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Objective: To calculate both the incidence rates and the lifetime risk
(LTR) of dementia and Alzheimer�s disease (AD).
Methods: A two-phase case-finding procedure was implemented in a
cohort of 4057 cognitively intact individuals 55+ years of age living in
Zaragoza, Spain, and followed-up at 2.5 and 4.5 years. Age- and sex-
specific incidence rates were calculated. A mortality-adjusted,
multivariate model was used to document LTRs.
Results: The incidence rate of dementia continued to rise after the age
of 90 years, but was slightly lower than in North and West European
studies. Only a tendency for an increased LTR with age was observed.
Thus, LTR was 19.7% for a 65-year-old woman and 20.4% at the age
of 85 years, the corresponding figures for AD being 16.7% and 17.6%.
The LTR of AD was higher in women and was about twice as high
among illiterate individuals when compared with individuals with
higher educational levels.
Conclusions: The incidence rate of dementia in this Southern European
city was slightly lower than in previous studies in North-West Europe.
LTR of dementia and AD seems to be slightly increased with age. The
association of illiteracy with higher LTR of AD is intriguing.

A. Lobo1,2,3,4, R. Lopez-Anton3,
J. Santab�rbara3,5,
C. de-la-C�mara1,2,3,4,
T. Ventura2,3,4,6, M. A. Quintanilla1,
J. F. Roy3,7, A. J. Campayo1,2,3,4,
E. Lobo1,3,4,5, T. Palomo3,8,
R. Rodriguez-Jimenez3,8, P. Saz2,3,
G. Marcos3,4,5,9

1Psychiatry Service, Hospital Cl�nico Universitario,
2Department of Medicine and Psychiatry, Universidad
de Zaragoza, Zaragoza, 3Centro de Investigaci�n
Biom�dica en Red de Salud Mental (CIBERSAM),
Ministry of Science and Innovation, Madrid, 4Instituto
Aragon�s de Ciencias de la Salud (I+CS), 5Department
of Preventive Medicine and Public Health, Universidad
de Zaragoza, 6Hospital Universitario Miguel Servet,
7Department of Psychology and Sociology, Universidad
de Zaragoza, Zaragoza, 8Department of Psychiatry,
Hospital Universitario 12 de Octubre, Madrid and
9Medical Records Service, Hospital Cl�nico Universitario,
Zaragoza, Spain

Key words: aged; epidemiology; incidence; dementia;
Alzheimer disease; risk

Dr. Antonio Lobo, Servicio de Psiquiatr�a, Hospital
Cl�nico Universitario, Planta 3, Avd. San Juan Bosco, 15,
50009 Zaragoza, Spain.
E-mail: alobo@unizar.es

Accepted for publication June 30, 2011

Significant outcomes

• This study suggests that the incidence rate of dementia in a South European city is slightly lower than
in most studies reported in North American and North European countries.

• The lifetime risk (LTR) of both dementia and Alzheimer�s disease (AD), calculated with multivariate
statistical methods, shows only a slight trend to increase with age and might be a preferred method
for communicating disease risk for individuals and for the mass media.

• The LTR of AD was about twice as high among illiterate individuals when compared to individuals
with higher educational levels.

Limitations

• We do not have data on ApoE and hospital diagnosis in all cases.
• Neuroimaging was available in only a small percentage of cases of dementia.
• We only report LTR population estimates, but for any given individual, the estimated LTR would

vary with the possible risk factors not controlled in this study
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Introduction

The primary common finding of a considerable
number of recent studies into the incidence of
dementia and Alzheimer�s disease (AD) is that the
exponential rate increases with age (1, 2). However,
consistent and reliable incidence estimates are still
deemed necessary (3), and controversies exist, in
particular regarding the continued rate increase in
the oldest of the elderly (4). Furthermore, current
knowledge is derived mainly from North American
and North European countries, but the lower rates
of the incidence of dementia reported in South
European cities (2) need confirmation, because
geographical differences stimulate environmental
hypotheses.
Incidence rates of dementia are essential for

public health planners to estimate the projected
disease burden in a population. While incidence
rates reflect the actual experience of a cohort, risk
estimates are required to predict how much disease
a population may expect. Lifetime risk (LTR),
calculated at several ages, has been defined as the
probability that a person of that age would at some
time in his or her life suffer from the condition.
However, the competing risk of death should be
considered to estimate LTR in conditions partic-
ularly frequent in old age, such as dementia (5).
LTR is an under-researched subject in the field of
dementia (6), although empirical research suggests
it might be a preferred method for communicating
disease risk, both for individuals and for the mass
media (7). The Rotterdam Study (5) and the
Framingham Study (8) are important and provide
data on the LTR of dementia, but both of these
studies used univariate methods to calculate LTR
based on cumulative incidence. New studies of
LTR using multivariate techniques to control for
sex and education might be a major contribution to
the field of dementia epidemiology because, in
some studies, both female sex (9) and low educa-
tional level (10, 11) have been reported to increase
the risk of dementia. Research studies into a low
level of education as a risk factor for dementia are
particularly opportune in countries such as Spain,
where the educational level attained by a substan-
tial proportion of the elderly, born in the first third
of the 20th century, was quite limited (12).

Aims of the study

To estimate the incidence rates and to document
mortality-adjusted lifetime risk (LTR), of dementia
and its major subtype, Alzheimer�s disease (AD), in
a community-based sample of cognitively intact
individuals in a Southern European population.

We also set out to verify whether the rate of
dementia in this population is lower than previously
reported in the literature, and we hypothesized that
the LTR of both dementia and ADwould be higher
among the less educated participants.

Material and methods

Study design and sample

The ZARADEMP project (ZARAgoza DEMentia
DEPression project) was designed as a longitudinal,
community-based study to examine the incidence
of dementia and the risk factors in incident cases of
dementia. It was carried out in Zaragoza, a typical,
large city in Spain, with an important proportion
of inhabitants coming from surrounding rural
areas (12). A stratified random sample of individ-
uals 55 years of age and older, with proportional
allocation by age and sex, drawn from the eligible
individuals (n = 157 787) in the Spanish official
census lists of 1991, was invited to participate in
the baseline examination. A cohort of 3578 indi-
viduals without dementia was considered necessary
to fulfill the main objectives in the study. The
initial sample size was corrected for predictable
mortality, migration, and refusals, taking into
consideration the results of the previous Zaragoza
Study on the prevalence of dementia in the same
population (13), as well as the first year of the field
work. In the baseline study, 4803 individuals were
interviewed. For the follow-up, because we were
interested in cognitively intact individuals,
we excluded subjects considered to be cases or
subcases of dementia at baseline (see definitions
below; n = 746), for a starting sample of 4057
participants. The ZARADEMP Study participants
underwent a baseline assessment (Wave I, starting
in 1994) and two follow-up visits, starting in 1997
(Wave II) and in 1999 (Wave III) (Fig. 1). Further
details of the objectives and methods of the project
have been described elsewhere (12). The Ethics
Committee of the University of Zaragoza and the
Fondo de Investigación Sanitaria (FIS) approved
this study, according to Spanish Law, and all
individuals provided written informed consent.

Data collection

Several standard tools, previously validated in
Spain, were incorporated in the ZARADEMP
interview (12), including the Examen Cognoscitivo
Mini-Mental (ECMM) (14), the Spanish version of
the Mini-Mental State Examination (MMSE) (15)
for the screening of cognitive function. Both
validity coefficients and population norms in this
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official version of the MMSE are very similar to
those reported in the USA (16). The mental state of
the study participants was assessed using the
validated Spanish version of the Geriatric Mental
State B (GMS-B) (13, 17, 18), a semi-structured
standardized clinical interview that may be used by
lay interviewers. The GMS-B includes neuropsy-
chological items and provides a �threshold global
score� that discriminates between �non-cases�, �sub-
cases�, and �cases� of dementia. Psychiatric history
was taken using the History and Aetiology
Schedule (HAS) (19), a standardized method
accompanying the GMS. This collects psychiatric
history data from a caregiver or directly from the
respondent when he or she is judged to be reliable.
Instrumental and basic activities of daily living
were assessed using the Lawton and Brody scale
(20) and Katz�s Index (21), respectively. A series of
studies completed in Spain have documented, in
clinical samples, efficiency coefficients similar to
those reported by the original authors (22, 23).
Information on medical conditions considered to
be risk factors of dementia, specifically AD and
vascular dementia (VaD), was collected using the
EURODEM Questionnaire (24). This instrument
may be used by trained lay interviewers. Each item
in the interview has been operationally defined,
according to previously agreed EURODEM
criteria. Detailed information on medical condi-
tions in this study has been reported elsewhere

(25). Systematic checks on the reliability of the
assessments were implemented to prevent the
�reliability-drift�.

Dementia case finding

A two-phase epidemiological case-finding process
for dementia was implemented in the baseline
study (Wave I) and a similar method in the follow-
up waves (Waves II and III). In phase I in each
wave, well-trained and regularly supervised lay
interviewers (senior medical students) conducted
the ZARADEMP interview at the subjects� homes
or place of residence. Interviewers in the follow-up
waves were unaware of the results of the baseline
interview. Medical reports and laboratory data,
which are frequently available at most people�s
homes in Spain, were consulted to complete the
data. Outside caregivers were interviewed when the
participant was considered to be unreliable (in
cases of dementia and approximately 10% of
subcases of dementia). Participants were nomi-
nated as �probable cases� on the basis of GMS
threshold �global� score (1 ⁄2) and ⁄or Mini-Mental
(23 ⁄24) standard cut-off points.
In phase II, the �probable cases� of dementia

were reassessed at the subjects� homes or place of
residence by research psychiatrists. The same
assessment instruments and methods were used as
well as Hachinski�s scale (26) to help in differen-
tiating between AD and VaD, and a neurological
examination was performed to help in the diag-
nostic process. The validity of this diagnostic
process has been previously documented (13).
Identified cases of dementia were presented to a
panel of four research psychiatrists. Variables in
the ZARADEMP interview were operationalized
to conform to the DSM-IV (27) criteria used to
diagnose the cases. For the diagnosis of �incident
case� of dementia and type of dementia, agreement
by at least three of the psychiatrists was required.
To document the accuracy of the panel diagnosis

of dementia, a proportion of cases was invited for a
hospital diagnostic work-up, which included neu-
roimage studies and a complete neuropsychologi-
cal diagnostic battery, and NINCDS-ADRDA
criteria (28) were applied to diagnose AD.

Data analysis

We obtained the age-specific incidence per 5-year
band (presented as rates per 1000 person-years).
Age bands are based on the age at entry to the
baseline study. The follow-up period ended at
the second follow-up examination (Wave III) for
the non-demented, at the date of invitation for

Baseline 
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n = 4803

Follow–up
sample
n = 4057

Assessed 
sample 
n = 3237 
(79.7%)

Non cases
n = 3162

Assessed  
sample
n = 2403 
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Non cases
n = 2340

Incident
cases
n = 75

Incident
cases
n = 63

Excluded for the follow-up
(Cases of dementia and subcases)

n = 746

Losses (n = 820, 20.3%)
Deceased = 281
Moved away/Untraced = 138
Refusals = 401

W
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W
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W
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Fig. 1. Flow diagram of the ZARADEMP Project.
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refusals, at the date of moving away or death
(based on actual data from the Civil Registry), or
at the time of onset of dementia for the cases. The
time of onset of dementia was estimated to be the
time from the baseline to the midpoint between
diagnosis and the previous examination. Incidence
figures were also estimated by sex and by dementia
subtype. The incidence rate ratio (IRR) was used
to compare incidence rates.
The highest achieved level of education was

assessed during the initial home interview in the
baseline study. We categorized education into three
levels: illiterate (unable to read and write, and
<2 years of formal education), primary (complete
or incomplete), and secondary school or higher.
Multivariate models of analysis were used to

calculate the risk of developing dementia over time,
and the competing risk of death was taken into
account. We used the cumulative incidence func-
tion (CIF) approach to display the risk of patients
experiencing the event of interest (overall dementia
or AD), taking into account the competing event
(death) as time progressed (29). To analyze the
effect of baseline predictors (sex and educational
level) on the CIF, we used the Fine and Gray (30)
regression model for the subdistribution hazard.
This model modifies the Cox proportional hazard
model to allow for the presence of competing risks.
To examine the assumption of proportional sub-
distribution hazards, we visually inspected Schoen-
feld-type residuals, which were later confirmed by
testing the time-varying effect of each covariate
using Scheike and Zhang�s test (31). Confidence
intervals were computed using Kalbsfleisch and
Prentice�s method (32) completed by bootstrap
resampling. For all analyses, �R� program, version
2.9.2, R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL http://
www.R-project.org with cmprsk and timereg
libraries, was applied.

Results

In Fig. 1, several characteristics of the study
population are summarized. Of the total cohort
(n = 4057) at risk of developing dementia, 3237
(79.7%) were screened in person for dementia in
the first follow-up, and 2403 (75.9%) in the second
follow-up. Among the reasons for loss to follow-
up, attrition through death was n = 574 and
dropouts were n = 1005 (Table 1). No differences
by age and sex were observed in dropouts when
compared with participants, but the proportion of
illiterate individuals was significantly higher among
the former (n = 95, 9.5% vs. n = 168, 6.7%;
z = 2.63, P = 0.008).
Overall, after an average follow-up period of

54 months, 138 new cases of clinically definite
dementia were identified and included in the
analysis. AD was diagnosed by the panel of
psychiatrists in 87 cases (63.0%), VaD in 28 cases
(20.3%), and other dementias in 23 cases (16.7%).
Twenty-four of these incident �cases� of dementia
accepted the hospital diagnostic work-up. The
diagnosis of dementia was confirmed in 23 cases
(95.8%), and the diagnosis of the type of dementia
was confirmed in 21 cases (87.5%). Compared to
non-cases, cases of dementia and of AD were older
and more likely to be female and illiterate
(Table 1).
Table 2 shows age and sex-specific incidence

rates of dementia and AD. With a total of 16 025
follow-up person-years, the overall incidence of
dementia was 8.6 per 1000 person-years and the
overall incidence of AD was 5.4 per 1000 person-
years. The incidence increased markedly with age
and continued to rise after the age of 90 years in
both women and men. Among women, the inci-
dence rate of both overall dementia (dementia) and
AD was significantly higher in the age group of
90+ years when compared with the groups of

Table 1. Characteristics of participants in the study

Baseline sample Follow-up sample Dropouts Non-cases* Cases of dementia� Statistic� Cases of AD� Statistic§

n = 4803 n = 4057 n = 1005 n = 2340 n = 138 (P value) n = 87 (P value)

Women, n (%) 2771 (57.7) 2229 (54.9) 599 (59.6) 1303 (55.7) 86 (62.3) z = 1.44 (0.1) 61 (70.1) z = 2.55 (0.01)
Baseline age, mean (SD) 73.4 (9.8) 72.1 (9.1) 70.3 (8.6) 70.0 (7.8) 82.0 (8.0) t2476 = 17.53 (<0.01) 83.72 (7.13) t2425 = 16.13 (<0.01)
Educational level, n (%)

Illiterate 520 (10.8) 315 (7.8) 95 (9.5) 141 (6.1) 27 (19.6) z = 5.97 (<0.01) 19 (21.8) z = 5.61 (<0.01)
Primary 3507 (73.0) 3019 (74.4) 765 (76.1) 1728 (74.3) 99 (71.7) z = 0.44 (0.7) 59 (67.8) z = 1.13 (0.3)
Secondary school or higher 717 (14.9) 690 (17.0) 134 (13.3) 458 (19.7) 12 (8.7) z = 3.05 (<0.01) 9 (10.3) z = 2.00 (0.0)

AD, Alzheimer�s disease.
*Non-cases at the end of follow-up.
�Cases identified during follow-up.
�Non-cases vs. cases of dementia.
§Non-cases vs. cases of AD.
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85–89 years (IRR = 3.2, 95%CI 1.8–5.7 in demen-
tia; IRR = 3.8, 95%CI 2.0–7.3 in AD). A similar
pattern was observed in men, and differences were
statistically significant in both dementia (3.1,
95%CI 1.4–6.6) and AD (3.5, 95%CI 1.2–9.6).
Figure 2 shows the age-specific incidence of

dementia for the current study, compared with
that of other relatively large studies which used
similar procedures. Incidence rates tend to be
slightly lower in our study and, in particular,
were significantly lower in age groups 70–85 years
when compared to all North-West European
studies reviewed.
Overall incidence rates for both dementia and

AD were higher in women in comparison to men,
the differences being statistically significant in AD
(IRR = 1.84; 95%CI 1.15, 3.04; P < 0.01)
(Table 2). In relation to education, the incidence
rate of dementia among the illiterate (23.5 per 1000
person-years, 95%CI 15.46–34.13) was signifi-
cantly higher than in either individuals with
primary education (8.3 per 1000 person-years,
95%CI 6.76–10.12) or in those with secondary or

higher educational level (4.2 per 1000 person-years,
95%CI 2.17–7.35). (Illiterate vs. primary,
IRR = 2.82, 95%CI 1.77–4.35, P < 0.01; illiter-
ate vs. secondary school or higher, IRR = 5.58,
95%CI 2.73–12.08, P < 0.01). Similarly, the inci-
dence rate of AD among the illiterate (16.5 per
1000 person-years, 95%CI 9.94–25.78) was signif-
icantly higher than in both individuals with
primary education (4.9 per 1000 person-years,
95%CI 3.77–6.39) and with secondary or higher
educational level (4.2 per 1000 person-years,
95%CI 1.44–5.99). (Illiterate vs. primary,
IRR = 3.33, 95%CI 1.88–5.67, P < 0.001; illiter-
ate vs. medium ⁄high, IRR = 3.92, 95%CI 1.81–
8.86, P < 0.01).
Tables 3 and 4 give the 10- to 30-year period risk

as well as the LTR of dementia and AD, respec-
tively. In women, a slight trend of increased LTR
with age was observed, but differences between age
groups were not statistically significant. Table 3
shows, for example, that a 65-year-old non-
demented woman has a 19.7% lifetime probability
of suffering dementia and a probability of 20.4% at

Table 2. Age- and sex-specific number of person-
years at risk, number of dementia cases, and inci-
dence rates [per 1000 person-years, with 95%
confidence interval (CI)]

Total dementia Alzheimer�s disease

Person-years
at risk

No. of
dementia cases

Incidence
rate 95%CI

No. of Alzheimer�s
disease cases

Incidence
rate 95%CI

Total
55–59 673 0 0.0 0–5.5 0 0.0 0–5.48
60–64 3609 1 0.3 0–1.5 0 0.0 0–1.02
65–69 3516 8 2.3 1–4.5 2 0.6 0.07–2.06
70–74 3174 9 2.8 1.3–5.4 4 1.3 0.34–3.23
75–79 2109 16 7.6 4.3–12.3 9 4.3 1.95–8.10
80–84 1352 17 12.6 7.3–20.1 10 7.4 3.55–13.60
85–89 1251 46 36.8 26.9–49.1 30 24.0 16.2–34.2
90+ 342 41 119.7 85.9–162.6 32 93.5 63.9–131.9
All ages 16 025 138 8.6 7.2–10.2 87 5.4 4.35–6.70
Men
55–59 312 0 0.0 0–11.8 0 0.0 0–11.82
60–64 1724 0 0.0 0–2.1 0 0.0 0–2.14
65–69 1566 6 3.8 1.4–8.3 0 0.0 0–2.36
70–74 1312 2 1.5 0.2–5.5 2 1.5 0.18–5.51
75–79 847 4 4.7 1.3–12.1 0 0.0 0–4.36
80–84 578 7 12.1 4.9–25 5 8.6 2.81–20.18
85–89 589 20 33.9 20.7–52.4 11 18.7 9.3–33.4
90+ 122 13 106.6 56.8–182.3 8 65.6 28.3–129.3
All ages 7050 52 7.4 5.5–9.7 26 3.7 2.41–5.40
Women
55–59 361 0 0.0 0–10.2 0 0.0 0–10.22
60–64 1885 1 0.5 0–3.0 0 0.0 0–1.96
65–69 1949 2 1.0 0.1–3.7 2 1.0 0.12–3.71
70–74 1862 7 3.8 1.5–7.7 2 1.1 0.13–3.88
75–79 1262 12 9.5 4.9–16.6 9 7.1 3.26–13.54
80–84 774 10 12.9 6.2–23.8 5 6.5 2.10–15.08
85–89 661 26 39.3 25.7–57.6 19 28.7 17.3–44.9
90+ 220 28 127.0 84.4–183.5 24 108.9 69.7–162.0
All ages 8975 86 9.6 7.7–11.8 61 6.8 5.20–8.73
IRR� 1.3* 0.91–1.87 1.84** 1.15–3.04

�Incidence rate ratio (IRR) for all ages, women vs. men.
*P = 0.1; **P = 0.009.
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the age of 85. The corresponding figures for AD
were 16.7% and 17.6%. However, an association is
observed between low education and LTR of both

dementia and AD, the risk of dementia being more
than twice as high and the risk of AD about twice
as high among illiterate women when compared
with women with the highest educational level. For
example, the risk of dementia among illiterate
women was 2.26 times higher for 65-year-old
women, and 2.31 times for 85-year-old women.
The corresponding figures for AD were 1.89 and
2.25, respectively.
In men, LTR increases slightly with age but,

again, differences between age groups were not
statistically significant. Table 3 shows, for exam-
ple, that a 65-year-old non-demented man has a
lifetime probability of 14.1% of suffering dementia
and of 16.8% at the age of 85. The corresponding
figures of AD were 8.4% and 10.9%, respectively.
The slight increment of LTR of both dementia and
AD with age is shown in Fig. 3. For comparison
with previous studies, the figure presents the LTR
from age 65 years. An association was also
observed in men between low education and LTR
of both dementia and AD, the risk of dementia
being more than twice as high and the risk of AD
about twice as high among illiterate men when
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Fig. 2. Age-specific incidence rates and CIs (per 1000 person-
years) of dementia in the ZARADEMP Project. Lower CI
limits from other studies in USA (3, 33, 34), Denmark (35),
Netherlands (36), Sweden (37), France (11), and Italy (38) are
presented for comparison.

Table 3. Age-, Sex-, and educational level-specific
mortality-adjusted 10-, 20- and 30-year, and life-
time-risk estimates* for dementia at index ages 55,
65, 75, and 85 years

10 Years 20 Years 30 Years Lifetime risk

Men*
55 Years 0.0 (0.0–0.3) 0.6 (0.3–1.0) 2.5 (1.8–3.2) 13.7 (12.3–15.3)
Illiterate 0.1 (0.0–4.3) 1.1 (0.2–4.0) 4.4 (1.9–8.7) 23.6 (17.0–30.7)
Primary 0.1 (0.0–0.4) 0.6 (0.3–1.1) 2.5 (1.8–3.4) 13.8 (12.0–15.6)
Secondary school or higher 0.0 (0.0–1.6) 0.4 (0.1–1.5) 1.8 (0.8–3.4) 10.1 (7.4–13.2)
65 Years 0.6 (0.3–1.0) 2.5 (1.8–3.3) 12.6 (11.0–14.2) 14.1 (12.5–15.9)
Illiterate 1.0 (0.1–5.1) 4.6 (1.6–10.1) 21.8 (14.2–30.5) 24.4 (16.4–33.3)
Primary 0.6 (0.2–1.2) 2.5 (1.7–3.5) 12.5 (10.7–14.5) 14.1 (12.2–16.2)
Secondary school or higher 0.4 (0.1–1.7) 1.8 (0.8–3.7) 9.3 (6.6–12.6) 10.5 (7.6–14.0)
75 Years 2.0 (1.2–3.2) 12.6 (10.4–14.9) – 14.2 (12.0–16.7)
Illiterate 3.3 (0.6–10.1) 19.8 (11.0–30.5) – 22.3 (12.9–33.3)
Primary 2.1 (1.2–3.5) 13.0 (14.4–15.8) – 14.7 (12.0–17.7)
Secondary school or higher 1.3 (0.3–4.1) 8.5 (4.9–13.2) – 9.6 (5.8–14.6)
85 Years 14.4 (10.9–18.4) – – 16.8 (13.0–21.0)
Illiterate 22.3 (9.6–38.2) – – 25.7 (11.9–42.0)
Primary 14.8 (10.7–19.6) – – 17.2 (12.8–22.2)
Secondary school or higher 9.4 (3.7–18.4) – – 10.9 (4.6–20.4)
Women*
55 Years 0.0 (0.0–0.2) 0.9 (0.6–1.3) 3.6 (3.0–4.4) 19.8 (18.4–21.3)
Illiterate 0.1 (0.0–1.3) 1.5 (0.6–3.1) 6.1 (4.0–8.8) 31.1 (26.5–35.8)
Primary 0.1 (0.0–0.3) 0.8 (0.5–1.3) 3.4 (2.7–3.4) 18.6 (16.9–20.3)
Secondary school or higher 0.0 (0.0–2.2) 0.6 (0.1–2.1) 2.5 (1.1–4.7) 13.7 (10.1–17.9)
65 Years 0.8 (0.5–1.3) 3.6 (2.8–4.5) 17.6 (16.0–19.3) 19.7 (18.0–21.5)
Illiterate 1.4 (0.4–3.9) 6.1 (3.3–10.0) 28.1 (22.0–34.4) 31.2 (24.9–37.7)
Primary 0.8 (0.4–1.3) 3.3 (2.5–4.3) 16.4 (14.6–18.3) 18.4 (16.5–20.4)
Secondary school or higher 0.6 (0.1–2.4) 2.4 (1.0–5.0) 12.3 (8.5–16.8) 13.8 (9.8–18.5)
75 Years 3.0 (2.1–4.1) 18.0 (15.8–20.3) – 20.3 (18.0–22.8)
Illiterate 4.5 (1.9–8.8) 26.1 (19.2–33.6) – 29.3 (22.0–36.9)
Primary 2.9 (1.9–4.2) 17.4 (14.9–20.0) – 19.6 (17.0–22.3)
Secondary school or higher 1.8 (0.3–6.0) 11.4 (6.2–18.4) – 13.0 (7.4–20.2)
85 Years 17.7 (14.2–21.5) – – 20.4 (16.7–24.4)
Illiterate 25.5 (15.6–36.6) – – 29.3 (18.8–40.7)
Primary 17.1 (13.1–21.5) – – 19.8 (15.6–24.4)
Secondary school or higher 10.9 (3.6–22.7) – – 12.7 (4.6–25.0)

*Risks shown as percentages (95%CI).
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compared with those with the highest educational
level (Tables 3 and 4). For example, the risk of
dementia among illiterate men was 2.32 times
higher for 65-year-old men, and 2.36 for 85-year-
old men. The corresponding figures for AD were
1.97 and 2.33, respectively. To assess the possibility
that cognitive performance at baseline influenced
the association of low education and LTR of
dementia and AD, we calculated LTR for different
baseline scores in the MMSE. However, the
association was maintained in both dementia and
AD, although LTR differences between illiterate
participants and participants with higher educa-
tional level were slightly attenuated (data not
shown).
LTR of both dementia and AD were higher in

women when compared with men, the differences
being statistically significant for all entry ages, with
the exception of the oldest entry age in cases of
dementia (Tables 3 and 4). Furthermore, the dif-
ferences according to sex were independent of the
educational level, although they tended to attenu-
ate in the oldest age of 85 years. Period risk of both

dementia and AD increases with age of entry for
calculations of risk in both men and women, but
also increases with the length of the interval
(Tables 3 and 4). For example, the 10-year risk of
dementia for a 65-year-old woman was 0.8%, but
it was 17.7% for an 85-year-old woman. The
corresponding figures for AD were 0.3% and 14.2,
respectively.

Discussion

We have confirmed in a Southern European city
the heavy burden presented by dementia and its
most frequent subtype, AD, because 8.6 and 5.4
per 1000 persons, respectively, may develop the
disease each year (39, 40). While the period
between waves has been relatively short in our
study, some incident dementia cases might have
occurred among the deceased people. Therefore,
because mortality risk among the demented is
higher than among the non-demented (41), the
rates reported may be regarded minimum estimates
of dementia and AD incidence. As expected, and in

Table 4. Age-, sex-, and educational level-specific
mortality-adjusted 10-, 20- and 30-year, and life-
time-risk estimates* for Alzheimer�s disease at
index ages 55, 65, 75, and 85 years

10 Years 20 Years 30 Years Lifetime risk

Men*
55 Years 0.0 (0.0–0.3) 0.2 (0.0–0.4) 1.1 (0.7–1.7) 8.2 (7.1–9.5)
Illiterate 0.0 (0.0–7.5) 0.3 (0.0–3.1) 2.1 (0.6–5.6) 15.1 (9.8–21.4)
Primary 0.0 (0.0–0.4) 0.1 (0.0–0.5) 1.1 (0.6–1.7) 7.8 (6.4–9.2)
Secondary school or higher 0.0 (0.0–2.6) 0.1 (0.0–1.2) 1.0 (0.4–2.4) 7.6 (5.3–10.4)
65 Years 0.1 (0.0–0.5) 1.1 (0.7–1.8) 7.0 (5.8–8.3) 8.4 (7.1–9.9)
Illiterate 0.3 (0.0–4.6) 2.2 (0.4–6.8) 13.0 (7.2–20.6) 15.6 (9.2–23.5)
Primary 0.1 (0.0–0.5) 1.1 (0.6–1.8) 6.6 (5.3–8.1) 7.9 (6.5–9.6)
Secondary school or higher 0.1 (0.0–1.4) 1.1 (0.3–2.6) 6.6 (4.3–9.5) 7.9 (5.4–11.1)
75 Years 1.1 (0.5–2.0) 7.4 (5.8–9.3) – 9.0 (7.1–11.0)
Illiterate 2.1 (0.2–8.3) 13.7 (6.6–23.4) – 16.4 (8.5–26.6)
Primary 1.1 (0.4–2.2) 7.2 (5.3–9.5) – 8.7 (6.6–11.2)
Secondary school or higher 0.9 (0.1–3.4) 6.0 (3.1–10.2) – 7.2 (4.0–11.8)
85 Years 8.7 (6.0–12.0) – – 10.9 (7.8–14.1)
Illiterate 16.6 (6.0–31.7) – – 20.5 (8.4–36.2)
Primary 8.3 (5.2–12.2) – – 10.3 (6.9–14.6)
Secondary school or higher 7.0 (2.3–15.3) – – 8.8 (3.3–17.6)
Women*
55 Years 0.0 (0.0–0.2) 0.3 (0.2–0.6) 2.4 (1.9–3.0) 16.7 (15.4–18.1)
Illiterate 0.1 (0.0–1.4) 0.6 (0.1–1.9) 4.3 (2.5–6.7) 28.0 (23.6–32.6)
Primary 0.1 (0.0–0.3) 0.3 (0.1–0.6) 2.1 (1.6–2.8) 15.0 (13.5–16.6)
Secondary school or higher 0.0 (0.0–2.6) 0.3 (0.0–1.6) 2.1 (1.6–2.8) 14.8 (11.0–19.0)
65 Years 0.3 (0.1–0.6) 2.4 (1.8–3.1) 14.0 (12.5–15.6) 16.7 (15.1–18.4)
Illiterate 0.5 (0.1–2.6) 4.2 (2.0–7.7) 23.9 (18.2–30.0) 28.2 (22.1–34.5)
Primary 0.3 (0.1–0.6) 2.1 (1.5–2.9) 12.5 (10.9–14.2) 14.9 (13.2–16.7)
Secondary school or higher 0.3 (0.0–2.0) 2.1 (0.8–4.5) 12.5 (8.7–17.0) 14.9 (10.7–19.7)
75 Years 2.2 (1.4–3.1) 14.3 (12.4–16.5) – 17.2 (15.0–19.4)
Illiterate 3.8 (1.5–7.9) 23.9 (17.3–31.2) – 28.3 (21.2–35.9)
Primary 2.0 (1.2–3.1) 13.0 (10.8–15.4) – 15.6 (13.3–18.1)
Secondary school or higher 1.6 (0.3–5.7) 10.8 (5.8–17.6) – 13.0 (7.4–20.2)
85 Years 14.2 (11.1–17.7) – – 17.6 (14.1–21.4)
Illiterate 24.8 (15.0–35.8) – – 30.2 (19.5–41.6)
Primary 12.7 (9.3–16.6) – – 15.7 (11.9–20.0)
Secondary school or higher 10.7 (3.5–22.6) – – 13.4 (5.0–25.9)

*Risks shown as percentages (95%CI).
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agreement with previous studies (1), the incidence
rate of both dementia and AD increases exponen-
tially with age. Regarding a more controversial
issue (4, 37), our data support the notion that the
incidence of dementia and AD continues to rise in
the oldest old, because, in both men and women, it
was more than three times higher in the age group
of 90+ years than in the age group of 85–89 years.
Incidence rates of dementia in this population

seem to be slightly lower than in most studies
reported in the literature, including the studies by
Kukull et al. (3) and Ganguli et al. (34) in the
USA. Specifically, in agreement with the EURO-
DEM study (2), the incidence rates of dementia in
this South European city were significantly lower
in age groups 70–85 years than in studies reported
in North-West Europe using similar methodology,
namely the Rotterdam study (36), the Odense
study (35), and the Kungsholmen Project (37), and
comparisons above that age were difficult because
of small samples and wide interval coefficients.
However, the conclusions of both the EURODEM
study and the present one about possible regional
differences in dementia incidence need confirma-
tion, because important differences of prevalence

might be expected if this was repeated across
Southern Europe.
The estimation of LTR of dementia and AD at

several ages, taking into account competing risks
of death, was one of the main objectives in this
particular study. In comparison to incidence esti-
mations, quite a different pattern emerges, and in
both overall dementia and AD, a slight trend of
increased LTR with age was observed, but differ-
ences between age groups were not statistically
significant. Therefore, the pattern of LTR shown in
this study will probably be less alarming than the
prevalence curves (42, 43) and incidence curves (2)
reported in the literature and available to the
public. LTR is an under-researched subject in
the field of dementia (6), but the applicability of the
estimates seems to be apparent. It has been
suggested that LTR calculations can be used as a
population risk estimate to aid policy decisions,
but mainly as a method for communicating disease
risk to individuals and the mass media (6). There is
some evidence in the literature related to effective
health communication that concepts such as LTR
are easier to comprehend than alternative esti-
mates, such as incidence rates (7). The data here

Fig. 3. Lifetime-risk, LTR (CI limits)
of dementia and Alzheimer�s disease in
men and women, in the ZARADEMP
Project, at index ages 65, 75, and
85 years.
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can easily be converted into bar graphs readily
accessible to the public, and eventually, nomo-
grams and charts may be produced to show the
LTR of dementia and AD. The Framingham Study
(8) and the Rotterdam study (5) have previously
reported mortality-adjusted LTRs and period risk
of dementia, and only the Framingham Study
reported AD risks. The Framingham estimates of
LTR for dementia were similar to ours. In
contrast, the Rotterdam study reported rates
almost twice as high. However, interstudy com-
parisons are difficult because, unlike our study,
these reports used univariate models of analysis
and we believe the use of multivariate methods
would attenuate the risk reported. The relevance of
adjusting by sex and education and of the use of an
LTR multivariate model, as in this study, is
supported by our findings showing an increased
incidence rate of dementia and AD in women in
relation to men, and in the less educated in relation
to the more educated. However, as emphasized by
Seshadri et al. (6), future studies should refine LTR
estimates with risk-stratified models, especially to
enable individual risk prediction. In this respect,
vascular risk factors should be considered, because
they are known to be associated with an increased
risk of dementia and are common in this type of
population (44).
As in some previous studies in the literature (2,

9), all indexes of frequency and risk of dementia
and AD were higher in women when compared
with men. It has been suggested that the divergent
rates of dementia in women and men may be partly
because of survival differences (45). However, in
relation to LTR, differential survival cannot
explain the higher risk of dementia among
women in this study, because LTR was mortality
adjusted. Moreover, in the Zaragoza study, we
adjusted for education and sex. A low educational
level has also been associated previously with
increased mortality (46). Therefore, explanations
other than differential survival between men and
women must be considered to clarify the increased
LTR of dementia and AD among women. The
delayed effects on women of estrogen deprivation
at menopause are still suggested as an explanation
(47), although results of studies about the effects of
estrogen therapy on AD have been disappointing
(48). However, early menopausal estrogen use
might have beneficial effects on the brain, because
the window of opportunity hypothesis suggests
that the neuroprotective effects of estrogen depends
on the age at the time of administration (49).
Our findings in relation to the association

between low educational level with frequency and
risk of dementia and AD also support the working

hypothesis. Firstly, the incidence rate of both
dementia and AD were higher among the less
educated, and the IRR was statistically significant
in both men and women for both dementia and
AD. Secondly, the LTR of both dementia and AD
was more than twice as high among illiterate
participants in comparison to participants with a
higher educational level and was independent of
age and sex (LTR ratios range from 2.34 to 2.36
among men; and from 2.26 to 2.31 among women
for dementia; and range from 1.97 to 2.33 among
men; and from 1.89 to 2.25 among women for
AD). For dementia, LTR increased as the level of
education decreased, while for AD, the highest risk
was observed among illiterate participants, but no
differences were observed between participants
with primary and secondary or higher educational
level. Several studies have observed the association
of dementia and AD with a low educational level
(2, 10), but discrepant results have also been
shown, and the authors of the Framingham study
have suggested that associations reported may be
spurious (50). Differential sensitivity of screening
instruments as a possible reason for the increase in
dementia risk among poorly educated people must
be considered (51, 52), because the re-validated
Spanish version of the MMSE is still influenced by
the educational background (13, 14). However, we
argue that the possibility that, because of the
differential sensitivity of the screening, false nega-
tive cases of dementia among individuals with
higher educational levels escaped the screening in
this particular study is considerably minimized.
Firstly, the negative predictive value (NPV) of
the MMSE in the same population is 97.8%.
Secondly, in this particular study, we also used for
the screening in the same individuals the cognitive
section in the Spanish version of the GMS, whose
NPV is 98.3% (13) and is minimally influenced by
education (18). Furthermore, following suggestions
by previous authors (3), we have also observed that
adjusting by cognitive performance at baseline the
association of low educational level and LTR of
dementia and AD was only mildly attenuated.
Therefore, we argue that, in this study, a true
association has been found between dementia and
low educational level.
The timing of this study in a developed country

must be emphasized, because we have studied
generations of participants born before 1936. The
educational level has improved dramatically in
recent generations (53), and only exceptionally will
illiterate individuals be found in the near future in
this country, and similarly in other developed
countries, so that the study of the effect of illiteracy
will no longer be possible. In contrast, findings in
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this study could be tested in developing countries
where important cross-national differences in the
prevalence of dementia have been reported (54).
Several explanations have been offered to account
for the association between low educational level
and dementia or AD, such as the brain reserve
hypothesis, the lack of intellectual stimulus and
exercise, or lack of mental hygiene and medical
care among less educated people (55). The different
pattern found in cases of AD requires confirmation
because it might suggest that illiterate individuals
have specific risks. The hypothesis might be
formulated that AD patients have latent traits
manifested early in the development in special
circumstances, such as the inability to reach an
appropriate language level in difficult academic
situations. Illiteracy criteria used in this study
included the inability to read and to write. Early
linguistic difficulties in AD patients have been
previously documented in classical studies such as
the Nun Study (56). In relation to this and similar
kinds of study, the possibility that AD might be a
lifelong illness has been suggested (57).
Several factors add strength to our findings, such

as the use of a representative population sample,
which includes institutionalized individuals, the
high rate of follow-up, the high sensitivity and
specificity of the case finding with instruments
validated by the group itself, the inclusion of
actual mortality data, and the use for the first time
of multivariate methods to study LTR. Some
limitations also need to be considered, such as the
loss to follow-up. The proportion of illiterate
individuals was significantly higher among drop-
outs, when compared with participants. Therefore,
hadmore dropouts participated in the follow-up, the
rates of dementia and AD reported here would be
higher among the less educated, because this group
of individuals has been observed to be at a higher
risk. However, this still would reinforce our conclu-
sions about the increased risk of dementia and AD
among the illiterate. Another limitation may be the
fact that we do not have data on ApoE, and the
hospital diagnosis was not completed in all cases of
dementia. Furthermore, by design, we only report
LTR population estimates, but for any given indi-
vidual, the estimated LTR would vary with possible
risk factors not controlled in this study, such as
vascular risk factors and disorders (6), and with the
possible success of risk factor management.
In conclusion, this study in a Southern European

population confirms that the exponential increase
in incidence of dementia continues after the age of
90 years, but the incidence rate tends to be slightly
lower than in previous studies in North-West
Europe. The study documents the LTR of demen-

tia and AD in a Southern European city for the
first time, and only a trend for an increased LTR
with age was observed. All indexes of frequency
and risk of dementia or AD were higher in women,
and the LTR of AD was higher among illiterate
individuals. The applicability of LTR findings
seems apparent.
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