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Widespread access to emerging information and communication technologies (ICT)
allows its use for the screening of diseases in the general population. At the initiative
of the Spanish Confederation of Associations of Families of People with Alzheimer’s
disease and other dementias (CEAFA), a website (http://www.problemasmemoria.com)
has been created that provides information about Alzheimer’s disease and includes
questionnaires to be completed by family or friends concerned about memory problems
of a relative. A cross-sectional, randomized, multicenter study was performed to
evaluate feasibility, validity, and user satisfaction with an electronic method of completion
vs. the current method of paper-based questionnaires for clinically dementia screening
completed by the informants: the Informant Questionnaire on Cognitive Decline in the
Elderly (IQCODE) and the Alzheimer’s disease-8 screening test (AD8). A total of 111
pairs were recruited by seven memory clinics. Informants completed IQCODE and AD8
questionnaires both in their paper and electronic versions. The correlation between
paper and electronic versions was significantly positive for IQCODE (r = 0.98; p < 0.001)
and AD8 (r = 0.96; p < 0.001). The execution time did not differ significantly, and
participants considered their use equally easy. This study shows that an electronic
version of the IQCODE and AD8 questionnaires is suitable for its online use via the
internet and achieves the same results as the traditional paper versions.

Keywords: cognitive decline, cognitive symptoms, memory problems, dementia, online questionnaire,
Alzheimer’s disease, IQCODE, AD8

INTRODUCTION

Dealing with the negative consequences of population aging is one of the most important endeavors
that health and care-giving systems face, globally. Dementia, particularly Alzheimer’s disease
(AD), constitutes a fundamental part of this challenge (WHO, 2012). Among the problems
posed by these diseases, procrastinated diagnosis stands out, in particular, leading to delayed
management. The existence of effective secondary prevention measures (Luchsinger et al., 2005)
and palliative care (Nowrangi et al., 2011) makes the delay in diagnosis even more excruciating.
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It is estimated that even in developed countries, only 20–50% of
patients are correctly diagnosed (Batsch and Mittelman, 2012).

To improve the early detection of AD several strategies have
been proposed, with varying degrees of clinical applicability
and cost-effectiveness. These include routine screening of the
general population, patients seen in primary care or nursing
home residents (Woods et al., 2003; Lliffe and Manthorpe, 2004).
It should be noted that biomarkers with good properties of
sensitivity and specificity and readily applicable to asymptomatic
or early symptomatic populations at risk are not yet available
(Risacher and Saykin, 2013; Stefani et al., 2013). This leads to an
initial disease suspicion still based on cognitive and/or functional
complaints that are noticed by patients and/or relatives and
considered abnormal enough to seek a consultation (Weir et al.,
2011). Most screening techniques are based on the assessment
of the affected subject, raising the issue of lack of awareness of
illness, often already present in the initial stages of it (Leicht
et al., 2010; Degirmenci et al., 2013), and strongly affecting the
initiative or willingness to be evaluated. In addition, the practical
difficulties of conducting a direct assessment of many potential
patients have led to considering distance interviews, either by
telephone (Lewis et al., 2001) or the internet (Dougherty et al.,
2010; Bateman et al., 2017).

Furthermore, although the role of relatives and/or proxies in
the support and care of the patient with AD is fundamental
and well established (Schulz and Martire, 2000), their role in
the early detection of symptoms as the first step leading to the
correct diagnosis is often limited and unrecognized (Cruz et al.,
2004). The delay in a correct assessment of the importance of
initial symptoms is usually due to incorrect attribution of these
symptoms to aging or other clinical entities, such as depression
(Werner, 2001). Patients and proxies may usually have doubts
as to whether a particular symptom should lead to seeking
consultation or not.

Taking all the evidence so far, it seems that a good way to
enhance the detection of AD in its early stages would be to make
available internet-based screening tests for proxies of potential
patients with cognitive impairment.

This is the main motivation for carrying out the AIPAD-online
study described below. Its aim is to demonstrate the validity of the
online application of a screening test for cognitive impairment,
based on the evaluation of an informant with good knowledge of
the patient, vs. its traditional paper form.

METHODS

A randomized, multicenter, cross-sectional study was designed
to analyze the feasibility, validity, and user satisfaction with the
electronic completion method as compared to the usual paper-
based standard method.

After approval by the Ethics Committee of the Hospital
Regional Universitario Carlos Haya, the study was conducted in
the Departments of Neurology, Geriatrics or Psychiatry of seven
centers distributed across the Spanish territory. A convenience
sample of 100–120 caregivers was estimated, allowing half of
the participants starting with electronic completion method

and the other half starting with paper-based method of
questionnaire completion.

Inclusion criteria comprised subjects older than 50 years who
attend as caregivers of outpatients in a specialized memory clinic.
The caregiver (informants) must have sufficient knowledge of the
patient, usually a first-degree relative or partner living in the same
patient’s home, as required by the screening paper versions of the
test, and willing to sign an informed consent. Informants having
any physical or mental problems were excluded.

The primary objective of the AIPAD-online study was
the evaluation of the feasibility of the electronic version of
two questionnaires for dementia screening, namely, IQCODE
(Informant Questionnaire on Cognitive Decline in the Elderly)
short version (Jorm, 1994), and AD8 (Alzheimer’s Disease)
(Galvin et al., 2007) and their correlation with the traditional
paper version previously translated and validated into Spanish
(Morales Gonzalez et al., 1992; Morales et al., 1995; Del-Ser
et al., 1997; Carnero Pardo et al., 2013). Both questionnaires were
completed by the same informant.

Informants completed both the electronic and paper versions
of the questionnaires one at the beginning of the visit and the
other at the end. The version order was randomly assigned.
A website was developed (see text footnote 1) and sponsored by
the Spanish Confederation of Associations of Families of People
with Alzheimer’s disease and other Dementias (CEAFA) for the
electronic version of the questionnaires, and previously validated
paper version were used (Morales Gonzalez et al., 1992; Morales
et al., 1995; Del-Ser et al., 1997; Carnero Pardo et al., 2013). The
sentence formulation of the items was identical in both versions.

The IQCODE questionnaire is a tool for the detection of
cognitive impairment and dementia in older people that is
completed by a caregiver or family member with a relationship
with the patient for at least five previous years. The short version
of the IQCODE can be completed in 10–15 min with almost
no influence of education (Jorm, 1994). The questions refer to
the situation of the elderly person compared to the one they
presented 5 or 10 years ago. Each question is answered with a
five-point Likert-type scale with scores ranging from 1 to 5: Much
improvement = 1 point; Little improved = 2 points; It has hardly
changed = 3 points; It has gotten a little worse = 4 points; It has
gotten very bad = 5 points. The total score is calculated by the sum
of the scores divided by 17, so the final score range is 1–5 points.
A higher score means greater cognitive decline. Cronbach’s alpha
coefficient has been calculated in seven studies, with a range of
0.93–0.97. The total score can also be calculated with the sum
of the scores for each question, with a range of 17–85 points
(Jorm, 1994).

The AD8 questionnaire is a very brief informant questionnaire
containing just 8 yes/no questions. Its diagnostic accuracy for
both cognitive decline, dementia, and AD has been subjected to
rigorous validation. The total score of the AD8 is equal to the
number of affirmative answers (Galvin et al., 2007).

Demographic variables of the patients and informants,
questionnaire results in both versions, the time for completion
of the questionnaires in both systems, and a questionnaire for
satisfaction and usability of both versions were collected in an
ease-of-use Likert type scale ranging from 1 (not easy at all)
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to 5 (very easy). To obtain a description of the sample, in
subsequent visits, clinical diagnostic impression was collected,
based on the NINCDS-ADRDA criteria for probable AD as
patients with Alzheimer’s disease was the only diagnosis observed
(Tierney et al., 1988), or Petersen criteria for mild cognitive
impairment (MCI) (Petersen et al., 1999). No other dementia
severity assessment was recorded for the study.

Statistical analysis included descriptive quantitative and
qualitative variables of the sample and Spearman’s correlation
between the IQCODE and AD8 questionnaires in their paper
vs. electronic versions. The SPSS 14.0 statistical analysis program
(Chicago, IL.) for the study of the data was used.

RESULTS

A sample of 118 cases in electronic format and 113 cases in
paper format was obtained. Seven questionnaires/patients did not
meet the inclusion criteria, and consequently, the final sample
consisted of 111 cases for which information was available both
electronically and in paper format. A total of 73 patients (65.8%)
and 75 of informants (65.6%) were women. Mean age was
77.8 years old (range, 60–97) for patients and 57.4 years old
(range, 32–92) for informants.

The most frequent educational levels of patients were
basic education (ISCED levels 1–2 (International Standard
Classification of Education, ISCED 2011, UNESCO) in 66
patients (59.5%), Upper secondary education (ISCED level
3) in 13 patients (11.7%), and university education (ISCED
levels 4–8) in 21 patients (18.9%). Eleven patients (9.9%) did
not have education level. For the informants, the percentages
were 29 (26.1%) with basic education, 39 (35.1%) with upper
secondary education, and 42 (37.8%) with university education,
with only one informant (0.9%) without education level. The
type of relationship of patients with the informants was most
commonly a sibling in 57 (51.8%) and partner in 30 (27.3%).
Most informants, 79 (71.2%), saw the patient daily, 19 (17.1%)
saw the patient every 2–3 days, and 12 (10.8%) saw the patient
once a week. In one case (0.9%), the patient was visited once
a month. Reasons for the consultation were memory loss in
66 patients (60%), behavioral disorder in 10 patients (9.1%),
and cognitive impairment not otherwise specified in 14 patients
(12.7%). Combined consultation reason was observed in 21
patients (21%). Data were not detailed in one patient.

A total of 57 patients (51.3%) included met the NINCDS-
ADRDA criteria for probable AD and 42 (39.3%) of them met
the criteria for MCI. Four patients were not classified for either
MCI or probable AD.

Total scores of the IQCODE and AD8 questionnaires are
displayed in Table 1. In the case of the total scores calculated as a
sum of the responses, the scores were converted to a percentage
scale to make them more readily interpretable. No significant
statistical differences were observed in the mean scores between
electronic and paper questionnaire versions.

User satisfaction was very similar for electronic and paper
versions (Table 1). Spearman’s correlation coefficient was
calculated to analyze the degree of association between easiness of

completion of the electronic and paper versions of the IQCODE
(r = 0.84) and AD8 (r = 0.88) questionnaires. Correlations were
high, positive, and statistically significant (p < 0.01). Consistent
with this high degree of association between the electronic and
paper versions, there were not statistically differences between
the ease of completion of the two versions of the IQCODE
and AD8 questionnaires. Completion times of the scales were
similar, although slightly higher in the case of electronic versions
(Table 1). Also, internal consistency and reliability analysis were
high for both tests in paper and electronic versions (Table 1).

The analysis of the correlation in the two versions of the tests,
convergent validity, was very high as shown in Table 2.

DISCUSSION

This is the first study to compare an informant-based
method of cognitive impairment screening on paper with its
online version, showing no significant statistical differences
between both administration methods of screening for AD by
traditional methods—usually questionnaires on paper that are
self-completed or completed by an informant—have shown good
predictive achievement (Lischka et al., 2012). The performance
of similar procedures through a website involves uncertainties
related to the ecological environment of the application of the
test or questionnaire that raise questions that this study aims to
answer. These questions primarily involve the fact of whether
there are any differences when answering to the questionnaire
through the computer media compared to the traditional method

TABLE 1 | Summary statistics of the total scores of the IQCODE and AD8
questionnaires, ease of use, completion times, and reliability.

Mean (SD)*

Mean score (range of scores, from
1 = he/she has improved much to
5 = he/she has become much worse)

Electronic IQCODE
paper IQCODE

4.08 (0.65)
4.05 (0.64)

Total score IQCODE (maximum 100) Electronic IQCODE
paper IQCODE

71.39
(20.39)
70.24
(21.56)

Total score AD8 (maximum 8) Electronic AD8
paper AD8

5.66 (2.36)
5.70 (2.21)

Ease of use (range from 1 = not easy
at all to 5 = very easy)

Electronic IQCODE
paper IQCODE

3.88 (0.92)
3.95 (0.84)

Electronic AD8
paper AD8

4.06 (0.79)
4.07 (0.73)

Completion time for electronic
IQCODE Completion time for paper
IQCODE

03:32 Min
(01:38)

03:08 Min
(01:08)

Completion time for electronic AD8
Completion time for paper AD8

01:41 Min
(00:50)

01:44 Min
(00:56)

Reliability of the electronic and paper
versions of the IQCODE and AD8
questionnaires

Cronbach’s Alpha

Electronic IQCODE
paper IQCODE

0.95
0.96

Electronic AD8
paper AD8

0.79
0.75

*P > 0.05 for all the electronic vs. paper versions comparisons.
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TABLE 2 | Spearman’s correlation between the versions of the IQCODE and
AD8 questionnaires.

Paper AD8
total score

Paper IQCODE
sum score

Paper IQCODE
total score

Electronic AD8
total score

0.96 (*)

Electronic IQCODE
sum score

0.98 (*)

Electronic IQCODE
total score

0.98 (*)

*The correlation is significant at two-tailed p-value of 0.01.

by people with varying degrees of familiarity with the use of
computers, especially informants of a certain age.

In addition, the design of the website containing the
evaluation procedure should have specific characteristics
of simplicity, ease of use, and minimization of use
options to reduce variability. The creation of the website
www.problemasmemoria.com containing the assessment
questionnaires entailed a series of discussions by experts and
reviewing various versions until arriving at the final version,
which is the one that was tested and that appears on the
website above. Its content includes basic data in relation to both
the person being evaluated and the evaluator, and additional
information of a clinical nature concerning the individual being
evaluated. The fundamental core of the website includes the
assessment of the potential patient. This is done through the
versions validated in Spain of the two questionnaires that are
most widely used for the detection of dementia based on the data
given by an informant: the IQCODE and AD8 questionnaires
(Hendry et al., 2019; Burton et al., 2021; Quinn et al., 2021).
The inclusion of both instruments was designed to compare
the performance of both questionnaires and possibly to decide
to use only one in the case of developing a shortened version
for the website.

Questionnaires were selected based on the evaluation
of the informant to avoid the tendency of patients with
cognitive impairment to minimize their deficits and therefore
unconsciously distort the results and also because, despite its
convenience, these potential patients may not want to cooperate
in assessing their own cognitive or functional abilities.

The sample taken for the comparative study of the online
and paper versions of the two assessment instruments does not
differ from the population that regularly came for specialized
consultation for memory or cognitive complaints from the socio-
demographic point of view and neither in relation to caregivers.
It should be noted that the highest proportion of caregivers was
made up by children of the person being evaluated, who had a
nearly daily relationship with the person.

The results of the paper and online versions of the two
questionnaires were virtually identical. The reliability and
convergent validity were highly significant, with Cronbach’s alpha
values in the upper range. In addition, both ease of use and
satisfaction of the informants was similar for both the paper as
well as the electronic versions, which provides strong support
for the electronic application. Both versions were completed
in a similar amount of time, though marginally longer in the

electronic version, probably related to the lower familiarity with
operating a computer vs. the use of paper. In both cases, it
involved a reasonably short time.

This experience of dementia screening supported by a website
available online is the first to use the information from an
informant. There are other experiences, but they are based on
information provided by the subject being evaluated, primarily
based on the performance of cognitive tests moved to the
internet. Thus, Dougherty et al. (2010) used a new battery
of multi-domain cognitive tests with a period of application
lasting more than 15 min. Therefore, this requires a good
level of cooperation from the subject being evaluated. Brandt
and Rogerson (2011) also use for this purpose an episodic
memory test that is not yet validated. This involves a time for
encoding information so requires the subject to be evaluated
as a collaborator. Wesnes et al. (2017) have reported positive
preliminary data using a new cognitive battery of four tests
validated in their paper version, but not online. The results of
these experiments are only partially comparable to that presented
here, as they involve direct evaluations of the subject rather than
information gathered by a reliable informant, although all of
them reinforce the idea that this type of screening is feasible and
has acceptable predictive capabilities.

Our study has limitations such as the number of participants
and the selection bias in relation to a sample recruited in
the medical setting. Also, the study was limited to patients
with cognitive symptoms, so all questionnaires had high values.
We did not consider including a control group of volunteers
with no cognitive complaints as we expected that the visits
to the webpage mainly will be of people worried about initial
cognitive symptoms. Although 10.8% of the informants saw the
patient every week, and this could derive in lower knowledge
about the patient mental status, all the informants fulfilled the
requirement of the validated questionnaires, and the way they
are usually applied. However, in our opinion, these limitations
do not invalidate the primary objective of the study: To evaluate
the possible differences between traditionally presented tests
vs. a test conducted in an online platform. A limitation to
transfer these results to the general population is the difficulty
to access internet in some socioeconomic levels. There is a
cultural constraint for some population groups that has been
called digital illiterates. For this reason, our study evaluates
tests designed for caregivers and relatives of patients who often
have younger age and more access to the internet. However,
we believe that limited access to the internet will become less
important in the future, even for elderly populations. Although
the work was performed long before the COVID-19 pandemics,
it raises more importance of the availability of web-based
questionnaires minimizing in-office consultations. The electronic
version of the questionnaire proposed in this work might add
a new useful tool for the becoming years as this pandemic,
or others to come, will change our interpersonal and patient-
doctor relationships.

In conclusion, the electronic versions of the IQCODE
and AD8 questionnaires presented on the website
www.problemasmemoria.com constitute a valid and reliable
method, comparable to the paper versions for dementia and
cognitive impairment detection, with high rates of acceptability

Frontiers in Computational Neuroscience | www.frontiersin.org 4 July 2022 | Volume 16 | Article 840200

http://www.problemasmemoria.com
http://www.problemasmemoria.com
https://www.frontiersin.org/journals/computational-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/computational-neuroscience#articles


fncom-16-840200 July 12, 2022 Time: 8:12 # 5

Agüera-Ortiz et al. Cognitive Impairment Online Screening

by informants evaluating the subjects, who perform this activity
in a reasonably short time. These results warrant further studies
to validate the diagnostic performance of the electronic versions
administered online and their contribution to reducing the
time to diagnosis and improving early detection of AD and
other dementias.
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