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Gemma Ortegaa,b, Núria Lleonarta, Isabel Rodrı́gueza, Maitee Rosende-Rocaa, Vanesa Pytela,
Yahveth Cantero-Fortiza, Dorene M. Rentzc,d, Marta Marquiéa,b, Sergi Valeroa,b, Agustı́n Ruiza,b,
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Abstract.
Background: The FACEmemory® online platform comprises a complex memory test and sociodemographic, medical, and
family questions. This is the first study of a completely self-administered memory test with voice recognition, pre-tested in
a memory clinic, sensitive to Alzheimer’s disease, using information and communication technologies, and offered freely
worldwide.
Objective: To investigate the demographic and clinical variables associated with the total FACEmemory score, and to identify
distinct patterns of memory performance on FACEmemory.
Methods: Data from the first 3,000 subjects who completed the FACEmemory test were analyzed. Descriptive analyses
were applied to demographic, FACEmemory, and medical and family variables; t-test and chi-square analyses were used to
compare participants with preserved versus impaired performance on FACEmemory (cut-off = 32); multiple linear regression
was used to identify variables that modulate FACEmemory performance; and machine learning techniques were applied to
identify different memory patterns.
Results: Participants had a mean age of 50.57 years and 13.65 years of schooling; 64.07% were women, and 82.10%
reported memory complaints with worries. The group with impaired FACEmemory performance (20.40%) was older, had
less schooling, and had a higher prevalence of hypertension, diabetes, dyslipidemia, and family history of neurodegenerative
disease than the group with preserved performance. Age, schooling, sex, country, and completion of the medical and family
history questionnaire were associated with the FACEmemory score. Finally, machine learning techniques identified four
patterns of FACEmemory performance: normal, dysexecutive, storage, and completely impaired.
Conclusions: FACEmemory is a promising tool for assessing memory in people with subjective memory complaints and for
raising awareness about cognitive decline in the community.
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INTRODUCTION

Alzheimer’s disease (AD) represents one of the
major global health problems of the 21st century
[1]. Its social and health impact has been highlighted
by the World Health Organization (WHO), encour-
aging institutions to improve early detection of AD
worldwide. While there is currently no cure for AD,
cognitive training [2] and implementing preventive
healthcare and lifestyle measures [3] may reduce
dementia and promote overall brain health. With the
approval of the first disease-modifying therapies for
AD [4], the current challenge consists of detecting
people at risk of developing AD to apply precision
medicine before irreparable brain damage occurs.
This challenge requires public engagement, that is,
doing research that is relevant to society [5].

Because standard neuropsychological tests have
not been designed to screen large numbers of peo-
ple with hidden cognitive deficits in the community,
computerized cognitive batteries, such as the Cam-
bridge Neuropsychological Test Automated Battery
(CANTAB) [6] and CogState [7], are receiving
increasing interest [8]. However, to date, most com-
puterized cognitive tests need the supervision of an
examiner or utilize only visual or non-verbal tasks
[8], such as a computerized version of the Face-Name
Associative Memory Exam (FNAME). In this test,
people are asked to remember 12 face-name pairs
presented serially, and 12 to 15 min later, each face is
presented with three names, and participants have to
select the correct name on a touch screen (recognition
memory) [9, 10]. For this reason, FACEmemory®
[11], the first self-administered face-name associative
memory test with voice recognition and automated
scoring, was developed at the Ace Alzheimer Cen-
ter Barcelona. This test is recognized to have a
high quality based on the Newcastle-Ottawa Quality
Assessment Scale Criteria [8].

FACEmemory is a computerized version of the
complex episodic memory test FNAME abbrevi-
ated to 12 items (FNAME-12) [11], which has been
demonstrated to be sensitive to early- and late-onset
amnestic mild cognitive impairment (MCI), as well as
the AD endophenotype and biomarkers. That is, per-
formance on FACEmemory, self-administered under
minimal supervision of a neuropsychologist at the
Ace Alzheimer Center Barcelona, was found suitable
for discriminating between cognitively healthy and
amnestic MCI individuals. The outcomes of the test
correlated with performance on the Free and Cued
Selective Reminding Test and were associated with

AD-related cerebrospinal fluid and magnetic reso-
nance imaging biomarkers of AD, but also with other
etiologies [11, 12].

The detection of individuals with amnestic MCI is
relevant because of their increased risk of conversion
to dementia, especially AD, which occurs in around
18% of cases annually. Specifically, the amnestic
MCI phenotype, with an impairment of memory stor-
age, has an 8.5 times higher risk of converting to
dementia than the non-amnestic MCI phenotype [13];
therefore, assessing memory is key to detecting AD.
It is well known that using tests of greater complexity
than those typically administered in clinical neu-
ropsychological practice allows the detection of more
subtle cognitive impairments. Concerning memory,
associating unfamiliar faces with proper names is a
more complex task than many other memory tasks
because it is a completely arbitrary association [14].
For this reason, the FNAME is more sensitive to AD
and has ecological validity as it tests a universal skill
[15, 16].

To promote brain health and facilitate early detec-
tion of early MCI and AD, in 2008 the Ace Alzheimer
Center Barcelona initiated an Open House Initiative
(OHI), offering a free memory pre-screening test
to Barcelona citizens older than 50 years through
local marketing campaigns [17]; to date, 63% have
been diagnosed as cognitively healthy, 34% as hav-
ing MCI, and only 3% as suffering from dementia.
This strategy allows people with subtle cognitive
deficits to access appropriate health services directly
without the need for prior consultation with primary
care. Notably, individuals with memory complaints
identified through the OHI had milder cognitive
impairment than those referred by primary care to
the Ace Memory Unit [16, 17]. Next, the innovative
European MOPEAD (Models of Patient Engagement
for Alzheimer’s Disease) project, led by the Ace
Alzheimer Center Barcelona, demonstrated the valid-
ity of an online pre-screening cognitive assessment
with two computerized non-verbal CANTAB sub-
tests to detect undiagnosed MCI and dementia in
individuals who would not have consulted health care
without online advertising campaigns [18].

The present study aims to move FACEmemory fur-
ther toward the goal of community-based cognitive
screening. Having demonstrated its efficacy as a self-
administered computerized screening test for use in
the clinic with minimal supervision, we developed
FACEmemory into an online tool with voice recog-
nition to facilitate the kind of societal reach that is
needed for the early and large-scale detection of cog-
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nitive impairment and AD. The online FACEmemory
platform is currently offered in Spanish and Catalan,
making it accessible to a very large number of people
worldwide.

Initially, the target population of the FACEmemory
platform’s campaign was people over 50 years old,
who spoke Spanish or Catalan, and who were able
to use a tablet or a computer. However, we finally
decided to make memory testing accessible to any-
one over 18 years old without restrictions and present
all the data. The main aims of the present study are
to investigate the demographic and clinical variables
associated with the total FACEmemory score, and
to identify distinct patterns of memory performance
among the first 3,000 individuals who completed the
FACEmemory test.

METHODS

Participants

The first 3,000 individuals over 18 years old
who completed the online FACEmemory test after
its launch on May 29, 2021, were included in the
present study. The platform was advertised following
a proactive and informative communication strategy,
designed to reach an audience that was not affected
by dementia.

The campaign resulted in the generation of content
for the media, the web, social networks (Facebook,
Twitter, LinkedIn, Instagram), and Ace’s contact
database. There was also printed material that clin-
icians and medical staff could give away in Ace’s
facilities. This content was focused on the importance
of memory, with claims such as “If you check your
cholesterol, why not your memory?"

The FACEmemory® platform

As detailed elsewhere [11], the FACEmemory test
is an innovative adaptation of the abbreviated version
[19] of the Spanish FNAME [20]. The FACEmem-
ory platform has now become a free-to-use online
resource (https://www.fundacioace.com/en/check-
your-memory-online-with-facememory.html) that
provides a self-administered face-name association
memory task with voice recognition to make it easy to
use and to enable automated scoring. To our knowl-
edge, it is the first completely self-administered
memory test with voice recognition, pre-tested in
a memory clinic with a high level of satisfaction
independently of the results obtained, offered freely

worldwide on a website platform assessing memory,
registered in a database, and able to send feedback
by e-mail to each user. It is accessible to the entire
Spanish- and Catalan-speaking population with an
internet connection.

The application has three major components: 1)
The web client is the page published to the web
and allows the end users to access the test. It inter-
acts with the user, displays the test, and collects the
user’s answers. It is built with Ionic-Vue and used
as a single-page application (SPA). 2) The backend
server, where all the data processing happens, vali-
dates all the data sent by the client and handles all
the test processes. It is built with Laravel, a popu-
lar PHP framework. 3) The admin panel is where
the FACEmemory team can check the user’s answers
and scores, see how the test was performed, extract
detailed data and information, and draw conclusions
about the results of the test. A personalized analysis
of each participant is performed. The analysis is built
with the Inertia stack in Vue and is served directly by
the backend server. Finally, the application uses the
Google speech-to-text API to understand the users’
answers to the memory test questions (12 names and
12 occupations). The hosting is a cloud VPS that han-
dles all requests given that the user flow is constant.
Importantly, the FACEmemory platform ensures that
voice data cannot be linked to any user or score.

Regarding the FACEmemory procedure, after
selecting the preferred language of administration
(Spanish or Catalan), people who enter the FACE-
memory platform are first asked to accept informed
consent for completing the test. Then, they pro-
vide basic demographical data, including age, sex,
schooling level, the country from which they are
completing the test, and an e-mail address to receive
their results. Moreover, participants are asked three
questions about subjective memory complaints: 1)
“Do you feel that your memory has worsened?”
(yes/no), 2) “Are you worried about it?” (yes/no), and
3) “Since when have noticed it? (number in years).
Then, a brief video introduces the FACEmemory test
procedure, followed by an audio test to ensure the
correct functioning of the voice recognition for opti-
mal administration by the selected device (tablet or
computer).

In a study published previously [11], the FACE-
memory test was self-administered on a tablet under
minimal supervision of a psychologist, who detected
some difficulties in handling the voice recogni-
tion button. In the next step, before launching the
completely self-administered FACEmemory online

https://www.fundacioace.com/en/check-your-memory-online-with-facememory.html
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platform, an audio test was added to verify micro-
phone functionality and the proper use of the voice
button by the participant.

The test includes two trials to learn the 12 face-
name-occupation associations, a short-term memory
task, and a long-term memory assessment that
includes face, name, and occupation memory recog-
nition tasks. After the participant has completed the
test, performance is scored automatically, registered
in a database, and communicated to the participant
by e-mail, mentioning that “After evaluating your
results, your cognitive profile is established as cogni-
tively healthy” or “After evaluating your results, we
inform you that you have obtained a score slightly
lower than expected. Bear in mind that this may be
due to various factors that could have influenced
the performance of the FACEmemory® test. We
recommend that you undergo a complete cognitive
examination.”

The first learning trial consists of showing pictures
of a total of 12 faces, each one associated with a name
and an occupation that appear beneath the face for 8
seconds. The participant is instructed to read aloud
the name and occupation appearing beneath each face
and to try to remember them. Immediately after the
first learning trial, the same faces are presented, one
by one, only now with a red microphone button (that
is, without the name and occupation below), and the
participant is asked to press the red microphone but-
ton and to say the name (LN1) and occupation (LO1)
he/she remembers as being associated with that face.
When the 12 faces have consecutively appeared, the
second learning trial starts (LN2 and LO2). It fol-
lows the same procedure as the first learning trial,
except that the faces appear in another order. Once
the 12 stimuli have been presented and the partici-
pant has been asked to finish the learning task, there
is a 2-min delay before the short-term memory assess-
ment starts. Each face is presented again, only now
with a red microphone button, and the participant is
asked to say the name (RSN) and occupation (RSO)
he/she remembers as being associated with each face.
Finally, 15 min after the second learning trial has
ended, the long-term memory assessment starts. First,
each participant is instructed to recognize from a set
of three faces the one that appeared in the learning
trials and to select it (FR). Then, the correct face
appears, and the participant is asked to say the name
(RLN) and occupation (RLO) he/she remembers for
each face. After each answer, a screen shows the
correct face with below it three name and three occu-
pation options. Each participant is instructed to select

the name (REN) and occupation (REO) recognized
as being associated with that face.

During the 15-min delay between the end of the
learning stage and the start of the long-term memory
probe, a questionnaire about medical (that is, psy-
chiatric disease, hypertension, diabetes) and family
history (that is, AD, Parkinson’s disease) is self-
administered. However, since the main goal is the
standardized administration of the FACEmemory
test, the medical and family history questionnaire is
not mandatory. That is, in those cases in which partic-
ipants have not completed or finished, for any reason,
the medical and family history questionnaire during
the 13 min, the system moves on to the FACEmemory
long-term recall test, and then it is no longer possible
to go back to complete the questionnaire.

The oral and tactile responses of the participants
were automatically registered and entered into a
database anonymously. All FACEmemory subscores
(LN1, LO1, LN2, LO2, RSN, RSO, RLN, RLO, FR,
REN, and REO) ranged from 0 to 12, and the total
FACEmemory score ranged from 0 to 96 (without
recognition). Time of execution was also registered.

The FACEmemory test has been proven to be
highly effective in discriminating between cogni-
tively healthy individuals and patients with MCI,
mainly of the amnestic type. The cut-offs of the
test, when administered on a tablet under minimal
supervision of a psychologist at a memory unit,
have previously been reported [9]. An adequate area
under the curve (AUC) of 0.85 was ensured before
determining the total FACEmemory cut-off of 32.
This cut-off has been found to be highly effective,
with 80.5% sensitivity and 80.0% specificity, when
cognitively healthy and amnestic MCI groups were
contrasted. Moreover, the high correlation values
obtained between automatic and manual FACEmem-
ory scores (r = 0.98) demonstrated the reliability of
FACEmemory’s automatic scoring [9].

Statistical analysis

Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS) for
Windows (version 26.0; SPSS Inc., Chicago, IL,
USA) and Python version 3.9.13. Variables were
examined for normality, skewness, and restriction
of range. Descriptive analyses of demographic data,
FACEmemory scores, and medical and family history
questionnaire variables were carried out.

The percentage of subjects with impaired per-
formance on the total FACEmemory score was
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calculated using the cut-off of 32 points obtained at
the Ace Alzheimer Center Barcelona’s Memory Unit
[11]. Further, t-test and chi-square analyses were car-
ried out to compare demographic data and clinical
variables from the medical and family history ques-
tionnaire between participants 1) with a preserved
and impaired performance on the FACEmemory test
(>31 and <32 points, respectively), 2) with and with-
out memory complaints, and 3) having completed
the test inside and outside Spain. Moreover, a mul-
tiple linear regression was carried out to identify the
impact of demographic and clinical variables on the
total FACEmemory score (0 to 96 points).

Finally, unsupervised machine learning techniques
were applied to search for different patterns of mem-
ory performance in the whole sample using the
FACEmemory subscores. All the FACEmemory sub-
scores are depicted in Table 1 (LN1, LO1, LN2, LO2,
RSN, RSO, RLN, RLO, FR, REN, and REO) and
were standardized to z-scores and modeled. To reduce
the dimensionality of the data, a principal component
analysis (PCA) was applied with all the FACEmem-
ory subscores. The input data for the models consisted
of the first five components, accounting for 85.04%
of the variance.

Unsupervised analyses were performed using
Gaussian mixture models (GMMs). The assignment
of a given individual to a cluster is not absolute
(hard) but probabilistic (soft), and the final cluster
membership is defined as the cluster to which an indi-
vidual belongs with the highest probability. Briefly,
these models assume that the data are generated by

a series of C unobserved groups (aka component
distributions), each with a different probability dis-
tribution describing the observed variables p (x) =∑C

i=1 �i · N (
x; μi,

∑
i

)
where

∑C
i=1 �i = 1 rep-

resents the mixing distribution and N (
x; μi,

∑
i

)

is a normal distribution associated with group i and
parameterized by a vector of μi ∈ Rd means and a
covariance matrix

∑
i ∈ Rd×d , with d being the first

five PCA components.
The Scikit-learn implementation of GMMs was

used [21]. In the models, each component was
allowed to have its own covariance matrix. The
initial groups were determined by the k-means algo-
rithm, and a maximum number of iterations of the
expectation-maximization algorithm of 1,000 was
selected by performing 150 random initializations.
The rest of the hyperparameters of the model were
left as default. The number of groups was selected
based on the Bayesian information criterion (BIC)
[22]. Finally, a descriptive analysis of the resulting
groups was performed considering the values of the
FACEmemory subscores and the demographic and
clinical variables. Analysis of variance (ANOVA)
tests were applied for quantitative variables, and χ2

tests for binary variables. The groups obtained from
the FACEmemory subscales were interpreted from a
neuropsychological point of view [23] to search for
clinical memory patterns, mainly optimal, dysexecu-
tive and storage impairment (to detect AD type) [13,
24].

For all analyses, an effect was considered sig-
nificant when the p-value was less than 0.05 after

Table 1
Performance on the FACEmemory variables

Variable Whole sample Preserved Impaired
(min-max) (mean, SD) (mean, SD) (mean, SD)

LN1 (0–12) 2.50 (2.54) 2.99 (2.60) 0.58 (0.87)
LO1 (0–12) 5.29 (2.84) 6.05 (2.56) 2.32 (1.71)
LN2 (0–12) 6.27 (3.55) 7.37 (3.04) 1.99 (1.65)
LO2 (0–12) 8.16 (2.89) 9.11 (2.15) 4.44 (2.38)
RSN (0–12) 6.05 (3.66) 7.17 (3.17) 1.68 (1.58)
RSO (0–12) 8.13 (3.04) 9.14 (2.26) 4.19 (2.44)
REN (0–12) 10.20 (2.29) 10.86 (1.59) 7.62 (2.75)
REO (1–12) 11.64 (0.96) 11.86 (0.44) 10.79 (1.69)
RLN (0–12) 5.92 (3.72) 7.04 (3.26) 1.52 (1.49)
RLO (0–12) 7.98 (3.08) 9.02 (2.26) 3.91 (2.40)
FR (2–12) 11.88 (0.58) 11.94 (0.32) 11.67 (1.08)
Total score (0–96) 50.33 (20.90) 57.91 (15.76) 20.75 (8.47)
Execution time (min) (20–60) 27.06 (5.20) 26.56 (4.57) 28.89 (6.76)

SD, standard deviation; min-max, minimum-maximum registered; LN1, names recalled in
learning 1; LN2, names recalled in learning 2; LO1, occupations recalled in learning 1; LO2,
occupations recalled in learning 2; RSN, names in short-term recall; RSO, occupations in short-
term recall; RLN, names in long-term recall; RLO, occupations in long-term recall; FR, face
recognition; REN, names correctly recognized; REO, occupations correctly recognized.
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applying the Bonferroni correction for multiple com-
parisons. All hypotheses were tested directionally at
a 95% confidence level.

Ethics approval and consent to participate

Prior to completion of the FACEmemory test,
each participant completed an informed consent form
on FACEmemory’s website. The research was con-
ducted in accordance with the Declaration of Helsinki
and with Spanish biomedical laws (Law 14/2007,
July 3, about biomedical research; Royal Decree
1716/2011, November 18). The study was approved
by the Research Ethics Committee of the Hospital de
Bellvitge (Barcelona).

RESULTS

Demographic variables

The study sample consisted of the first 3,000
participants over 18 years old who completed the
FACEmemory platform since its opening on May
29, 2021. This number was reached on January
18, 2023 (that is, after 1.65 years). As detailed in
Table 2, the study sample had a mean age of 50.57
years (standard deviation, SD: 13.98, ranging from
18 to 89), 56.20% were older than 50 years, and
64.07% were women. Most participants had a high
level of schooling: 61.57% had a university degree,
37.17% had elementary or high school, and only
1.27% were literate with less than elementary school
(that is, from 1 to 5 years of formal education). In
terms of the language of administration, most partic-
ipants (84.53%) chose Spanish, and 15.47% Catalan.
The FACEmemory test was carried out from 37
different countries, mainly from Spain (71.97%), fol-
lowed by Argentina and Mexico (5.17% and 4.90%,
respectively).

Concerning the subjective cognitive complaints,
most participants (2,463 out of 3,000, 82.10%)
reported memory complaints with associated worries
(that is, they answered “yes” to the questions “Do you
feel that your memory has worsened?” and “Are you
worried about it?”).

FACEmemory data

The mean total FACEmemory score obtained was
50.33 (SD: 20.90). The average execution time was
27 min. The total FACEmemory score was weakly
correlated with execution time (r = 0.21, p < 0.001).

The total score and subscores obtained on the FACE-
memory test are detailed in Table 1. Using the
FACEmemory total score cut-off of 32 points, perfor-
mance was found impaired in 20.40% of the whole
sample, increasing to 24.25% in those older than
50 years. As detailed in Table 2, the group with
impaired performance on FACEmemory was signif-
icantly older, had fewer years of formal education,
had a higher frequency of men, had a higher propor-
tion of people who answered from outside Spain, had
a higher percentage of hypertension, and had more
often a family history of neurodegenerative disease
than the group with a preserved performance.

People with memory complaints and associated
worries performed worse on FACEmemory than
those without [49.58 (20.69) and 53.76 (21.49),
respectively; t = 4.11, p < 0.001]. Of the 3,000 sub-
jects who completed the FACEmemory test, 29.90%
(n = 897) did not fill out the medical and family
history questionnaire. Compared with those who
completed the medical and family history ques-
tionnaire, those who did not were older [49.46
(13.52) and 53.17 (14.67), respectively; t = 6.48,
p < 0.001], were more often female (62.25% and
67.76%, respectively; χ² = 6.99, p = 0.008), had
fewer years of schooling [14.63 (4.29) and 13.58
(4.55), respectively; t = 5.60, p < 0.001], had a lower
total FACEmemory score [52.76 (20.27) and 44.63
(21.25), respectively; t = 9.72, p < 0.001], and scored
more often below the cut-off of 32 (16.17% and
30.32%, respectively; χ² = 77.60, p < 0.001).

The group that completed the FACEmemory
test from Spain performed better than the group
from outside Spain [50.33 (20.90) and 46.30
(20.33), respectively; t = 6.71, p < 0.001)], were
younger [44.34 (14.23) and 52.99 (13.10), respec-
tively; t = 15.27, p < 0.001)], had a higher frequency
of women (69.44% and 61.97%, respectively;
χ² = 14.33, p < 0.001), and had a higher frequency of
people with subjective memory complaints (87.99%
and 79.81%, respectively; χ² = 5.78, p < 0.001).

Multiple regression analyses showed that a
younger age, more years of schooling, female sex,
inside Spain, and completion of the medical and fam-
ily history questionnaire were statistically associated
with a better total FACEmemory score (for details,
see Table 3). Moreover, in the subsample who com-
pleted the medical and family history questionnaire
(n = 2,013), the presence of subjective memory com-
plaints with associated worries was also statistically
associated with a worse performance on the FACE-
memory test (Table 4).
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Table 2
Demographic (n = 3,000), memory complaints (n = 3,000), and medical and family history (n = 2,103)

variables of the whole study sample and comparison between participants with a preserved and an impaired
FACEmemory total score

Whole sample Preserved Impaired Statistics
FACEmemory FACEmemory

N 3,000 2,388 612
Age (mean, SD) 50.57 (13.98) 49.22 (13.06) 55.84 (16.06) 9.431∗
Sex (N, % woman) 1,922 (64.07) 1570 (65.75) 352 (57.52) 13.972∗
Years of schooling (mean, SD) 13.65 (6.13) 14.04 (6.12) 12.11 (5.93) 7.151∗
Level of schooling (N, %) 184.302∗

Less than elementary school 38 (1.27) 9 (0.38) 29 (4.74)
Elementary or high school 1,115 (37.17) 784 (32.83) 331 (54.08)
University degree 1,847 (61.57) 1,595 (66.79) 252 (41.18)

Country (N, % Spain) 2,159 (71.97) 1,762 (73.79) 397 (64.87) 18.762∗
Language (N, % Spanish) 2,536 (84.53) 2,029 (84.97) 507 (82.84) 1.522

Memory complaints (N, %) 2,463 (82.10) 1,951 (81.70) 512 (83.66) 1.142

Questionnaire completed (N, %) 2,103 (70.10) 1,763 (73.83) 340 (55.56) 76.732∗
N 2,103 1,763 340
Smoking (N, %) 343 (16.31) 288 (16.34) 55 (16.18) 0.022

Alcohol consumption (N, %) 813 (38.66) 685 (38.85) 128 (37.65) 0.982

Auditory abnormalities (N, %) 402 (19.12) 338 (19.17) 64 (18.82) 0.182

Visual abnormalities (N, %) 813 (38.66) 671 (38.06) 142 (41.76) 0.322

Hypertension (N, %) 365 (17.36) 280 (15.88) 85 (25.00) 24.242*
Diabetes mellitus (N, %) 108 (5.14) 84 (4.76) 24 (7.06) 7.392

Dyslipidemia (N, %) 544 (25.87) 439 (24.90) 105 (30.88) 4.032

Cardiopathy (N, %) 130 (6.18) 96 (5.45) 34 (10.00) 3.252

Stroke (N, %) 19 (0.90) 13 (0.74) 6 (1.76) 1.202

Neurologic/psychiatric disease (N, %) 509 (24.20) 416 (23.60) 93 (27.35) 3.402

Family history of vascular dementia (N, %) 246 (11.70) 209 (11.85) 37 (10.88) 0.182

Family history of AD/ neurodegenerative 1,251 (59.49) 1,053 (59.73) 198 (58.24) 27.152*
disease (N, %)

SD, standard deviation; 1t-test; 2χ2-test; ∗Bonferroni corrected p-value < 0.05.

Table 3
Multiple regression analyses with the total FACEmemory score as the dependent

variable and the demographic features as independent variables (n = 3,000)

Variable Coefficient z-statistic p1 95%CI

Years of schooling 0.46 7.94 <0.001 [0.37, 0.56]
Age –0.39 –14.64 <0.001 [–0.44, –0.35]
Sex2 4.60 6.19 <0.001 [3.38, 5.82]
Country3 8.82 10.32 <0.001 [7.41, 10.23]
Language4 2.68 2.63 0.054 [1.00, 4.36]
Questionnaire completed5 5.39 6.78 <0.001 [4.08, 6.69]
1Bonferroni corrected p-value for multiple comparisons; 2woman = 1 and man = 0;
3Spain = 1 and other country = 0; 4Spanish = 1 and other language = 0; 5Open House
Initiative questionnaire completed = 1 and not completed = 0.

Finally, unsupervised machine learning analysis
identified four different clusters of FACEmemory
performance. In Fig. 1, cluster membership is rep-
resented in probabilistic terms (a higher intensity
indicates that the subject has a higher probability
of belonging to the cluster), indicating the uncer-
tainty of assigning individuals to each cluster. The
descriptive analyses of the sociodemographic vari-
ables, the medical and family history questionnaire,
and the test subscales are shown in Table 5. From

a neuropsychological point of view, the first clus-
ter (Cluster 1) was associated with a dysexecutive
memory pattern, exhibiting a low recall performance
compensated for the recognition task. The second
cluster (Cluster 2), representing a storage memory
pattern, obtained low scores on all the subscales
except for the face recognition task. The third cluster
(Cluster 3) contained the best performers, charac-
terized by a preserved memory pattern. The fourth
cluster (Cluster 4) grouped subjects with the worst
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Table 4
Multiple regression analyses with the total FACEmemory score as the dependent variable and the
demographic and questionnaire items as independent variables. In this analysis, the subsample that filled out

the medical and family history questionnaire was included (n = 2,103)

Variable Coefficient z-statistic p1 95%CI

Years of schooling 0.33 4.87 <0.001 [0.22, 0.44]
Age –0.34 –9.42 <0.001 [–0.40, –0.28]
Sex2 4.45 4.91 <0.001 [2.96, 5.94]
Country3 10.10 9.45 <0.001 [8.35, 11.86]
Language4 2.88 2.42 0.285 [0.92, 4.84]
Memory complaints5 –3.34 –3.05 0.038 [–5.15, –1.54]
Smoking5 –1.51 –1.30 >0.999 [–3.4, 0.40]
Alcohol consumption5 2.26 2.53 >0.999 [0.79, 3.72]
Auditory abnormalities5 0.44 0.39 >0.999 [–1.39, 2.26]
Visual abnormalities5 0.25 0.28 >0.999 [–1.24, 1.74]
Hypertension5 –1.35 –1.10 >0.999 [–3.36, 0.67]
Diabetes mellitus5 –1.07 –0.54 >0.999 [–4.32, 2.17]
Dyslipidemia5 1.33 1.31 >0.999 [–0.35, 3.00]
Cardiopathy5 –1.43 –0.79 >0.999 [–4.40, 1.54]
Stroke5 –7.58 –1.69 >0.999 [–14.99, –0.18]
Neurological/psychiatric disease5 –0.20 –0.20 >0.999 [–1.84, 1.44]
Family history of vascular dementia5 1.75 1.31 >0.999 [–0.44, 3.95]
Family history of AD/neurodegenerative disease5 0.09 0.11 >0.999 [–1.33, 1.52]
1Bonferroni corrected p-value for multiple comparisons; 2female = 1 and male = 0; 3Spain = 1 and other than
Spain = 0; 4Spanish = 1 and Catalan = 0; 5binary variable from the questionnaire, where 1 indicates an affirmative
answer and 0 indicates a negative answer.

scores on all subscales, including the face recogni-
tion subscale, although with the greatest variability
in scores (Fig. 2).

DISCUSSION

The results of the present study indicate that
the FACEmemory online platform is a promising
tool for Spanish- and Catalan-speaking individuals
worldwide interested in assessing their memory, only
needing a tablet or computer with internet access at
home. To our knowledge, this is the first scientific
study of a completely self-administered memory test
with voice recognition, pre-tested in a memory clinic
[11, 12], using information and communication tech-
nologies (ICTs), and offered freely worldwide on a
website platform. The fact that 3,000 people older
than 18 years from 37 different countries completed
the FACEmemory test in just over 1.5 years, most of
them with worries about their memory, makes FACE-
memory a promising tool for memory pre-screening
and early detection of cognitive impairment and AD.

The growing role of ICTs and the increasing
availability of technologies worldwide offer a great
chance to expand preventive healthcare systems [25].
Novel applications of ICTs to the early detection
of cognitive impairment reduce cost, ease logistics,
speed up recruitment, and reduce administrator bias

compared with traditional paper and pencil tests
[26], thus facilitating the identification of people in
the community with hidden memory deficits [18].
Recently, Rentz et al. [9] reported a high correlation
between performance on a computerized version of
FNAME (face-name matching with a touch screen)
[10] administered in the clinic and performance on
the test when self-administered at home and moni-
tored from the hospital, demonstrating the reliability
and feasibility of remote testing [9].

Before the release of the version of the online
FACEmemory platform that is completely self-
administered at home, an audio test was added
to verify microphone functionality and ensure the
proper use of the voice button by the user. The
previous self-administered version under minimal
supervision of a neuropsychologist at the Ace
Alzheimer Center Barcelona had been demonstrated
to be a promising tool for the detection of MCI,
mainly of the amnestic type [11]. Moreover, its auto-
matic scoring was reliable, with a correlation value
between automatic and manual total FACEmemory
scores of close to 1 [11]. Additionally, FACEmemory
proved to be sensitive to the early AD endophe-
notype and AD-related biomarkers [11]. That is, a
worse performance on FACEmemory was found to be
related to an impairment of memory storage, suitable
for discriminating between cognitively healthy and
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Fig. 1. UMAP [39] bidimensional projection of the variables used to perform the clustering. The intensity represents the probability of
cluster membership given by the GMM.

amnestic MCI individuals, and to be associated with
cerebrospinal fluid and magnetic resonance imaging
AD biomarkers [11, 12].

Notably, 82.10% of individuals who completed the
FACEmemory test reported subjective memory com-
plaints with associated worries, which is relevant for
identifying subjects in the community at risk of devel-
oping AD [27] and for targeted dementia prevention
[28]. It is well known that age [1] and subjective
cognitive decline (SCD) are important risk factors
for developing objective cognitive impairment and
AD dementia [29, 30]. Additionally, the presence
of SCD “plus” criteria, which among others include
concerns or worries associated with SCD, further
increases the likelihood of preclinical AD in indi-
viduals with SCD [27]. Although the cross-sectional
correlation between subjective and objective cogni-
tive impairment is frequently poor [12, 24, 31], in
the present study, individuals with subjective mem-
ory complaints who worried about them performed
worse on FACEmemory than those without subjec-
tive memory complaints or who did not worry about
them. This finding may be explained as follows. The
subjective memory complaints were enriched with
worries (that is, participants were asked whether they

felt that their memory had worsened and whether they
were worried about it), as recommended by Jessen
et al. [32], and memory was assessed with a more
complex test than the classical memory tests since
associating unfamiliar faces with proper names is an
arbitrary association [14], so this type of memory is
strongly hippocampus dependent [11, 12].

When we applied the cut-off for impairment of
32 points obtained previously using FACEmemory
on a tablet device under minimal supervision at the
ACE Memory Unit [11], 20.40% of the study sam-
ple (612 out of 3,000) showed impaired performance.
This group, in contrast with those with preserved
performance on FACEmemory, had an older age, a
lower level of schooling, a higher frequency of men
and people from Spain, an increased percentage of
hypertension, and a family history of neurodegenera-
tive disease. These findings are consistent with recent
reports about the global prevalence of MCI in the
community being over 15% and associated with age,
sex, schooling, and region of study sites [33].

In the whole sample, a worse performance on
FACEmemory was associated with an older age, a
lower level of schooling, being a man, having com-
pleted the test from outside Spain, and having failed



1182 M. Alegret et al. / The FACEmemory® Innovative Online Memory Test

Table 5
Description of the sociodemographic variables, questionnaire, and scores obtained on the online FACEmemory for each of the empirical

clusters identified by the unsupervised analysis (n = 3,000)

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4 p1

Age (y) (mean, SD) 50.42 (13.66) 53.87 (15.13) 47.40 (12.10) 55.20 (14.47) <0.0012

Years of schooling (mean, SD) 13.95 (6.08) 12.43 (5.10) 14.74 (6.01) 12.10 (5.93) <0.0012

Sex4 (%) 63.2 57.7 70.4 66.7 0.4593

Questionnaire completed5 (%) 54.8 40.0 46.0 52.8 0.0023

Memory complaints6 (%) 83.9 85.5 77.7 81.7 >0.9993

Smoking6 (%) 15.8 17.2 17.6 24.5 >0.9993

Alcohol consumptionl6 (%) 40.5 38.5 43.6 40.0 >0.9993

Auditory abnormalities6 (%) 20.9 19.7 17.6 26.4 >0.9993

Visual abnormalities6 (%) 40.5 38.3 38.2 42.3 >0.9993

Hypertension6 (%) 16.4 25.5 15.3 26.6 <0.0013

Diabetes mellitus6 (%) 5.6 6.6 4.1 9.2 0.6783

Dyslipidemia6 (%) 27.0 30.2 25.7 31.0 >0.9993

Cardiopathy6 (%) 5.3 7.8 4.4 4.7 0.9493

Stroke6 (%) 0.6 1.5 0.9 1.7 >0.9993

Family history of vascular dementia6 (%) 12.9 9.0 13.5 20.3 0.1833

Family history of AD/neurodegenerative 42.7 35.0 47.6 41.1 0.0603

disease6 (%)
LN17 (mean, SD) 1.82 (1.75) 1.14 (1.34) 4.51 (2.83) 2.05 (2.62) <0.0012

LO17 (mean, SD) 5.09 (2.42) 3.69 (2.32) 7.14 (2.56) 4.01 (2.95) <0.0012

LN27 (mean, SD) 5.58 (2.63) 3.59 (2.77) 9.75 (1.95) 4.47 (3.72) <0.0012

LO27 (mean, SD) 8.06 (2.68) 6.52 (2.71) 10.14 (1.62) 6.23 (3.54) <0.0012

RSN7 (mean, SD) 5.15 (2.70) 3.26 (2.76) 9.79 (1.89) 4.40 (3.69) <0.0012

RSO7 (mean, SD) 7.97 (2.71) 6.27 (2.73) 10.35 (1.56) 6.14 (3.72) <0.0012

RLN7 (mean, SD) 4.96 (2.71) 3.08 (2.68) 9.79 (1.93) 4.16 (3.73) <0.0012

RLO7 (mean, SD) 7.87 (2.74) 6.00 (2.79) 10.21 (1.57) 5.93 (3.69) <0.0012

FR7 (mean, SD) 12.00 (0.00) 12.00 (0.00) 12.00 (0.00) 10.80 (1.41) <0.0012

REN7 (mean, SD) 10.24 (1.27) 8.28 (2.78) 12.00 (0.00) 8.75 (3.12) <0.0012

REO7 (mean, SD) 12.00 (0.00) 11.00 (0.84) 12.00 (0.00) 10.61 (2.17) <0.0012

Duration in min (mean, SD) 25.77 (2.39) 28.02 (4.92) 25.60 (2.11) 31.68 (9.32) <0.0012

1Bonferroni corrected p-value for multiple comparisons; 2ANOVA; 3χ2-test; 4female = 1 and male = 0; 5version A = 1 and version B = 0;
6binary variable from the Open House Initiative questionnaire, where 1 indicates an affirmative answer and 0 indicates a negative answer;
7variable used for model clustering; LN1, names recalled in learning 1; LN2, names recalled in learning 2; LO1, occupations recalled in
learning 1; LO2, occupations recalled in learning 2; RSN, names in short-term recall; RSO, occupations in short-term recall; RLN, names in
long-term recall; RLO, occupations in long-term recall; FR: face recognition; REN, names correctly recognized; REO, occupations correctly
recognized.

to complete the medical and family history ques-
tionnaire in the required time of 13 min between
short-term and long-term recall tasks; it was also
related to the presence of subjective memory com-
plaints with associated worries. Although the effects
of age, schooling, and sex vary depending on the
study, these results are consistent with those report-
ing that performance on the original 16-item and
adapted versions of FNAME worsens with older age
[8, 16, 34–36] and a lower level of schooling [16,
19, 20, 35–37] and that women score better than
men [15, 20, 37]. Despite having a higher frequency
of subjective memory complaints, people answer-
ing from Spain performed better on FACEmemory
than those from outside Spain, maybe because this
group was younger and had a higher frequency of

women and also because FACEmemory was designed
with images representative of the Spanish population
[11]. Finally, the subset of individuals who com-
pleted the medical and family history questionnaire
performed better on FACEmemory than those who
did not, maybe because they were younger with a
higher level of schooling. In addition, they may have
been more motivated to assess their memory or had
better global cognitive functioning, such as language
comprehension and executive abilities, which may be
needed to answer all the questions on the platform.

Memory function involves several cognitive pro-
cesses (encoding after initial exposure, learning with
repeated exposure, consolidation, and storage and
retrieval, which depend on both recall and recogni-
tion) that are governed by different neural networks
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Fig. 2. Four patterns of memory performance identified by machine learning analysis. LN1, names recalled in learning 1; LN2, names
recalled in learning 2; LO1, occupations recalled in learning 1; LO2, occupations recalled in learning 2; RLN, names in long-term recall;
RLO, occupations in long-term recall; REN, names correctly recognized; REO, occupations correctly recognized; FR, face recognition.

[24]. We therefore expected to observe different pat-
terns of memory performance across the group of
people performing the FACEmemory task, with the
inclusion of people older than 18 years enhanc-
ing the scores of a cluster of normal or preserved
performance. Using machine learning analysis, four
patterns of memory performance were identified. The
first pattern (Cluster 0, named dysexecutive mem-
ory pattern) corresponded to low scores on all tests,
except for preserved face recognition, and showed
better performance on recognition than recall. The
second pattern (Cluster 1, named storage mem-
ory pattern) showed low scores on all subtests,
except for face recognition—that is, impaired delayed
recall without obtaining benefit from the recognition

task. The third pattern (Cluster 2, named preserved
memory performance) represented the best over-
all performers, with high scores on all subtests.
The last pattern (Cluster 3, named severe memory
impairment) showed the worst scores on all sub-
tests, including face recognition, although it also had
the greatest variability in scores. This last cluster
probably included dementia cases, but it could also
contain errors due to other causes (such as prosopag-
nosia, distractions, disinterest, etc.). These findings
underscore the potential of machine learning tech-
niques for the automatic and probabilistic detection
of individuals at risk of developing cognitive impair-
ment or AD [38] through the online FACEmemory
platform.
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The present study has limitations. Firstly, the
study includes only data from Spanish- and
Catalan-speaking individuals, so translation to other
languages is needed. Although a well-functioning
English version is now available worldwide, inter-
national marketing campaigns will be carried out
to collect data from individuals who speak English,
and other language versions will be needed to make
FACEmemory a global tool. Secondly, limitations
related to remote testing are inevitable, and features
such as environmental distractions (e.g., noise, inter-
ruptions), help from other individuals, quality and
size of the electronic device’s screen employed to
perform the test, and the level of attention of the
participants during the test have not been moni-
tored. Although FACEmemory includes a video at
the beginning emphasizing the need to pay atten-
tion and to perform the test in a place without
any distractions, people who did not pay attention
will have been classified as impaired, and future
optimized versions might solve this problem by
improving the test monitoring. Thirdly, the cut-off for
impairment was obtained previously in a supervised
self-administration study conducted in a Spanish
memory clinic. Thus, it might be an inadequate cut-
off for the online version, especially for those subjects
who have completed the test outside Spain. Also,
the lack of confirmation of the clinical diagnosis
(cognitively healthy, MCI, or dementia) with a for-
mal cognitive assessment in a memory clinic limits
the interpretation of the current FACEmemory data.
Finally, it was unknown whether individuals without
any medical appointment or access to online plat-
forms were reached.

The fact that the present study has given the oppor-
tunity to all people concerned about their memory
from the age of 18 years to freely use FACEmemory
opens a window for detecting dysfunctional mem-
ory patterns in younger and middle-aged people.
Further studies are needed to validate these prelim-
inary FACEmemory results, comparing the pattern
of performance on FACEmemory with the diagno-
sis obtained with a formal cognitive assessment in
a memory clinic to detect individuals in the com-
munity at risk of developing dementia. Furthermore,
studies are needed to determine whether individuals
with a storage or hippocampal memory pattern on
FACEmemory end up developing AD and whether
individuals belonging to the group with the best
performance are indeed cognitively healthy. Since
people older than 50 years are most at risk of devel-
oping AD, in a future study we are going to present

standardized data and cut-offs of impaired perfor-
mance using people older than 50 years who were
diagnosed at the Memory Unit of the Ace Alzheimer
Center Barcelona. Also, there is a need to estab-
lish novel specific (by age, sex, schooling, country,
etc.) cut-off scores for the present online version
of FACEmemory and to report their sensitivity and
specificity values. Besides, the correlation of FACE-
memory scores with AD-related biomarkers (CSF,
magnetic resonance imaging, and genetics) and with
the risk of future conversion to AD dementia needs
to be analyzed.

In conclusion, the results of the present study
confirm that FACEmemory is a promising tool for
assessing memory in people with subjective memory
complaints and for raising awareness about cogni-
tive decline in the community. Taking advantage of
the growing interest in the use of new technolo-
gies, the FACEmemory online platform has been
demonstrated to be an opportunity for facilitating
memory assessment. We are convinced that giving
people the opportunity to complete the test at home
at the moment they prefer allows them to perform
their best. Moreover, due to the complexity of the
FACEmemory test, it will allow the detection of indi-
viduals with milder cognitive impairment and AD
compared with classic neuropsychological assess-
ments, which is crucial for early prevention strategies
focused on applying precision medicine to slow down
the progress of cognitive decline and to reduce the risk
of dementia.
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L, Rentz DM, Amariglio RE, Ruı́z A, Boada M (2015)
Concordance between subjective and objective memory
impairment in volunteer subjects. J Alzheimers Dis 48,
1109-1117.

[17] Abdelnour C, Rodrı́guez-Gómez O, Alegret M, Valero
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