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Objective: In a background of revision of criteria for states of increased
risk for progression to dementia, we compare the conversion rate to
dementia and Alzheimer’s disease (AD) of mild cognitive impairment
(MCI) as diagnosed using DSM-5 (DSM-5-MCI) and Petersen’s
(P-MCI) criteria.
Method: A population representative cohort of 4057 dementia-free
individuals 55+ years of age was followed up at 2.5 and 4.5 years in
Zaragoza, Spain (ZARADEMP). Using the Geriatric Mental State-
AGECAT for assessment, research psychiatrists diagnosed DSM-
5-MCI and P-MCI following operationalized criteria. ‘Conversion rate’
(CR), ‘annual conversion rate’ (ACR), and incidence rate (IR) were
calculated along with incidence rate ratio (IRR) to compare the
performance of the intermediate cognitive definitions.
Results: At 4.5-year follow-up, in individuals aged 65+ years, ACRs for
non-cases, P-MCI, and DSM-5-MCI were 0.8, 1.9 and 3.4, respectively,
for global dementia. The IRRs were 2.9 and 5.3 for P-MCI and DSM5-
MCI, respectively, being the non-cases the reference category. The
corresponding values were slightly lower for AD.
Conclusion: Conversion rate to dementia and AD was higher using
DSM-5-MCI criteria than using Petersen’s criteria. However, prediction
of the construct still has some way to go, as most MCI individuals did
not convert at 4.5-year follow-up.
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Significant outcomes

• ‘Conversion rate’ to dementia and Alzheimer’s disease (AD), ‘annual conversion rate’ and incidence
rate were all higher using DSM-5-MCI criteria than using Petersen’s criteria.

• Compared with non-cases, the incidence rate ratio of dementia among individuals aged 65+ years
was three times higher in the P-MCI cases, but more than five times higher in the DSM-5-MCI
cases.

• At 4.5-year follow-up, ~15% DSM-5-MCI individuals and ~10% P-MCI individuals, developed
dementia, the corresponding proportions for AD being ~10% and ~5% respectively.
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Limitations

• Loss to follow-up in this study limits the generalizability of results.

• Only a limited proportion of cases of dementia and Alzheimer’s disease (AD) identified in the com-
munity could complete a hospital diagnostic protocol.

• The lack, to date, of harmonization of the operational criteria used for mild cognitive impairment
and different metrics used to document conversion to dementia and AD limit the comparability of
results.

Introduction

Given current projected increases in the global
incidence of dementia and Alzheimer’s disease
(AD) in the decades ahead, there is interest in iden-
tifying individuals with these conditions at the pro-
dromal or preclinical stage to test whether a
variety of potential interventions including novel
pharmaceutical agents might alter natural history
and also to understand how definitions of such
‘pre’ conditions perform in the variety of settings
in which they might be used (1). Among the many
different attempts to characterize syndromes of
memory and cognitive deficits over the last
30 years leading to dementia, mild cognitive
impairment (MCI) (2) has emerged as the most
popular with researchers and has been widely
adopted in clinical practice. However, the charac-
terizations of states of mild cognitive disorders
have been heterogeneous, and there has been a
lack of specific, reliable, and validated operational-
ized criteria that have known and sufficiently good
predictive performance (3). Moreover, the perfor-
mance of any specific set of criteria will depend on
subjects such as the diagnostic methods used, the
structure of the population or whether it is a selec-
tive setting such as secondary or tertiary care set-
tings, primary care, or community study. Wide
differences in prevalence have, not surprisingly,
been reported (1). In support of this, we have
recently shown (4) that the prevalence of MCI in
the general population according to the new DSM-
5 criteria (DSM5-MCI) (5) is approximately half
the number compared to the prevalence reported
using the classical Petersen’s criteria (P-MCI) of
amnestic MCI (2).

Mild cognitive impairment is often considered to
be a transitional state from cognitive changes asso-
ciated with normal ageing to those typically found
in dementia, particularly AD (6). However, due to
factors such as the instability of the concept, length
of follow-up, or loss to follow-up, wide variation
in the so-called conversion rate (CR) to dementia
has been reported (7, 8). Performance is better, as

expected, from high prevalence settings with a
range of 21% (9) to 60.9% (10) reported from clin-
ical settings compared with community-based sam-
ples [range 5.2% (11) to 51.5% (12)].

Moreover, while most researchers report the CR
to dementia over the period covered by their stud-
ies (13–15), others calculate an ‘annual conversion
rate’ (ACR) (15–17). Incidence rate (IR) compar-
isons can be useful as this takes into consideration
the amount of time each individual has been in the
measured state (in this case, not an ‘exposure’)
(18). This metric has only been reported in a few
studies (7, 19, 20).

In view of the low rates of conversion to demen-
tia observed in population-based studies (7), if
MCI cases are to be sought as examples of prodro-
mal dementia, then the MCI construct must per-
form much better than it does at present, with less
variability in its predictive power as at present
those people given such diagnoses are also bur-
dened with uncertainty about its value (4). Over
the last 5 years MCI criteria have undergone piece-
meal and also extensive revision (21). For example,
in the latest revision of the DSM (DSM-5) (5),
MCI has been captured under the new term mild
neurocognitive disorder (DSM5-MCI). Compared
to classical definitions, such as P-MCI, this new
definition is broad, implying a more severe symp-
tom profile that allows for greater compromise in
functional independence (4). These revisions bear
striking resemblance to ‘minimal dementia’ used in
much older instruments, such as the CAMDEX
(22), and might bring some promise to better pre-
dicting onset of dementia. In this context, we need
population studies to apply the new criteria and
test their performance.

Aims of the study

The aim of this study was to compare conversion
to dementia (and Alzheimer’s disease) in cases of
mild cognitive impairment defined using the new
DSM-5 criteria and the classical Pestersen defini-
tion, using different statistical metrics, in a large
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population-based study undertaken in Spain.
Superiority of new over classical criteria in predict-
ing conversion to dementia will have important
implications for how we think about defining mild
cognitive impairment in population-based settings.

Material and methods

Study design and sample

The ZARADEMP project (ZARAgoza DEMentia
DEPression project) is a large longitudinal, com-
munity-based study designed to examine the inci-
dence and risk factors of dementia (and
depression). It was carried out in Zaragoza, a typi-
cal, large city in Spain incorporating both urban
and rural areas, and the methods have been
described in detail (23). In summary, a stratified
random sample of individuals aged 55 years and
older, with proportional allocation by age and sex,
drawn from the eligible individuals from the Span-
ish official census lists were invited to participate in
the baseline examination (Wave 1, starting in
1994). In total, 4803 people were interviewed in the
baseline study. Individuals have completed two
follow-up visits, the first starting in 1997 (Wave II,
2.5-year follow-up) and the second in 1999 (Wave
III, 4.5-year follow-up). For the follow-up, because
we were interested in dementia-free individuals,
subjects considered to be cases or subcases of
dementia at baseline were excluded (see definitions
below; n = 746), for a starting sample of 4057 par-
ticipants.

The Ethics Committee of the Instituto Aragon�es
de Ciencias de la Salud (IACS) and the Fondo de
Investigaci�on Sanitaria (FIS) approved this study,
according to Spanish Law, and all individuals pro-
vided written informed consent.

Instruments

The ZARADEMP interview incorporates several
international instruments, previously standardized
in Spain by our research group. They include the
Geriatric Mental State (GMS) (24)and its comput-
erized diagnostic program, AGECAT (25, 26); the
History and Aetiology Schedule (HAS) (27); the
Mini-Mental Status Examination (MMSE) (28,
29); Lawton & Brody scale (30) and Katz’ index
(31) to assess instrumental and basic activities of
daily living (ADL’s) respectively.

Dementia assessment and diagnosis

Dementia was diagnosed using a two-phase screen-
ing design in the baseline study (Wave I) and

follow-up waves (Waves II and III). In phase I of
each wave, well-trained and regularly supervised
lay interviewers (senior medical students) con-
ducted the ZARADEMP interview at the partici-
pants’ place of residence. Participants were
classified as ‘probable cases’ of dementia based on
the GMS threshold ‘global’ score (1/2) and/or
MMSE standard cutoff points (23/24). In phase II,
all probable cases of dementia were reassessed in
their place of residence by a research psychiatrist
using the same methods as well as Hachinski’s
scale (32) and a brief, previously standardized neu-
rological examination. At the end of the baseline
study, identified cases of dementia and subcases of
dementia (GMS criteria) were excluded from the
follow-up waves (II and III).

In the follow-up waves, incident dementia (in-
cluding subtype) was initially diagnosed by the
research psychiatrist doing the assessment, but the
final DSM-IV diagnosis was made by consensus
that required at least three psychiatrists in a four-
member panel to be in agreement. Our previous
studies have supported the validity of this diagnos-
tic process (26). Moreover, to document the accu-
racy of the panel, a proportion of cases were
invited for a hospital diagnostic work-up, and
NINCDS-ADRDA criteria (33) 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.

MCI assessment and diagnosis

The process for the MCI assessment and diagnosis
was as follows: First, blind to the results of the
field work, a panel of research psychiatrists (and a
psychologist) operationalized the relevant items in
the ZARADEMP interview to comply with both
Petersen et al. (2) and DSM-5 criteria (5) (see
Table 1). Second, the research psychiatrists
reviewed all the information from the ZARA-
DEMP interview in Wave I and classified the indi-
viduals in the appropriate, operationalized
categories of MCI ‘cases’ or ‘non-cases’. Based on
the DSM-5 criteria (5), individuals with psychosis
and severe depression (defined as an AGECAT
case symptom level of 3 or above, Stage II) were
excluded from the DSM5-MCI construct. No
exclusions were applied to Petersen et al. criteria
(2).

Data analysis

Statistical analysis was performed using SPSS STATIS-

TICS v.19 (IBM Corp. 2010, New York, NY, USA)
for Windows. Statistical significance was set at
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P < 0.05 and all tests were two-tailed. Pearson chi-
square test and Student’s t-test were used to com-
pare demographic features between non-cases and
MCI cases (P-MCI and DSM-5- MCI), for cate-
gorical and continuous (normally distributed) vari-
ables respectively. As the two MCI groups were
not mutually exclusive, no statistical differences
were calculated between them.

To facilitate comparison with previous studies in
the literature, the ‘CR’ and the ‘ACR’ to dementia
and AD were calculated using the approach by
Mitchell et al. (15). The same nomenclature has
been used quoted (‘CR’, and ‘ACR’), as the coeffi-
cients are not rates sensu stricto.

For calculating CR and ACR in P-MCI, all
P-MCI cases at baseline were included in the
denominator, and the cases converting into demen-
tia (and AD) in both the 2.5- and 4.5-year follow-up
were included in the numerator. Identical procedure
was followed for calculating conversion in DSM5-
MCI and in the ‘no-cases’. The overlap of the MCI
cases was not considered in the calculations.

For calculating IR in P-MCI, sum of all P-MCI
person-years was included in the denominator, and
the cases converting into dementia (and AD) in
4.5 year follow-up were included in the numerator.

Identical procedure was followed for calculating
IR in DSM5-MCI and in the ‘no-cases’. Person-
years was calculated as the time from the date of
first examination (Wave I) to: (i) the end of the fol-
low-up examination (Wave III) for all non-demen-
ted individuals; (ii) the date of invitation for
refusals; (iii) the date of moving away or death
(based on actual data from the official registry in
the City of Zaragoza); or, (iv) the time of onset of
dementia for cases. The time of onset of dementia
was estimated to be the time from the baseline
interview to the midpoint between diagnosis and
the previous examination. Finally, the incidence
rate ratio (IRR) expressed as the ratio between the
IR of each MCI group and the IR of ‘non-cases’
was also calculated.

Results

After excluding 746 prevalent cases or subcases of
dementia at baseline, the analytical sample
included 3641 dementia-free, non-MCI individuals
(non-cases) and 416 MCI cases of which 303 were
classified as P-MCI (2) and 139 were classified as
DSM5-MCI (5), with an overlap between the two
MCI groups. Table 2 shows the demographic

Table 1. Diagnostic criteria for mild cognitive impairment (MCI) used in the study

Petersen’s criteria (2) DSM-5 criteria (5)

(A) Subjective complaint of decline in memory
on self- or informant report

(A.1) Concern of the individual, a knowledgeable informant, or the clinician that there has been
a mild decline in cognitive function;
and

(A.2) A modest impairment in cognitive performance, documented by standardized cognitive assessment
(B) Isolated memory impairment on neuropsychological
testing (below the standard threshold point)

(B) The cognitive deficits do not interfere with capacity for independence in everyday activities
(as measured by ADL scales), but greater effort, compensatory strategies, or accommodation may be required

(C) Intact daily functioning in ADL scales (C) The cognitive deficits do not occur exclusively in the context of a delirium
(D) Not meeting criteria for a diagnosis of dementia (D) The cognitive deficits are not better explained by another mental disorder

(specifically: psychosis and severe depression)

ADL, activities of daily living.

Table 2. Demographic characteristics of non-cases and individuals with MCI according to both Petersen’s criteria (P-MCI) (2) and DSM-5 criteria (DSM5-MCI) (5)

Non-cases
n = 3641

P-MCI cases
n = 303

DSM-5-MCI cases
n = 139

N (%) Mean (SD) N (%) Mean (SD) P-value* N (%) Mean (SD) P-value†

Women 1963 (53.9) 185 (61.1) 0.016 96 (69.1) <0.001
Age (years) 71.7 (9.0) 73.3 (8.7) 0.003 80.7 (8.9) <0.001
55–64 955 (26.2) 52 (17.2) <0.001 7 (5.0) <0.001
65–74 1434 (39.4) 123 (40.6) 0.724 32 (23.0) <0.001
75+ 1252 (34.4) 128 (42.2) 0.007 100 (72.0) <0.001

Education (years) 7.6 (3.8) 6.5 (3.3) <0.001 6.5 (3.2) 0.001
Illiterate 273 (7.6) 33 (10.9) 0.044 14 (10.1) 0.336
Primary school 2685 (74.4) 243 (80.5) 0.016 110 (79.1) 0.158
Secondary school or higher 651 (18.0) 26 (8.6) <0.001 15 (10.8) 0.041

*Non-cases vs. MCI according to Petersen’s criteria (P-MCI) (2).
†Non-cases vs. MCI according to DSM-5 criteria (DSM5-MCI) (5).
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characteristics of the three groups. Compared to
non-cases, individuals with MCI were significantly
older and had a higher proportion of women. The
proportion of individuals with low educational
attainment was higher in both MCI categories, the
differences with non-cases being statistically signifi-
cant in P-MCI cases. While statistical comparisons
between P-MCI and DSM5-MCI individuals are
not appropriate, the latter were considerably older
and the proportion of women, but not the propor-
tion of the illiterate, was higher among them.

During follow-up, 462 (12.6%) non-cases, 29
(9.5%) P-MCI cases and 12 (8.6%) DSM5-MCI
cases dropped out at 2.5-year follow-up and 739
(20.3%) non-cases, 65 (21.4%) P-MCI cases and
22 (15.8%) DSM5-MCI cases dropped out at 4.5-
year follow-up. Compared with the non-cases, the
differences did not reach statistical significance
(P = 0.136 and P = 0.198, at 2.5 years, and
P = 0.685 and P = 0.237 at 4.5 years respectively).

Moreover, 237 (6.5%) non-cases had died at 2.5-
year follow-up and 641 (17.6%) at 4.5-year follow-
up, the proportions being similar among P-MCI
individuals (n = 22, 7.2%; and n = 51, 16.8%
respectively). However, the proportions of individ-
uals who died before the follow-up assessment
were almost double among DSM5-MCI individu-
als (n = 18, 12.9%; and n = 48, 34.5% respec-
tively) when compared with the non-cases, the
differences being statistically significant (P = 0.005
and P < 0.001 respectively).

‘Conversion rate’ and ‘annual conversion rate’

At 2.5-year follow-up, there was no conversion to
dementia or AD in any of the subgroups of indi-
viduals aged 55–64 years of age. At 4.5-year fol-
low-up, only five non-cases and one MCI-P case
converted to dementia and two non-cases con-
verted to AD in this age stratum. To draw compar-
isons with previous studies in the literature, we
focus the results in the individuals aged 65+ years
converting to dementia at each follow-up wave
across the three study groups (Table 3). Compared
to non-cases, the CR was significantly higher in the
MCI-P and DSM5-MCI groups at both follow-up
waves. At 2.5-year follow-up, conversion to
dementia was observed in 52 (1.9%) non-cases, 13
(5.2%) P-MCI cases, and 14 (10.6%) DSM5-MCI
cases, the corresponding numbers and proportions
at 4.5-year follow-up being 93 (3.4%), 24 (8.7%),
and 20 (15.1%) in each group respectively. Similar
results were observed when the outcome was
restricted to AD: higher CRs in cases vs. non-cases
and in the DSM5- MCI group overall (see
Table 3). Ta
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The ACRs to dementia in the three study groups
are also shown in Table 3. As shown, the results
are similar to those observed when comparing the
CR to dementia: higher ACRs (all-cause dementia
and AD) in the MCI-P and DSM5-MCI groups
compared to non- cases and in the DSM5-MCI
group overall.

Incidence rate

Incidence rates for both MCI groups of individu-
als aged 65+ years were significantly higher than
for those not meeting these criteria, the IR being
almost three times higher (IRR = 2.9) in the
MCI-P cases and more than five times higher in
the DSM5- MCI cases (IRR = 5.3) (see Table 4).
The same pattern was observed in relation to
AD.

Discussion

Main results

In line with previous reports (8), in persons aged
65+ years, MCI, operationalized using either the
classical Petersen definition or new DSM-5 crite-
ria, was found to be associated with increased CR
to dementia (and AD), regardless of the analytical
approach used. Further, in comparison with non-
MCI individuals, the CR, ACR, and IR were all
higher at 2.5 and 4.5 years of follow-up when
using the new DSM5-MCI construct, than using
the classical P-MCI construct. Moreover, a con-
tinued progression to dementia was also observed
with an increase in follow-up time. Based on CR
at 4.5 years of follow-up, more DSM5-MCI
(~15%) than P-MCI individuals (~10%) devel-
oped dementia, the corresponding proportions for
AD being ~10% and ~5% respectively. Further,
the ACR to dementia (and AD) for DSM5-MCI
cases was also approximately double that of P-
MCI cases. Similar results were observed when
the sample was broadened to persons aged
55+ years.

Methods

One strength of the study relates to the sample,
which is large, representative of a typical city pop-
ulation in Spain, and includes institutionalized
individuals. It has been suggested that studies of
elderly populations with cognitive impairment may
be challenged by an increasingly high loss to fol-
low-up over time (7). However, the proportion of
drop-outs in this study was not high (range 12–
16%), and no between-group significant differ-
ences were observed. Most researchers report the
CR to dementia over the period covered by their
studies (13–15), and others calculate the ACR (15–
17). We report both analytical approaches, with
the additional advantage of calculating the IR,
which takes into account the amount of time each
individual has been in the measured state (18).

A potential limitation in this study relates to the
diagnostic process in the community. While this
process has previously been reported to be valid
(26), only a limited proportion of cases of demen-
tia identified could complete a hospital diagnostic
protocol. However, we expect this does not affect
in an important way the main results in the study,
as the agreement between the panel and hospital
diagnosis was quite substantial. The diagnosis of
MCI by the panel of research psychiatrist was
careful, all the items used for the diagnosis come
from reliable and valid instruments, and the diag-
nostic criteria were previously operationalized.
However, the MCI categories used may merit more
careful validity studies before the results are gener-
alizable, as suggested by the instability of the MCI
concept itself.

Interpretation

To some extent, the results of an increased proba-
bility of developing dementia in individuals who
fulfill DSM5-MCI criteria might be expected, in
view that signs and symptoms of this construct
may be more severe than those captured in the
P-MCI definition, which was developed with a

Table 4. Incidence rate (IR) to overall dementia and Alzheimer’s disease in individuals aged 65+ years with MCI diagnosed according to both Petersen’s criteria (P-MCI) (2) and
DSM-5 criteria (DSM5-MCI) (5) and in non-cases

65+ years n Person-years

Overall dementia Alzheimer’s disease

Incident cases IR (95% CI) IRR (95% CI) P * Incident cases IR (95% CI) IRR (95% CI) P *

Non-cases 2686 10 451 93 8.9 (7.3–10.9) 60 5.7 (4.5–7.4)
P-MCI cases 251 938 24 25.6 (17.1–38.2) 2.9 (1.8–4.5) <0.001 14 14.9 (8.8–25.2) 2.6 (1.4–4.6) 0.001
DSM-5-MCI cases 132 423 20 47.3 (30.5–73.3) 5.3 (3.3–8.6) <0.001 13 30.7 (17.8–52.9) 5.3 (2.9–9.7) <0.001

IRR, incidence rate ratio.
*P-values related to IRR were from the z-test.
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different philosophical approach (34). The use of a
more restricted set of criteria such as the DSM5-
MCI may have special value for the individual (re-
stricted but high performance good), but the
higher predictive value may come at only the cost
of decreased sensitivity. As a result, the restricted
criteria would be not so useful for the population
because it would not identify some of the total inci-
dent cases in the same population over time.

It might also be argued that the higher conver-
sion in DSM5-MCI cases was mainly a conse-
quence of aging, as DSM5-MCI cases were older.
However, a secondary analysis suggests that this is
not the only reason for the differences found.
While the CRs to dementia were higher on the
‘older old’ individuals (75+ years) when compared
with the ‘younger old’ (<75 years), the CRs in both
age subgroups were higher in the DSM5-MCI
cases than in the P-MCI cases. Among the ‘older
old’, 18 (18%) DSM5-MCI cases and 19 (15%)
P-MCI cases converted to dementia at 4.5-year
follow-up, the corresponding numbers in non-cases
being 80 (6%). Among the individuals aged <75
the corresponding numbers were 2 (5%), 6 (3%)
and 18 (0.7%). Even more interest may have the
comparison of IRs. The IRRs to dementia at 4.5-
year follow-up were 3.3 times higher in DSM5-
MCI and 2.4 times higher in the P-MCI among the
‘older old’ individuals, the corresponding values in
the ‘younger old’ individuals being 7.3 and 4.5
respectively. These results are consistent with some
previous reviews (7, 35).

Comparison with previous studies

Our finding of the continued progression to
dementia with the increase in follow-up time con-
tradicts a study that suggests that the CR is partic-
ularly high early in the follow-up period (36), but
is consistent with the conclusions of a more recent
systematic review (7). In view of diverse follow-up
periods in previous studies, we focus on compar-
isons of IRs in the P-MCI cases, as we have not
found similar population studies related to DSM5-
MCI. At 4.5-year follow-up, the IR of dementia in
our study was 25.6, and the IR of AD was 14.9.
Higher rates of IR have been observed in studies
such as the one by Solfrizzi et al. (19) (38 and 23,
respectively) or Ishikawa, 2006 (20) (161 and 85
respectively). In Ward et al.’s systematic review (7)
the IRs of AD (43–115) were also considerably
higher than in Zaragoza. Our results may be con-
sistent with a previous study suggesting that the
incidence of dementia in Zaragoza was lower than
in most studies in Europe and the USA (23).

Implications of the findings

While in this study the proportion of MCI cases
progressing to dementia was higher using the
DSM5-MCI criteria, than using more classical P-
MCI criteria, only ~15% of individuals with
DSM5-MCI developed dementia over the 4.5-year
follow-up. Nonetheless, the improved predictive
power of the DSM5-MCI criteria may come at
only the cost of decreased sensitivity. It might be
argued that some individuals with dementia die
before the follow-up assessment. Yet, more than
half the DSM5-MCI cases (n = 78, 56.1%) were
alive and non-demented 4.5 years after the base-
line assessment. Even in a clinical setting, in pri-
mary care, using diagnostic criteria ‘very similar to
the mild neurocognitive disorder in the DSM-5’
the German AgeCoDe study found that only one-
quarter of patients with MCI have progression to
dementia within the next 3 years (37). Therefore,
these results suggest that there is still some way to
go for recommending the MCI concept for wider
use in population-based settings. It may be unli-
kely that methods based solely on clinical psy-
chopathology will separate those individuals with
MCI susceptible to developing dementia and AD
from those who are not.

In conclusion, this study shows that using more
stringent DSM5-MCI criteria (5) is associated with
an increased rate of conversion to dementia and
AD, regardless of how progression to dementia is
measured, when compared with the more classical
P-MCI criteria (2). Still, most MCI individuals do
not develop dementia, and both clinicians and
health administrators should be cautious when
transferring the concept of MCI into population-
based settings as this might create unnecessary
concern (37). Incorporation of genetic and biomar-
ker assessments in future studies, in addition to the
clinical assessment of MCI, may lend added clarity
in the crucial search of early identifiers of individu-
als at risk of dementia and AD.
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