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Abstract: Background: Cognitive decline does not always occur; therefore, it is important to recognise 

the predictors in people over 60. The COVID-19 pandemic led to isolation to limit the spread of the 

virus, with older people being the most affected.; Objectives: To analyse the cognitive variables of 

older adults in confinement during COVID-19 using tele-neuropsychology for cognitive assessment, 

comparing online with in-person screening. Methods: 148 subjects took part in the study. Participants 

were assigned to the in-person or online intervention based on their preferences. A person close to 

the patient also participated in the study as an informant.; Results: The results support the suitability 

of the protocol used in both modalities (face-to-face/online).; Conclusions: Both assessments (face-to-

face and online) are equally effective. The findings are consistent with the importance of cognitive 

measures and the key informant corroboration in identifying indicators of cognitive decline and 

implementing early intervention strategies.  

Keywords: older adults; tele neuropsychology; mild cognitive impairment; cognitive screening; 

dementia; online assessment 

 

1. Introduction 

Aging is associated with a decline in some cognitive functions and a slowing of executive 

functions, although both dimensions are within the parameters of normal evolutionary development. 

However, increased life expectancy is associated with increased vulnerability to cognitive 

impairment, furthermore the role of other biographical and contextual cues [1,2]. In longer-lived 

societies, there is a need for early detection in the cognitive continuum from subjective complaints of 

memory loss through mild cognitive impairment (MCI) to early Alzheimer's disease (AD). One of the 

key elements, according to the World Report on Dementia, is the high rate of older adults who are 

unaware of their level of impairment and the consequent risk of dementia [3]. 

The purpose of this study is to examine the variables that predict the vulnerability to MCI and 

to compare the modes of administration between the traditional face-to-face assessment and the 

virtual assessment. We emphasize the key to screening for MCI as the focus of research, not the 

diagnosis of MCI, which should be done with neuropsychological assessment procedures and 

biomarkers. To achieve early detection in large populations, we need screening tests with good 

sensitivity, specificity, and efficacy, as well as positive and negative predictive values.   

The aging of the population has led to an increase in cognitive impairment in the elderly, which 

has increased the prevalence of dementia, particularly Alzheimer's dementia [4]. In the continuum of 

cognitive impairment, MCI is the clinical entity that precedes AD [5]. Therefore, the detection of MCI 

is important for a clinical and early approach to the diagnosis of Alzheimer's disease.  

Research in this area emphasizes that MCI is a transitional stage between normality and 

dementia, involving problems with higher mental processes but with little functional impact [6]. 
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Concerning to neuropsychological symptoms, criteria based on amnestic dysfunction were first used 

to objectify the diagnosis of MCI [7], and the construct was subsequently expanded [8] to include 

MCI-amnestic, MCI-amnestic domain, MCI-amnestic multidomain, and MCI-non-amnestic, domain, 

or multidomain [5]. Subsequently, the NIA-AAA [9] and the National Institute of Alzheimer's Work 

Group [10] established new dementia criteria using clinical, neuropsychological, and biomarker 

criteria that advance the diagnosis of prodromal AD. 

Mild cognitive impairment (MCI) is a clinical diagnosis [5]. When clinical suspicion is raised, the 

first step is to conduct an appropriate screening. In this regard, we highlight two screening tests that 

are widely accepted in the evaluation of cognitive impairment: the MoCA (Montreal Cognitive 

Assessment) and the Clock Test (CT) in its order and copy versions [11,12]. Several studies have 

pointed out the usefulness of the MoCA, especially in people with a high level of education [13].  

Moreover, the CT, in its two variants (on command and copying), offers a complementary and 

more ecological perspective to the MoCA, allowing a more precise differentiation of cognitive 

impairment by analyzing the pattern of improvement [11,12,14]. Along the same lines as the Mini-

Clock ([15] which is the combination of the Mini-Mental plus the CT, we propose, as a complement 

to the MoCA, the application of the two versions of the CT(on command and copy) and the 

assessment of the pattern of improvement to expand the accuracy in the screening of cognitive 

impairment.  

The incidence and prevalence of mild cognitive impairment vary according to the diagnostic 

criteria used [16], so it is important to promote methodological proposals for assessment updated 

with the APA criteria [17]. The increase in the prevalence of cognitive impairment has encouraged 

the search for non-pharmacological preventive interventions, which represent an emerging 

therapeutic approach and offer the possibility of preventing or delaying cognitive impairment and 

functional disability that marks the transition to dementia [18].  

In addition, the DSM-5 includes two criteria: the presence of cognitive deficits in at least one 

cognitive domain (e.g., memory, language, attention); also, that this impairment causes a significant 

decline from previous levels of independence in activities of daily living [19]. The importance of 

clinically considering the role of subjective memory complaints as an early indicator has also been 

emphasized [20–23]. Updating the criteria for cognitive impairment is under discussion and should 

be based on empirical evidence and suggestions from professional groups [4,24]. As an innovative 

element, in addition to the diagnostic criteria (DSM-5 or ICD-11), the relevant contributions of the 

Boston Process Approach (BPA), applicable to screening tasks, should be considered. Therefore, it is 

necessary to go beyond the quantitative measurement for screening, which should emphasize how 

the older adult performs in the execution of the test [25]. 

For older adults, healthy aging is directly related to their autonomy, understood as the 

functional capacity required to perform basic, instrumental, and advanced activities of daily living. 

A study [26] suggests that deterioration in instrumental activities of daily living has a significant 

correlation with mild cognitive impairment. Therefore, a basic criterion for establishing the diagnosis 

of mild cognitive impairment is to assess the level of autonomy in activities of daily living, as 

functionality may be a prognostic factor in determining the degree of progression to dementia in the 

short or medium term [16]. 

Because of the above, it seems necessary to consider as a priority the risk of MCI in the elderly 

population, considering the pattern of deterioration manifested, to predict its possible evolution into 

a major neurocognitive disorder [27]. Cognitive status is the first key identified in the literature as a 

sensitive indicator, although the cognitive function that deteriorates may differ from case to case, 

which would characterize the subtype of MCI [28]. In addition, the literature consistently points to 

the role that emotional changes play in cognitive decline and overall well-being [29,30]. Isolation and 

lack of social contacts would act as inhibitors of the stimulation that interpersonal relationships 

provide for cognitive maintenance. In this line, the role of loneliness that may be experienced by 

elderly people with isolated or impoverished residential habitats should be emphasized [31]. 
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Finally, the functionality of older adults, whether autonomous or institutionalized, is very 

relevant given that the most recent revision of the DSM-5 (APA) [17] established functionality as one 

of the distinctions between major and minor neurocognitive disorders. Thus, the basic differentiating 

key between the two is the impact or absence of impairment while performing daily living activities 

(DLAs). This third key, autonomy in performing DLAs (instrumental, basic, and advanced), is not 

independent of the previous ones, therefore its impairment could be an indicator of a greater risk of 

developing a major neurocognitive disorder. This must be considered a risk in cognitive assessment, 

especially in screening tests [32], because some protective factors, such as cognitive reserve, may 

mask the decline and its progression [33]. This is even more important considering the impact of the 

pandemic on the cognitive and emotional health of older people, as reflected in recent longitudinal 

studies showing accelerated decline due to the pandemic [34]. 

The use of information and communication technologies (ICTs) for screening and intervention 

(cognitive stimulation) has increased in recent years being beneficial for mild cognitive impairment 

detection when used in the early stages of mild cognitive impairment [35]. Due to the increasing 

familiarity of older adults using mobile devices, new diagnostic scenarios should be available, hence 

the importance of implementing alternative tele-neuropsychological care for the elderly, especially 

considering the situation experienced after the COVID-19 pandemic. The proposal presented in this 

study follows this line, which is characterized by speed, efficiency, and accessibility, and which, 

because it is online, offers alternative care for the elderly at home, avoiding the risk of personal 

contact in circumstances like the pandemic. 

In summary, although mild cognitive impairment (MCI) is a particularly controversial entity, it 

remains a central construct given the importance of early diagnosis of neurodegenerative disorders 

[36]. Given that population-based screening tests for cognitive impairment are impractical, initial 

detection of mild cognitive impairment will rely heavily on subjective memory complaints (SMC) as 

a presenting symptom. The problem is that SMC is heterogeneous in its etiology and its significance 

must be confirmed by a professional [37]. In this process, the role of key informants (family members 

or people in the environment), who can corroborate certain changes or dysfunctions and the 

evolution throughout recent years, is relevant.  

This work aims to discriminate the most relevant variables to determine the likely risk of 

cognitive impairment in the elderly. In addition, these variables were explored in two assessment 

modalities (face-to-face and online), combining objective information on the elderly's performance 

with that provided by key informants. This hybrid technology solution alleviates the limitations of 

the isolation situations resulting from the pandemic, in the absence of the sentinel epidemiological 

surveillance systems developed by the primary care centers. Having a specific and reliable screening 

protocol to identify indicators of early cognitive impairment is key to implementing prevention 

programs and timely care according to the needs of possible cases of MCI, in addition to bridging 

national and international geographical gaps using ICTs. This approach responds to the gaps 

identified in the literature in this psychological area [38]. 

2. Materials and Methods 

Participants. 

The participants were recruited from March 2021 to July 2022, 148 subjects were cognitively 

assessed (plus the key informant being a caregiver or a close relative to the participant, a total of 296 

subjects participated in the study). Subjects included in the sample were recruited in two ways. 

Firstly, through the Municipal Centers for the Elderly of the City Council of Salamanca. Secondly, 

through the users who came directly to request the services from the Memory Unit (MU) at the 

Psychology Faculty in the Pontifical University of Salamanca (UPSA). 

Of the 148 subjects, 23.6% =39 were male and 76.4% =109 were female. The mean age was 72.91 

years (SD 6.46). Finally, and given the characteristics of this work, the 148 subjects were assigned to 

an intervention modality (face-to-face or online) previously requested by the participant. For each 

one of the modalities, data were selected from 79 subjects who met the above inclusion criteria. In 
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addition, 148 key informants participated, of whom 47.3% =70 were men and 52.7% =78 were women. 

In terms of relationship to the participants, 77.7% of the key informants were first-degree relatives, 

while 22.3% were second-degree relatives. 

The inclusion criteria for this study were as follows: 

- Participants must be residents of the city of Salamanca, Spain. 

- Be at least 60 years old at the time of selection. 

- Not be institutionalized in a nursing home. 

- Not have a previous diagnosis of MCI. 

- Able to give informed consent. 

- Willingness to attend the scheduled appointments and complete the required questionnaires. 

Regarding the inclusion criteria, it should be noted that cognitively healthy older adults (without 

previous diagnosis of cognitive impairment) were included since this is a population-based study on 

demand. This means that the MU should be available for all situations where an assessment of the 

SMC is requested since it is a service financed by a public institution to cover a need that is not offered 

in primary healthcare systems. The basic task of the MU is to become a sentinel epidemiological 

surveillance unit to refer to specialized services the cases that, according to the above assessment, are 

at high risk of possible MCI.  

Instruments. 

A questionnaire was used to obtain the socio-demographic data of the participant and recorded 

in a card-created ad doc (anonymous and coded); besides this, four tests were administered to the 

older adult. First, the Yesavage Depression Scale (YDP) was used to screen the emotional status of 

the subjects and to verify that they could participate since one of the exclusion criteria was to be under 

psychiatric treatment or with depression. 

Before implementing the online protocol, pilot tests were conducted with the population of 

interest to adapt the instruments from the in-person to the online modality. The cognitive assessment 

instruments used were the Montreal Cognitive Assessment (MOCA), the Cacho Version Clock 

Drawing Test (CDT), and the Word Accentuation Test (WAT). The Questionnaire on Cognitive 

Decline in the Elderly (IQCODE) and the Activities of Daily Living Questionnaire (IDDD) were used 

to obtain data about the participants from the perspective of the key informant (family member or 

caregiver).  

The MoCA was found to be valid for the detection of MCI in the Spanish population, with 

significantly good internal consistency (Cronbach's a: 0.772), high reliability (Spearman correlation 

coefficient 0.846; P<.01), and high-reliability test-retest reliability: 0.922; P<.001). The MoCA was also 

effective and valid for detecting MCI (AUC±0.903) and early dementia (AUC±0.957). The cut-off 

points that would indicate MICI or early-stage dementia were: <21 and <20 respectively, with 

sensitivity percentages of 75% and specificity of 85% for MCI, whereas in early-stage dementia the 

sensitivity is 90% and 86% for MCI [39]. In our study, the ICC between MoCA and CDT was 0.64, 

while for WAT/MoCA it was 0.810. 

For this study, we used the Cacho version of the Clock Drawing Test (CDT), which includes the 

drawing of a clock on command (CDTcm) and its comparison to the drawing of a copied clock 

(CDTcp), the Cacho version of the CDT has been validated in the Spanish population with significant 

sensitivity and specificity indices [40], and which proposes a cut-off point where a score <6 out of 10 

is considered indicative of MCI. As for the WAT, it has not been previously validated in the Spanish 

population, but it has shown good internal values (alpha=.841) and a reliability of r=.908 when 

converting the score when comparing the scores obtained in subjects when administering the WAIS-

IV scales in the Ecuadorian population (r=.827) [41]. 

Regarding the use of Teleneuropsychology in this study, a rigorous approach was applied 

following the Teleneuropsychology guidelines proposed by the APA [17,38] during the COVID-19 

pandemic. Psychological tests were administered and scored using a standardized procedure, online 

and in person. The main difference is in the method of test administration. While in the face-to-face 

format, they were administered in writing, in the virtual format the tests were presented by the 
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examinee in front of the camera to provide the necessary screenshots of the task required of the 

participants.  

The transition from in-person to tele-neuropsychology was challenging. During the virtual 

sessions, technical difficulties arose that required immediate resolution. To overcome these 

difficulties, specific communication protocols were established. In cases where the connection or 

platform experienced problems, a phone call was used to continue the session without interruption. 

In addition, in some cases, family members present at the patient's location provided technical 

assistance to ensure the uninterrupted flow of the sessions. 

This approach, which guarantees the confidentiality, integrity, and validity of the results 

obtained, has made it possible to maintain high standards while providing neuropsychological 

services at a distance. To ensure the continuity of neuropsychological assessment in situations of 

confinement, such as those required during the COVID-19 pandemic, it was necessary to adapt the 

assessment procedures to the virtual modality. 

In addition, it is important to note that the goal of the MU is to identify, through clinical history 

and screening, patients with suspected cognitive impairment for referral to specialized health centers 

for subsequent formal neurological and neuropsychological evaluation to establish a diagnosis as 

early as possible. In the MU, most patients are women with a high level of education, making the 

MoCA test an ideal screening tool. However, although the MoCA includes a clock drawing on 

command task, the complementary inclusion of a visuospatial performance task in the version of the 

CDT (CDTcm/CDTcp) and the CDT improvement pattern (IP) [11,12,14] a more accurate screening 

for cognitive impairment. On the other hand, it is important to note that the MoCA includes a 

visuospatial test that consists of drawing a cube. 

After the subjects were evaluated, key informants were interviewed using two instruments. To 

assess indicators of cognitive decline in the subjects, the IQCODE questionnaire was used, which 

asked informants about their perceptions of changes in intellectual functioning that the patients had 

experienced in recent years. The IQCODE has been validated in the Spanish-speaking population to 

determine the functional status of individuals before and after stroke [42]; for this study, we used the 

cutoff originally proposed by Jorm, according to which a score >57 would indicate probable MCI, as 

this score has previously been shown to have high internal reliability in the general population (alpha 

= 0.95) and reasonably high test-retest reliability over one year in the dementia sample (r = 0.75). The 

IQCODE total score and each of its 26 items have been used to discriminate cognitive states between 

healthy populations and populations with dementia [18]. 

Regarding the level of autonomy, the IDDD interview was applied to informants because 

previous studies have shown that people with MCI and early dementia are affected to varying 

degrees in their initiative and performance in instrumental life activities, also highlighting the 

importance of social activities for a sense of well-being [43].  In this regard, Peres et al. [44] have 

presented an adaptation and validation of the IDDD for the Spanish-speaking population, obtaining 

high internal consistency (a=.985) and reproducibility (interclass correlation coefficient = .94).  

The correlations were significant (r=.81), showing that the IDDD in its Spanish version is a 

reliable version of the original IDDD, and can be used effectively in the Spanish population for the 

early stages of dementia and its follow-up. Therefore, it was used for this study with the same 

reference cut-off points (33-36 normal, 37-40 MCI indicators, >40 < MCI/dementia indicators in 

different degrees of severity). The scale's factor structure was also confirmed in MCI and AD 

populations. 

Procedure 

Due to the confinement situation resulting from the COVID-19 pandemic, the application of the 

protocol was carried out according to the preference and circumstances of each participating subject, 

with two options available: face-to-face or online modality. In the first case, the consultation was 

carried out through a videoconferencing application, consisting of an evaluation with the subject (30-

35 minutes), in which the cognitive state was assessed with the instruments described above. Then, 

in the second part (15 minutes), the key informant interview was conducted. For the online 
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assessments, the adapted versions of the MoCA, CDT, and WAT were used, as well as the IQCODE 

and IDDD, always following the guidelines suggested by the APA [45] for adapting instruments used 

in the face-to-face assessment to the online modality. 

The face-to-face evaluation and the order in which the protocol was administered were the same 

and followed the same sequence as the online evaluation. (Figure 1). Before the assessment, all 

subjects completed the informed consent form. At the end of the process, they received a report on 

their cognitive status with appropriate recommendations for referral to other levels of care according 

to their results, as specified in the protocol of the unit services. 

Therefore, it should be emphasized that the protocol used in this study does not allow the 

diagnosis of MCI, but is used to explore indicators of vulnerability (previous stage from a prodromic 

MCI – early stage dementia). As described, this screening was not done solely based on the MoCA 

score, but with the full set of tests and sources of information (older adult and key informant). This 

is an important aspect to highlight as many of the studies like the one that we are presenting here are 

based on only one source, usually the older adult, ignoring the key fact that relevant data may be 

forgotten due to the amnesic problem, hence the importance of the information corroborated with 

the informant (relative or caregiver). 

 

Figure 1. Assessment Protocol Sequence. 

Data analysis 

All results presented in this study were obtained using the IBM SPSS Statistics version 28 

statistical analysis package. The significance level used for the analyses was p ≤ 0.05 and p≤ 0.01. 

The Kolmogorov-Smirnov test and the Leven test were used to test the distribution and 

homogeneity of the cognitive variables before statistical analysis. The results of these analyses were 

significant, indicating that each of the cognition status variables under study had a normal 

distribution and was suitable for the parametric statistical analyses. 

3. Results 

Table 1 shows the sociodemographic and health variables defining the sample. Most of the 

subjects were women (76.4%), with higher education (41.2), living alone (62.2%), without 

cardiovascular risk (81.1%), diabetes (87.8%), or hypertension (77%), most of them are not taking any 

medication (78.4%), nor consuming alcohol (81.1%) or tobacco (95.3%). 

Table 1. Sociodemographic and health variables. 

Variable Value 

Genre:  

Female (%) 76,4 (109)  
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Male (%) 23,6 (39) 

Mean age (SD) 72,41 (6.46) 

Average year of study (DT) 18 (4,5) 

Educational level:  

Postgraduates (%) 41,2 (2) 

High school (%) 16,9 (25) 

Primary (%) 27 (40) 

Secondary (%) 13,5 (20) 

With whom they live:  

Accompanied (%) 62,2 (91) 

Alone (%) 47,8 (47) 

Cardiovascular risk:  

Yes (%) 18,2 (27) 

No (%) 81,1 (120) 

Diabetes:  

Yes (%) 11,5 (17) 

No (%) 87,8 (130) 

Hypertension:  

Yes (%) 23 (34) 

No (%) 77 (114) 

Medication intake:  

Yes (%) 78,9 (117) 

No (%) 21,6 (31) 

Tobacco use:  

Yes (%) 4,7 (7) 

No (%) 95,3 (141) 

Alcohol consumption:  

Yes (%) 18,9 (28)  

No (%) 81,1 (120) 

Table 2 shows the results obtained on the different indicators of MCI of the participants from 

the instruments used: MoCA, CDTcm, CDTcp, IP, and the WAT, as well as the IQCODE and the 

IDDD. 

Table 2. Descriptive data of the variables evaluated. 

Instrument Mean (SD) Min Max Skewness (SD) Kurtosis (SD) 
Kolmogorov 

p-value 

CDTcm 8,9 (1.70) 0 10 -2,3(0.19) 6,5(0.396) .001 

CDTcp 9,6 (1.01) 0 10 -6,3(0.09) 55,2(0.396) .001 

IP ,7(1.13) 0 6 2,1(0.09) 5,4(0.396) .001 

WAT 25,5 (4.57) 4 30 -2,3(0.09) 7,1(0.396) .001 

IQCODE 49,5 (7.98) 30 83 1(0.09) 3,2(0.396) .001 

IDDD 35,0 (6.51) 21 87 4,8(0.09) 31(0.396) .001 

MoCA 25,4 (4.68) 8 30 -1,9(0.09) 3,8(0.396) .001 

The statistical analysis (Pearson correlation) performed to test the first objective of this study 

shows the relationship between the variables associated with cognitive impairment. The results show 

a moderate and positive correlation between MoCA, CDTcm (.743), and CDTcp (.587), which 

confirms that both the general cognitive assessment provided by the screening test and the additional 

measures (visual-constructive aspects and cognitive reserve) provide a consistent profile of the 

participant's risk situation or lack thereof. 

Since the MoCA scores appear to have a large standard deviation, Table 3 shows the range of 

scores, by educational intervals. 

Table 3. Range of scores by educational intervals. 

 Variable Educational level Mean SD Range 
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Patient 

MoCA 
Low 24,16 4,949 21 

22 High 27.06 3.724 

CDTcm 
Low 8,56 1,924 10 

6 High 9.38 1.211 

CDTcp 
Low 9,52 1,240 10 

3 High 9.81 ,564 

IP 
Low ,91 1,288 6 

4 High ,43 ,817 

WAT 
Low 24,07 5,327 26 

8 High 27,59 2,005 

Informants 

IDCODE 
Low 50,78 9,103 53 

29 High 47,79 5,804 

IDDD 
Low 35,29 7,478 66 

25 High 34,68 4,964 

On the other hand, moderate and negative values were found between the MoCA and the IDDD 

questionnaire (-.456 p-value .001) and IQCODE (-.484 p-value .001), indicating that the results of the 

participant's assessment were consistent with the key informant's observations. 

Finally, we highlight the negative correlation obtained between the CDTcm, IP, IQCODE, and 

IDDD scores. As can be seen in Table 4, the most relevant associative key for the deterioration in the 

protocol is the correlation between the performance in the CDTcm and the IP index (-.803) resulting 

from comparing the drawing of the CDT cm and the CDTcp. 

Table 4. CDTcm/IP Correlation. 

Variable MoCA  CDTcm CDTcp IP 
 

WAT 
IQCODE 

CDTcm 
Pearson'r ,743**      

p-value ,001      

CDTcp 
Pearson'r ,587** ,756**     

p-value ,001 ,001     

IP 
Pearson'r -,583** -,803** -,258**    

p-value ,001 ,001 ,002    

WAT Pearson'r ,681** ,681** ,482** -,417**   

 p-value ,000 ,000 ,000 ,000   

IQCODE 
Pearson'r -,484** -,416** -,256** ,395** -,475**  

p-value ,001 ,001 ,002 ,001 ,000  

IDDD 
Pearson'r -,456** -,281** -,177* ,260** -,390 ,553** 

p-value ,001 ,001 ,032 ,001 ,000 ,001 

**The correlation is significant at the 0.01 level (bilateral). *Correlation is significant at the 0.05 level (bilateral). 

Also important is the association of this index with the cognitive reserve assessed with the WAT 

(-.417). Of lesser magnitude, but very significant, is the correlation between cognitive status according 

to MoCA, IP, and WAT with the key informant's assessment of the patient's cognitive decline 

(IQCODE .395) and autonomy (IDDD .260). These aspects are illustrated in Figure 2. 
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Figure 2. Patient’s cognitive status. 

Regarding the second objective, the statistical analyses performed (Student's t-test) show that 

the type of evaluation modality (face-to-face or online) does not significantly alter the results in any 

of the variables analyzed. Therefore, we can say that the evaluation results are not influenced by the 

modality chosen (Table 5). 

Table 5. Results according to modality assessment. 

 Variable Application Mean SD 
Levene 

(p-value) 
t (p-value) 

Patient 

MoCA 
In-person 24,88 4,569 ,270 

(,604) 

-1,356 

(,177) Online 25,92 4,765 

CDTcm 
In-person 8,74 1,873 1,750 

(,0188) 

-1,209 

(,229) Online 9,08 1,506 

CDTcp 
In-person 9,53 1,263 3,084 

(0,081) 

-1,378 

(,170) Online 9,76 ,679 

IP 
In-person ,76 1,248 1.333 

(,250) 

,579 

(,564) Online ,65 1,013 

WAT 
In-person 25,49 4,42 ,062 

(,804) 

-,215 

(,830) Online 25,65 7,75 

Informants 

IDCODE 
In-person 50,84 8,740 ,931 

(,336) 

2,050 

(,042*) Online 48,18 6,957 

IDDD 
In-person 35,00 5,777 ,035 

(,852) 

-,063 

(,950) Online 35,07 7,217 

It should be noted that significant differences in the IQCODE scores were found only in the in-

person modality (t=2.050 and p-value=.042). Informants of participants who attended in person had 

a higher perception of their relative's cognitive impairment (50.84 and SD: 8.74) than those who 

attended online (48.18 and SD: 6.95). Data is shown in Figure 3. 
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Figure 3. Box Plot on Assessement Modality and Cognitive Decline. 

Finally, an attempt was made to clarify the variables associated with cognitive impairment that 

could be predictors of cognitive impairment. For this purpose, a regression was performed with the 

predictor variables CDTcm, CDTcp, IP, WAT, IQCODE, and IDDD, with the criterion (dependent) 

variable MoCA. Of these, only the statistical solution found includes the variables WAT, IQCODE, 

and IDDD as part of a stable model (Y'=9.302-0.317X1 -0.017X2 +0.128X3, (2: .516 and F (p-value:) 

51.273 (<.001)). (Table 6). 

Table 6. Linear regression on MoCA, IQCODE, and, IDDD. 

 Unstandardized coefficients Collinearity statistics 

Model β Collinearity IVF 

(Constant) 

WAT(X1) 

9,302 

,317 

 

,583 

 

1,716 

IQCODE (X2) -,017 ,585 1,710 

IDDD (X3) -,128 ,673 1,486 

Thus, sensitivity in detecting suspected MCI, according to the model results, would fall on 

cognitive reserve as it relates to the older adult measure and the two key informant measures 

(cognitive status and level of autonomy). 

In addition, given that the sample has a high level of education, subsample analyses were 

performed in a split group for face-to-face and virtual administration for low and high education. 

This was done to see the differences in performance between the education groups. We used a 

multivariate general linear model in which we included as dependent variables the variables 

analyzed in the study and as independent variables the level of education (low and high) and the 

type of application of the workshop (face-to-face and online). 

First, we checked the assumption of homoscedasticity in the multivariate vector using the box 

test (p=.000 <0.05), which was significant, therefore the assumption of homoscedasticity is not fulfilled 

for the multivariate manager. On the other hand, Leven's Contrast was calculated for the variables of 

the study, and significant values were found for some of the variables, so this assumption is not met 

CDTcm (p=.040 <0.05), CDTcp (p=.037 <0.05) and WAT (p=.001 <0.05). 

However, given the balanced size of the groups (high education 63 subjects and low education 

85 subjects; face-to-face 74 subjects and online 74 subjects), we can assume that the test is robust to 

the violation of this assumption, so we present below the results obtained from the multivariate 

general linear model. 

Significant differences were found only in the variable "education" (Pillai trace p=.001 <0.05), with 

an observed power of 0990. No significant differences were found in the assessment modality or the 

interaction between the two variables. In the tests of between-subjects effects, we found differences 
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in the variables MOCA, CDTcm, IP, WAT, and IQCODE as a function of the variable education (Table 

7). 

Table 7. Education Variables. 

 
Dependant 

Variable 
F Sig. 

Partial eta 

squared 

 

Statistical observed 

power 

Education 

MOCA 14,456 <,001 ,091 ,965 

TRO 7,991 ,005 ,053 ,802 

TRC 2,532 ,114 ,017 ,352 

IP 6,315 ,013 ,042 ,704 

TAP 24,403 <,001 ,145 ,998 

IQCODE 4,442 ,037 ,030 ,553 

IDDD ,350 ,555 ,002 ,090 

Subjects with a high level of education (university and high school) score higher on the MoCA 

and CDTcm than those with a low level of education (primary and secondary school) and have lower 

scores. Among key informants, those who are key informants of highly educated participants score 

higher on the WAT and lower on the IDDD than those who are key informants of participants with 

lower education. 

Recent work confirms the role of Cognitive Reserve (CR) in cognitive and motor function [46], a 

relationship that is justified as an underlying mechanism, as an opening to experience, to mitigate 

cognitive decline [47]. In the preclinical stage of dementia or MCI, it is essential to develop strategies 

that lessen the consequences of deterioration in cellular homeostasis, brain functions, and 

behavioral/cognitive patterns [48].  

Increased CR counteracts age-related changes in neural activity, as noted in previous studies 

[49]. This pattern of neural activity is characteristic of young adults in whom interhemispheric 

asymmetry does not occur. This may be related to active coping strategies and lower perceived stress 

in individuals with greater cognitive reserve [50]. Studies of the brain mechanisms underlying CR 

[51] also explain how a superior ability to flexibly adjust activation as the cognitive demand of the 

task increases (Figure 4). 

 

Figure 4. Cognitive Reserve underlying. 

4. Discussion 

Given the situation when COVID-19 stoke, one of the main measures to mitigate the spread of 

the virus in the elderly population was confinement. However, this significantly reduced the 

opportunities for social interaction and autonomy, and the detection of possible cases of incipient 

cognitive impairment. Given that an active and autonomous life can ensure better cognitive 
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functioning and greater cognitive neuroplasticity in the elderly, the restrictions on mobility and 

isolation resulting from the pandemic have had the opposite effect [26]. 

It is important to note that the characteristics of the sample used in this study represent a specific 

profile: women, with higher education, living alone, without cardiovascular risk or diabetes and 

hypertension, and not taking any medication or consuming alcohol or tobacco. Therefore, the results 

correspond to a population segment of older adults that would represent a certain "bias" of a healthy 

sample, unlike those obtained by other authors, where the sociodemographic characteristics or the 

presence of pathologies, such as diabetes, offer a less benign picture [18,20,38,46]. 

Regarding the first objective of this study, the results obtained support the clinical and 

diagnostic interest of the screening protocol, due to the relationship between the variables measured. 

Thus, the MOCA is a more valid screening tool than the Mini-Mental or other screening tests for the 

assessment of visual-constructive functions (CDTcp), an aspect already pointed out by Aguilar et al. 

[39]. It is also useful to analyze the concordance with key informants, both in cognitive decline and 

autonomy (IQCODE and IDDD), a dimension also reflected in previous work [42,44]. And, very 

relevant is the discrepancy index, highlighted in the model of Cacho et al. [39], because of its inverse 

logic, i.e., the higher the IP, the higher the risk of impairment, in this regard MOCA’s scores are less 

sensitives with this population. 

The use of different tests in the protocol was intended to correct the limitation criticized in many 

studies based on a single test (the example of the Mini-Mental is very common in this field). In our 

case, the screening battery combines measures of cognitive performance (memory, visuoconstructive 

functions, etc.) with others focused on evolutionary and biographical dimensions (contextual, 

emotional, illness, medication use, etc.). To this end, two screening tests that are useful in the 

assessment of MCI were used: the MoCA, CDTcm, and CDTcp [11,12]. 

Given that, MoCA helps to find indicators of MCI rather than a formal diagnosis. In this study, 

three levels of MCI (zero, intermediate, high) could be obtained by combining the results of the 

cognitive test given to the patients (MOCA, CDTcm/cp, and WAT) with the information obtained 

from the key informant (IQCODE and IDDD). 

Regarding the correlations between the MoCA and the CDTcm/cp, the results support the 

usefulness of using both tests, which could be repetitive. The CDTcm/cp, offers a complementary and 

more sensitive perspective than MoCA, allowing a more precise differentiation of cognitive 

impairment through the IP analysis [11,12].  

Along the same lines as the Mini-Clock [15], which is the combination of the Mini-Mental and 

the CT, therefore, we propose, as a complement to the MoCA, the application of the two versions of 

the CDTcm/cp and the IP analysis to improve the accuracy in the MCI screening.  

On the other hand, it is important to note that the MoCA includes a visuospatial test that consists 

of drawing a cube. It has been shown that the ability to copy the cube is influenced by the level of 

education since this drawing is learned from childhood and tends to become automatic. This is not 

the case with the CDTcm/CDTcp, which is particularly dependent on the good functioning of the 

parietal areas of the cortex and is therefore of great differential value in screening cognitive function 

[32].   

The contribution of the CR measured with the WAT and correlated to visual-constructive 

functioning (VFC) is also significant and, as we highlighted in the results, its inverse correlation is 

very high [46]. This is a consistent aspect of the buffering role that CR plays in modulating 

vulnerability to decline, both in the population of older adults in a situation of autonomy or 

institutionalization [49], and in earlier evolutionary stages, along with other psychological factors 

such as a sense of purpose in life [43]. In addition to the cognitive cues, the Rotterdam Study [52] 

showed that greater cognitive and brain reserve may be protective factors against depressive events 

in aging. 

The added value of the protocol used in this study, which combines the assessment of the older 

adult with data from the key informant, is consolidated by the inverse association of all the cognitive 

variables of the participant (MoCA, CDTcm/cp, WAT) with those of the external evaluator (IQCODE 
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and IDDD), except, logically, with the one whose greater magnitude indicates impairment. This 

aspect provides the strongest argument for the need to use a hybrid protocol in MCI screening tasks, 

as justified by the approach of this paper and supported by previous research [28,36]. 

Regarding the second objective, the results are important to show that the scores are similar 

regardless of the assessment modality (in-person/online). In this line, with some of the tests used 

(MoCA or CDTcm/cp), the consistency index in test-retest applications is confirmed by Pérez et al. 

[44].  

Only the IQCODE mean is different in the face-to-face modality, which may be due to the greater 

perceived severity of the participant's cognitive status by the key informants. The face-to-face choice 

would also be justified by the consequences derived from the limitations of on-site access to the 

different levels of the health system, with the prevalence of telephone consultations in primary or 

specialized care, which would explain the opportunity offered by this resource open by the dual 

modality at the choice of users. 

Overall, the results would confirm the validity of the protocol regardless of the application 

modality, this aspect has been repeatedly verified for some of the tests used (such as the MOCA or 

the CDTccm/cp) [13]. The innovation in this work is the evidence for other indicators (WATS, 

IQCODE, IDDD) for which there are no specific results in online applications, but which have 

demonstrated their predictive usefulness in traditional and online assessments [38]. 

Finally, the regression models used indicate that CR (WAT) in terms of older adult variables and 

key informant assessments of cognitive status and perceived autonomy would be most relevant for 

discriminating potential cases of MCI that could later evolve into dementia. 

Regarding the role of CR, we reiterate the importance already reflected in the literature and 

supported by the enormous wealth of assessment instruments [47]. On the second point, our work 

brings an element of innovation, given that the accumulated evidence on the involvement of key 

informants in screening tests in a combined manner is not so abundant. In most cases, epidemiologic 

data are based on one or another source but not on both (patients/key informants). 

Many factors are identified as generators of reserve, one of which is education, but this is a 

construct in full development. In an inclusive line, we understand that Kempermann's [33] proposal 

is currently one of the most globalized because his formulation of "embodied mind in motion" adds 

to the variables related to lifestyle (education, diet, non-toxic behaviors, etc.) others centered on 

quality of life (social engagement, autonomy, participation, or life purpose). 

In our work, given that it was not possible to use biomarker indicators, we opted for the use of 

the WAT as a direct measure of CR, corroborated in previous research, due to its high correlation 

with tests of fluid and crystallized intelligence (Wechsler scales). 

It should be noted, however, that not all the literature is consistent with these findings. For 

example, Volk et al. [53] combined memory measures and brain magnetic resonance imaging (MRI) 

in a large study of middle-aged Dutch adults followed for 12 years. The results suggest that a higher 

CR (with indicators of education and reading tests) is a better predictor of risk of impairment than 

the intracranial volume used in many studies. 

By establishing the correlation between variables, it has been possible to identify critical 

variables of MCI in a way that does not represent the risk of contagion with the COVID-19 virus by 

doing it online during the pandemic. In addition,  having an alternative tool for early detection helps 

to preserve CR and delay the progression of MCI to dementia in older adults [48–50]. This adds 

empirical evidence for the role of cognitive reserve as a protective factor [51] to the relationship 

established in the literature between cognitive status and the maintenance of executive and visual-

constructive functions [40]. 

5. Conclusions 

The results found with the two supportive tests are of great importance, as has been reviewed 

in previous work, including subjective memory complaints as a warning cue [20]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2025 doi:10.20944/preprints202503.0547.v1

https://doi.org/10.20944/preprints202503.0547.v1


 14 of 19 

 

Moreover, the screening model used (cross-matching of personal cues from the older adult with 

the key informant) represents an innovative conceptual element by balancing attention to other 

cognitive domains, such as constructional and visuospatial skills, beyond memory, which is no longer 

the most sensitive data for detecting dementia according to DSM-5 [17]. 

On the other hand, the implementation of this online protocol can solve the problem of late 

diagnosis of dementia, which is usually detected in very advanced stages of the disease. Therefore, 

the novelty of using Teleneuropsychology during the pandemic situation is supported. It is also in 

line with the literature on the need to incorporate ICTs in psychological assessment in general [54]. 

We would like to emphasize the importance, from the point of view of professional performance, that 

the screening tests have been applied in strict compliance with the indications established by the APA 

(2020) in the field of tele-neuropsychology. 

The conclusions that can be drawn from the results obtained, following the objectives set at the 

beginning, firstly confirm the suitability of the protocol designed, since the mix of sources of 

evaluation (older adults and key informants) provides significant clues that give greater certainty to 

the screening task. In addition, the different modalities, face-to-face or online, do not reflect changes 

in terms of prognostic value. In a situation such as the pandemic period, having a tool with this 

potential for use in cases of contact deprivation or geographical distance (rural areas) is a highly 

relevant contribution. 

Regarding the internal structure of the variables that make up the battery of instruments, to 

point out the predictive capacity of the deterioration manifested by the IP between the two forms 

included in the CDTcm/cp (with the differential visual constructive assessment involved), the great 

relevance of cognitive reserve, and the high correspondence between performance measures in the 

older adult, which is corroborated in the cognitive assessments and the level of autonomy verified 

by the key informant. 

The limitations of the present study are, first, related to the nature of the study, since, as a cross-

sectional study, the results only allow us to reflect a glimpse of a specific evolutionary moment. It 

would have increased the explanatory power if a longitudinal design had been used to determine the 

evolutionary pattern of risk situations. We are currently conducting a longitudinal follow-up of a 

significant portion of the sample used, which will allow us to determine stability or change according 

to the typified risk assessment. 

The second limitation is the strength of a screening study that does not allow for formal 

diagnosis. This limitation does not allow confirmation of the diagnosis of MCI nor the specific 

subtype of the existing typology (amnestic, multidomain, etc.). This critical screening methodology 

is the one we have followed in screening studies with ICTs in previous international studies [38,54].  

Despite this limitation, and as argued by the Cognitive Decline Group of the European 

Innovation Partnership for Active and Healthy Ageing [55], early detection is necessary, even if 

screening cannot reflect the complexity inherent in a complex clinical entity and an uneven 

evolutionary process in terms of the parameters involved (cognitive, executive and functional 

performance). In the same sense, the results of specific aspects, such as the evaluation of the 

convergent and discriminant validity of the online screening protocol for the detection of mild 

cognitive impairment in elderly people in Chile, have proven to offer very positive results [56]. 

It should be noted that we have followed the considerations of previous studies to avoid 

contamination by false positives, it would be appropriate to expand the sample size with a 

representation of older adults in residences to determine differences in the parameters evaluated. 

Samples should also include older adults with less healthy profiles or more vulnerable socio-cultural 

and economic conditions. In addition to using neuropsychological screening tests, the protocol 

should be extended to include neuroimaging techniques or biological markers [57,58] that provide 

greater discriminative power. 

Consistent with what we said about using the protocol in different countries, the accumulation 

of data will allow for generalization and particularization according to cross-cultural cues to expand 

our research. This future possibility is supported in the present work by the originality of the 
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methodological approach (mixed assessment of MCI risk with the older adult and the key informant), 

technological (use of procedures based on telepsychology), psychometric (evidence of the validity of 

the tests regardless of the modality) and clinical (relationship between cognitive performance 

variables or the role of cognitive reserve as a modulator of the process). 
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Abbreviations 

The following abbreviations are used in this manuscript: 
MCI Mild Cognitive Impairment 

AD Alzheimer’s Disease 

MCI-amnestic Mild Cognitive Impairment-amnestic 

MCI-  

Non amnestic 
Mild Cognitive Impairment non-amnestic 

NIA-AAA National Institute on Aging-Alzheimer’s Association 

MoCA Montreal Cognitive Assessment Test 

CT Clock Test 

APA American Psychological Association 

DSM-5 Diagnostic and Statistical Manual of Mental Disorders 5th Revision  

ICD-11 International of Diseases 11th Revision 

BPA Boston Process Approach 

DLAs Daily Living Activities 

ICTs Information and communication technologies 

SMC Subjective Memory Complaints 

MU Memory Unit 

UPSA Pontifical University of Salamanca 

SD Standard Deviation 

YPD Yesavage Depression Scale 

CDT Clock Drawing Test Cacho Version 
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WAT Word Accentuation Test 

IQCODE Informant Questionnaire on Cognitive Decline in the Elderly 

IDDD Interview for Deterioration in Daily Living in Dementia 

ICC Intraclass Correlation Coefficient 

CDTcm Clock Drawing Test Cacho Version on Command 

CDTcp Clock Drawing Test Cacho Version copied 

WAIS-IV Weschler Adult Intelligence Scale 4th Edition 

IP Improvement Pattern of the Clock Drawing Test Cacho Version 

SPSS Statistical Package for Social Sciences 

CR Cognitive Reserve 

CDTcm/cp Clock Drawing Test Cacho version on command and copied 

VFC Visual Constructive Functions 
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