,015 individ-
uals. After cleansing records missing data in some
variables (smoking, BMI, level of education, and/or
rMed), we deleted 508 records and kept a database
containing a total of 24,507 for analysis. Within these
records, eleven variables were found to have some
missing data, the one with the most missing data lack-
ing values for 150 records and that with the least for
just 3 records. Using multiple imputation for these
cases, we processed the sample of 24,507 individu-
als. Their characteristics are summarized in Table 1.
The 755 cases of dementia represented an incidence
of 3.1% for the entire cohort. The incidence increased
with age at recruitment, reaching 11.7% in those over
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Table 1
Baseline characteristics of the total sample and of the cases that developed dementia

Number % Dementia %

Total 24,507 100.0 755 3.1
Sex Women 10,534 43.0 313 3.0

Men 13,973 57.0 442 3.2
Center 33 8,344 34.0 268 3.2

34 7,919 32.3 216 2.7
35 8,244 33.6 271 3.3

Age group, y < 56 18,330 74.8 196 26.0
56–58 1,487 6.1 72 9.5
58–60 1,449 5.9 109 14.4
60–62 1,337 5.5 111 14.7
62–64 1,174 4.8 146 19.3
64–66 657 2.7 109 14.4
≥66 73 0.3 12 1.6

Level of education Primary 7,962 32.5 404 5.1
Secondary 12,305 50.2 292 2.4
Higher 4,240 17.3 59 1.4

Occupational physical activity Active 18,661 76.1 604 3.2
Sedentary 5,846 23.9 151 2.6

Myocardial infarction No 24,407 99.6 752 3.1
Yes 100 0.4 3 3.0

Stroke No 24,380 99.5 747 3.1
Yes 127 0.5 8 6.3

Hypertension No 19,584 79.9 511 2.6
Yes 4,923 20.1 244 5.0

Hyperlipemia No 19,338 78.9 518 2.7
Yes 5,169 21.1 237 4.6

Diabetes No 23,288 95.0 669 2.9
Yes 1,219 5.0 86 7.1

Cancer No 24,287 99.1 743 3.1
Yes 220 0.9 12 5.5

Asthma No 23,810 97.2 734 3.1
Yes 697 2.8 21 3.0

Physical activity Active 2,991 12.2 71 2.4
Not active 21,516 87.8 684 3.2

Smoking Smoker 7,115 29.0 137 1.9
No smoker 17,392 71.0 618 3.6

Body mass index (categories), kg/m2 < 25 5,763 23.5 100 1.7
25–30 11,984 48.9 361 3.0
> 30 6,760 27.6 294 4.3

Waist circumference High 10,684 43.6 456 4.3
Low 13,823 56.4 299 2.2

rMed Low (< 7) 3,093 12.6 75 2.4
Moderate (7–10) 12,086 49.3 364 3.0
High (≥11) 9,328 38.1 316 3.4

Mean Standard deviation Mean Standard deviation

Age at recruitment 49.08 7.75 58.36 5.41
Follow-up time 21.61 3.45 17.48 4.09

rMed, relative Mediterranean Diet Score.

60 years of age. The mean follow-up was 21.5 years,
with a mean age at recruitment of 49 years. The dif-
ferences in risk of dementia associated with level of
education stand out, ranging from 1.2% in individuals
with higher education to 5.1% in the group without
studies. The cases of dementia in over-50-year-olds
represented 91.9% (694) of the total, 6.0% of indi-
viduals in this group being diagnosed with dementia
compared to 0.5% of those in the younger group.

Physical activity was associated with a lower prob-
ability of developing dementia (2.4% among those
classified as active versus 3.2% among inactive par-
ticipants).

The Fine and Gray models for the entire sample
and the specific version for people ≥ 55 years of age
established total scores, from summing the scores for
all the factors included, of 148 and 79 points respec-
tively (Table 2). Unlike predictive models based on
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Table 2
Results from the Fine and Gray models in terms of odds ratios, confidence intervals and risk scores for the entire population and for those ≥ 55

years of age

Entire population ≥ 55 years

OR OR CIs Score OR CI Score

Sex (men versus women) 1.09 [0.84– 1.42] 1 1.11 [0.87–1.42] 1
Physical activity (active versus sedentary) 1.15 [0.94– 1.41] 1 1.12 [0.89–1.42] 1
Hypertension (yes versus no) 1.06 [0.90– 1.25] 1 1.00 [0.83–1.19] 0
Waist circumference (high versus low) 1.03 [0.81– 1.31] 0 1.00 [0.98–1.01] 0
Hyperlipemia (yes versus no) 1.26 [1.07– 1.48] 2 1.18 [0.99–1.42] 2
Diabetes (yes versus no) 1.31 [1.03– 1.67] 3 1.28 [0.99–1.65] 2
Cambridge index (not active versus active) 1.12 [0.86– 1.44] 1 1.07 [0.79–1.44] 1
Smoker (no versus yes) 1.24 [1.02– 1.52] 2 1.16 [0.90–1.49] 1
Age, y

≥55 Ref. [Ref.-Ref.] Ref. [Ref.-Ref.]
56–58 3.88 [2.94– 5.13] 14 1.31 [0.85–2.03] 3
58–60 6.11 [4.76– 7.84] 18 2.09 [1.37–3.16] 7
60–62 6.71 [5.23– 8.61] 19 2.31 [1.52–3.50] 8
62–64 10.23 [8.12–12.89] 23 3.53 [2.35–5.30] 13
64–66 13.87 [10.74–17.91] 26 4.79 [3.15–7.29] 16
≥ 66 13.32 [7.26–24.44] 26 4.66 [2.34–9.29] 15

Level of education
Higher Ref. [Ref.-Ref.] Ref. [Ref.-Ref.]
Secondary 1.39 [1.04– 1.85] 3 1.23 [0.88–1.71] 2
Primary 1.66 [1.24– 2.23] 5 1.37 [0.98–1.90] 3

Body mass index, kg/m2

< 26 Ref. [Ref.-Ref.] Ref. [Ref.-Ref.]
25–30 1.10 [0.87– 1.40] 1 1.01 [0.76–1.35] 0
≥ 30 1.26 [0.95– 1.60] 2 1.22 [0.85–1.75] 2

rMed
High (≥11) Ref. [Ref.-Ref.] Ref. [Ref.-Ref.]
Moderate ([7–10)]) 1.03 [0.88– 1.20] 0 1.14 [0.84–1.54] 1
Low (< 7) 1.00 [0.77– 1.29] 0 1.07 [0.79–1.45] 1

Total Score 148 79

OR, odds ratio; rMed, relative Mediterranean Diet Score.

logistic regression, their calibration and discrimi-
nation indicators vary according to the length of
follow-up. The calibration curves that compare the
observed and predicted cases by quintile at 15, 20,
and 25 years are shown in Fig. 1. A model is said to
be calibrated if the number of expected cases is not
significantly different from the number of observed
cases.

Figure 2 and Supplementary Table 1 report the
AUC and the Brier score throughout the fortnightly
follow-up (5, 10, 15, 20, and 25 years). The AUC
of the model for people over-55-year-olds was much
higher (80.8%) than the overall AUC (68.5%) in the
first 15 years of follow-up and remained that way in
the subsequent follow-up. The Brier score is close to
0 in both models, although it rises slightly at 25 years
of follow-up.

The score made it possible to differentiate three
levels of risk of developing dementia in the model
with the entire population (low < 8, moderate 8–11,
and high > 11) and for those ≥ 55 years (low < 12,
moderate 12–16, and high > 16). Having classified

the population, we obtained Fig. 3, which plots the
cumulative incidence of dementia by the category of
the score according to the years of follow-up (5, 10,
15, 20, or 25). In contrast, Fig. 4 presents separately
both the probability of death and that of dementia
for the two populations analyzed, disaggregated by
risk group. This allowed us to see that the weight
of the competing risk of death was greater than that
of dementia, especially when the entire population
is included. In the model with the entire population,
the intermediate-risk group behaved like the low-risk
group. In contrast, when selecting those ≥ 55 years
of age, the intermediate-risk group has a similar risk
of death to the high-risk group and an intermediate
risk of dementia.

DISCUSSION

This study presents the first dementia risk score
calculated in a southern European population in mid-
life and followed up for 20 years. Its use allows early



O. Ibarrondo et al. / Dementia Risk Score for Southern Europe 1757

Fig. 1. Calibration plot for the entire population and those ≥ 55 years of age by years of follow-up comparing observed and predicted cases
at 15, 20 and 25 years of follow-up. Time, years after prediction.

Fig. 2. Area under the receiver operating characteristic curve
throughout the follow-up in the model with the entire population
and with people ≥ 55 years of age. AUC, area under the curve

identification of individuals who could be a target
population for the prevention of dementia based on
the intensive control of risk factors. We are unable to
compare our models with most risk prediction models
since they address populations over 65 years of age
[17, 21], while our score, like the Cardiovascular Risk
Factors, Aging, and Incidence of Dementia (CAIDE)
Dementia Risk Score, analyzes a younger popula-
tion [14]. It is difficult to establish which populations
should be the focus of dementia prevention policies
primarily due to the need to compromise between
the optimal window for intervention and the ability
to assess effectiveness [39, 40]. As Livingston et al.
say, in the prevention of dementia, it is never too early

or too late [41]. Generally, models have considered
stratifying the risk from 65 years of age [17, 21].
They have the advantage that the older the age of
the sample, the easier it is to measure the effective-
ness of an intervention and the better the performance
(predictive accuracy) of the model since it has more
events for statistical analysis [19]. On the other hand,
at older ages, it is biologically less viable to reverse
or delay the neuropathological processes associated
with dementia. That is, whether the pathological sub-
strate is amyloid or vascular, the earlier the preventive
intervention, the more effective it will be in delaying
the progression to dementia. In practice, both early
models (45–65 years) aimed at primary prevention
in the entire population and later models (> 65 years)
aimed at secondary prevention in individuals at higher
risk will be necessary. As Sexton and Yaffe point out,
preventive policies will differ depending on whether
they try to slow down the transition from a healthy sta-
tus to MCI or from the MCI stage to that of dementia
[16].

When comparing our score with the CAIDE
Dementia Risk Score, it is found that the protective
and risk factors are similar, although the weight of
each of them differs. Comparison with other demen-
tia risk functions is more difficult because they are
aimed at later stages. The external validation of these
functions according to the literature has been disap-
pointing when age is removed [17, 18]. As in our
models, how age is included in the model is a key
determinant of its predictive performance. Therefore,
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Fig. 3. Incidence of dementia for the different levels of scores by length of follow-up (5, 10, 15, 20, 25 years) in the whole population and
in people ≥ 55 years of age. t5, t10, t15, t20, t25 : 5, 10, 15, 20, 25 years of follow-up.

Fig. 4. Probability of cumulative incidence of death and dementia in the whole population and people ≥ 55 years of age according to level
of risk. Probability, probability of having the event (dementia or death).

it is also suitable for use in the selection of target
populations for multidomain preventive interventions
such as the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FIN-
GER) [5].

Our model achieved good predictive performance
with AUCs of 80.8% at 15 years and at 20 years,
which was based on its great discriminatory power
when separating the population ≥ 55 years of age
into three risk groups for both dementia and death.
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Further, the calibration curves and the Brier score
close to zero confirmed the good fit of the model by
comparing its results with those observed. Licher et
al. have highlighted the lack of dementia prediction
models that take into account the competing risk of
death and the relevance of their use to avoid overesti-
mating the incidence of dementia [17, 42]. A strength
of the Fine and Gray models is that they allowed us
to analyze the performance of stratification into three
groups separately in both competing risks (death and
dementia). The two extreme risk groups (high and
low) behaved consistently in the two models for both
the incidence of dementia and death. On the other
hand, in the model for people ≥ 55 years of age, the
incidence of dementia in the intermediate-risk group
lay between the other two curves while it overlapped
with the high-risk group for death.

Given the epidemiological differences between
countries, dementia prevention policies must be
adapted to local characteristics, which implies devel-
oping specific risk scores for the selection of target
populations in each country [16]. Analyzing the dif-
ferences in predictive performance between the two
models that we have developed, we concluded that the
score that makes the most sense to apply in our con-
text is that of the population ≥ 55 years of age. The
general model weights age in such a way that it dilutes
the weight of the rest of the risk factors. It indicates
that below 55 years of age we do not need predic-
tive risk stratification models since what matters is
to closely monitor people who at that early age are
smokers or have diabetes, hypertension, or hyperc-
holesterolemia, while promoting physical, social, and
intellectual activity in the whole population. On the
contrary, the model in those ≥ 55 years of age takes
into account the weight of the other factors and makes
it possible to identify higher risk profiles.

Most of the variables included are cardiovascu-
lar factors and their relationship with dementia is in
line with that with heart health, confirming the well-
known adage that “What is good for your heart is
good for your brain” [43]. Long-term cohort analysis
has shown a reduction in the incidence of dementia in
recent years, associated with an improvement in car-
diovascular factors [44]. In relation to this, a question
that arises is whether these predictive models are tak-
ing into account a pattern of variables related to the
vascular pathophysiology of dementia, but not to the
amyloid cascade. As in all scores, years in educa-
tion are also a protective factor in our model [14, 17,
18]. Unlike the variables that measure cardiovascular
risk, the protective effect of education is related to the

improvement in cognitive reserve through a different
pathophysiological mechanism [41, 45].

Limitations

Our study had some limitations. Despite the diag-
nosis of dementia being validated by a panel of
neurologists, it would have been desirable to also
have an initial and final cognitive assessment of the
individuals in the sample. Further, we have collected
the data from health records that have demonstrated
their validity as a method of identifying dementia.
Specifically, in Spain, positive predictive values of
95.1% and negative of 99.4% have been documented.
Although the specificity is very high, this approach
implies a loss of sensitivity. Nonetheless, the figure
of 80% measured in the validation study for aver-
age sensitivity might be higher in our work given
the differences in the distribution of age of diagnosis
between the two samples. The sensitivity of the diag-
nosis of dementia is higher in younger age groups
and the mean age of dementia diagnosis in our cohort
is much lower than that of the incident cases in the
general population [25, 26]. Despite the large sam-
ple size achieved in our case, a limitation of risk
models in young populations is the small number
of recorded events since this increases the confi-
dence intervals and reduces statistical significance.
Nonetheless, given existing evidence, factors such as
sex, physical exercise, hypertension and hyperlipi-
demia were included despite not reaching statistical
significance [41]. The lack of statistical significance
of unhealthy lifestyle and medical conditions could
be explained by the selection bias associated with
the recruitment process of the cohort. As participants
needed to demonstrate the physical and mental capac-
ity necessary to complete extensive assessments, not
only those who had cognitive impairment but also
those who were physically might have been excluded.
Further, BMI and abdominal circumference were
included as separate variables because they represent
different substrates of cardiovascular pathophysiol-
ogy [46].

Conclusions

This study presents the first dementia risk score cal-
culated in a southern European population in mid-life
and followed up for 20 years and its main conclusion
is that our score makes it possible to select target
populations for multidomain interventions in south-
ern European populations, taking into account their
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risk of dementia in a valid way. In this way, it may
be possible achieve the early identification of at-risk
individuals who could then be targeted for the pre-
vention of dementia based on the intensive control of
risk factors. Strengths of this model include the large
sample size, the 20-year follow-up of a middle-aged
population and the use of statistical methods that take
into account competing risks.
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