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Alzheimer’s Background and objectives: With the population ageing, the identification of modifiable risk fac-

Dementia; tors for dementia represents a public health priority. Co-occurrence of risk factors in the same

Risk factors; individual is more frequent than an isolated appearance and may create synergistic effects, with

Cumulative risk; an increased risk of negative outcomes such as dementia and mortality. We aim to study the

Competing risk cumulative risk of incident Alzheimer’s Dementia (AD) in a community sample aged >65 (n=
3044).

Methods: To this end, we will examine the impact on the risk of AD of the co-occurrence of vari-
ables that have previously been shown to increase risk: age, gender, education, marital status,
depression, anxiety, body mass index (BMI) and hearing loss.

Results: The most frequent number of co-occurring risk factors was 3. We found a cumulative
increased risk of both death and AD by the confluence of 2 or more risk factors. Using a compet-
ing risk regression model, each increase in a co-occurring risk factor was associated with a signif-
icant increase in the risk of incident AD of more than two-fold. By the analysis of the Population
Attributable Fractions (PAF) of AD due to several risk factors, we found that if 4 or more co-
occurring risk factors could be eliminated from the population, the prevalence of AD would be
reduced by approximately 38%.
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Conclusion: Our study offers an estimate of the impact that preventive interventions could have
if the number of modifiable risk factors of AD at a population level.

© 2022 Published by Elsevier Espafa, S.L.U. on behalf of Asociacion Universitaria de Zaragoza
para el Progreso de la Psiquiatria y la Salud Mental.

Introduction

All dementias, with dementia due to Alzheimer’s Dementia
(AD) as the most common type, constitute significant eco-
nomic and social burdens and are a global public health pri-
ority.” The disease has been on the rise with increasing life
expectancy,” and the absolute number of people with
dementia is expected to considerably increase in the
future.>* With currently no effective treatment options
available,’ the development of risk management programs
through the identification of modifiable risk factors has
become a scientific priority® with the potential to prevent
around 35% of dementia cases by individually preventing
these factors.’

Previous studies have predominantly explored the indi-
vidual impact of these risk factors on dementia, even though
the isolated occurrence is uncommon whereas the simulta-
neous presence of several risk factors in the same individual
is the most frequent scenario.® To address this problem, dif-
ferent multifactorial dementia risk scales,” and some clini-
cal trials focusing on prevention by acting on multiple risk
factors have been conducted,'® yet there is still a need to
better understand how these risk factors co-occur and their
impact on the population.

Finally, when studying multifactorial risk factors for
dementia, the competing risk of death should also be consid-
ered. Since the main risk factor for Alzheimer’s Dementia is
older age, this is also directly related to a higher risk of
death. Thus, not taking into account the risk of death could
lead to biased risk estimates. "

The present study aimed to estimate the impact on the
individual risk of AD associated with the exposure to one or
several risk factors, based on data from our previous study
(an AD score risk that includes age, gender, education level,
marital status, depression and anxiety, BMI, and hearing loss
as risk factors),'? and to observe the effect that their aggre-
gation has on the prevalence of dementia in the general pop-
ulation. To do this, we calculated a gradient risk score
according to the number of risk factors present and account-
ing for the competing risk of death. Then, for each level of
this gradient, we calculated the Population Attributable
Fraction (PAF). PAF is a widely used measure of the potential
influence of risk prevention strategies and is useful for clini-
cians and policymakers.

Materials and methods
Sample and procedure

We used data from the Zaragoza Dementia and Depression
(ZARADEMP) project, a longitudinal, population-based study
intended to document the incidence and risk factors of
somatic and psychiatric diseases in adults aged >55 years.'?
The sample was drawn from Spanish official census lists,
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included community-dwelling and institutionalised individu-
als (nursing homes, hospices, or any other care resources)
and was stratified with proportional allocation by age and
sex. The refusal rate was 20.5%, and 4803 individuals finally
participated at baseline (starting in 1994). A two-phase
screening procedure was implemented in the baseline
(Wave 1) and the two follow-up waves (Waves Il and Ill) were
completed for this study. This two-phase screening involved
a first standardised clinical interview with a lay interviewer
and a subsequent interview with a research psychiatrist if
required. Validated, Spanish versions of international instru-
ments were used for the assessment: the Mini-Mental Status
Examination (MMSE); the Geriatric Mental State-B (GMS-B);
the Automated Geriatric Examination for Computer Assisted
Taxonomy (AGECAT)'%; the History and Aetiology Schedule
(HAS) (medical and psychiatric history data); the Katz’s
Index for basic activities of daily living (bADL’s) and the Law-
ton and Brody scale for instrumental activities (iADL’s); and
the European Studies of Dementia (EURODEM) Risk Factors
Questionnaire (for medical conditions). A more detailed
account of the methods, along with data on the baseline
sample and an account of the prevalence of risk factors, has
been reported previously.'>">~"” To allow comparison with
the existing literature, we focused on participants aged
65 years and older."?

The Ethics Committee of the University of Zaragoza and
the “Fondo de Investigacion Sanitaria” (FIS) approved the
study, according to Spanish Law, and principles of written
informed consent, privacy, and confidentiality have been
maintained throughout the project.

Alzheimer’s Dementia assessment and diagnosis

At the end of the baseline assessment, identified cases of
dementia and subcases of dementia (GMS—criteria) were
excluded for the follow-up waves (Il and Ill). Incident dementia
(including subtypes) was initially diagnosed at follow-up by a
psychiatrist and the final AD DSM-IV diagnosis was made by con-
sensus that required the agreement of at least three psychia-
trists in a four-member panel. The validity of this diagnostic
process has also been shown.'® To document the accuracy of
the panel, some detected cases were invited to a hospital diag-
nostic work-up, and NINCDS-ADRDA criteria were applied to
diagnose AD. Agreement on the diagnosis of dementia and
type of dementia was reached in 95.8% and 87.5% of the cases,
respectively. For the purposes of our study, cases of mixed
dementia were excluded, so only cases of Alzheimer’s disease
without other comorbid dementias were included.

ZARADEMP Alzheimer dementia risk index

The ZARADEMP Alzheimer Dementia Risk Index predicts an
individual’s risk of developing AD within 5 years based on
selected risk factors easily accessible in primary care set-
tings: age, sex, education, marital status, depression,
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anxiety, BMI, and hearing loss.'? The diagnoses of anxiety
and depression were based on the GMS-AGECAT system, con-
sidering "cases” with a cut-off point of >3 confidence levels,
which has demonstrated good sensitivity and specificity for
the diagnosis of those cases of depression that require clini-
cal intervention.™

Number of risk factors measurement

Each risk factor in the ZARADEMP Alzheimer’s Dementia Risk
Index was categorized as present (1) or absent (0) and a new
variable was generated as the total number of risk factors pres-
ent. Factors included (see Table 1): being older than 85 years,
female, illiterate or formerly married (divorced, separated or
widowed), having depression, anxiety, hearing impairment (or
need of hearing aids), and not being overweight or obese (this
includes normal body mass index (BMI) and underweight).
These factors have been selected since they were shown to
increase the individual risk of Alzheimer’s Dementia in previous
work, where they are explained in detail. "

Statistical analysis

To investigate the impact of the individual as well as aggre-
gated risk factors for AD, we followed different steps.'”

Table 1 Risk factors included in ZARADEMP Alzheimer
Dementia Risk Index.
Risk factor Value
Sociodemographic characteristics
Age
65 —74 0
75 — 84 0
Over 85 1
Sex
Male 0
Female 1
Education (years)
Secondary or higher 0
Primary 0
Illiterate 1
Marital status
Single 0
Married/in couple 0
Formerly married 1
Psychological risk factors
Depression
No case 0
Case 1
Anxiety
No case
Case 1
Behavioural risk factors
BMI
Overweight/Obesity 0
Normal/Underweight 1
Medical risk factors
Hearing loss
No case 0
Case 1
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First, we constructed cumulative incidence function (CIF)
curves?® for the number of risk factors to estimate the prob-
ability of incident AD. The cumulative incidence function
approach (CIF) was used to display the risk of patients
experiencing the event of interest (i.e., AD), taking into
account the competing event (death) as time progressed.?°
Then, we test for equality of the CIF for each number of risk
factors.?" In the second step, we aimed to estimate the
effect of baseline predictors on the cumulative incidence
function by using the Fine and Gray?? regression model. This
model estimates a subdistribution hazard and it is consid-
ered a modified Cox proportional hazards model, allowing
for competing risks to be taken into account.? Then, multi-
variate models were estimated to calculate the risk of
developing AD over time. We confirmed the assumption of
proportional hazards through the Therneau and Grambsch
test.”* In a third step, we estimated the fraction of popula-
tion AD incidence attributable to each number of risk fac-
tors. The PAF estimates the proportion of AD risk that would
be avoided if the condition (number of risk factors in this
particular case) was prevented. To estimate the PAF)of AD
due to the number of risk factors, the following calculation
was performed: [px(SHR — 1)/(1 + px(HR — 1))] x 100,
where p represents the proportion of subjects who were
exposed to each number of risk factors and SHR represents
the subdistribution hazard ratio in the multivariate model.?

All p-values were two-tailed, and we used bootstrap
resampling using the Kalbfleisch and Prentice method?® to
compute all confidence intervals (Cls) at the 95% level. Sta-
tistical analyses were conducted using R software,?” with
the epiR package to analyse epidemiologic data, and cmprsk
the and timereg packages for survival analyses.

Results

The total number of co-occurring risk factors ranged from 0 to
7 (Tables 1 and 2), with a median of 3 risk factors. The most
frequent number of co-occurring risk factors was 3 (n=1021),
followed by 4 (n=887). Of the total sample, 2.8% (n=85) of the
subjects developed AD, while 21.6% (n=650) died. Table 3 pro-
vides the prevalence of each of the risk factors included in
the ZARADEMP Alzheimer Dementia Risk Index. All risk factors
showed a progressively higher prevalence in the group with 4
or more risk factors, with the exception of marital status
"married/in couple”. Notably, the risk factor "age”, defined in
our study as being 85 years or older, appears to have a higher
increase in prevalence in the groups with more risk factors,
compared to having between 75 and 85 years of age, or being
younger than 75 years of age.

According to this competing risk regression model, each
increment in a co-occurring risk factor was associated with a
significant increase in the risk of incident AD of more than
two-fold (SHR: 2.19; 95% Cl: 1.85-2.60; p<0.001, data not
shown). Table 3 shows that taking into account the compet-
ing risk of death, the risk of AD increased as the number of
co-occurring risk factors also increased. Using our scale, a
77-year-old male, with a primary school education,
divorced, suffering from depression, being overweight and
without hearing loss would have 2 risk factors in total and 8-
fold risk of Alzheimer’s Dementia. Conversely, an 86-year-
old female, widowed, with a high school education, without



J. Bueno-Notivol, P. Gracia-Garcia, B. Olaya et al.

Table 2

Associations between the number of co-occurring risk factors at baseline and according to follow-up status.

No. of co-occurring risk

Follow-up status

Competing risk regression model

factors at baseline

No AD n (%) Incident AD n (%) Deaths n (%) SHR (95% Cl)° p-value
0 (n=12) 10 (83.3%) 0 (0%) 2 (16.7%) reference -
1 (n=140) 125 (89.3%) 0 (0%) 15 (10.7%) 0.83 (0.47-1.46) 0.480
2 (n=577) 480 (83.2%) 3 (0.5%) 94 (16.3%) 8.05 (2.29-28.22) <0.001
3 (n=1021) 822 (80.5%) 15 (1.4%) 184 (18.1%) 9.10 (4.32-19.16) <0.001
4 (n=887) 621 (70.0%) 37 (4.2%) 229 (25.8%) 10.17(5.33-19.42) <0.001
5 (n=314) 184 (58.6%) 23 (7.3%) 107 (34.1%) 10.74 (5.41-21.32) <0.001
6 (n=50) 29 (58.0%) 4 (8.0%) 17 (34.0%) 10.83 (3.47-33.75) <0.001
7 (n=6) 1(16.7%) 3 (50.0%) 2 (33.3%) 12.79 (4.02-40.65) <0.001
p-value® <0.001 <0.001

Data are given as number (%).

Notes: AD: Alzheimer’s Dementia; Cl: Confidence Interval; SHR: Subdistribution Hazard Ratio.
2 p-values from “normal approximation” of linear trend x2 test with 1 df. PAF: Population-attributable fraction.

hearing loss, at a normal weight and suffering from anxiety,
would have 5 risk factors and a 10.7-fold risk of Alzheimer’s
Dementia in the next 5 years.

Lastly, PAF estimates ranged from 0.9% (95% Cl: 0% - 4.9%)
for one risk factor to 38.1% (95% Cl: 36.3% - 39.0%) for 4 or
more risk factors (Table 4). This means that approximately
38% of the population’s AD prevalence is due to the co-
occurrence of 4 or more concurrent risk factors.

Table 3  Prevalence of the included risk factors.

Discussion

In this study, we examined the effect of the co-occurrence of
multiple risk factors and provided data on the potential pre-
vention of Alzheimer’s Dementia (AD) based on the reduc-
tion of these risk factors. We found a frequent co-
occurrence of risk factors in our sample of subjects older
than 65 years, with most individuals of the sample having 3

Variables 1 risk factor(n = 140)

2 risk factors(n = 577)

4+ risk factors
(n=1,257)

3 risk factors
(n=1,021)

Sociodemographic
characteristics

Age (n,%)

75-84 4 (2.9%) 62 (10.7%) 260 (25.5%) 571 (45.4%)

Over 85 3(2.1%) 15 (2.6%) 124 (12.1%) 404 (32.1%)
Sex (n,%)

Female 16 (11.4%) 79 (13.7%) 584 (57.2%) 1,006 (80.0%)
Education (years) (n,%)

Primary 19 (13.6%) 390 (67.6%) 799 (78.3%) 1,058 (84.2%)

x lliterate 2 (1.4%) 32 (5.5%) 80 (7.8%) 150 (11.9%)
Marital status

Married/in couple 84 (60.0%) 453 (78.5%) 676 (66.2%) 490 (39.0%)

Formerly married 5 (3.6%) 50 (8.7%) 246 (24.1%) 720 (57.3%)
Psychological risk factors
Depression (n,%)

Case 1(0.7%) 2 (0.3%) 31 (3.0%) 329 (26.2%)
Anxiety (n,%)

Case 0 (0.0%) 2 (0.3%) 6 (0.6%) 62 (4.9%)
Behavioural risk factors
BMI (n,%)

Normal/Underweight 6 (4.3%) 68 (11.8%) 257 (25.2%) 647 (51.5%)
Medical risk factors
Hearing loss (n,%)

Case 0 (0.0%) 1 (0.2%) 0 (0.0%) 23 (1.8%)

We observed that, as the number of co-occurring risk factors increased, participants were more likely to develop AD or die (Table 2). A sig-
nificantly higher probability of death compared to the probability of AD was observed for all number of co-occurring risk factors (p-

<0.001).
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Table 4 Influence of the number of concurrent risk factors
on AD incidence across 5 years, based on competing risk mul-
tivariable model.

No. of co-occurring risk factors at % PAF (95% ClI)

baseline

1 (n=140) 0.9 (0-4.9)

2 (n=577) 16.8 (15.9-17.7)
3 (n=1021) 30.2 (28.4-31.1)
4+ (n=1257) 38.1(36.3-39.0)

Notes: PAF: Population attributable fraction; Cl: Confidence
Interval.

or 4. Additionally, we observed a cumulative increased risk
of both mortality and AD by the confluence of 2 or more risk
factors. Using a competing risk regression model, each incre-
ment in a co-occurring risk factor was associated with a sig-
nificant increase in the risk of incident AD of more than two-
fold. On the other side, we estimated that approximately
38% of the population’s AD prevalence is due to the co-
occurrence of 4 or more risk factors.

To our knowledge, only three studies have previously
examined the impact of the co-occurrence of various risk
factors on the risk of AD.?®73° Compared to our results, they
found smaller risks for AD associated with a greater number
of risk factors (HR= 3.5”® and 2.6%°). These three studies
were mainly focused on vascular risk factors, which repre-
sent a small fraction of the risk factors currently identi-
fied.*" In addition, they did not include age as a risk factor,
which in our case is the main risk factor in the risk score.'?
Similar to our findings, Luchsinger et al.?® and Qiu et al.?’
reported a gradual increment in the risk of AD as the number
of risk factors increased. Conversely, in a study by Ronnemaa
et al.’°, the authors did not find this gradual increment,
probably due to the inclusion of different risk factors such as
hypercholesterolemia or overweight (which in our study was
identified as a protective factor), or the fact that they only
focused on men. It is worth mentioning that none of these
previous studies took into account the competing risk of
death in their risk estimation. This gradual increment in the
risk associated with the co-occurrence of several factors has
also been reported for global dementia in a meta-analysis
conducted in 2019.3? The authors reported, based on a total
of 18 studies, a pooled relative risk for AD of 1.20 for one
factor, 1.65 for two and 2.21 for three or more. Again, our
estimates appear to be higher than that reported by the
meta-analysis, and this could be explained by the inclusion
of a greater number of risk factors or the control of compet-
ing risks of death.

To our knowledge, this is the first study to provide PAF
estimates for the co-occurrence of risk factors of AD based
on a large population-based cohort study. A previous study
on the risk of all-type dementia*? showed an estimate of the
PAF due to modifiable risk factors of 40%, which is similar to
the one reported here. However, the factors used to calcu-
late the PAF were different in this study, and they included
older subjects in a narrow age range. Similarly, Norton
et al.>* provided the first estimate of PAF for AD of 31.4%
related to several modifiable risk factors. They calculated
PAF using relative risks of AD for these risk factors estimated
from several meta-analyses and their prevalence and co-
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occurrence according to official UK surveys. The literature
provides similar estimates based on PAF for AD: 45.2%,
48.4%, 30.5% and 33% in countries such as Italy,>® Australia, >
Germany®’ or the Netherlands,® respectively. These studies
used a different methodological approach, included differ-
ent variables as risk factors, and different estimates of AD
risk and prevalence for each variable. This, as well as the
inherent variability of different populations and settings,
could explain the wide variability of the estimates. However,
our PAF estimate was congruent with the expected variabil-
ity reported in the literature. Additionally, and similar to
the Rolandi et al. study,**> we considered other non-modifi-
able risk factors (age and sex) and controlled for the com-
peting risk of death, which would result in a more realistic
and modest estimation of PAF for AD.

Even though physical health conditions, such as obesity,
hypertension, diabetes mellitus and dyslipidaemia have
been recognized by the WHO as targets for risk reduction of
dementia®’ and are included in previous studies regarding
the cumulative risk of dementia®***° or AD,?®3° their effect
could be age-dependent and more efficient when applying
on middle-aged adults.*’ In fact, in our sample of subjects
older than 55 years, we did not find a significantly increased
risk of AD for diabetes, or vascular conditions and found a
decrease in AD risk for overweighted subjects. '2

Our study has several limitations. First, we analysed data
from a cohort study with limited data collection, thus some
variables that have been previously found to be related to
an increased risk of AD have not been included in this study.
For example, ApoE4 (one of the main risk factors for demen-
tia®®), living alone,*' physical inactivity* or cognitive
engagement® (included as targets for risk reduction of
dementia by the WHO Guidelines;*) have been shown to be
related to a higher risk of AD. Conversely, we included other
potential risk factors, such as hearing loss, affective disor-
ders, physical* and cognitive® activity. Anxiety, for exam-
ple, has also been linked to sedentary behaviour* and it is
directly related to social isolation.*” Hearing loss has also
been associated with social isolation.“® Furthermore, this
study is based on a risk calculation generated from a single
cohort study, which limits the generalizability of the results
and their application to global prevention strategies.*’ Fur-
thermore, the initial exclusion from the risk score of certain
risk factors, such as cardiovascular risk factors or drug use,
as no relationship with AD was observed in our study, has
prevented us from studying their effect when they co-occur
with other risk factors. Nevertheless, most of the included
factors in our model have been consistently recognized as
risk factors for dementia and AD'>*"*? and our PAF estimate
is similar to previous studies about dementia®*® or in line
with the observed variability regarding AD.3*~8

Finally, we were unable to study the influence of the dif-
ferent combination patterns on the joint effects of the risk
factors and, even though we analysed a considerable num-
ber of risk factors for AD, this number was not enough to
analyse their clustering. This would be of interest since risk
factors are often grouped in the form of specific clusters or
lifestyle patterns® that have shown a different influence on
cognitive function®' and different levels of risk for dementia
and/or AD.? Related to this, there is growing interest in
addressing multiple health-related behaviours by cluster
analysis, as opposed to single risk factors, to increase the
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efficacy and efficiency of interventions in the general popu-
lation.® In this sense, some socio-demographical factors
included in our study, such as low education or having lost a
marital partner, may be associated with unhealthy lifestyle
clusters.>® Psychological factors, such as anxiety and depres-
sion, could also be associated with harmful behaviours such
as smoking®® or physical inactivity*®>® and with low cogni-
tive engagement.®® Additionally, clinical factors such as
hearing loss are thought to decrease physical activity* and
cognitive engagement® and increase social isolation.*®
Tobacco or alcohol use was analysed as an independent vari-
able in our sample and was not associated with a signifi-
cantly increased risk of AD.'?

Some strengths of this study are the inclusion of a wider
array of variables in the study of the effect of the co-occur-
rence of various risk factors on the incidence of AD, and the
estimation of the potential impact of minimizing the number
of co-occurrent risk factors on the prevalence of AD using
population-based data. Additionally, the use of competing
risk models allowed us to control for the risk of death, this
being especially important in the case of AD."" Other similar
studies®*>* have also controlled for the risk of death when
calculating the risk of dementia, but to the best of the
authors’ knowledge, this is the first study to calculate the
risk of AD and PAF taking into account the risk of death.

Conclusions

Our findings of an increased risk of death associated with a
higher number of risk factors support the importance of con-
sidering risk factors co-occurrence when analysing the risk
associated with AD. The majority of these risk factors are
modifiable; thus this can help desigh more precise preventive
strategies. Additionally, the risk factors of AD evaluated in
our study can be easily assessed by clinicians in their routine
practice and do not require expensive medical tests; thus
they can provide health advice or targeted interventions for
individual patients according to their cumulative risk of AD.>>
Finally, an optimal preventive intervention for dementia
could be obtained by targeting multiple risk behaviours at the
same time, rather than individual factors.>®>° In this sense,
future studies focusing on how different health-related
behaviours are clustered in older adults and how this might
impact the risk of AD are needed.>°

Author contributions

J. B.-N. participated in the study conceptualization and
design, project administration, methodology, investigation,
data curation, analysis and interpretation of data, writing-
original draft preparation, writing-review and editing and
visualization. P. G.-G. participated in the data curation,
investigation, writing-review and editing, supervision and
visualization. B.O. participated in the methodology, writing-
review and editing, visualization and supervision. C. D.-L.-
C. participated in visualization and funding acquisition. R.
L.-A. participated in the study conceptualization and meth-
odology, software, validation and visualization. A. L. partici-
pated in supervision, resources, investigation, project
administration and funding acquisition. J. S. participated in

122

the study conceptualization, methodology, software, valida-
tion, formal analysis, investigation, data curation, writing-
review and editing, visualization, supervision and funding
acquisition. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding

This research was supported by Grants from the Fondo de
Investigacion Sanitaria, Instituto de Salud Carlos Ill, Spanish
Ministry of Economy and Competitiveness, Madrid, Spain
(grants 94/1562, 97/1321E, 98/0103, 01/0255, 03/0815,
06/0617, 12/02254, 16/00896, PI/19/01874, G03/128) and
from the Fondo Europeo de Desarrollo Regional (FEDER) of
the European Union “Una manera de hacer Europa” (Project
number PI16/00896) and Gobierno de Aragdn (grant
B15_17R). B.O. is supported by the Miguel Servet (CP20/
00040) contract, funded by the Instituto de Salud Carlos Ill
and co-funded by the European Union (ERDF/ESF, “Investing
in your future”).

Institutional Review Board Statement

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Commit-
tee of the CEIC Aragdn (protocol code CP16/2012, 19 Sep-
tember 2012)

Informed Consent Statement

Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement

Data supporting this study is available on reasonable demand.

Conflict of Interest

We declare that Dr. Gracia-Garcia has received financial sup-
port to attend scientific meetings from Servier, Pfizer, Lund-
beck, Nutricion Médica, Esteve and Angelini. Dr. de la
Camara has received financial support to attend scientific
meetings from Janssen-Cilag, Almirall, Eli Lilly, Lundbeck,
Rovi, Esteve, Novartis and AstraZeneca. None of these activ-
ities is related to the current project. For the remaining
authors, no conflicts of interest were declared. The funders
had no role in the design of the study; in the collection, anal-
yses, or interpretation of data; in the writing of the manu-
script, or in the decision to publish the results.

Acknowledgements

The authors acknowledge the contribution of the lay inter-
viewers, senior medical students, and members of the ZARA-
DEMP Workgroup who participated in the study.



The European Journal of Psychiatry 37 (2023) 117—124

References

. World Health Organization. First WHO Ministerial Conference on

Global Action Against Dementia, Meeting Report. 2015.

. Patterson C. World Alzheimer Report 2018. The State of the Art

of Dementia Research: New Frontiers, 2018. https://doi.org/
10.1111/j.0033-0124.1950.24_14.x.

. World Health Organization. Global Status Report on the Public

Health Response to Dementia. Geneva; 2021.

. Nichols E, Steinmetz JD, Vollset SE, Fukutaki K, Chalek J, Abd-

Allah F, et al. Estimation of the global prevalence of dementia
in 2019 and forecasted prevalence in 2050: an analysis for
the global burden of disease study 2019. Lancet Public
Heal. 2022;7:e105—-25. https://doi.org/10.1016/52468-2667
(21)00249-8.

. Birdi R, Stephan BCM, Robinson L, Davis D. Can we influence the

epidemiology of dementia? Perspectives from population-based
studies. Postgrad Med J. 2015;91:651—4. https://doi.org/
10.1136/postgradmedj-2015-133244.

. Deckers K, van Boxtel MPJ, Schiepers 0JG, de Vugt M, Munoz

Sanchez JL, Anstey KJ, et al. Target risk factors for dementia
prevention: a systematic review and Delphi consensus study on
the evidence from observational studies. Int J Geriatr Psychia-
try. 2015;30:234—46. https://doi.org/10.1002/gps.4245.

. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J,

Ames D, et al. Dementia prevention, intervention, and care.
Lancet. 2017;390:2673—734. https://doi.org/10.1016/50140-
6736(17)31363-6.

. Morris LJ, D’Este C, Sargent-Cox K, Anstey KJ. Concurrent life-

style risk factors: clusters and determinants in an Australian
sample. Prev Med (Baltim). 2016;84:1—5. https://doi.org/
10.1016/j.ypmed.2015.12.009.

. Tang EYH, Harrison SL, Errington L, Gordon MF, Visser PJ, Novak G,

et al. Current developments in dementia risk prediction model-
ling: an updated systematic review. PLoS One. 2015;10:1-31.
https://doi.org/10.1371/journal.pone.0136181.

. Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Anti-

kainen R, et al. A 2 year multidomain intervention of diet, exer-
cise, cognitive training, and vascular risk monitoring versus
control to prevent cognitive decline in at-risk elderly people (FIN-
GER): a randomised controlled trial. Lancet. 2015;385:2255—63.
https://doi.org/10.1016/50140-6736(15)60461-5.

. Berry SD, Ngo L, Samelson EJ, Kiel DP. Competing risk of death:

an important consideration in studies of older adults. J Am Ger-
iatr Soc. 2010;58:783—7. https://doi.org/10.1111/j.1532-
5415.2010.02767 ..

. Santabarbara J, Bueno-Notivol J, Lipnicki DM, de la Camara C,

Lopez-Antén R, Lobo A, et al. A novel score for predicting alz-
heimer’s disease risk from late life psychopathological and
health risk factors. Int J Environ Res Public Health.
2021;18:1802. https://doi.org/10.3390/ijerph18041802.

. Lobo A, Saz P, Marcos G, Dia J-L, De-la-Camara C, Ventura T, et al.

The ZARADEMP Project on the incidence, prevalence and risk fac-
tors of dementia (and depression) in the elderly community: II.
Methods and first results. Eur J Psychiatry. 2005;19:40—54.
https://doi.org/10.4321/50213-61632005000100004.

. Copeland JRM, Dewey ME, Griffiths-Jones HM. A computerized

psychiatric diagnostic system and case nomenclature for elderly
subjects: GMS and AGECAT. Psychol Med. 1986;16:89—99.
https://doi.org/10.1017/50033291700057779.

. Lobo A, Lopez-Anton R, Santabarbara J, De-la-Camara C, Ven-

tura T, Quintanilla MA, et al. Incidence and lifetime risk of
dementia and Alzheimer’s disease in a Southern European popu-
lation. Acta Psychiatr Scand. 2011;124:372—83. https://doi.
org/10.1111/j.1600-0447.2011.01754.x.

. Santabdarbara J, Lopez-Anton R, de la Camara C, Lobo E, Gracia-

Garcia P, Villagrasa B, et al. Clinically significant anxiety as a
risk factor for dementia in the elderly community. Acta

123

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Psychiatr Scand. 2019;139:6—14.
acps.12966.

https://doi.org/10.1111/

. Santabarbara J, Villagrasa B, Lopez-Antén R, Olaya B, Bueno-

Notivol J, de la Camara C, et al. Clinically relevant anxiety and
risk of Alzheimer’s disease in an elderly community sample:
4.5 years of follow-up. J Affect Disord. 2019;250:16—20.
https://doi.org/10.1016/j.jad.2019.02.050.

. Lobo A, Saz P, Marcos G, Dia JL, de la Camara C. The Prevalence

of Dementia and Depression in the Elderly Community in a South-
ern European Population. Arch Gen Psychiatry. 1995;52:497.
https://doi.org/10.1001/archpsyc.1995.03950180083011.

. Schaub RT, Linden M, Copeland JRM. A comparison of GMS-A/

AGECAT, DSM-III-R for dementia and depression, including sub-
threshold depression (SD) - results from the Berlin aging study
(BASE). Int J Geriatr Psychiatry. 2003;18:109—17. https://doi.
org/10.1002/gps.799.

Scrucca L, Santucci A, Aversa F. Competing risk analysis using R:
an easy guide for clinicians. Bone Marrow Transplant.
2007;40:381—7. https://doi.org/10.1038/sj.bmt.1705727.
Gray RJ. A class of K-sample tests for comparing the cumulative
incidence of a competing risk. Ann Stat. 1988;16:1141—54.

Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. J Am Stat Assoc. 1999;94:496—509.
https://doi.org/10.2307/2670170.

Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: compet-
ing risks and multi-state models. Stat Med. 2007;26:2389—430.
https://doi.org/10.1002/sim.2712.

Grambsch PM, Therneau TM. Proportional hazards tests and
diagnostics based on weighted residuals. Biometrika.
1994;81:515—-26. https://doi.org/10.1093/biomet/81.3.515.
Rockhill B, Newman B, Weinberg C. Use and misuse of popula-
tion attributable fractions. Am J Public Health. 1998;88:15—9.
https://doi.org/10.2105/AJPH.88.1.15.

Kalbfleisch JD, Prentice RL. The Statistical Analysis of Failume-
dicire Time Data. Hoboken, NJ, USA: John Wiley & Sons, Inc.;
2002. https://doi.org/10.1002/9781118032985.

The R Project for Statistical Computing n.d. http://www.r-proj-
ect.org (accessed February 13, 2022).

Luchsinger JA, Reitz C, Honig LS, Tang MX, Shea S, Mayeux R.
Aggregation of vascular risk factors and risk of incident Alz-
heimer disease. Neurology. 2005;65:545—51. https://doi.org/
10.1212/01.wnl.0000172914.08967.dc.

Qiu C, Xu W, Winblad B, Fratiglioni L. Vascular risk profiles for
dementia and Alzheimer’s disease in very old people: a popu-
lation-based longitudinal study. J Alzheimer’s Dis. 2010;20:
293-300. https://doi.org/10.3233/JAD-2010-1361.
Ronnemaa E, Zethelius B, Lannfelt L, Kilander L. Vascular risk
factors and dementia: 40-year follow-up of a population-based
cohort. Dement Geriatr Cogn Disord. 2011;31:460—6. https://
doi.org/10.1159/000330020.

Armstrong RA. Risk factors for Alzheimer’s disease. Folia Neuropa-
thol. 2019;57:87—105. https://doi.org/10.5114/fn.2019.85929.
Peters R, Booth A, Rockwood K, Peters J, D’Este C, Anstey KJ.
Combining modifiable risk factors and risk of dementia: a sys-
tematic review and meta-analysis. BMJ Open. 2019;9:€022846.
https://doi.org/10.1136/bmjopen-2018-022846.

Rolandi E, Zaccaria D, Vaccaro R, Abbondanza S, Pettinato L,
Davin A, et al. Estimating the potential for dementia prevention
through modifiable risk factors elimination in the real-world
setting: a population-based study. Alzheimers Res Ther.
2020;12:94. https://doi.org/10.1186/513195-020-00661-y.
Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential
for primary prevention of Alzheimer’s disease: an analysis of
population-based data. Lancet Neurol. 2014;13:788—-94.
https://doi.org/10.1016/51474-4422(14)70136-X.

Mayer F, Di Pucchio A, Lacorte E, Bacigalupo |, Marzolini F, Fer-
rante G, et al. An estimate of attributable cases of Alzheimer
disease and vascular dementia due to modifiable risk factors:


http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0001
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0001
https://doi.org/10.1111/j.0033-0124.1950.24_14.x
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0003
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0003
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1136/postgradmedj-2015-133244
https://doi.org/10.1002/gps.4245
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/j.ypmed.2015.12.009
https://doi.org/10.1371/journal.pone.0136181
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1111/j.1532-5415.2010.02767.x
https://doi.org/10.1111/j.1532-5415.2010.02767.x
https://doi.org/10.3390/ijerph18041802
https://doi.org/10.4321/S0213-61632005000100004
https://doi.org/10.1017/S0033291700057779
https://doi.org/10.1111/j.1600-0447.2011.01754.x
https://doi.org/10.1111/acps.12966
https://doi.org/10.1111/acps.12966
https://doi.org/10.1016/j.jad.2019.02.050
https://doi.org/10.1001/archpsyc.1995.03950180083011
https://doi.org/10.1002/gps.799
https://doi.org/10.1038/sj.bmt.1705727
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0021
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0021
https://doi.org/10.2307/2670170
https://doi.org/10.1002/sim.2712
https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.2105/AJPH.88.1.15
https://doi.org/10.1002/9781118032985
http://www.r-project.org
http://www.r-project.org
https://doi.org/10.1212/01.wnl.0000172914.08967.dc
https://doi.org/10.3233/JAD-2010-1361
https://doi.org/10.1159/000330020
https://doi.org/10.5114/fn.2019.85929
https://doi.org/10.1136/bmjopen-2018-022846
https://doi.org/10.1186/s13195-020-00661-y
https://doi.org/10.1016/S1474-4422(14)70136-X

J. Bueno-Notivol, P. Gracia-Garcia, B. Olaya et al.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

46.

the impact of primary prevention in Europe and in Italy. Dement
Geriatr Cogn Dis Extra. 2018;8:60—71. https://doi.org/
10.1159/000487079.

Ashby-Mitchell K, Burns R, Shaw J, Anstey KJ. Proportion of
dementia in Australia explained by common modifiable risk fac-
tors. Alzheimers Res Ther. 2017;9. https://doi.org/10.1186/
$13195-017-0238-X.

Luck T, Riedel-Heller SG. [Prevention of Alzheimer’s dementia
in Germany : a projection of the possible potential of reducing
selected risk factors]. Nervenarzt. 2016;87:1194—200. https://
doi.org/10.1007/500115-015-0045-1.

de Bruijn RFAG, Bos MJ, Portegies MLP, Hofman A, Franco OH,
Koudstaal PJ, et al. The potential for prevention of dementia
across two decades: the prospective, population-based Rotter-
dam Study. BMC Med. 2015;13. https://doi.org/10.1186/
$12916-015-0377-5.

Chowdhary N, Barbui C, Anstey KJ, Kivipelto M, Barbera M,
Peters R, et al. Reducing the risk of cognitive decline and
dementia: WHO Recommendations. Front Neurol. 2022;12.
https://doi.org/10.3389/fneur.2021.765584.

Anstey KJ, Lipnicki DM, Low L-F. Cholesterol as a risk factor for
dementia and cognitive decline: a systematic review of prospective
studies with meta-analysis. Am J Geriatr Psychiatry. 2008;16:
343-54. https://doi.org/10.1097/JGP.0b013e31816b72d4.

Desai R, John A, Stott J, Charlesworth G. Living alone and risk of
dementia: a systematic review and meta-analysis. Ageing Res Rev.
2020;62:101122. https://doi.org/10.1016/j.arr.2020.101122.
Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Bane-
rjee S, et al. Dementia prevention, intervention, and care:
2020 report of the Lancet Commission. Lancet. 2020;396:413
—46. https://doi.org/10.1016/50140-6736(20)30367-6.
Williams JW, Plassman BL, Burke J, Holsinger T, Benjamin S.
Preventing Alzheimer’s Disease and Cognitive Decline. Rockvil-
leMD: Agency for Healthcare Research and Quality (US); 2010.
Kuo P-L, Di J, Ferrucci L, Lin FR. Analysis of hearing loss and
physical activity among US adults aged 60-69 years. JAMA Netw
Open. 2021;4:e215484. https://doi.org/10.1001/jamanetwor-
kopen.2021.5484.

Goman AM, Gao T, Betz J, Reed NS, Deal JA, Lin FR. Association
of hearing loss with physical, social, and mental activity
engagement. Semin Hear. 2021;42:059—65. https://doi.org/
10.1055/5-0041-1726001.

Helgaddéttir B, Forsell Y, Ekblom 0. Physical activity patterns of
people affected by depressive and anxiety disorders as measured

124

47.

48.

9.

50.

51.

52.

53.

54.

55.

by accelerometers: a cross-sectional study. PLoS One. 2015;10.
https://doi.org/10.1371/JOURNAL.PONE.0115894.

Santini ZI, Jose PE, York Cornwell E, Koyanagi A, Nielsen L, Hin-
richsen C, et al. Social disconnectedness, perceived isolation,
and symptoms of depression and anxiety among older Ameri-
cans (NSHAP): a longitudinal mediation analysis. Lancet Public
Heal. 2020;5:€62—70. https://doi.org/10.1016/52468-2667(19)
30230-0.

Shukla A, Harper M, Pedersen E, Goman A, Suen JJ, Price C,
et al. Hearing loss, loneliness, and social isolation: a systematic
review. Otolaryngol Neck Surg. 2020;162:622—33. https://doi.
org/10.1177/0194599820910377.

Vos SJB, Van Boxtel MPJ, Schiepers OJG, Deckers K, De Vugt M,
Carriere I, et al. Modifiable risk factors for prevention of
dementia in midlife, late life and the oldest-old: validation of
the LIBRA index. J Alzheimer’s Dis. 2017;58:537—47. https://
doi.org/10.3233/JAD-161208.

Griffin B, Sherman KA, Jones M, Bayl-Smith P. The clustering of
health behaviours in older australians and its association with
physical and psychological status, and sociodemographic indica-
tors. Ann Behav Med. 2014;48:205—14. https://doi.org/
10.1007/s12160-014-9589-8.

Kesse-Guyot E, Andreeva VA, Lassale C, Hercberg S, Galan P. Clus-
tering of midlife lifestyle behaviors and subsequent cognitive
function: a longitudinal study. Am J Public Health. 2014;104:
e170—7. https://doi.org/10.2105/AJPH.2014.302121.

Norton MC, Dew J, Smith H, Fauth E, Piercy KW, Breitner JCS,
et al. Lifestyle behavior pattern is associated with different lev-
els of risk for incident dementia and Alzheimer’s disease: the
cache county study. J Am Geriatr Soc. 2012;60:405—12.
https://doi.org/10.1111/J.1532-5415.2011.03860.X.

Horne SJ, Topp TE, Quigley L. Depression and the willingness to
expend cognitive and physical effort for rewards: a systematic
review. Clin Psychol Rev. 2021;88. https://doi.org/10.1016/J.
CPR.2021.102065.

Fisher S, Manuel DG, Hsu AT, Bennett C, Tuna M, Bader Eddeen
A, et al. Development and validation of a predictive algorithm
for risk of dementia in the community setting. J Epidemiol Com-
munity Health. 2021;75:843—53. https://doi.org/10.1136/
jech-2020-214797.

Anstey KJ, Zheng L, Peters R, Kootar S, Barbera M, Stephen R,
et al. Dementia risk scores and their role in the implementation
of risk reduction guidelines. Front Neurol. 2022;12. https://
doi.org/10.3389/fneur.2021.765454.


https://doi.org/10.1159/000487079
https://doi.org/10.1186/S13195-017-0238-X
https://doi.org/10.1186/S13195-017-0238-X
https://doi.org/10.1007/S00115-015-0045-1
https://doi.org/10.1186/S12916-015-0377-5
https://doi.org/10.1186/S12916-015-0377-5
https://doi.org/10.3389/fneur.2021.765584
https://doi.org/10.1097/JGP.0b013e31816b72d4
https://doi.org/10.1016/j.arr.2020.101122
https://doi.org/10.1016/S0140-6736(20)30367-6
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0043
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0043
http://refhub.elsevier.com/S0213-6163(22)00081-7/sbref0043
https://doi.org/10.1001/jamanetworkopen.2021.5484
https://doi.org/10.1001/jamanetworkopen.2021.5484
https://doi.org/10.1055/s-0041-1726001
https://doi.org/10.1371/JOURNAL.PONE.0115894
https://doi.org/10.1016/S2468-2667(19)30230-0
https://doi.org/10.1016/S2468-2667(19)30230-0
https://doi.org/10.1177/0194599820910377
https://doi.org/10.3233/JAD-161208
https://doi.org/10.1007/s12160-014-9589-8
https://doi.org/10.2105/AJPH.2014.302121
https://doi.org/10.1111/J.1532-5415.2011.03860.X
https://doi.org/10.1016/J.CPR.2021.102065
https://doi.org/10.1016/J.CPR.2021.102065
https://doi.org/10.1136/jech-2020-214797
https://doi.org/10.1136/jech-2020-214797
https://doi.org/10.3389/fneur.2021.765454

	An Alzheimer's dementia cumulative risk model in a sample of general population over 65: Public health implications
	Introduction
	Materials and methods
	Sample and procedure
	Alzheimer's Dementia assessment and diagnosis
	ZARADEMP Alzheimer dementia risk index
	Number of risk factors measurement
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author contributions
	Funding
	Institutional Review Board Statement
	Informed Consent Statement
	Data Availability Statement
	Conflict of Interest
	Acknowledgements
	References


