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Abstract.
Background: There are forms of Alzheimer’s disease (AD) that have an autosomal dominant inheritance pattern; one of
them is caused by the E280A mutation in the gene that codes for Presenilin-1 (PSEN1). Studying families of people with this
mutation allows the evaluation of characteristics of the subjects before cognitive decline begins.
Objective: To determine whether having the mutation E280A in PSEN1 increases the risk of presenting mental disorders in
adults under 30 years old who are in the preclinical stage of AD and may be eligible for primary prevention studies of AD.
Methods: A psychiatric evaluation was made to 120 people belonging to families with a history of early onset AD. Of
these, 62 carried the E280A mutation in PSEN1. The occurrence of mental disorders between carriers and non-carriers of the
mutation was compared.
Results: No statistically significant differences were found in the frequency of any mental disorder between the group of
carriers and non-carriers of the mutation (Hazard Ratio: 0.80, 95% CI 0.49 to 1.31); nor were differences observed when
evaluating specific disorders.
Conclusion: The E280A mutation does not increase the risk of mental disorders before the age of 30 in the relatives of people
affected by familial AD. Studies with larger sample sizes are required to assess the risk of low incidence mental disorders.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of
dementia worldwide [1, 2]; it has a great impact
on public health, among other reasons, due to the
emotional burden and the economic cost to society,
caregivers, and those who suffer it [3]. It is defined as
a neuropsychiatric disease with a neuropathological
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component of neuronal loss, gliosis, abnormal
accumulation of amyloid-� (A�) in the form of extra-
cellular plaques, and intraneuronal accumulations of
hyperphosphorylated tau protein in the form of neu-
rofibrillary tangles and dystrophic neurites [4–6].

The clinical component is a spectrum of progres-
sive and irreversible cognitive impairment that, in
general, initially compromises the episodic memory
and eventually leads to dementia [1, 2]. Dementia
due to AD can be diagnosed as definitive, possible,
or probable according to the criteria of the National
Institute of Aging and the Alzheimer’s Association
[7]. The diagnosis of dementia is equivalent to the
Major Neurocognitive Disorder that is used in the
Diagnostic and Statistical Manual of Mental Disor-
ders Fifth edition (DSM-5) [8].

There are two variants of AD according to its
genetic transmission: familial that corresponds to less
than 5% of cases and is characterized by Mendelian
inheritance patterns and the sporadic one that does not
have a clear inheritance pattern [5, 9]. Familial AD
can be caused by mutations in the genes that code
for the Amyloid Precursor Protein (APP), Presenilin
1 (PSEN1), and Presenilin 2 (PSEN2) [2]. The most
common causes are mutations in PSEN1 [9–11], of
which 241 have been described in the database Alz-
forum (www.alzforum.org/mutations). PSEN1 and
PSEN2 are part of the gamma secretase responsible
for the abnormal cleavage of A�PP and produce the
accumulation of A� [2, 12, 13].

The symptomatic phase prior to dementia is called
mild cognitive impairment (MCI) characterized by a
decrease in cognitive performance that is not normal
for age and educational level. Level of performance
on cognitive tests in MCI has been estimated at 1.5
standard deviations below the mean [14]. The phase
prior to cognitive impairment is called preclinical
and in it have been described neuropsychological and
neuropathological alterations [1, 14, 15]. Research is
being conducted in this preclinical phase directed at
the discovery of reliable predictive markers that allow
early diagnosis, disease monitoring, and response to
treatment [16, 17].

The presence of neuropsychiatric symptoms other
than cognitive impairment such as apathy, depression,
agitation, and hallucinations, has been proposed as a
marker for AD, before the development of dementia
[18–20]. It has also been considered that personality
structure can influence how a person experiences AD
and is a cause of neuropsychiatric symptoms or that
people with AD could have a unified behavior profile,
an “Alzheimer’s personality” that would make them

respond in a specific way to cognitive deterioration
[21, 22]. However, most of the studies that describe
this type of neuropsychiatric symptoms as possible
markers, do not allow the clarification if these occur in
phases in which there is already cognitive impairment
that could not be considered preclinical.

There are differences in pathology and clinical
expression between the familial and non-familial AD
[23]. To identify AD markers and investigate other
phenomena that occur in the preclinical phases, stud-
ies in autosomal dominant AD can be very useful
because the penetrance is almost complete and could
allow their results to be extrapolated to all forms of
AD [23]. A study published in 2015 compared the
frequency of psychiatric symptoms between 271 peo-
ple with different mutations associated with familial
AD at different phases and 106 people non-carriers
of mutations [24]. In those without cognitive impair-
ment, which could be considered as the preclinical
phase, carriers of the mutation had a lower frequency
of depressive symptoms than non-carriers and did
not find any differences in other type of symptoms.
Among those with MCI and dementia, there was
a greater frequency of depression, apathy, disinhi-
bition, irritability, and sleep disturbances compared
to non-carriers of mutations. However, in this study
the symptoms were measured cross-sectionally and
mental disorders were not identified. It would be
important to determine if in the preclinical phases
there is a higher incidence of mental disorders asso-
ciated with the presence of a mutation.

The Neurosciences Group of Antioquia (NGA)
described and continues doing the follow-up of fam-
ilies with AD caused by the E280A mutation in
PSEN1, a mutation characterized by a substitution of
glutamic acid by alanine at codon 280 [12, 25, 26].
This constitutes the world’s largest group of fami-
lies at risk of early-onset AD, with an average of
32 years for asymptomatic cognitive decline [9, 27].
The objective of the present study is to determine in
adults under 30 years old belonging to these fami-
lies, and possible candidates to be eligible for studies
of primary prevention, if the carriers of the E280A
mutation in PSEN1 have an increased risk of present-
ing mental disorders in comparison with non-carriers
of that mutation.

METHODS

A historical cohort design was made taking as the
starting point for the follow-up the birth of each of
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the participants and the end, the date of the evalu-
ation. This study followed the ethical guidelines of
the Helsinki Declaration (2013 Review) and Reso-
lution 8430 of 1993 of the Ministry of Health of
the Republic of Colombia that oversees the rights of
people who participate in medical research. Before
collecting information, this study was approved by
the Bioethics Committee of the Faculty of Medicine
of the University of Antioquia.

Participants

Individuals between 18 and 29 years with a family
history of autosomal dominant Alzheimer’s disease
(ADAD) by the E280A mutation in PSEN1, who
have been genotyped for this mutation were included.
Those with a history of brain injuries, moderate or
severe mental retardation, and those who could not
attend the evaluations due to living in other depart-
ments of Colombia or outside the country were
excluded from the study. The sample size was cal-
culated using the formula for survival analysis with
two independent groups with censorship, a Type I
error of 0.05, a Type II error of 0.20, a risk rate for
the exposed group of 0.025, a risk rate for the control
group of 0.01, a proportion of subjects control group
of 0.5, and a time to the event of 29 years. The risk
rates were taken from the frequencies throughout the
life of minor depression in adults according to the
last National Survey of Mental Health of Colombia
of 2015 [28].

Procedures

The information was collected between December
2016 and January 2018. Personnel different from the
evaluators identified potential participants from the
database of the NGA Information System. For ethical
reasons, at no time was the genetic status of a sub-
ject revealed to those who conducted the interviews
or to the participants. The individuals were invited
to participate by telephone, and they were evaluated
at their home or in an office of the Research Head-
quarters of the University of Antioquia. Informed
consent was read and signed and immediately after,
a psychiatrist or a resident of psychiatry applied the
Diagnostic Interview for Genetic Studies (DIGS) 3.0
and the Zarit scale to evaluate the caregiver’s burden.
The evaluation of each individual took between one
and two hours. Before starting data collection, the
researchers responsible for applying the tools were
trained.

The diagnosis of each mental disorder was made
based on the information from DIGS and with the
criteria of the Tenth Edition of the International
Classification of Diseases (ICD-10). Best Diagnostic
Estimation procedure was done consistent with the
assignment of the diagnosis based on the indepen-
dent review of the DIGS by two expert psychiatrists
(different from those who did the interview). If a diag-
nostic consensus was not reached, a third psychiatrist
was called.

Instruments

The Diagnostic Interview for Genetic Studies
(DIGS) is a semi-structured interview that was
designed as a tool for the evaluation of subjects par-
ticipating in genetic studies of psychiatric disorders
[29]. It has sections for the diagnosis of affective, psy-
chotic, substance use, obsessive-compulsive, eating
and panic disorders; in addition, phobias, patho-
logical gambling, suicidal behavior, and dissocial
personality. It was validated in Colombia by Palacio
et al. [30], who demonstrated that it was understand-
able and useful in practice with high inter-rater and
test-retest reliability.

The Zarit Scale is a psychometric test of objective
qualification composed of 22 items, which assesses
the presence of caregiver burden [31]. A total rat-
ing of 46 to 56 indicates a mild to moderate burden
and greater than 56 severe burden. This scale was
validated in Colombia by Barreto et al. [32].

Statistical analysis

The data distribution was evaluated using the
Shapiro-Wilk test and the visual inspection of the nor-
mality graphs. Then, the population was described
using frequencies and percentages for qualitative
variables, medians, interquartile ranges, minimum
and maximum for the quantitative variables because
of the lack of normal distribution.

Survival analysis was used to calculate the risk of
each disorder. The event time was the age of onset of
each disease and the age at the time of the interview
for those without history of mental disease. To adjust
for possible confusing variables (sex, age, education,
living together with a family member with dementia
and caregiver burden), Cox proportional risk analysis
was used and hazard ratio (HR) were estimated with
their respective 95% Confidence Intervals (95%CI).

We evaluated whether there were differences
between the group of carriers and non-carriers in the
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presence of several psychiatric comorbidities. A vari-
able was generated with three categories: 0 = Without
psychiatric disorder, 1 = Only one psychiatric dis-
order, 2 = Two or more psychiatric disorders. This
was the dependent variable of a polytomous logistic
regression, and the absence of psychiatric disor-
ders was considered as comparison category. The
independent variables were: carrier status, sex, age,
education, living together with a family member with
dementia and caregiver burden. Odds ratio (OR) were
calculated with their respective 95%CI.

All statistical tests had a level of significance of
0.05 and were performed with the statistical software
Stata 14.0.

RESULTS

The NGA database had 445 potential participants
that met the inclusion criteria. Of these, 95 living in
other departments or countries were excluded. It was
only possible the communication with 154 potential
participants, 32 refused to participate in the study,
and 122 were finally interviewed, of which two were
excluded for a moderate mental retardation (Fig. 1).

Of the 120 participants, 62 belonged to the group
of carriers of the mutation, with a median age of 24
years (minimum 18 and maximum 29) and education

of 11.5 years (minimum 0 and maximum 18). The
group of non-carriers had a median age of 25 years
(minimum 18 and maximum 29 and schooling of
12 years (minimum 2 and maximum 17). There
was a greater frequency of cohabitants affected by
AD among the carriers; other features were similar
between the groups (Table 1).

Frequency of mental disorders

The frequency of mental disorders in the group of
carriers and non-carriers of the mutation was simi-
lar (63% and 64%, respectively), without statistically
significant differences in the risk of developing them
even after adjusting for possible confusing variables
(HR: 0.82, 95% CI: 0.51–1.33, p = 0.42) (Table 2).

When grouping the disorders into affective, anx-
ious, personality, and alcohol and drug use, no
statistically significant differences were found in the
risk between carriers and non-carriers of the muta-
tion (Table 2). However, there is a tendency of lower
risk of anxiety disorders among carriers of the muta-
tion compared to non-carriers (HR: 0.51, 95% CI:
0.22 – 1.17, p = 0.11). Also, this tendency of a lower
presence of anxiety disorders can be observed in the
Anxiety Disorder survival curve (Fig. 4).

Regarding specific mental disorders, no statis-
tically significant differences were found between

Fig. 1. Participants selection.
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Table 1
Demographic characteristics of the participants

Characteristics Carriers n = 62 Non-Carriers n = 58
Frequency % Frequency %

Male gender 37 59.7 34 58.6
Single marital status 41 66.1 37 63.8
Religious Practice 55 88.7 42 73.7
Occupation

- Employee 41 66.1 36 62.1
- Without formal work* 12 19.4 13 24.4
- Student 9 14.5 9 15.5

Urban origin 56 90.3 49 84.5
Disabling physical illness 6 9.7 4 6.9
Cohabitation with family member with AD 23 37.1 7 12.1

Median Min-Max Median Min-Max
Age 24 18 – 29 25 18 – 29
Education (y) 11.5 0 – 18 12 2 – 17
Caregiver burden (Zarit scale score) 0 0 – 73 0 0 – 44

Without formal work, Housewife or unemployed; Min, minimum; Max, maximum.

Table 2
Mental disorders in adults under 30 years old carriers and non-carriers of the E280A mutation of PS1

Disorder Carriers n = 62 Non-Carriers n = 58 HR (95CI%) HRA. (95%CI) p
n (%) n (%)

Any mental disorder 39 (63.0) 37 (64.0) 0.91 (0.58–1.42) 0.80 (0.49–1.31) 0.389
Affective disorders* 21 (33.9) 13 (22.4) 1.68 (0.84–3.36) 1.59 (0.76–3.29) 0.211

- Bipolar affective disorder 2 (3.2) 2 (3.4) 1.00 (0.14–7.07) 0.37 (0.03–4.34) 0.429
- Unipolar depressive disorder** 16 (25.8) 11 (19.0) 1.46 (0.68–3.14) 1.35 (0.60–3.04) 0.462

Anxiety disorder*** 11 (18.7) 15 (25.9) 0.64 (0.30–1.40) 0.49 (0.21–1.17) 0.108
- Panic disorder 1 (1.6) 2 (3.4) 0.47 (0.04–5.16) 0.34 (0.02–5.36) 0.449
- Any phobia**** 9 (14.5) 11 (19.0) 0.72 (0.30–1.75) 0.66 (0.25–1.69) 0.388

Personality disorder 7 (11.3) 7 (12.1) 0.95 (0.33–2.70) 0.84 (0.27–2.63) 0.771
- Impulsive personality traits 7 (11.3) 6 (10.3) 1.11 (0.37–3.30) 1.10 (0.33–3.60) 0.871
-Impulsive control disorder 3 (4.8) 3 (5.2) 0.94 (0.19–4.66) 1.08 (0.21–5.42) 0.926

Substance use disorders 12 (19.4) 13 (22.6) 0.92 (0.42–2.01) 0.77 (0.32–1.82) 0.552
- Alcohol use disorder 10 (16.1) 9 (15.5) 1.17 (0.47–2.88) 0.75 (0.27–2.05) 0.580
- Drug use disorder 9 (14.5) 7 (12.1) 1.23 (0.46–3.29) 1.34 (0.46–3.87) 0.587
- Tobacco dependence 8 (12.9) 11 (19.0) 0.66 (0.27–1.65) 0.75 (0.27–2.07) 0.580

Pathological gambling 4 (6.5) 2 (3.4) 1.95 (0.36–0.68) 1.87 (0.28–12.14) 0.511
Suicide attempt 6 (9.7) 5 (8.6) 1.15 (0.35–3.76) 1.02 (0.27–3.76) 0.972

HR, hazard ratio; HRA. hazard ratio adjusted for age, sex, education, living with a patient with Alzheimer’s disease and caregiver burden.
*Affective disorders include bipolar affective disorder, unipolar depressive disorder and others. **Depressive disorder includes major
depressive episode (single episode) and recurrent depressive disorder. ***Anxiety disorders include panic disorder, phobias, and others.
****Any phobia: Includes social phobia, specific, and agoraphobia.

the two groups in the risk of bipolar affective dis-
order, unipolar depressive disorder, panic disorder,
phobias, impulse control disorder, alcohol and drug
use disorders, tobacco dependence, and pathologi-
cal gambling. There were also no differences in the
risk of presenting suicide attempts, or in personal-
ity disorders (Table 2). The survival curves do not
show a significant difference in the presence of any
mental, affective, personality, or substance use disor-
ders between carriers and non-carriers (Figs. 2, 3, 5,
and 6).

No patients were found diagnosed with
schizophrenia, delusional disorder, cyclothymia, or
eating disorders in either of the two groups.

No differences were found between carriers and
non-carriers in the possibility of having a single psy-
chiatric disorder (OR = 1.28, 95% CI = 0.51 – 3.24,
p = 0.59) or several (OR = 0.83, 95% CI = 0.32 – 2.14,
p = 0.70) compared to the absence of psychiatric dis-
orders.

DISCUSSION

The current study shows that in relatives younger
than 30 years of patients with AD, those who are car-
riers of the E280A mutation in PSEN1 do not have a
higher risk of mental disorders than those who do not



246 A.C. Villalba et al. / Mental Disorders in Preclinical AD

Fig. 2. Any mental disorder survival curve.

Fig. 3. Affective disorder survival curve.

have the mutation. The similarity in the risk of mental
disorders between the two groups may be explained
by the fact that the psychiatric manifestations in the
preclinical stage represent a component that is not
directly associated with the mutation and that could
be determined mainly by the environment or variants
in different genes.

The findings of the present study agree with those
reported by Ringman et al. [24], who evaluated
neuropsychiatric symptoms in families of mutation

Fig. 4. Anxiety disorder survival curve.

Fig. 5. Personality disorder survival curve.

carriers in the APP, PSEN1, and PSEN2 genes.
They included 97 mutation carriers without cogni-
tive impairment, 25 with MCI, and 33 with dementia,
which compared with 106 non-carriers. They applied
the Neuropsychiatric Symptom Inventory (NPI), the
15-item Geriatric Depression Scale, and the Clini-
cal Dementia Rating (CDR). They did not find a
higher frequency of psychiatric symptoms in the
mutation carriers without cognitive deterioration than
in the non-carriers; on the contrary, the depressive
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Fig. 6. Substance use disorder survival curve.

symptoms were more common among non-carriers
(5% versus 17%, p = 0.014), and the possibility of
experiencing at least one behavioral sign in carriers
without deterioration was lower than in non-carriers
(Odds Ratio: 0.50, 95%CI: 0.26–0.98). The authors
suggested that psychiatric symptoms related to the
mutation occur when a threshold of neurodegenera-
tion is reached, which supports the higher frequency
of depressive and behavioral symptoms in those with
MCI and dementia compared to non-carriers. [33]. It
is important to highlight that the findings on that study
are not completely comparable with ours because
they evaluated symptoms in a transversal way, and
not psychiatric disorders throughout life. Neverthe-
less, it is interesting how carriers showed a tendency
of lower risk of anxiety disorders compared to non-
carriers. There are several areas involved in fear and
anxiety circuitries: thalamus, amygdala, dorsal ante-
rior cingulate cortex, hypothalamus, hippocampus,
and medial prefrontal cortex [34]. Asymptomatic
PSEN1 E280A mutation carriers have hyperactiva-
tion in some of those areas like hippocampus and
cingulate gyrus [35]; maybe this abnormal activation
could be related to a lower risk of having an anxiety
disorder, but another study with a bigger sample size
and neuroimages would be necessary to prove this
hypothesis.

Other studies have suggested that psychiatric
symptoms and disorders, such as depression, are
more frequent in carriers of PSEN1 mutations before
cognitive decline and are related to having an early

onset age [36]. However, these studies, due to their
retrospective nature, have not been able to differen-
tiate whether these symptoms occurred in preclinical
stages or if there was already some degree of cognitive
deterioration. There are other studies on neuropsychi-
atric symptoms in familial AD patients who already
have cognitive impairment, and have shown that these
symptoms occur in more than half of patients and
may be more common in carriers of mutations in the
PSEN1 gene than in carriers of mutations in other
genes [37–39].

With regards to the preclinical phase, although
the current study shows no difference in the risk
of psychiatric disorders between young carriers and
non-carriers of the E280A mutation in PSEN1, there
are reasons to believe that clinical manifestations may
already exist at this stage. In PSEN1 E280A mutation
carriers between 9 to 17 years, Quiroz et al. founded
abnormalities as elevated plasma concentrations of
A�, higher volume of grey matter in the temporal
and parietal regions, and lower activation of poste-
rior parietal regions during a memory-encoding task
in functional magnetic resonance compared to those
without the mutation [27]. It is possible that there are
differences in the risk of specific mental disorders
that were not detected in the present study because
some are not included in the diagnostic tool used. For
instance, the DIGS does not have sections to evaluate
attention deficit and hyperactivity disorder, nor does
it include personality disorders other than dissocial;
these diagnostics also are better evaluated through
interviews with a second informant [40–43]. Another
possibility is that there were psychiatric manifesta-
tions caused by the mutation in the preclinical phase
before the age of 30, which consisted of symptoms
that do not meet diagnostic criteria for disorders
defined in the ICD-10.

In the present investigation, it was decided to eval-
uate the presence of mental disorders and not only
of symptoms, due to the clinical implication in terms
of dysfunction and need for treatment. Furthermore,
the symptoms would have to be evaluated prospec-
tively and by examining the context, since some may
be normal responses to stressful or vital situations,
and others may be prodromal manifestations of clini-
cally relevant alterations. Therefore, it is complicated
to evaluate subclinical neuropsychiatric symptoms as
early markers of AD.

It is important to highlight the very high fre-
quency of mental disorders in these families. Indeed,
both in carriers and non-carriers of the mutation, the
frequency is higher than in the general population
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according to the latest National Mental Health Sur-
vey of Colombia, in which it is reported a life-long
prevalence of 9.1% for mental disorders, 3.9% for
anxiety disorders, and 6.7% for affective disorders
[28]. It is possible that in the members of these fam-
ilies there would actually be a greater frequency of
mental disorders which could be explained by envi-
ronmental factors such as knowing that they belong
to a family with a genetic risk of a disabling disease,
witnessing the cognitive impairment of close rela-
tives, the family environment altered by cohabitation
with a person with dementia, or the caregiver burden
that has been associated with depressive and anxious
symptoms [44, 45]. Another explanation could be that
the frequency of mental disorders may not be greater
than that of the general population, but there is a selec-
tion bias that the individuals who agreed to attend the
evaluations felt the need for psychiatric assessment.
However, the people who refused the evaluation were
relatively few and the main reason was that they did
not live in the urban area. It can also be thought
that the difference in frequency estimates has been
observed due to the use of different diagnostic tools,
since the DIGS applied by trained psychiatrists was
used in the present study and the Composite Interna-
tional Diagnostic Interview was used in the National
Mental Health Survey. Therefore, it is possible that
the frequencies of the present study cannot be com-
pared with those reported in the general population.
In fact, in other studies that have used DIGS, frequen-
cies of mental disorders similar to those found in the
current study have been reported [46].

A strength of this study is that the semi-structured
DIGS interview has been used, standardized and val-
idated for the diagnosis and detailed assessment of
affective, psychotic, and substance use disorders. In
addition, caregiver burden was considered as a vari-
able of confusion and people belonging to families
with the same mutation were taken. As limitations
we recognize: 1) DIGS is not a suitable tool for
diagnosing certain psychiatric disorders that may be
important, such as attention deficit disorder, gener-
alized anxiety disorder, and personality disorders;
not only because of the lack of specific questions,
but also because of the need for additional infor-
mants; 2) it was already mentioned that it is difficult
to establish if there were differences between those
who accepted and did not accept to participate in
the study; 3) the sample size was low to estimate
whether there were differences in the risk of less
frequent mental disorders such as bulimia, anorexia
nervosa, obsessive-compulsive disorder, dysthymia,

and psychotic disorders; 4) it was not considered if
individuals suspected to be carriers of the mutation
and how this would modify the report of the symp-
toms.

Conclusion

Having the E280A mutation in the PSEN1 gene
does not increase the risk of mental disorders, specif-
ically affective, anxiety, and substance use, before
the age of 30 in those who belong to the families
of affected by AD autosomal dominant. This can
be reassuring because having found otherwise could
imply greater stigma in presenting these disorders and
belonging to risk families. The frequency of mental
disorders in these families is relatively high, so it is
important to provide members with access to mental
health care services. It is necessary to conduct studies
with methods that facilitate the diagnosis of disorders
that could not be evaluated in the present study, such
as attention deficit hyperactivity disorder and person-
ality disorders, with larger sample sizes to evaluate
infrequent psychiatric disorders, and with designs
that allow the evaluation of subclinical psychiatric
disorders, such as apathy, demotivation, impulsivity,
among others. Finally, the result of this study is of
much interest to design primary prevention studies for
AD since the population participating in this study,
were young adults over 18 and under 30 years in a
stage free of the neurocognitive symptoms of AD.
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