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In this editorial, we aim to highlight some lessons learned in our field and to dis-
cuss some open questions regarding the continuum between healthy cognitive aging and
dementia. Cognitive aging and cognitive impairment represent two growing realities in
the current context of demographic aging, and its study requires new methodological
strategies [1]. In this regard, over the last decades, longitudinal studies have gained pres-
ence and relevance in the study of cognitive aging. Life-course sociodemographic and
health-related conditions can change cognitive profiles of old adults participating in these
types of studies across different age cohorts. Mejía-Arango et al. (2021) [2] used data from
the 2001 and 2015 years of the Mexican Health and Aging Study (MHAS) to study trends in
cognitive impairment and dementia for Mexican older adults aged 60 years or older. They
found a higher likelihood of dementia and a lower likelihood of cognitive impairment no
dementia (CIND) in 2015 compared to 2001. Controlling for sociodemographic and health
factors, these differences remain significant. Differences were found for sex, with living in
rural areas and the presence of stroke being associated with increased odds of dementia
(versus normal cognitive aging and CIND) in males but not in females, as well as hyperten-
sion and diabetes in females but not in males. Being aged 75 years or older was associated
with increased odds of CIND (versus normal aging) in males but not in females, and being
aged 75 years or older and having healthcare insurance was associated with lower odds of
CIND in females but not in males. Regarding the risk of dementia, the authors interpret that
those improvements in educational attainment and access to healthcare in Mexican older
adults in 2015 compared to 2001 were not enough to compensate for the disadvantages
of aging, rural residence, and higher levels of obesity, diabetes, hypertension, or physical
disability. Regarding CIND, a higher diagnostic instability was signaled, in accordance
with previous research [3,4]. None of the cardiovascular risks or their treatment showed
significant effects on CIND odds. In the coming years, the improvement in the detection
and prevention of degenerative processes is expected to extend life expectancy with CIND.
Professionals in the sector will have to manage populations with a more uncertain cognitive
status and with greater needs for stimulation and health promotion.

Another relevant trend in the study of cognitive aging in recent years is the attention
paid to subjective cognitive aging. Subjective cognitive decline (SCD) has been proposed
as an increased risk cognition characterized by subjective cognitive complaints that can-
not be explained by other health conditions, with no evidence of objective cognitive or
functional impairment [5]. Pereiro et al. (2021) [5] compared two different thresholds for
complaint severity, a stricter criterion considering the 95th percentile and a less strict crite-
rion considering the 5th percentile, showing a higher predictive validity for progression
to mild cognitive impairment (MCI) and dementia using the less strict criteria. In this
context of increased relevance of subjective information, different authors have started to
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study the accuracy of subjective reports (i.e., if self-reported or reports provided by proxies
present higher predictive validity). Hatt et al. (2021) [6] studied if subjective estimations
of activity participation predicted cognitive performance. Subjective estimates of activity
are susceptible to different biases, including motivation, attention, emotional experiences,
misunderstanding of the activities included in the questionnaires, and misunderstanding
of the reported time frames. In total, 199 participants from the Activity Characteristics and
Cognition (ACC) study and 170 participants from the TRAnsitions In Later Life (TRAILLs)
study were studied. Both samples from different countries reported less activity participa-
tion at the weekly level than when they reported activities at a daily basis. Total activity
participation did not predict cognitive status, but when activity was grouped by domains,
different activity domains (e.g., cognitive, social, and emotional) significantly predicted
different cognitive functions.

Cognitive status is closely linked to affective states not only in older adults without
pathologies, through their own subjective status, but also in older adults with affective
disorders such as depression. Caamaño et al. (2021) [7] highlight the frequent interrelation
between organic pathologies, depressive symptomatology, and cognitive function in geri-
atric patients. The prevalence and intensity of affective disorders have increased due to
the COVID-19 pandemic, although not exclusively in the geriatric population. Dosil-Díaz
et al. (2021) [8] discuss the management of behavioural and psychological symptoms of
dementia (i.e., BPSD) in long-term care centres, considering that the measures taken to
control the spread of the virus in these centres dramatically altered the BPSD management
interventions and, in general, the social and care activities with the residents. People with
BPSD present higher risks of severe infection due to the relationship between frailty and
dementia and their difficulties maintaining social isolation or using face masks, among oth-
ers. In this context, the most relevant strategies were personalized dementia care programs
and video call programs allowing social interaction between the resident and their families.

Digital technologies, including computer-based cognitive tests, are more and more
common in psychogerontological and psychogeriatric practice. However, this reality is not
exempt from complexities associated with its application [9]. For example, in an interesting
study about the use of multimodal methods to visualize information obtained from the
Sustained Attention to Response Task (SART), Rizzo et al. (2021) [10] proposes a new
thresholding method based on the individual trial percentage of mistakes to determine
subgroups of old adults with poor SART performance, also considering their age and
Timed-Up and Go (TUG) performance. SART is a computerized continuous performance
go–no go reaction time task, in which two types of mistakes can be made: commission
errors (responding to no go trials) and omission errors (not responding to go trials). This
novel multimodal visualization approach can help professional to better identify profiles
of high risk of mobility problems in older adults. In this context of the growing use of
digital technologies, immersive virtual reality (VR) can be a valuable tool to involve and
motivate frail and disabled patients during therapy sessions. Orr et al. (2021) [11] studied
the acceptability a series of 5 × 30 second clips of VR nature environments, showing scenes
of coast and beaches with natural sounds such as breaking waves, in persons with dementia
attending memory cafes. Most of the participants responded positively to the VR scenes,
feeling immersed in nature with a sense of “being away” and experiencing new places. In
addition, VR is considered to be able to simulate real-life situations to improve ecological
validity [12]. Therefore, these technological solutions could act as effective neuropsycho-
logical tools for the assessment of everyday cognitive functions, which improve ecological
validity and provide a highly enjoyable testing experience. Finally, to conclude, the use of
technology in neuropsychological assessment continues to expand and enhance traditional
assessment approaches. However, a number of challenges remain, such as, variations in
hardware; limited information on psychometric and normative properties for different
clinical populations; and the possible influence of computer literacy or other technologies
on that population.
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As it has been mentioned, mobility has become a central issue not only in general geri-
atric practice but specifically in the study of cognitive aging. Neurodegenerative diseases
such as Parkinson’s disease or the functional deterioration caused by pathological aging
can cause serious mobility problems in later adulthood. The ability to have proper mobility
is closely linked to cognitive functioning itself, with complex networks linking the brain
and the locomotor system. Rizzo et al. (2021) [10] showed that participants of the TILDA
study with bad SART performances and normal TUG at baseline had higher probability to
have a mobility impairment at wave 3 considering both their TUG performance and the
risk of becoming a new fall. Difficulties in mobility in pathological aging can be caused
neurodegenerative disease itself or vice versa, where a loss of mobility caused by a fall
or lack of family care will eventually lead to cognitive impairment that, in many cases,
becomes irreversible. This proposal is addressed in the article by Ries and Carroll 2021 [13],
which deals with the problem of avoiding the most frequent falls through a prevention
program in patients with moderate and severe dementia. They conclude that the type of
format of this program determines that participation is optimal, thereby reducing the risk
of deterioration caused by a fall or injury.

Complementarily, Lauretani et al. 2021 [14] propose the use of FDG-PET to measure
cerebral metabolic rates of glucose in two cases of Parkinson’s patients with non-motor
symptoms, so that better treatment can be achieved based on metabolic changes and
not on age-independent motor deterioration. One of the great challenges facing clinical
neuroscience is to detect the presence of cognitive impairment in the early stages before it
becomes clinically evident. One of the ways to do this is the research and development of
easily accessible molecular biomarkers. In the future, this would allow general screening of
at-risk populations and, if positive, further neuroimaging and neuropsychological studies.

The articles included in this Special Issue are just a sample of the current research
on cognitive aging and cognitive decline, but they allow us to address this relevant phe-
nomenon considering the close link between cognitive status, health, and functional status
in geriatric patients. When we talk about the geriatric population, we are dealing with
patients with varied and different neurodegenerative diseases, comorbidities with many
pathologies that can cause movement and quality of life deficits (e.g., respiratory, obe-
sity, etc.) and polypharmacy, with a lot of medication that can alter their own quality of
life. Regarding mobility, it is a matter of addressing this problem of falls in a preventive
way, either through prevention programs, as proposed by Ries and Carroll [13], or by
anticipating it through metabolic measures in Parkinson’s patients, as proposed by Laure-
tani et al. [14]. Regarding polypharmacy, it is necessary to understand the complexity of
therapeutic approaches and, as highlighted by Caamaño et al. [7], the complexity of the
management of these situations in different care systems. In the future, it is expected that
the complexity of these situations will increase due to the pressure of population aging, for
which the contribution of technologies such as the novel visualization approach proposed
by Rizzo et al. (2021) [10] and the natural scenes presented with immersive VR by Orr et al.
(2021) [11] will be necessary.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Sources of health disparities such as educational attainment, cardiovascular risk factors,
and access to health care affect cognitive impairment among older adults. To examine the extent to
which these counteracting changes affect cognitive aging over time among Mexican older adults,
we examine how sociodemographic factors, cardiovascular diseases, and their treatment relate to
changes in cognitive function of Mexican adults aged 60 and older between 2001 and 2015. Self
and proxy respondents were classified as dementia, cognitive impairment no dementia (CIND),
and normal cognition. We use logistic regression models to examine the trends in dementia and
CIND for men and women aged 60 years or older using pooled national samples of 6822 individuals
in 2001 and 10,219 in 2015, and sociodemographic and health variables as covariates. We found
higher likelihood of dementia and a lower risk of CIND in 2015 compared to 2001. These results
remain after adjusting for sociodemographic factors, cardiovascular diseases, and their treatment.
The improvements in educational attainment, treatment of diabetes and hypertension, and better
access to health care in 2015 compared to 2001 may not have been enough to counteract the combined
effects of aging, rural residence disadvantage, and higher risks of cardiovascular disease among older
Mexican adults.

Keywords: cognitive aging; epidemiology; healthcare disparities; minority health

1. Introduction

Over the past 15 years, research on cognitive impairment and dementia in low- and
middle-income countries has increased as the potential for a significant increase in de-
mentia burden in faster-aging populations occurs [1]. Data from the Mexican Health and
Aging Study (MHAS), a nationally representative panel study, has been widely used by
researchers interested in cognitive aging. Several studies [2,3] have found that older age,
fewer years of education, female sex, and rural residence are strong sociodemographic pre-
dictors of cognitive impairment. Highly prevalent chronic diseases among Mexican adults,
such as hypertension, stroke, and diabetes, are associated with cognitive impairment [4,5].

In Mexico, it is well established that more recent cohorts of older adults aged 60 and
older have higher educational achievement [6]. However, as a group, the more recent
cohorts also have a higher prevalence of obesity, diabetes, hypertension, and physical
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disability [7,8]. This combination of change in key socioeconomic factors and health risks
of the older adult population is quite evident by comparing cohorts who are only ten years
apart, for example, those 60 and older in 2001 and 2012 [9–11]. Over the same decade, the
country implemented reforms in social protection programs that benefit older adults, most
notably the gradual implementation of Seguro Popular, a public health insurance program
seeking to achieve universal health care, which started circa 2003 [12]. Previous work
reports noticeable gains in the share of older adults with health insurance [13], the use of
preventive care tests [4], and improved awareness and treatment of chronic conditions
such as hypertension and diabetes [10]. Gender-specific associations have shown that the
availability of health insurance is more likely to increase medical service utilization in
women than in men [14].

This combination of relatively fast changes in sociodemographic and population health
profiles of older adults likely contributed to changes in the burden of cognitive impairment
and dementia. In high-income countries, despite increasing trends in cardiovascular
health, previous studies report a decline in dementia incidence or prevalence among older
adults, which they attribute largely to improvements in treatments of cardiovascular risk
factors and rising levels of education [15–17]. In Mexico, it is unclear how the important
sociodemographic and health-related changes previously mentioned, which occurred
mostly in the last two decades [18], are associated with changes in cognitive aging among
older adults. We seek to fill this gap by comparing data from MHAS collected at two
different points in time: 2001 and 2015.

The aim of this manuscript was to examine how sociodemographic factors, cardiovas-
cular diseases, and their treatment relate to the cognitive status of Mexican adults aged 60
and older between 2001 and 2015. We hypothesized that higher educational achievement
and more access to health care, including treatment of cardiovascular diseases, would
imply a trend towards better cognitive function. On the other hand, survival to older
ages and a higher prevalence of chronic diseases among survivors would indicate a trend
towards worse cognitive function. These counter-acting influences mean that the overall
time trend in cognitive function is ambiguous. Our approach sought to inform the extent
to which the future burden of cognitive aging in Mexico can be potentially addressed with
health interventions targeting better prevention, management, and treatment of highly
prevalent chronic conditions.

2. Materials and Methods

2.1. Participants

The MHAS is a longitudinal cohort study of adults aged 50 and older in Mexico with
national and urban-rural representation. The first wave was in 2001 with a sample of adults
born in 1951 or earlier. Four follow-up waves were in 2003, 2012, 2015, and 2018 [19]. The
study follows participants until their death. Additional refresher cohorts include those born
in 1952–1961, added in 2012, and those born in 1962–1968, added in 2018. We used data
from the 2001 and 2015 years for the current study [20]. The MHAS study seeks to complete
interviews directly with the participants, but interviews by proxy are possible in cases of
extreme disability, illness, or temporary absence. Figure 1 illustrates the sample selection
process in both waves for the current analyses. We included all participants aged 60 and
over who answered the survey through a direct or proxy interview. We selected individuals
who completed at least two of five cognitive tasks included in the MHAS cognitive battery
from those with a direct interview. Participants who refused the full cognitive assessment
and those who completed only one task were excluded from our analysis (n = 334 in 2001
and n = 86 in 2015). The excluded participants tend to be male, older, and less educated.
From proxy participants, we excluded those with incomplete information (n = 2 in 2001
and n = 2 in 2015). The final sample was 6822 participants in 2001 and 10,219 in 2015, which
we treat as two cross-sections for our comparison. Individuals present in both cohorts were
2951, while 3871 were included only in 2001 and 8268 only in 2015.
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MHAS 2015
N=14,779

MHAS 2001
N=15,186

Figure 1. Flowchart of the Sample Selection for the 2001 and 2015 Cohorts. Note: Flowchart of
sample selection in 2001 (n = 6822) and 2015 (n = 10,219). a More cognitive assessments were
incomplete in 2001 compared to 2015 because more of the 2001 participants refused to participate in
the cognitive assessment because they spoke only the Indigenous language. In 2015, these cases were
no longer pursued.

2.2. Definition of Cognitive Categories

A team of cognitive researchers collaborated with MHAS investigators to adopt a
conceptual model for cognitive aging. We identified factors that influenced cognition and
standardized the process to classify individuals into three cognitive categories: normal
cognition, cognitive impairment no dementia (CIND), and dementia, using a comprehen-
sive set of variables from the MHAS study. We summarize our framework in Figure 2
and highlight the established relationships between different factors that affect cognitive
status. Figure 2 starts with three contextual levels in which cognitive aging occurs, namely:
(1) The macro-social context, which includes the demographic and epidemiologic transi-
tions; (2) The institutional and public policy context, which refers to the government and
institutional support systems; and (3) The environmental context, which refers to group
characteristics such as residence, population size, migration, and environmental exposures.
These contextual aspects provide relevant information to understand potential differences
between populations [21].

Underlying the process of cognitive aging are life-course socioeconomic and health
conditions, current health conditions (cerebrovascular conditions, health behaviors, and
health care), and genetic factors associated with normal or pathological (neurodegen-
erative disease) brain changes during aging [22]. Brain and cognitive reserve are key
concepts to capture potential differences in the brain’s structural aspects and compensatory
mechanisms that shape how the brain copes with age-related changes and pathology
such as dementia [23]. These concepts include characteristics such as anatomical fea-
tures of the brain structure, and the brain function indicators such as educational and
occupational attainment.
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Figure 2. Conceptual framework for the definition of cognitive status in MHAS. Note: Framework
showing how normal or pathological brain changes during aging are influenced by different factors
(e.g., contextual, life-course, current conditions, genetic, brain reserve) and result in cognitive and
functional symptoms (normal or impaired) which define cognitive status classification (CIND, demen-
tia or normal cognition). Following this framework, data from MHAS is used to operationalize each
category. Abbreviations: MHAS, Mexican Health and Aging Study; CIND, cognitive impairment
no dementia; IADL, instrumental activities of daily living; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly.

Following the criteria for preclinical and clinical phases of all-cause dementia recom-
mended by the National Institute on Aging and the Alzheimer’s Association [24,25] and
prior literature from population studies [26], we classified individuals into three groups
based on their cognitive status and the ability to function independently in instrumental
activities of daily living (IADLs). Individuals with a neurodegenerative disease may ex-
hibit cognitive impairment and limitations in IADLs (dementia) or cognitive impairment,
but no limitations in IADLs (CIND). On the other hand, individuals with normal brain
changes will have normal cognition and no limitations in IADLs, or normal cognition and
impairment in IADLs due to physical limitations.

The operationalization process linking these categories to the MHAS study variables
was as follows: (1) Dementia: self-respondents with impairment in two or more cognitive
domains and one or more IADL limitations, or proxy respondents with scores above
the cut-point (≥3.4) on the Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE) [27]; (2) CIND: self-respondents with impairment in two or more cognitive
domains and no IADL functional limitations; (3) Normal cognition: self-respondents with
normal cognitive function and no IADL limitations or impairment in IADLs due to physical
limitations, and proxy respondents with IQCODE score below the cut-point (<3.4).

2.3. Cognitive Measures

The MHAS assessment in self-respondents uses a cognitive assessment adapted
from the Cross-Cultural Cognitive Evaluation (CCCE) [28] in five cognitive domains:
verbal learning (eight-word list presented during three trials), verbal memory (delayed
recall of eight-word list), attention (visual scan of target stimuli), constructional praxis
(copy of a figure), and visual memory (delayed recall of figure). Cognitive impairment in
each domain was defined as a score 1.5 standard deviations (SD) below the mean based
on reference norms by age and years of education [29]. The MHAS uses the adapted
CCCE mainly because of its cross-cultural attributes, including ease of application among
low-education groups.
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For respondents represented by a proxy, cognitive function was assessed through
the brief version of the IQCODE [27], a 16-item questionnaire on cognitive decline in the
elderly, rated on a 5-point scale from 1 “much improved” to 5 “much worse.” An informant
who knew about the participant’s daily functioning, usually a spouse or adult child or
caregiver, rated the participant’s cognitive status compared to how it was two years earlier.
We used a cut-point of 3.4 and above to classify dementia, as the scale has a reported
sensitivity of 85% and a specificity of 80% in population-based cohorts [30].

2.4. Covariates

Following previous research [3,8,18,26,31,32], we included the following covariates
shown to have an association with cognitive impairment. Sociodemographic variables:
sex (male/female); age used as a continuous or categorical variable (60 to 74 years and
≥75 years); years of formal education as a continuous or categorical variable (0 years,
1 to 6 years, and ≥7 years) following the formative periods in the Mexican education sys-
tem; and area of residence as a categorical variable (rural for ≤2500 people and urban
>2500 people). Cardiovascular risk factors: Self-reported stroke, diabetes, heart disease,
and hypertension (all yes/no). Cardiovascular treatment: Among those who have each
condition, self-reported use of medications for stroke, diabetes (either oral medications
or insulin), heart disease, and hypertension (all yes/no). Body mass index (BMI); calcu-
lated with self-reported weight [kilograms] divided by height [meters and centimeters]
squared [kilogram per square meter] categorized as underweight (<18.5), normal (18.5–
24.9), overweight (25.0–29.9), obese (≥30) based on the World Health Organization (WHO)
classification. Health insurance: Self-reported dichotomous variable (yes-no).

2.5. Statistical Analysis

For descriptive analyses, we examined differences in covariates between total par-
ticipants in the 2001 and 2015 cohorts and stratified by cognitive status using a t-test or
χ2 test as appropriate. Because education is a critical covariate of cognitive aging, and
there are important gender differences in educational achievement in Mexico, we present
the multivariate results for the total analytical sample and results stratified by sex. For
multivariable analyses, we pooled data from both years (2001 and 2015) and estimated two
logistic regression models. The first model included the dichotomous dependent variable
indicating if an individual had dementia versus no dementia (normal cognition and CIND);
in the second model, CIND versus normal cognition was the dependent variable. In each
model, we included a linear trend variable with the value 0 in 2001 and 1 in 2015. An
odds ratio less or greater than 1 in the trend variable would indicate a decrease or an
increase, respectively, in the likelihood of dementia and CIND in 2015 compared to 2001.
We estimated an unadjusted model with the trend variable only and a fully adjusted model
including all covariates: sociodemographic factors, BMI, each of four cardiovascular dis-
eases, treatment for each disease, and health insurance. We tested for interactions between
each independent variable and the trend variable to assess if the effect of each covariate
was different in 2015 compared to 2001. We used IBM SPSS Statistics, Version 25.0 (IBM
Corp., Armonk, NY, USA) for statistical analyses.

3. Results

3.1. Trends in Cognitive Status

Roughly 70–80% of the sample was classified as normal cognition (70.6% in 2001
and 79.1% in 2015). CIND individuals represented 23.3% (95% Confidence Interval [CI],
22.2–24.4) of the sample in 2001 and 13.5% (95% CI, 12.8–14.3) in 2015 (p < 0.001). Those
classified with dementia were 6.1% (95% CI, 5.5–6.7) in 2001 and 7.3% (95% CI, 6.8–7.9) in
the 2015 sample (p = 0.002). Table S1 in the Supplementary Material shows the distribution
of covariates by cognition status for both years.
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3.2. Trends in Sociodemographic Characteristics

Table 1 shows descriptive characteristics of Mexican adults aged 60 and older in the
years 2001 and 2015. Results were weighted to represent the national populations of older
adults in the corresponding year. Compared with 2001, the cohort for 2015 contained a
significantly larger proportion of individuals aged 75 years and older and this cohort had a
higher average age. The share of women increased from 52.4% in 2001 to 54.8% in 2015
(p = 0.002). On average, older adults in 2015 had one more year of education compared
to those in 2001 (p < 0.001). The proportion of individuals with no schooling decreased
from 36.0% in 2001 to 24.0% in 2015 (p < 0.001), and the share of participants with seven
or more years of education increased from 13.7% in 2001 to 22.9% in 2015 (p < 0.001). The
absolute increase in educational achievement years was larger for men than for women
and larger for those aged 60–74 compared to those aged 75 and older (data not shown). The
proportion of individuals living in rural or urban areas did not differ significantly between
2001 and 2015.

Table 1. Characteristics of participants aged 60 and older of the 2001 and 2015 cohorts a.

2001 2015

n = 6822 n = 10219 p Value

Age, y
60–74 years 5224 (74.5) 7073 (72.5) <0.001
≥75 years 1598 (25.5) 3146 (27.5) <0.001
Mean (SD) 69.3 (7.5) 71.2 (7.9) <0.001

Sex
Male 3169 (47.6) 4496 (45.2) 0.002

Female 3653 (52.4) 5723 (54.8)
Education, y
No schooling 2138 (36.0) 2142 (24.0) <0.001

1–6 years 3646 (50.3) 5541 (52.9) 0.31
≥7 years 1038 (13.7) 2536 (22.9) <0.001

Mean (SD) 3.6 (3.9) 4.9 (4.5) <0.001
Residence

Urban 4936 (57.8) 7267 (60.5) 0.08
Rural 1886 (42.2) 2952 (39.5)

Cardiovascular conditions
Hypertension 2876 (41.3) 5354 (50.3) <0.001

Diabetes 1188 (16.8) 2686 (24.9) <0.001
Heart attack 298 (3.3) 477 (3.8) 0.37

Stroke 254 (3.5) 293 (2.6) 0.002
CVD Treatment b

Hypertension 2190 (76.3) 4738 (85.9) <0.001
Diabetes 1030 (87.6) 2499 (93.2) <0.001

Heart attack 211 (66.8) 341 (70.7) 0.95
Stroke 141 (53.4) 153 (46.9) 0.44
BMI

18.5–24.9 (Normal) 2491 (38.7) 3511 (34.8) 0.004
<18.5 (Underweight) 158 (3.5) 185 (2.2) 0.03

25.0–29.9 (Overweight) 2983 (41.5) 4331 (42.9) 0.08
≥30 (Obese) 1183 (16.3) 2182 (20.1) <0.001

Health insurance (yes) 4287 (56.9) 9376 (90.4) <0.001
Notes: Characteristics are presented as n (%) unless otherwise indicated. Values in parenthesis are weighted %
derived using sampling weights of the MHAS. a The reported p value is for χ2 or t test for a significant difference
in proportion or mean between years. b Cardiovascular treatment for those with each condition. Abbreviations:
BMI, body mass index; CVD, cardiovascular conditions; SD, standard deviation.

3.3. Trends in Cardiovascular Risks and Treatment

The prevalence of some, but not all, cardiovascular conditions among Mexican adults
aged 60 or older was higher in 2015 compared to 2001. Diabetes increased from 16.8% to
24.9% (p < 0.001). Similarly, hypertension increased from 41.3% in 2001 to 50.3% in 2015
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(p < 0.001). Conversely, the prevalence of stroke decreased from 3.5% in 2001 to 2.6% in
2015 (p = 0.002), whereas heart disease prevalence did not change significantly. Regarding
treatment among older adults, the proportion of participants with hypertension treatment
increased from 76.3% in 2001 to 85.9% in 2015 (p < 0.001). Similarly, diabetes treatment
increased from 87.6% to 93.2% (p < 0.001). Heart attack and stroke treatment were similar
in the two periods.

Based on BMI classification, the share of individuals in the normal range decreased
from 38.7% in 2001 to 34.8% (p = 0.004) in 2015. The underweight percentage also decreased
slightly, from 3.5% to 2.2% (p = 0.03). The fraction of overweight remained the same
between the two periods, while obesity increased from 16.3% in 2001 to 20.1% in 2015
(p < 0.001). Compared with 2001, the proportion of individuals with health insurance
increased significantly, from 56.9% to 90.4% in 2015 (p < 0.001).

3.4. Regression Results

Table 2 shows the results of a fully adjusted logistic regression model, for the overall
sample and stratified by sex, with dementia (versus normal cognition or CIND) as the
outcome variable, and using pooled 2001 and 2015 data. The trend variable in the first row
of the table represents the adjusted odds ratio (OR) of dementia in 2015 compared with
2001. The unadjusted OR of the trend variable (results not shown) showed a significantly
higher likelihood of dementia in 2015 compared to 2001 for the overall sample (OR [95%
confidence interval]: (1.23 [1.08–1.39], p = 0.001) and for men (1.37 [1.12–1.69], p = 0.002),
but not significantly so for women (1.13 [0.97–1.32], p = 0.118)). After controlling for the
effect of sociodemographic factors, cardiovascular conditions, treatment of cardiovascular
conditions, BMI, and health insurance, both the overall sample and males continued to
show higher odds of dementia in 2015. For females, the odds of dementia were also higher,
now reaching statistical significance.

Table 2. Odds ratios for dementia, overall and stratified by sex a.

Overall Males Females

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Trend (2015 vs. 2001) 1.27 (1.10–1.47) 0.001 1.33 (1.09–1.69) 0.020 1.24 (1.03–1.49) 0.020
Sex, Female 1.50 (1.32–1.72) <0.001 NA NA

Age, y
60–74 years 1 [Reference] 1 [Reference] 1 [Reference]
≥75 years 4.53 (3.97–5.17) <0.001 4.72 (3.78–5.90) <0.001 4.34 (3.68–5.13) <0.001

Education, y
0 years 1.93 (1.56–2.40) <0.001 2.13 (1.49–3.05) <0.001 1.81 (1.38–2.37) <0.001

1–6 years 1.36 (1.11–1.66) 0.003 1.40 (1.00–1.95) 0.05 1.32 (1.02–1.70) 0.03
≥7 years 1 [Reference] 1 [Reference] 1 [Reference]

Residence
Urban 1 [Reference] 1 [Reference] 1 [Reference]
Rural 1.04 (0.90–1.20) 0.57 1.36 (1.09–1.71) 0.006 0.87 (0.72–1.05) 0.16

Cardiovascular disease
Hypertension 1.27 (1.00–1.61) 0.05 0.74 (0.46–1.20) 0.23 1.55 (1.17–2.05) 0.002

Diabetes 1.60 (1.08–2.36) 0.02 1.56 (0.82–2.98) 0.17 1.68 (1.02–2.77) 0.04
Heart disease 1.46 (0.94–2.27) 0.09 1.46 (0.76–2.81) 0.25 1.46 (0.79–2.68) 0.22

Stroke 2.18 (1.52–3.13) <0.001 3.80 (2.21–6.54) <0.001 1.55 (0.95–2.51) 0.08
BMI

Underweight (<18.5) 1.46 (1.06–2.01) 0.02 1.68 (1.01–2.79) 0.04 1.36 (0.90–2.07) 0.14
Normal (18.5–24.9) 1 [Reference] 1 [Reference] 1 [Reference]

Overweight (25.0–29.9) 0.72 (0.63–0.83) <0.001 0.70 (0.55–0.88) 0.002 0.73 (0.61–0.88) 0.001
Obese (≥30.0) 0.63 (0.52–0.77) <0.001 0.55 (0.38–0.82) 0.003 0.66 (0.52–0.83) 0.001
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Table 2. Cont.

Overall Males Females

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

CVD Treatment b

Hypertension 0.83 (0.65–1.06) 0.15 1.33 (0.81–2.19) 0.25 0.71 (0.54–0.94) 0.02
Diabetes 0.91 (0.60–1.36) 0.65 1.10 (0.56–2.14) 0.77 0.80 (0.48–1.34) 0.41

Heart disease 0.99 (0.59–1.68) 0.98 1.08 (0.51–2.32) 0.82 0.93 (0.45–1.92) 0.86
Stroke 3.24 (2.08–5.05) <0.001 2.13 (1.11–4.09) 0.022 4.04 (2.18–7.46) <0.001

Health care insurance c 0.75 (0.63–0.89) 0.001 0.94 (0.71–1.26) 0.72 0.66 (0.54–0.82) <0.001

Note. a Adjusted odds ratios were derived using logistic regression models with pooled data from 2001 (n = 6791) and 2015 (n = 10,215) for
the overall sample; 2001 (n = 3155) and 2015 (n = 4494) for males; 2001 (n = 3636) and 2015 (n = 5271) for females. The dependent variable
was dementia compared to normal cognition or CIND. b Cardiovascular treatment for those with each condition. c Health care insurance
for those with insurance. Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; CVD, cardiovascular disease;
NA, not applicable.

For the overall sample, being female (1.50 [1.32–1.72], p < 0.001), being 75 years
or older (4.53 [3.97–5.17], p < 0.001), and low educational achievement were associated
with a significantly higher odds of dementia. Compared to having seven or more years
of education, individuals with no schooling (1.93 [1.56–2.40], p < 0.001) and those with
one to six years of education (1.36 [1.11–1.66], p = 0.003) had a higher likelihood of de-
mentia. Higher odds of dementia also were associated with a history of hypertension,
diabetes, and stroke. Being overweight (0.72 [0.63–0.83], p < 0.001) or obese (0.63 [0.52–0.77],
p < 0.001) was associated with lower odds of dementia compared to having normal BMI.

The results showed noticeable differences when stratified by sex. Older age and lower
education were associated with higher odds of dementia for both males and females. Living
in rural areas was associated with increased odds of dementia in males (1.36 [1.09–1.71],
p = 0.006) but not in females. Odds were significantly increased for those with hypertension
(1.55 [1.17–2.05], p = 0.002) and diabetes (1.68 [1.02–2.77], p = 0.04) in females but not in
males, while stroke was significant only in males (3.80 [2.21–6.4], p < 0.001). Similar to
the overall sample results, being overweight or obese was associated with lower odds of
dementia in males and females compared to those with normal BMI.

Regarding self-reported treatment, the effect of diabetes and heart attack treatment
was not significant, although both were associated with lower odds of dementia; for
hypertension treatment, the association was significant only in females (0.71 [0.54–0.94],
p = 0.02) but not in males. Receiving treatment for stroke was associated with a signif-
icantly higher odds of dementia, in both males (2.13 [1.11–4.09], p = 0.02) and females
(4.04 [2.18–7.46], p < 0.001). Having health care insurance was associated with lower odds
of dementia in females (0.66 [0.54–0.82], p < 0.001) but not in males.

We tested for an interaction effect between each covariate and the trend variable
(results not shown), controlling for the main effects of all the other covariates. Hypertension
treatment was associated with significantly lower odds of dementia in 2015 (0.51 [0.29–0.90],
p = 0.02) compared with 2001 in females, but not in males. No other interactions with the
trend variable were significant.

Table 3 shows the results of a logistic regression model for the overall sample and strati-
fied by sex with CIND (versus normal cognition) as the outcome variable, using pooled 2001
and 2015 data. The unadjusted OR of the trend variable (results not shown) showed a sig-
nificant decline in the likelihood of CIND between 2001 and 2015 for the overall sample (OR
[95% CI]: (0.52 [0.48–0.56], p < 0.001), for men (0.62 [0.55–0.69],
p < 0.001), and for women (0.43 [0.38–0.49], p < 0.001)). After controlling for all covariates,
these effects of the trend variable remained the same.
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Table 3. Odds ratios for CIND, overall and stratified by sex a.

Overall Males Females

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Trend (2015 vs. 2001) 0.53 (0.49–0.58) <0.001 0.61 (0.54–0.69) <0.001 0.46 (0.41–0.53) <0.001
Sex, Male 1.33 (1.22–1.44) <0.001 NA NA

Age, y
60–74 years 1 [Reference] 1 [Reference] 1 [Reference]
≥75 years 1.01 (0.92–1.12) 0.70 1.26 (1.11–1.44) <0.001 0.78 (0.68–0.91) 0.001

Education, y
0 years 0.83 (0.72–0.94) 0.006 0.76 (0.63–0.91) 0.004 0.89 (0.74–1.07) 0.23

1–6 years 0.95 (0.85–1.06) 0.38 1.00 (0.86–1.16) 0.97 0.90 (0.77–1.06) 0.22
≥7 years 1 [Reference] 1 [Reference] 1 [Reference]

Residence
Urban 1 [Reference] 1 [Reference] 1 [Reference]
Rural 1.36 (1.23–1.49) <0.001 1.36 (1.19–1.54) <0.001 1.36 (1.18–1.56) <0.001

Cardiovascular disease
Hypertension 0.98 (0.83–1.14) 0.80 0.95 (0.76–1.19) 0.68 0.98 (0.78–1.22) 0.86

Diabetes 1.10 (0.83–1.46) 0.50 1.20 (0.82–1.75) 0.33 0.98 (0.63–1.52) 0.93
Heart disease 0.69 (0.46–1.05) 0.09 0.78 (0.47–1.29) 0.34 0.53 (0.25–1.11) 0.09

Stroke 0.71 (0.48–1.06) 0.09 0.61 (0.32–1.14) 0.12 0.80 (0.48–1.33) 0.40
BMI

Underweight (<18.5) 1.05 (0.79–1.40) 0.72 1.19 (0.79–1.78) 0.39 0.94 (0.62–1.42) 0.77
Normal (18.5–24.9) 1 [Reference] 1 [Reference] 1 [Reference]

Overweight (25.0–29.9) 0.88 (0.80–0.96) 0.008 0.89 (0.78–1.01) 0.07 0.86 (0.75–0.98) 0.03
Obese (≥30.0) 0.70 (0.62–0.79) <0.001 0.75 (0.62–0.90) 0.002 0.67 (0.56–0.79) <0.001

CVD Treatment b

Hypertension 0.97 (0.83–1.14) 0.77 1.02 (0.80–1.29) 0.84 0.95 (0.76–1.19) 0.70
Diabetes 0.98 (0.73–1.32) 0.91 0.92 (0.62–1.37) 0.70 1.07 (0.68–1.70) 0.74

Heart disease 1.18 (0.73–1.92) 0.48 1.06 (0.58–1.92) 0.84 1.49 (0.64–3.45) 0.35
Stroke 1.56 (0.92–2.64) 0.09 1.93 (0.90–4.11) 0.08 1.30 (0.60–2.83) 0.50

Health care insurance c 0.85 (0.77–0.95) 0.004 0.87 (0.75–1.01) 0.07 0.82 (0.70–0.95) 0.01

Notes: a Adjusted odds ratios were derived using logistic regression models with pooled data from 2001 (n = 6382) and 2015 (n = 9464) for
the overall sample; 2001 (n = 3012) and 2015 (n = 4214) for males; 2001 (n = 3370) and 2015 (n = 5250) for females. The dependent variable
was CIND compared to normal cognition. b Cardiovascular treatment for those with each condition. c Health care insurance for those with
insurance. Abbreviations: CIND = cognitive impairment no dementia; OR = odds ratio; CI = confidence interval; BMI = Body Mass Index.
CVD, cardiovascular disease; NA, not applicable.

For the overall sample, the fully adjusted model showed that being male
(1.33 [1.22–1.44], p < 0.001) and living in rural areas (1.36 [1.23–1.49], p < 0.001) were associ-
ated with higher odds of CIND. Having no formal schooling (0.83 [0.72–0.94], p = 0.006),
being overweight (0.88 [0.80–0.96], p = 0.008) or obese (0.70 [0.62–0.79], p < 0.001), and
having access to health care (0.85 [0.77–0.95], p = 0.004) were all associated with lower odds
of CIND. The results stratified by sex showed noticeable differences. For males, the odds of
CIND were higher in those aged 75 years and older (1.26 [1.11–1.44], p < 0.001), while for
females, the odds of CIND were lower in the same age group (0.78 [0.68–0.91], p < 0.001).
Having no formal schooling was significantly associated with lower odds of CIND in males
(0.76 [0.63–0.91], p = 0.004) but not in females. Having health care insurance was associated
with lower odds of CIND in females (0.82 [0.70–0.95], p = 0.01) but not in males. Other
results were similar for men and women; the odds of CIND were significantly higher for
rural residence in males (1.36 [1.19–1.54], p < 0.001) and females (1.36 [1.18–1.56], p < 0.001).
Compared to those with normal weight, the odds of CIND were lower for obesity in males
(0.75 [0.62–0.90], p = 0.002) and females (0.67 [0.56–0.79], p < 0.001). Of note, there were no
significant effects (p > 0.05) on the odds of CIND associated with any of the cardiovascular
health conditions or the treatment of these conditions for the overall sample or for the
sample stratified by sex.

We tested for an interaction effect between each covariate and the trend variable,
controlling for the main effects of all the other covariates. We found significant interactions
with the sociodemographic variables (sex, age, education, rural residence), implying that
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the effect of these variables on CIND was higher in 2015 compared to their effect in 2001.
No other interactions were significant.

4. Discussion

Our data confirmed three important changes that occurred during the 14-year period
that may have affected the burden of cognitive aging. The composition of older Mexican
adults changed towards their being older and more educated, although a gender gap
in education favoring men was still evident. Other major changes were a much higher
level of health insurance coverage and a higher prevalence of chronic health conditions,
all consistent with previous research [18,32,33]. Because of these changes, it is possible
that participants in 2015 were more aware of cardiovascular conditions than participants
in 2001.

With this context of sociodemographic, health conditions, and health care changes,
we used the cognitive status classification to examine whether the likelihood of cognitive
impairment was different in 2015 compared to 2001 among adults aged 60 and older
stratified by sex, and the effect of these covariates. Our multivariate models showed
a robust result of higher odds of dementia and lower odds of CIND for both men and
women in 2015 compared to 2001. Factors associated with a higher likelihood of dementia,
such as older age, some cardiovascular risks, and rural residence, were operating in both
years. Other factors associated with lower odds of dementia counteracted, such as higher
educational achievement, being overweight and obese, and having health insurance. After
all these factors were taken into account, a higher likelihood of dementia remained in 2015
for both men and women. Further, our results showed that the effect of these factors on the
likelihood of dementia was overall similar for both years.

Our results for dementia stratified by sex also convey noteworthy differences regard-
ing the covariates. The detrimental effects of rural residence and stroke history were
significant only for men, while the effects of hypertension and diabetes were evident only
for women. The beneficial influence of health insurance was significant for women but
not for men, a finding which was consistent with previous literature [14]. This finding is
also consistent with our result that hypertension treatment was higher only for women,
and the effect appeared to be higher in 2015 compared to 2001. This set of results points to
future research regarding gender disparities in the disease risks associated with dementia
in Mexican men and women.

Surprisingly, stroke treatment showed a significant association with higher odds of
dementia in both males and females. Further analyses showed that the time following
stroke was shorter (five years or less) among those with cognitive impairment who were
using medication compared to those with no treatment, suggesting a higher rate of post-
stroke complications [34].

The covariates for the likelihood of CIND were quite different from those for dementia:
only sociodemographic factors such as rural residence and obesity were associated with
higher likelihood of CIND, and none of the cardiovascular risks or their treatment showed
significant effects. The beneficial role of health insurance was evident only for women,
and that of more education only for men. Overall, our CIND results seem rather unstable,
consistent also with previous research [35]; CIND is an intermediate or transition stage
between normal cognition and dementia. Previous studies using population-based data
have reported that CIND is affected by myriad factors [36], and its measurement is a
recognized challenge [37]. The MHAS made changes to the cognitive assessment over time,
which could potentially influence the assessment of CIND. To minimize the impact of these
changes, though, we classified cognitive status using the five original cognitive domains
from 2001 that were also included in 2015. Future research ought to use longitudinal data
to understand better CIND and its measurement.

Our study confirmed an increase in obesity between 2001 and 2015. As in previous
studies [17,38], we found that overweight and obesity were associated with lower odds of
CIND and dementia. This result has been interpreted as evidence of a protective effect of
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higher late-life BMI for dementia as opposed to mid-life obesity [39]. Others have remarked
on the importance of BMI changes during the life cycle to assess this association [40,41].

Rural residence and lack of health insurance are well-established sources of health
disparities in populations worldwide, particularly in low- and middle-income countries [3].
Our results confirm that these are important risk factors for a higher likelihood of both
dementia and CIND. Regarding health insurance, our results showed a beneficial influence
of health insurance in 2015 compared to 2001, particularly among women and among
those aged 75 and older [14]. Future research should further examine the mechanisms
through which the expansion in health insurance over the period could have benefitted
the cognitive function of women more than that of men, including the possibility of better
treatment and awareness of diseases among women [10].

Our results with Mexican older adults differ from the results reported by others using
a comparable period in the United States. Using a similar approach, results from the
Health and Retirement Study reported a decrease in the risk of dementia in the United
States between 2000 and 2012 [17]. The authors commented that increasing educational
attainment and better control of cardiovascular risk factors were associated with a lower
risk of dementia over this period. For Mexico, the higher educational attainment we
observed for 2015 was still considerably lower than the gains observed for consecutive
cohorts of older adults in the United States and other developed countries. As Mexico
experienced increasing rates of chronic diseases, a corresponding better control of the
conditions was largely absent. Thus, preventing and treating these diseases represents a
critical opportunity to reduce the prevalence of dementia, in addition to the educational
gains that will continue to prevail in future cohorts entering old age.

We found that being female, older age, no schooling, lack of health insurance coverage,
and cardiovascular risk factors were major contributors to increasing an individual’s odds
of dementia in 2001 and 2015, mirroring what others have reported for other countries [42].
Overall, we interpret our results to indicate that the individual risk of dementia for a person
with a given set of traits—age, sex, education, rural/urban residence, cardiovascular risks,
health insurance—was higher in 2015 than in 2001. Other factors that were not included in
our models may help explain this time trend and could be the subject of future research.

Our study has several limitations. Our cognitive status classification was not based
on clinical diagnoses. The classification of cognitive status for individuals who have data
collected in population surveys depends on the definitions used and the information
captured by the survey instruments. We classified cognitive impairment in self and proxy
respondents using two cognitive screening instruments (CCCE and IQCODE), which
correctly identify individuals with normal cognitive function and dementia [28,43], while
cognitive assessment of those with CIND remains more challenging [37]. Our data also
rely upon self-reported measures to determine if participants have any cardiovascular
conditions. This approach has the limitation that undiagnosed diseases may be present;
the under-reporting of conditions has been described in previous studies [44].

Despite these limitations, we contribute to the conceptual definition of cognitive
status using a population-based survey, with our analyses of national samples of older
adults in Mexico, using the same cognitive assessments, and including direct and proxy
interviews. These efforts represent a significant improvement in our understanding of the
dynamics of cognitive aging in Mexico. Future research using additional MHAS data will
benefit from our work and continue to add to our knowledge of this crucial public health
concern in rapidly aging societies. Policies and programs could focus on the prevention
of cardiovascular diseases and their treatment as a direct strategy to reduce the burden of
cognitive aging in Mexico, particularly among rural populations.

5. Conclusions

Countries like Mexico with a rapidly aging population may not experience quick
increases in dementia prevalence. The trajectory followed will depend on the prevalence of
comorbidities, access to health care, and the treatment and management of such conditions,
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among other factors. Over the 2001 to 2015 period, older age and higher prevalence of
cardiovascular risks were evident, concurrent with gains in education and health insurance
coverage among older Mexican adults. These risk and beneficial factors likely produced
counteracting effects, leading to a slightly higher risk of dementia by 2015.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/geriatrics6030063/s1, Table S1: Descriptive statistics of MHAS participants aged 60 and over
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Abstract: (1) Background: Research examining whether activity engagement is related to cognitive
functioning in older adults has been limited to using retrospective reports of activity which may
be affected by biases. This study compared two measurements (estimated weekly versus reported
daily), and whether these activity assessments were related to cognition in older adults; (2) Methods:
Participants from US (n = 199) and Australian (n = 170) samples completed a weekly estimate of
activity, followed by 7 consecutive days of daily reporting. Differences between weekly estimates and
daily reports were found, such that estimations at the weekly level were lower than self-reported daily
information. Multivariate multiple regression was used to determine whether total activity, activity
domains and the discrepancy between assessment types (i.e., weekly/daily) predicted cognitive
performance across three cognitive domains (fluid, verbal, memory); (3) Results: When activity
assessments were totaled, neither predicted cognition; however, when activity was grouped by
domain (cognitive, social, physical), different domains predicted different cognitive outcomes. Daily
reported cognitive activity significantly predicted verbal performance (β = 1.63, p = 0.005), while
weekly estimated social activity predicted memory performance (β = −1.81, p = 0.050). Further, while
the magnitude of discrepancy in total activity did not significantly predict cognitive performance,
domain specific differences did. Differences in physical activity reported across assessments predicted
fluid performance (β = −1.16, p = 0.033); (4) Conclusions: The significant discrepancy between the
measurement types shows that it is important to recognize potential biases in responding when
conducting activity and cognition research.

Keywords: leisure activity engagement; measurement of activity; cognitive performance; aging adults

1. Introduction

The “Use it or Lose it” hypothesis of cognitive aging [1], also known as the engagement
hypothesis, proposes that more time spent engaging in intellectual, social, and physical
activities results in more optimal cognitive outcomes, protects against age-related cognitive
decline, and lowers the risk for dementia [2]. Practicing such engagement in leisure activi-
ties in older adulthood may therefore buffer the effects of age-related cognitive declines
and help promote successful aging. While there is some empirical support for the relation
between activity and cognition [3], the evidence is far from conclusive and a number of
questions and concerns have yet to be answered surrounding the precise nature of this rela-
tionship [4,5]. One issue is the time scale over which activity participation is measured, as
studies have shown that information reported over different timeframes relates differently
to cognition [6]. Specifically, the present paper examined whether discrepancies existed
between subjective activity reports that were based on two different reported time frames:
weekly estimated versus daily reported activity. Further, given the focus on the cognitive
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benefits of activity participation, we evaluated how well activity assessments with different
time frames predicted overall cognitive performance, and whether the magnitude of the
discrepancies in activity between the two frames was related to cognition.

Activity engagement tends to be evaluated using self-report questionnaires of the
frequency of typical activity over a certain time frame such as the past week, month, or
year (see [4] for a review). The assessment of self-reported activities generally involves
the presentation of a list of activities, and individuals are asked to estimate the number of
hours they are engaged in each. The challenge with estimating activity participation is that
subjective estimations may not be very accurate. For example, research has documented
discrepancies between objective and subjective accounts of physical activity participa-
tion [7,8]. In general, participants tended to report less sedentary time than what was
recorded using objective accelerometer recordings [7]. Outside of the physical activity
literature, whether these discrepancies also exist for other forms of leisure activity, such
as those involving social and cognitive engagement, is unknown. Objective accounts of
these types of activities cannot be obtained as with physical activity information, and
because only subjective reports of activity are available, researchers must assume that the
information being collected is accurate. However, it is unclear whether the time frame of
such self-reported information results in differences in reported information.

Estimates of activity engagement are susceptible to various inaccuracies and biases,
including interpretation of the questionnaire itself. For instance, individuals may by
confused by questionnaire phrasing, misunderstand the scope of activities to include in
answers, and/or misunderstand the time frame of activities they were supposed to report,
leading to struggles in accurately estimating the frequency and duration of their activity
engagement [9]. Salthouse, Berish, and Miles (2002) discovered that when participants
were asked to estimate the duration of engagement in 22 mental and social activities over
the course of a typical week, several individuals reported activity totals of more than 24 h a
day, suggesting that estimated accounts of activity information may not represent realistic
activity patterns [10].

Even more distant retrospective reports of leisure activity (e.g., over the past two years)
may be subject to reduced accuracy in reporting given evidence that episodic memory
declines with age [11]. Cognitive biases may influence self-reports or estimates of typical
activity. Motivation and the emotional experience associated with specific activities likely
also influence the relevance and availability of activity-based memories [12,13]. Further,
since perceived meaningfulness of experience impacts participation in activities [14], it is
conceivable that this could also impact the accuracy of reported activity information. Activ-
ities that older adults are highly motivated to engage in but do not exceed their perceived
abilities may be more accurately reported compared to other less motivating activities
that are perceived as more difficult or associated with feelings of incompetency [15,16].
Individual differences in the strategic processes employed for emotional attention and
memory might further explain why older adults would be expected to have difficulty in
accurately remembering non-emotional activity information, especially when estimating
over longer periods of time [17].

In contrast to estimating activity participation over longer time intervals, recording
activity daily may offer advantages. When activities are written down chronologically
shortly after they are undertaken, the tendency to under- or over-report certain activities
may be diminished [18]. Daily reports may also be less susceptible to threats of bias and
less limited by issues related to retrospective self-reporting [4,5,19,20]. When an individual
is asked to remember the activities they engaged in throughout the past day (e.g., 24-h
period), this information is easier to retrieve because it was more recently encoded and
fresher in their minds [21].

When less time has elapsed between actual participation and activity assessment, there
is less opportunity to forget activity related information. This is especially true because
different types of activities elicit different emotional responses and these responses can
impact what an individual remembers about their day versus what they forgot in terms of
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the type and frequency of activity engagement [12,15]. We reason that longer recall times
may contribute to a greater chance of incomplete, inaccurate, or distorted self-reported
activity information. Thus, we adhere to the assumption that activities that are reported
over a shorter time frame (i.e., at the daily level) may be less susceptible to error and
provide a more realistic depiction of activity engagement. Analogous to this assumption,
Almeida (2002) argued that recalling stressors at the daily level produces information that
is less affected by memory distortions. As the amount of time between the actual event and
requested recall increases, the accuracy of information pertaining to the stressful encounter
is reduced [22].

The present study focused on contrasting self-reported activity engagement by older
adults across two different assessment periods: estimated weekly versus reported daily.
Researchers have relied heavily on the notion that retrospective reports of activity infor-
mation are accurate and outside of the physical activity literature [7], the phenomenon of
discrepancies in reported activity information has never been tested. Samples from two
different studies, one conducted in the United States and the other conducted in Australia
were used to test the phenomenon of discrepancies in self-reported activity information.
Our first aim was to evaluate whether older adults’ estimates of typical weekly activity
matched the total summation of daily reported activity over a 7-day period. Given the
greater likelihood for biases and errors in recall for the activity estimates [10,23,24], we
hypothesized that total time spent in activity based on weekly estimates would be signifi-
cantly higher than the totals of daily activity reports. Second, we examined whether one
activity assessment (daily or weekly) was a stronger predictor of cognitive performance.
In line with our prior reasoning that a shorter assessment window may provide a less
biased report of activity [12,19], we expected daily reports to more strongly correspond to
cognitive performance in older adults.

Finally, we were interested in whether cognitive functioning differed for individuals
whose weekly and daily assessments were relatively similar, and those who had large
discrepancies between their weekly and daily activity totals. Given the aforementioned
cognitive biases, and the roles of motivation, attention, and emotional attachment on the
ability to accurately recall activity related information [14], individual differences in the
ability to accurately recall activity related information may predict cognitive performance.
We hypothesized that individuals who have smaller discrepancies between the two activity
assessments may be more capable of providing consistent information; these individuals
likely have better cognition than others who show greater mismatch between weekly
estimates and daily reports of activity. That is, individuals with greater discrepancy
between the two activity assessments may have poorer cognitive functioning compared to
those individuals who reported more consistently across the two assessment periods.

2. Materials and Methods

Data from two samples, the Activity Characteristics and Cognition (ACC) study [6]
and the TRAnsitions In Later Life (TRAILLs) study [25] were used to assess our research
questions. Both samples were used to assess the first question investigating differences in
self-reported leisure activity information based on the assessment time frame. However, the
second and third aims evaluating the link with cognitive performance were only conducted
with the ACC sample.

2.1. Participants
2.1.1. ACC Study

Data from 207 community-dwelling adults aged 60–90 years old living in the Fort
Collins, Colorado, and surrounding areas was collected. Recruitment began in 2012 and
was targeted towards local aging community organizations through flyers, emails, and
advertising in newsletters. The following inclusion criteria were applied: They (a) had to
be at least 60 years of age, (b) willing to participate in the entire study, (c) have English
as their primary language, (d) have no diagnosis of Alzheimer’s disease or other forms

21



Geriatrics 2021, 6, 74

of dementia, psychotic disorder or personality disorder, (e) could see and hear clearly
with corrective aids, and (f) were not full-time caregivers. All participants scored a 26 or
higher on the Mini-Mental State Examination [26]. Eight participants were removed from
the analyses for missing data (as described below). The remaining n = 199 participants
(Mage = 70.74; SD = 6.79, 60 men, 139 women) were relatively healthy, rated themselves as
having excellent or very good health (70.1%), and were highly educated (M = 16.40 years;
SD = 2.54). Participants had the opportunity to earn up to $60 for completing the study,
commensurate with their participation in the various parts of the study. There was limited
attrition over the course of this study; only two participants were excluded from the
analyses for not answering any days of the activity questionnaire and six individuals were
removed for missing five or six days.

2.1.2. TRAILLs Study

This sample consisted of data from 185 Australian adults aged 51–84 years. Partici-
pants agreed to participate in the study by accepting an e-mail invitation link that was sent
to all members of a local nonprofit organization (National Seniors Australia) in 2010. Of the
original sample, fifteen participants were excluded from the present analyses for not com-
pleting at least one of the daily activity questionnaires. The remaining n = 170 participants
(Mage = 61.98, SD = 6.17) comprised the sample used for the present analyses (72 men,
93 women). These individuals were highly educated (M = 15.40 years; SD = 4.00), and
relatively healthy (68.7% rated themselves as in excellent or very good health). Participants
were not compensated for their participation in this study.

2.2. Procedure

For both studies, participants completed an estimate of typical weekly activity first,
followed by a week of daily reports to recreate two actual activity measurement methods
used in studies. This is in contrast to having participants complete a daily report for a
week, and then recall their weekly total activity for that same week. This second method
would be influenced by daily reminders from the daily reports and would not represent
how activity estimates are typically collected in the literature.

2.2.1. ACC Study

Following providing consent for participation, participants completed a baseline
assessment that included health, social, cognitive, and activity questionnaires. Baseline
sessions typically took two hours to complete and were conducted one-on-one with trained
research staff. A typical weekly estimate of activity was completed at baseline. Participants
then completed identical activity questions to the weekly estimates every day for the next
week (Week 1). Most participants completed the daily activity reports online (69.9%), while
others with unreliable access to a computer were provided with a paper version of the
activity reports as an alternative. During Week 2, participants completed a different open-
ended activity daily diary (DD) (DD data not reported in the present analyses because the
open-ended questions do not easily match the weekly estimate and daily report activities).
Half of the sample completed the daily activity reporting as described (i.e., Week 1: daily
activity reports; Week 2: DD), but half of the sample completed the open-ended DD in
Week 1, followed by the daily reports in their second week. The online version of the daily
report activities allowed access only once every 24 h. Individuals who completed the paper
version of the assessment completed an honor pledge on days 3 and 6 confirming that they
had in fact completed the questionnaire on the appropriate day and were instructed to
leave any missed days blank. Participants received a phone call or email on the first day
of the daily activity reports recording period and a reminder halfway through the week.
See [6] for further detail of the study procedures.
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2.2.2. TRAILLs Study

Participants who accepted the email invitation were given instructions linking them to
the online survey site. During the first login, participants completed baseline questionnaires
containing demographic, psychological, and social measures as well a weekly activity assess-
ment. The week after initial login, individuals were asked to login to the site and complete
up to 7 days of daily questionnaires assessing activity engagement. The participants were
asked to complete the daily questionnaire sometime after dinner at around the same time
each day within 2 weeks of their initial baseline assessment. Participants were asked to try
and complete 7 consecutive days of logging in over the assessment period.

2.3. Measures
2.3.1. Activity Questionnaires
ACC Study

Twelve activities from the Activity Characteristics Questionnaire [6] were presented
both at the baseline assessment (estimated weekly) and every day for 7 days (reported
daily). These 12 items were chosen for their ease of estimation over a typical week, and
ease of recall over a day. In the weekly estimate participants were asked, “In a typical week
how much time do you spend engaged in the following activities?”: (1) Actively watching
TV or movies, (2) Reading, (3) Writing, (4) Interacting with close friends, (5) Interacting
with people who are not close friends, (6) Meeting new people, (7) Actively listening to
information, (8) Attending community events, (9) Going out shopping, (10) Light-intensity
activity or exercise, (11) Medium-intensity activity or exercise, and (12) Vigorous-intensity
activity or exercise. The following responses were available: no time at all; some time but
less than 15 min; 15 to 30 min; 31 min to 1 h; 1 to 2 h; 2 to 4 h; 4 to 8 h; 8 to 12 h; and 12 or
more hours. In the daily assessment, participants were instructed to estimate the amount
of time they had spent during the previous day (i.e., from midnight to midnight) engaged
in the same activities. The same 12 activities listed above were questioned. The responses
available for the daily assessment were the same as for the weekly assessment.

For both the weekly estimate and daily reports the same coding scheme was followed:
all ordinal responses were recoded into mean hours to create a continuous ratio scale
variable. If a participant reported spending no time in an activity this was recoded as 0 h;
some time to 15 min was recoded as 0.25 h; 15 to 30 min was recorded as 0.50 h; 31 min to
1 h was recoded as 1 h; 1 to 2 h was recoded as 1.5 h; 2 to 4 h was recoded as 3 h; 4 to 8 h
was recoded as 6 h; 8 to 12 h was recoded as 10 h; and more than 12 h was recoded as 12 h.
For time frames that were less than 1-h (e.g., some time to 15 min; 15–30 min) responses
were recoded as the highest time possible. For all higher time frame options (e.g., 1–2 h;
2–4 h) responses were recorded as the average of that time frame.

For the weekly estimate, the total time across all 12 activity types, and time estimated
for each individual activity was calculated. For the daily reports, the reported hours for
each activity type were summed across all seven days to give both total time for each
individual activity, and a combined weekly total of hours reportedly spent engaged in
all 12 types of activities. The percentage of individuals who completed all seven daily
questionnaires was high: 95% of participants completed a full week of daily questionnaires;
4% completed six days; and 1% completed five days.

TRAILLs Study

The activity assessment included items adapted from the National Study of Daily Ex-
periences [22] and preliminary versions of the Activity Characteristics Questionnaire [6,25].
At baseline (weekly estimate), participants were asked to estimate the amount of time they
spent in a typical week participating in 28 different activities. Only seven of these activities
were chosen for the present analyses to provide a close comparison to the types of activities
included in the ACC study. The items were: (1) Going out shopping, (2) Vigorous-intensity
activity or exercise, (3) Medium-intensity activity or exercise, (4) Light physical activity
(5) Watching television, movies, videos, (6) Actively writing, and (7) Actively reading.
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For the daily reports, participants were asked to specify the amount of time they had
spent engaged in the same 28 different activities as the weekly estimate, but only over the
past 24 h. The response scales for both the weekly estimate (i.e., in a typical week) and the
daily report (i.e., in the past 24 h) were the same and the following answer options were
available: no time at all; between 0 and 15 min; 15 to 30 min; 31 min to 1 h; 1 to 2 h; 2 to
4 h; 4 to 8 h; 8 to 12 h; and 12 or more hours. The same recoding scheme was used for both
the weekly estimate and daily report as was used for the ACC study. The weekly estimate
total across all seven activity types, and for each individual activity was calculated. For
the daily reports, the reported hours for each activity type were summed across all seven
days to give a weekly total of hours reportedly spent engaged in each activity, and then
combined across all seven types of activities. On average, participants completed 5.4 daily
questionnaires, with a wide range in completion (25.3% of the participants completed all
seven daily questionnaires, 32.4% completed six days, 17.1% completed five days, 12.4%
completed four days, and 12.9% completed three days).

2.3.2. Cognitive Tests
ACC Study

All cognitive testing took place at the baseline testing session. Cognitive measures
included: Digit Span (DS) Backward [27], a measure of working memory; the Trail Making
Test (TMT) [28], where Part A measures processing speed and Part B taps into execu-
tive functioning; the Symbol Digit Modalities Test (SDMT) [29], a measure of processing
speed; and Letter sets [30], a measure of reasoning ability. These four cognitive measures
formed the Cognitive Fluid factor. The Cognitive Verbal factor included Controlled word
associations [30] which assesses verbal fluency, and Vocabulary [30], a measure of verbal
knowledge. Additionally, participants completed the Rey Auditory Verbal Learning Test
(RAVLT) [31], which measures verbal learning (RAVLT-total trials 1–5), episodic memory
(RAVLT-recall List A), and episodic memory-recognition (RAVLT Recognition). These three
RAVLT scores formed the Cognitive Memory factor. Factor analysis of these cognitive
measures has been documented elsewhere [6]. For each factor, scores on the individual
cognitive tests were converted into T scores to allow for comparisons across measures
and summed to create the total cognitive factor score (i.e., Fluid, Verbal, Memory). These
procedures were specific to the ACC study, as comparable cognitive data from the TRAILLs
study was not collected.

2.4. Data Preparation and Statistical Analysis

All data preparation and statistical analyses were performed using SPSS Statistics for
Mac version 23. To address missing data in the ACC sample, mean imputation was used.
Participants who recorded missing one or two days (n = 23) were given their individual
mean for each question for the missing day, and those who missed individual questions
on certain days also received their individual mean scores. In the TRAILLs sample, there
was considerably more missing data, and 73 participants reported missing one or two days.
As such we imputed data using the expectation maximization procedure in SPSS. Little’s
(1988) Missing Completely At Random Test was nonsignificant, χ2(15) = 14.17, p = 0.51
meaning that the data was missing at random.

First, to check that the two measures (weekly estimates and daily reports totaled across
the week) in each sample were related, bivariate Pearson’s correlations were conducted.
Large, significant correlations would imply that the two activity assessments are very
closely related to each other, whereas moderate correlations between the two measures
would provide support for our argument that the two assessments are related but po-
tentially provide two different types of respondent information, based on the cognitive
interferences previously discussed. Next, paired sample t-tests were used to evaluate
differences between weekly estimated activity and reported daily activity (summed across
7-days) for both the ACC and TRAILLs data. We analyzed both differences in individual
activity questions (across all activity types) and overall weekly activity (summed total
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across all activity questions). Differences were considered significant at the p = 0.01 level.
We chose this more conservative significance cut-off to correct for multiple comparisons
(i.e., t-tests), but adhered to the 0.05 cutoff for the other analyses described below as the
multivariate nature of multivariate multiple regression (MMR) analysis inherently reduces
the likelihood of type-1 error.

MMR was then conducted with the ACC data to determine whether either of the
activity assessments (weekly or daily) predicted cognitive ability across the three cognitive
factors: Fluid, Verbal, Memory. In addition to an MMR with total activity as the primary
predictors, we conducted an MMR examining whether different activity domains for each
assessment type predicted cognition. Cognitive (reading; writing; listening to new informa-
tion), social (interacting with close and not close others; meeting new people; community
events; shopping), and physical (light, medium, and vigorous intensity exercise) activity
domains were created, informed by exploratory factor analyses and theoretical groupings
consistent with other literature [6]. The activity of TV and movie watching was excluded
from the total activity calculation and the activity domains as this activity has been consis-
tently reported to have a negative association with cognitive ability. In this domain-specific
MMR analysis, the three activity domains for the weekly assessment, three activity domains
for the daily assessment, and covariates served as predictors of performance across three
cognitive outcomes [6].

Finally, a separate MMR analysis was also conducted to determine if the amount of
discrepancy between activity assessments (mean difference between weekly and daily
activity) was related to performance across the three cognitive domains. In this analysis,
difference scores for total activity reported across both weekly and daily assessments was
calculated by subtracting the total reported daily activity (across all 7 days) from weekly
estimated activity for each participant. An additional MMR analysis examined discrepancy
by activity domain, where the difference scores for each of the three activity domains were
simultaneously entered into the model predicting cognition.

3. Results

3.1. Differences between Estimated Weekly Activity and Daily Reported Activity

To contrast whether there were differences in the amount of activity hours reported
using two different types of activity assessments (weekly versus daily) we conducted
paired samples t-tests. Table 1 (ACC) and Table 2 (TRAILLs) provides descriptive statistics
for all activities included in both studies.

Table 1. ACC Study: Estimated Weekly and Reported Daily Activity (summed over 1 week) for 12 Activity Items
(Hours/Week).

Activity Items
Weekly

Estimate
M (SD)

Daily Report
(Weekly Sum)

M (SD)

Mean
Difference

M (SD)
p

Actively Watching TV/movies 7.76 (4.29) 11.52 (3.56) −3.77 (4.32) <0.001
Reading 9.69 (3.21) 12.88 (0.68) −3.20 (3.17) <0.001
Writing 4.97 (3.93) 9.96 (4.06) −4.98 (4.74) <0.001
Interacting with close friends 7.65 (4.08) 12.37 (2.29) −4.72 (4.24) <0.001
Interaction with not close friends 5.37 (3.99) 12.14 (2.20) −6.77 (4.38) <0.001
Meeting new people 1.29 (1.86) 5.77 (4.44) −4.47 (4.46) <0.001
Actively listening to information 5.89 (3.87) 12.08 (2.53) −6.18 (4.15) <0.001
Attending community events 2.66 (2.50) 6.17 (4.91) −3.52 (4.89) <0.001
Going out shopping 3.00 (2.43) 9.54 (3.76) −6.54 (4.11) <0.001
Light-intensity activity/exercise 5.79 (3.94) 11.49 (3.14) −5.70 (4.46) <0.001
Medium-intensity activity/exercise 3.96 (3.11) 8.68 (4.75) −4.72 (4.77) <0.001
Vigorous-intensity activity/exercise 2.14 (2.93) 3.80 (4.92) −1.66 (5.07) <0.001

Total activity 60.20 (19.91) 116.41 (16.80) −56.21 (22.97) <0.001

Note. p values from paired-samples t-tests (df = 198 in all cases).
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Table 2. TRAILLs Study: Estimated Weekly and Reported Daily Activity (summed over 1 week) for
12 Activity Items (Hours/Week).

Activity Items
Weekly

Estimate
M (SD)

Daily Report
(Weekly Sum)

M (SD)

Mean
Difference

M (SD)
p

TV, Movies, Videos 7.42 (3.71) 15.68 (9.18) −8.26 (7.82) <0.001
Actively Reading 5.65 (3.51) 9.17 (6.98) −3.52 (6.07) <0.001
Actively Writing 4.54 (3.74) 6.73 (7.42) −2.19 (6.63) <0.001

Going out shopping 2.19 (1.81) 4.83 (5.36) −2.64 (5.37) <0.001
Light physical activity 3.88 (3.66) 2.97 (4.34) 0.92 (5.19) 0.023

Medium-intensity activity 3.02 (2.89) 5.85 (6.00) −2.84 (5.83) <0.001
Vigorous-intensity activity 1.92 (2.57) 3.79 (3.98) −1.86 (4.27) <0.001

Total activity 28.62 (11.57) 49.02 (22.48) −20.40 (20.20) <0.001
Note. p values from paired-samples t-tests (df = 169 in all cases).

3.1.1. ACC

The correlation between estimated weekly activity and total daily reported activity,
across all 12 activity types, was small-to-moderate and positive, r (199) = 0.23, p = 0.001. A
paired samples t-test found a significant difference between the total estimated weekly activ-
ity (hours/week) and total daily reported activity summed across the week (hours/week),
t (198) = −34.52, p < 0.001, d = −3.05. Estimated weekly activity, collapsed across all
12 activity types, (M = 60.20, SD = 19.91) was lower than the total summation of daily
reports across the week (M = 116.41, SD = 16.80). Table 1 shows that this difference was
also apparent across all 12 types of activities, such that there were significant differences
between estimated weekly activity and reported daily activity (hours/week) for all 12 ac-
tivity types (all ps < 0.001). For each of the 12 types of activities measured in the ACC
study, estimated weekly participation in that activity was significantly lower than the
total summation of daily reported participation across the week. Therefore, participants
consistently and significantly reported greater time in activity via the daily reports than on
the weekly estimates.

3.1.2. TRAILLs

The bivariate correlation between weekly estimated activity and daily reports was
positive and moderate-to-large, r (170) = 0.44, p < 0.001. There was also a significant
difference between estimated weekly activity and total reported daily activity (across all
seven activity types summed over the week), t (169) = −13.17, p < 0.001, d = 1.14. Consistent
with the results for the ACC study, total estimated weekly activity (hours/ week) across all
seven activities (M = 28.62, SD = 11.57) was lower than reported summed daily activity over
the week (M = 49.02, SD = 22.48). Table 2 demonstrates that the pattern of mean differences
between estimated weekly and reported daily activity over the week was consistent across
nearly all the seven activity types (all p < 0.001). The exception was light physical activity,
t (169) = 2.30, p = 0.02, d = 0.23, which showed participants’ weekly estimations (M = 3.88,
SD = 3.66) were greater than their total reported daily activity (M = 2.97, SD = 4.34);
however, this test was not statistically significant based on the cutoff of p = 0.01.

3.2. Predictors of Cognitive Performance

Using the ACC data, MMR was performed to examine which activity assessment,
weekly or daily, predicted cognitive performance across three dependent variable factors:
Fluid, Verbal, and Memory. Total activity for both assessments were entered as independent
predictors, and age and years of education were both entered as covariates.
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The overall multivariate R2 effect was significant, F (12, 505.63) = 6.03, p < 0.01,
R2 = 0.44, indicating that the combination of the predictor variables significantly predicted
performance on the three cognitive outcomes. Additionally, the predictor variables signifi-
cantly predicted each cognitive dependent variable, Fluid factor, F (4, 193) = 9.60, p < 0.01,
R2 = 0.15, Verbal factor F (4, 193) = 7.11, p < 0.01, R2 = 0.11, Memory factor, F (4, 193) = 7.47,
p < 0.01, R2 = 0.12. When examining the parameter estimates however, it appears that these
effects were primarily driven by the covariates, age, and education. Neither type of activity
assessment total (weekly or daily) significantly predicted cognitive performance, but age
and education had significant effects (β coefficients, p < 0.05) for Fluid and Verbal cognitive
factors; memory factor performance was only significantly predicted by age (see Table 3).

Table 3. Multivariate Multiple Regression Standardized Coefficients for Total Activity, Age, and
Education Predicting Cognitive Factors.

Dependent Variables β p

Fluid factor a Age −1.19 <0.001
Education 1.79 0.003

Weekly Estimate −0.00 0.392
Daily Report 0.08 0.971

Verbal factor b Age −0.31 0.020
Education 1.47 <0.001

Weekly Estimate 0.07 0.180
Daily Report 0.03 0.649

Memory factor c Age −1.09 <0.001
Education 0.30 0.585

Weekly Estimate −0.03 0.673
Daily Report 0.09 0.303

a Fluid Factor (Digit Span, TMT Difference, DSST, Letter Sets) R2 = 0.149. b Verbal Factor (Controlled Word
Association, Vocabulary) R2 = 0.110. c Memory Factor (RAVLT Total, Recognition, Recall) R2 = 0.116.

To examine whether activity domains (cognitive, social, physical) differentially pre-
dicted cognitive performance, an additional MMR was conducted. Six activity domains
(cognitive weekly, social weekly, physical weekly, cognitive daily, social daily, physi-
cal daily), plus the covariates age and education served as the independent variables
in the model, and the three cognitive factors (Fluid, Verbal, Memory) were entered as
dependent outcome variables. Overall, the multivariate R2 was statistically significant
F (24, 542.96) = 4.13, p < 0.01, R2 = 0.42, indicating that the predictors collectively predicted
performance on the set of cognitive outcomes. The multiple R2s for each of the three
dependent variables were also significant, Fluid F (8, 189) = 5.37, p < 0.01, R2 = 0.15; Verbal
F (8, 189) = 5.30, p < 0.01, R2 = 0.15; Memory F (8, 189) = 4.80, p < 0.01, R2 = 0.13. Upon
examining the parameter estimates, these effects were driven mostly by the covariates,
age and education (see Table 4). For the Fluid factor, none of the activity domains across
either assessment were significant predictors; however, both age and education predicted
performance. For the Verbal factor, in addition to the significant effects of age and educa-
tion, daily cognitive activity also significantly predicted performance (β = 1.63, p = 0.005).
For the Memory factor, performance was significantly predicted by age and weekly social
activity (β = −1.81, p = 0.050). Correlation tables between predictor and outcome variables
can be found under Supplementary Materials (Table S1).
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Table 4. Multivariate Multiple Regression Standardized Coefficients for Weekly and Daily Activity
Domains, Age, and Education Predicting Cognitive Factors.

Dependent Variables β p

Fluid factor a Age −1.18 0.000
Education 1.76 0.004

Weekly Estimate
Cognitive Activity 0.20 0.770

Social Activity 0.97 0.330
Physical Activity −1.27 0.089

Daily Report
Cognitive Activity 0.03 0.973

Social Activity −0.33 0.701
Physical Activity 1.16 0.062

Verbal factor b Age −0.29 0.028
Education 1.33 0.000

Weekly Estimate
Cognitive Activity 0.35 0.364

Social Activity −0.22 0.694
Physical Activity 0.57 0.179

Daily Report
Cognitive Activity 1.63 0.005

Social Activity −0.75 0.117
Physical Activity −0.02 0.946

Memory Factor c Age −1.07 0.000
Education

Weekly Estimate 0.19 0.727

Cognitive Activity 1.04 0.095
Social Activity −1.81 0.050

Physical Activity 0.052 0.940
Daily Report

Cognitive Activity 1.00 0.281
Social Activity 0.69 0.379

Physical Activity −0.14 0.799
a Fluid Factor (Digit Span, TMT Difference, DSST, Letter Sets). Daily R2 = 0.149; Weekly R2 = 0.151. b Verbal
Factor (Controlled Word Association, Vocabulary). Daily R2 = 0.147; Weekly R2 = 0.149. c Memory Factor (RAVLT
Total, Recognition, Recall). Daily R2 = 0.125; Weekly R2 = 0.133.

Next, to examine how differences in estimation reports between total weekly and daily
activity predicted cognitive performance another MMR was conducted. The difference
score, age, and education served as the independent variables in the model, and the
three cognitive factors (Fluid, Verbal, Memory) were entered as dependent variables. The
difference score was computed by subtracting the total daily from the total weekly activity
(For consistency with prior analyses, we maintained excluding TV in the discrepancy
analysis as well. When additional analysis using all 12 activity items, including Watching
TV/Movies, was performed the results remained non-significant). All parameter estimates
for the total difference score MMR are presented in Table 5. The overall multivariate R2

was statistically significant, F (9, 467.43) = 7.87, p < 0.01, R2 = 0.54, indicating that age,
education, and the amount of difference between activity estimates predicted performance
on the set of cognitive outcomes. The multiple R2s for each of the three dependent variables
were also significant, Fluid F (3, 194) = 12.67, p < 0.01, R2 = 0.16; Verbal F (3, 194) = 8.81,
p < 0.01, R2 = 0.12; Memory F (3, 194) = 9.89, p < 0.01, R2 = 0.13. However, examination of
the parameter estimates revealed that these effects were driven by the covariates, age, and
education, as the difference score did not uniquely predict any of the cognitive outcomes
(β’s were non-significant, p > 0.05 see Table 5).
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Table 5. Multivariate Multiple Regression Standardized Coefficients of Total Activity Difference
Score, Age, and Education Predicting Cognitive Factors.

Dependent Variables β p

Fluid factor a Age −1.22 <0.001
Education 1.85 0.002

Total Activity Difference Score −0.04 0.601

Verbal factor b Age −0.34 0.009
Education 1.54 <0.001

Total Activity Difference Score 0.03 0.494

Memory factor c Age −1.11 <0.001
Education 0.35 0.526

Total Activity Difference Score −0.06 0.369
a Fluid Factor (Digit Span, TMT Difference, DSST, Letter Sets) R2 = 0.151. b Verbal Factor (Controlled Word
Association, Vocabulary) R2 = 0.106. c Memory Factor (RAVLT Total, Recognition, Recall) R2 = 0.119.

In the final MMR analysis, activity domain difference scores were entered simultane-
ously as predictors of cognitive performance. Overall, the multivariate R2 was statistically
significant F (15, 524.91) = 5.37, p < 0.01, R2 = 0.54, indicating that the predictor variables
(age, education, cognitive activity difference, social activity difference, physical activity dif-
ference) collectively predicted performance on the set of cognitive outcomes. The multiple
R2s for each of the three dependent variables were also significant, Fluid F (5, 192) = 8.61,
p < 0.01, R2 = 0.16; Verbal F (5, 192) = 5.32, p < 0.01, R2 = 0.10; Memory F (5, 192) = 6.53,
p < 0.01, R2 = 0.12. Upon examining the parameter estimates, it seemed that the effects
were driven mostly by the covariates, age, and education (see Table 6). However, for the
Fluid factor there was also a significant predictive effect of physical activity difference
scores (β = −1.6, p =.033). This negative effect indicated that as the amount of estimation
error between weekly and daily assessments for physical activity increased, performance
on the fluid factor decreased. Correlation tables between predictor and outcome variables
used in this analysis can be found under Supplementary Materials (Table S2).

Table 6. Multivariate Multiple Regression Standardized Coefficients for Activity Domain Difference
Scores, Age, and Education Predicting Cognitive Factors.

Dependent Variables Predictors β p

Fluid factor a Age −1.19 0.000
Education 1.77 0.000

Cognitive Activity Difference 0.23 0.707
Social Activity Difference 0.56 0.432

Physical Activity Difference −1.16 0.033

Verbal factor b Age −0.35 0.008
Education 1.55 0.000

Cognitive Activity Difference −0.13 0.719
Social Activity Difference 0.30 0.478

Physical Activity Difference 0.15 0.640

Memory Factor c Age −1.09 0.000
Education 0.35 0.520

Cognitive Activity Difference 0.50 0.384
Social Activity Difference −1.2 0.059

Physical Activity Difference 0.06 0.914
a Fluid Factor (Digit Span, TMT Difference, DSST, Letter Sets). Daily R2 = 0.149; Weekly R2 = 0.162. b Verbal
Factor (Controlled Word Association, Vocabulary). Daily R2 = 0.147; Weekly R2 = 0.099. c Memory Factor (RAVLT
Total, Recognition, Recall). Daily R2 = 0.125; Weekly R2 = 0.123.
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4. Discussion

The present study aimed to systematically test for differences between two types of
self-reported activity assessments: one that asked for a weekly estimate of activity, and
another that asked for daily reports of activity participation. We also investigated whether
these activity assessments were predictive of cognitive performance. Our findings showed
that differences do indeed exist between activity assessments, where individuals tended to
estimate significantly less weekly activity participation compared to when they reported
their participation at the end of each day. Importantly, this difference was demonstrated
in two different samples of older adults, from different countries. Interestingly, when
activity assessments were totaled, neither predicted cognition; however, when activity was
grouped by domain (cognitive, social, physical), different domains significantly predicted
different cognitive outcomes. Further, while the magnitude of discrepancy in total activity
did not significantly predict cognitive performance, domain specific differences did. These
differential trends support the notion that using multiple forms of activity assessment may
be rewarding for future research.

In our study, both samples displayed significant differences between activity informa-
tion based on a weekly estimate versus daily reports. A similar pattern of findings emerged
across both samples: participants consistently reported less activity at the estimated weekly
level than what was reported daily, across almost all activities. The moderate correlations
found between the two measures in each sample demonstrate that the two assessments are
related but potentially measuring two different constructs. The results show that different
types of self-reported activity measurements, conducted over various time intervals, differ
greatly in the resulting data. If the amount of activity time being reported is not consistent
across days and weeks, then it is challenging to determine which assessments are collecting
the most accurate activity information and under what conditions different assessments
might be preferred or necessary. There are several reasons why there may have been dis-
crepancies between daily reporting and weekly estimates. This includes that as more time
passes between the moment of engagement to when activity is being assessed, cognitive
biases become more pronounced and errors become more frequent [14,32,33]. This agrees
with other lines of research suggesting that over greater periods of time, motivation and
emotional experiences attached to different activities may influence the availability of
activity-based memories [23]. Further, it is possible that participants tended to estimate
different levels of participation at the weekly level compared to their daily reports as a
result of cognitive biases and different heuristics used to recall activity related informa-
tion [12]. At the same time, an alternative explanation for differences between the activity
assessments may be the repeated questioning of activity every day. By completing daily
questioning for a week, participants may have increased their awareness of what activities
they commonly participated in, leading to reporting a greater number of hours engaged in
activity. Further, the order of testing was such that the weekly estimate always preceded
the daily reports, so greater awareness of engagement may have also been primed after
completing the weekly estimate assessment. Since both daily and weekly assessments
were subjective, it is difficult to determine which serves as a better proxy of accurate activ-
ity engagement. However, the present research demonstrates that differences are likely
depending on time frame of assessment.

The present study also investigated how strongly each type of activity assessment
predicted cognitive performance. Given the shorter length of time over which daily as-
sessment occurred and the multiple cognitive, social, and emotional influences that may
operate on recalled activity information [14,32,33], we predicted that daily assessments
would more strongly predict cognitive performance. Interestingly, total activity for neither
assessment type predicted cognition. However, when activity was grouped into cogni-
tive, social, and physical domains, both assessment types predicted different cognitive
outcomes. At the daily level, higher cognitive activity predicted higher verbal factor per-
formance, whereas at the weekly level, higher social activity predicted poorer performance
on the memory factor. These findings demonstrate that both assessment types have pre-
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dictive ability for cognition, but the specifics of that relation may differ depending on
the nature of the activity. Cross-sectionally, past studies have consistently reported that
engagement in cognitively stimulating activities favorably affects cognition. A study by
Ferreira et al. demonstrated that activities such as engaging in puzzles was related to
better verbal reasoning and working memory [34]. Other cross-sectional studies have
also supported the basic premise that increased participation in cognitive, physical, and
social leisure activities is related to higher cognitive performance [35–37]. Longitudinally,
Ghisletta and colleagues reported more gradual declines in cognitive ability (e.g., percep-
tual speed) for individuals with higher levels of participation in cognitively stimulating
activities such as reading, playing chess, and completing crossword puzzles [38]. While
the influence of daily cognitive activity on cognition is in line with what prior research
has demonstrated, the negative association between weekly social activity and memory
performance was unexpected. Research conducted by Lövden and colleagues reported
significant longitudinal associations between participation in social activities (e.g., sport,
hobbies, playing games, attending cultural events), and perceptual speed over a six-year
period, suggesting a dynamic lead-lag association between activity and cognition [39].
One possible explanation for this inconsistent finding is the potential overlap of functional
aspects across different activity domains. For example, attending a community event may
involve multiple domains of activity, as it occurs in a social setting, may involve cognitive
skill-acquisition (e.g., listening to new information), as well as physical mobility to drive,
walk, or bike to the location where the event is being held. This example demonstrates
the difficulty with subjective interpretation of activity assessments and emphasizes the
need for more research that analyzes the structural associations between different types
of activities.

The findings reported here support prior research by Bielak [6] that used the same ACC
sample, highlighting different effects on cognition based on the type of activity assessment.
Both activity time reported in daily questionnaires and an activity questionnaire that
recorded the frequency of participation over the past 2 years predicted unique variability
in the cognitive factors. It seems that the specific type of activity scale used, the length
of assessment time, and how the questionnaire is administered may all contribute to
differences in reported findings.

The total amount of discrepancy between the two activity assessments did not sig-
nificantly predict cognition, showing that how consistently individuals reported activity
time was not related to better cognitive performance. However, when activity domains
were used, differences in the physical activity domain predicted fluid factor performance.
Greater discrepancy between weekly and daily physical activity predicted poorer fluid per-
formance. This finding supported our hypothesis that individuals with greater differences
in estimated activity would have poorer performance; however, this result was specific
to physical forms of activity. It is unclear why greater discrepancy in physically specific
activities was related to cognitive performance, and particularly only to fluid performance.
If the discrepancy in activity reporting was telling of how cognizant a person is of their
activity engagement, we would have expected the relation to apply to all three cognitive
factors, including memory and fluid ability. This finding speaks to the value of examining
activity types individually, collectively, and across different domains.

It is possible that different types of assessments provide different depictions of activ-
ity engagement because they are influenced by different underlying constructs. Asking
participants to recall typical weekly activity patterns could make them more likely to draw
upon self-schemas of what kind of person they believe themselves to be. For example, if
a person views themselves as being physically fit and as leading an active and healthy
lifestyle, they may be more likely to report that the activities they engage in, at the weekly
level, are in line with these perspectives. This is in contrast to asking people to recall
their activity over shorter periods of time such as at the daily level, which could allow for
individuals to report less biased information about their recent activities without heavily
relying on schematics or predispositions of what they typically do and how they perceive
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themselves [23,40]. This argument is in line with the heuristics and biases approach where
people judge the likelihood of an event by the ease for which instances can be recalled [41].
At the daily level, activity reporting would be more consistent with the experienced self,
which is present in the moment and representative of what an individual has actually been
doing. On the other hand, estimated weekly activity would be more representative of
the remembered self, which is influenced by availability and representativeness of what
constitutes a “typical” week of activity for that person. These explanations are essential to
consider when distinguishing findings from studies that used activity assessments with
different time frames.

It is important to acknowledge that while our results were consistent across the two
samples, differences between the ACC and TRAILLs studies including compensation,
retention, compliance, and how assessment information was collected may have had impli-
cations on our findings. However, any impact likely would have been minimal. Differences
in compensation between the samples may have impacted participants’ motivation to
complete all parts of the study; however, attrition rates for both studies were quite low.
Methods for retention were also different across the two samples, where email or phone
call reminders of the daily questionnaire were provided in the ACC study. In contrast,
there were no reminders provided in TRAILLs. The rates of compliance were also very
different across studies; while 95% of participants completed a full week of daily question-
naires in the ACC study, only 25.3% of participants in the TRAILLs study completed all
seven days of questionnaires. We tested for individual differences (age, gender, education,
and self-rated health) associated with compliance rates in each study, but there were no
significant differences between individuals who completed all seven days and those who
completed less than the full week for either study.

Another difference between studies was the mode (online/paper) for which activity
assessments were collected. In the ACC study, all participants completed a paper version of
the activity assessment, in person, at the baseline testing session, followed by online daily
questionnaires for the majority of the sample (69.9%). Those who did not have reliable
access to a computer were provided an alternate paper version of the daily assessment.
Differences in the mode of administration (online/paper) was not statistically controlled
for in the ACC study but prior statistical models have shown no influence on activity
results [6]. In the TRAILLs study, all participants completed both baseline (weekly) and
daily assessments online and no paper alternative was offered. Since participants were not
given an option for alternative paper testing in TRAILLS, if they did not have access to a
computer they could not participate, influencing who participated in the study.

Lastly, the number of activity items included on the questionnaires differed across
studies. Twelve activity questions were assessed in ACC versus seven in TRAILLs, and
there were slight differences in the phrasing of the questions, including that ACC requested
information on activity participation from midnight to midnight of the previous day, versus
the past 24 h in TRAILLs. Even with the differences in study design between the two
samples, our main finding that daily reports were higher than weekly estimations of
activity, was consistent across both samples. Further, the slight variations in protocol in
fact demonstrate the reliability of the findings.

One limitation of our study is that both samples consisted of relatively healthy, highly
educated individuals, limiting the generalizability of our findings. While samples differed
in their geographic location (i.e., United States and Australia), future research is needed
using larger, more diverse cohorts. In addition, the study-design was cross-sectional;
longitudinal research is warranted to better understand how the relationship between
engagement in specific activities relates to cognitive performance across time. Additionally,
because we did not have an objective record of activity engagement for each participant,
we were unable to conclude that either type of assessment (estimated weekly or reported
daily) is a more accurate representation of actual activity patterns in older adults. The issue
of needing to identify ideal methods for measuring activity engagement, has been noted
by others [4,5]. It may also be reasonable to use a variety of activity assessments, since
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multiple questionnaires seem to provide different information about activity engagement
and how it relates to cognition [6].

To fully understand the relative importance of daily activity participation and its im-
pact on cognitive functioning, more refined measurement tools and shorter data collection
periods are suggested. It is advantageous to assess activity engagement multiple times per
day, sampling moments in respondent’s lives through experience sampling methods [42,43].
The development of ecological momentary assessment (EMA), which captures individuals’
momentary responses within their daily lives, has marked a notable advance in the mea-
surement of adult aging across the lifespan, while avoiding the distortions that may affect
delayed recall, reducing the accuracy of self-reported information [43,44]. In fact, the best
approach may be longitudinal studies that collect daily activity and cognitive information
using EMA approaches in addition to longer term-assessments, providing the opportunity
to evaluate how the relationship between lifestyle activity engagement and cognition
operates at both the daily level and over years. Future studies that incorporate EMA will
provide valuable insight into the nature of how the temporal relationship between activity
engagement and cognition operates, and under what conditions and contexts activities are
most beneficial for improving the daily lives and functioning of older adults.

5. Conclusions

This study compared two types of activity assessments (estimated weekly and re-
ported daily) to evaluate the consistency of the information, and to determine if one was
a stronger predictor of cognitive performance. This study is innovative because prior
research has had no other choice but to assume that different assessments produce similar
and consistent information about activity engagement, which does not seem to be the
case. A shorter assessment period (reported daily activity) resulted in significantly greater
reported activity time than what was estimated at the weekly level. The significant dis-
crepancy between the measurement types shows that it is important to recognize potential
biases in responding when conducting activity and cognition research. We considered
daily reports of activity to be less influenced by cognitive bias and forgetting; however,
both daily reported and weekly estimated activity domains predicted cognition but differ-
entially, suggesting that each assessment type captured slightly different information [24].
This study is informative for aging research because it provides clear evidence, from two
separate samples, that not all types of activity assessments provide similar, and consis-
tent information. It may be advantageous for future research to use multiple types of
assessments where activity is measured over different time frames. Multiple contextual,
cognitive, and social influences seem to operate on the consistency of self-reported activity
information, and our findings that estimated weekly and daily assessments produced
inconsistent self-reported information, that differentially impacted cognition, underscore a
clear need for measurement improvement and clarification [4].
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Abstract: The Sustained Attention to Response Task (SART) has been used to measure neurocognitive
functions in older adults. However, simplified average features of this complex dataset may result in
loss of primary information and fail to express associations between test performance and clinically
meaningful outcomes. Here, we describe a new method to visualise individual trial (raw) information
obtained from the SART test, vis-à-vis age, and groups based on mobility status in a large population-
based study of ageing in Ireland. A thresholding method, based on the individual trial number
of mistakes, was employed to better visualise poorer SART performances, and was statistically
validated with binary logistic regression models to predict mobility and cognitive decline after
4 years. Raw SART data were available for 4864 participants aged 50 years and over at baseline. The
novel visualisation-derived feature bad performance, indicating the number of SART trials with at
least 4 mistakes, was the most significant predictor of mobility decline expressed by the transition
from Timed Up-and-Go (TUG) < 12 to TUG ≥ 12 s (OR = 1.29; 95% CI 1.14–1.46; p < 0.001), and the
only significant predictor of new falls (OR = 1.11; 95% CI 1.03–1.21; p = 0.011), in models adjusted for
multiple covariates. However, no SART-related variables resulted significant for the risk of cognitive
decline, expressed by a decrease of ≥2 points in the Mini-Mental State Examination (MMSE) score.
This novel multimodal visualisation could help clinicians easily develop clinical hypotheses. A
threshold approach to the evaluation of SART performance in older adults may better identify subjects
at higher risk of future mobility decline.

Keywords: sustained attention to response task; SART; multimodal visualization; threshold; timed
up-and-go; falls; cognition; repeated measures; mobility decline

1. Introduction

Computer-based neurocognitive tests are commonly utilised in research [1], and
increasingly, in clinical practice, for both the detection and rehabilitation of cognitive
disorders in adults [2]. However, the raw outputs from computer-based tests pose method-
ological and interpretation challenges, owing to the lack of optimal assays for the precise
characterisation of latent neurocognitive processes, and shortcomings of many current
methods to allow direct visualisation of multi-modal data that could help clinicians gener-
ate more meaningful hypotheses and predictions [3,4]. These challenges are only magnified
in the case of computer-based repeated-measures neurocognitive data stemming from
large-scale studies.

A common approach in many research designs has been to simplify the raw computer
outputs into average features, such as mean and standard deviation of response time, as
surrogates of overall performance and variability [5]. However, by simplifying the data
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in this fashion, much primary information is lost and, consequently, researchers can be
left facing unexpected lack of association between results from this approach and clinical
outcomes of interest (e.g., disease severity categories). In this scenario, researchers have
suspected that the loss of physiologically important information in the simplified data
analysis may be responsible for the inability to detect clinically expected associations [5].
Indeed, information averaging can result in loss of power and once a simplified predictor
has been created and used in analyses, results should be interpreted considering the
dimension of the derived variable, not at the level of the individual original variable [6].

The Sustained Attention to Response Task (SART) is a standard computer-based cog-
nitive test designed to measure the sustained attention, a fundamental executive function
for completing tasks that require supervision over time [7]. Sustained attention is a result
of the interaction between two different subsystems: vigilance and arousal (alertness) [8,9].
Vigilant attention allows to detect subtle changes in the environment occurring over long
periods of time [8,10], and relies on a network of cortical areas including the cingulate gyrus,
prefrontal cortex and inferior parietal lobule, as imaging studies have demonstrated [11,12].
The maintenance of an adequate level of arousal is necessary to detect target stimuli [8].
Electrophysiology and functional neuroimaging studies have demonstrated that arousal
is activated through a subcortical network including the thalamus and noradrenergic
brainstem structures [13,14]. The SART is a continuous performance reaction-time (RT)
task designed to promote attention lapses; participants are required to monitor visual
displays acknowledging responses for frequent neutral signals (GO trials), but withholding
response when detecting rare targets (NO–GO trials) [5,15]. Commission errors (respond-
ing to NO–GO trials) or omission errors (failure to respond to GO trials) reflect lack of
vigilance, while the RT is a measure of alertness. In older adults, SART has been shown to
be correlated with frailty [16] and falls efficacy [17]. However, due to its complex granular
intrinsic structure, the optimal way to approach the analysis of SART data remains the
subject of debate.

Moreover, recent studies [18,19] have shown a complex network of interactions among
different physiological systems and, particularly, between the brain and the locomotor
system. We hypothesised that having information on the cognitive and mobility status in
the same SART data visualisation would provide clinicians with a more comprehensive
framework of general physiological status, even in the absence of clear clinical evidence
of mobility or cognitive disorders, and therefore help formulate hypotheses related to
potential future health risks.

The Timed Up-and-Go (TUG) is a well-established test to measure mobility and predict
risk of falls in older adults [20,21]. In the framework of longitudinal studies of ageing,
there is not a unique consensus on the relationship between mobility and cognition. Recent
works have shown that baseline quantitative gait parameters are significant predictors
of cognitive decline and dementia in older adults [22,23]. However, a previous study in
community-dwelling older adults who were cognitively intact at baseline demonstrated
the absence of associations between baseline mobility and future cognitive decline, where
the latter was expressed by traditionally derived SART variables and other cognitive
measures [24].

On the other direction of the association, recent studies have suggested that older
participants with poorer choice reaction or stop-signal reaction times may display an ac-
celerated pattern of mobility decline [25] and have a higher risk of incident falls [26]. As
this type of study had not previously been attempted with SART data, we were therefore
motivated to investigate potential relationships between SART performance and the risk of
either a clinically meaningful mobility decline or future falls, utilising novel approaches to
classify participants based on their baseline SART performance. Moreover, we considered
the Mini-Mental State Examination (MMSE) score as a standard measure of overall cog-
nitive status [27], and in line with previous works, we also investigated the hypothetical
association between SART performance and a clinically meaningful decline in MMSE score.
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To address the above hypotheses more effectively through the utilisation of the raw
SART data, we aimed to devise a new method to visualise the full information obtained
from the SART tests performed by a large sample of older participants in a large population-
based study, which allowed us to extract features otherwise potentially hidden in derived
variables. The individual trial (raw) data visualisation allowed ordering by continuous
variables (e.g., age) and also discrete groups of clinical interest (e.g., baseline mobility
impairment present versus absent). Furthermore, we formulated a new thresholding
method based on the individual trial percentage of mistakes to individuate a subset of
participants considered to have a poor SART performance, tested the correlations of this
new subdivision with mobility decline measured by TUG and gait speed, risk of future falls,
and cognitive decline, and compared its predictive power with other traditional global
SART parameters.

2. Materials and Methods

2.1. Dataset
2.1.1. Design and Setting

This research was carried out as part of The Irish Longitudinal Study on Ageing
(TILDA), an ongoing nationally representative prospective cohort study of community-
dwelling adults. TILDA collects information on the health, economic, and social circum-
stances of people aged 50 years and over in Ireland. Participants were randomly recruited
based on their geographic location. The full design of the study and cohort characteristics
have been described elsewhere [28,29]. Wave 1 of the study (baseline) took place between
October 2009 and February 2011 and included (i) a comprehensive health assessment
conducted at a dedicated health assessment centre (HAC) and (ii) a computer-assisted per-
sonal interview (CAPI) in participants’ own homes, which involved a collection of detailed
data on health, social, and economic factors. Wave 3 of TILDA was conducted between
March 2014 and December 2015 (approximately 4 years after wave 1) and comprised the
same modes of data collection described above. Ethical approvals for each wave were
granted from the Health Sciences Research Ethics Committee at Trinity College Dublin,
Dublin, Ireland, and all participants provided written informed consent. All research was
performed in accordance with the Declaration of Helsinki.

2.1.2. SART Protocol

The SART is a computerised continuous performance reaction time (RT) task [7]. It
requires participants to respond to a repeating stream of consecutive digits 1 to 9 (GO trials)
but withhold responding to the digit 3 (NO–GO trials).

In the SART test, each digit appears for 300 milliseconds (ms), with an interval of
800 ms between digits. The cycle of digits 1 to 9 is repeated 23 times, giving a total of 207 tri-
als. The test lasts for approximately 4 min. Participants are instructed to press a keyboard
key as soon as possible (with RT automatically recorded using Presentation version 16.5)
for each digit presented. RT is null (RT = 0) for the appearance of the digit 3 when no mis-
takes are committed. For a hypothetical perfect task, there are 8 × 23 = 184 non-null values
corresponding to the RT when the participant is supposed to press the key, and 23 null
values corresponding to the trials when the participant is not supposed to press the key. In
practice, over the course of the test, many participants lose attention and commit mistakes.
Two types of mistakes can be detected in the data: commission errors (i.e., responding to
NO–GO trials), which reflect lapses of sustained attention; and omission errors (i.e., failure
to respond to GO trials), reflecting a break from task engagement, also corresponding to
lapsing attention [5]. In this work, we considered SART data from wave 1 of TILDA.

2.1.3. Mobility Variables

- TUG: TUG measures the time (seconds) taken for a participant to stand up, walk 3 m
at normal pace along a line on the floor, turn around, walk back to the chair, and
sit down [20]. The test is not just a measure of physical ability, in fact it requires an
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individual to process instructions, plan and execute movements, focusing on the task
and avoiding distractions. This cognitive component makes the test more complex
than straight-line walking. Generally, a cut-off of 12 [21,30] or 14 [31,32] seconds (s) is
clinically used to discriminate participants with significant mobility impairment. The
TUG in wave 1 (TUG1) and wave 3 (TUG3) were utilised in this study. Given our aim
to capture risk of early mobility decline in this relatively healthy community-based
sample, we chose the more restrictive cut-off of 12 s to define clinically significant
mobility impairment in both waves. Specifically, we defined mobility decline (TUG
decline) for a given participant when TUG1 was less than 12 s (TUG1 < 12) and TUG3
larger or equal than 12 s (TUG3 ≥ 12).

- Gait speed: gait speed was assessed using a computerised walkway (4.88 m GAITRite™
(CIR Systems Inc., Franklin, NJ, USA) pressure sensing mat) [24,33]. Participants
performed two walks at usual pace, starting and finishing 2.5 m before and 2.0 m
after the walkway. The measured gait speed was calculated as an average be-
tween the two walks and did not include the acceleration and deceleration phases.
Cut-offs between 30 and 120 cm per second (cm/s) are generally used to individ-
uate mobility disability (range 30–100 cm/s) [33] and slow usual pace in older
adults (range 80–120 cm/s) [34–36]. We considered the usual gait speed (UGS) at
wave 1 (UGS1) and at wave 3 (UGS3), and defined UGS decline for a given partici-
pant when UGS1 was greater or equal than 100 cm/s (UGS1 ≥ 100cm/s) and UGS3
smaller than 100 cm/s (UGS3 < 100cm/s).

- Falls: as part of the CAPI, participants were asked whether they had falls in the year
prior to the interview. We recorded the number of recalled falls in wave 1 ( f alls1) and
wave 3 ( f alls3), and defined as new fallers those participants who had at least 1 fall in
the year prior to the examination at wave 3 ( f alls3 > 0) and no falls in the year prior
to the examination at wave 1 ( f alls1 = 0).

2.1.4. MMSE

Global cognitive function was assessed using the Mini-Mental State Examination
(MMSE) test, giving participants a score from 0 (minimum) to 30 (maximum) [27,37,38].
We considered the MMSE score in wave 1 (MMSE1) and wave 3 (MMSE3) and, in line
with previous recommendations [39], defined as clinically meaningful cognitive decline a
decrease of at least 2 points between wave 1 and 3 (MMSE1 − MMSE3 ≥ 2).

2.1.5. Covariates

Several potentially relevant covariates at wave 1 were considered in this work: (a) fea-
tures extracted from the SART multimodal visualisation (see below), in addition to the
traditional SART mean and standard deviation (SD) of RTs (across all trials) both mea-
sured in milliseconds (ms); (b) sociodemographic variables: age, sex, and education level
(categorised as primary/none, secondary or third/higher); (c) variables expressing the
psychological status of participants: anxiety, assessed with the anxiety subscale of the
Hospital Anxiety and Depression Scale (HADS-A) [40], which ranges in scores from 0 to
21 (higher scores indicating more symptoms of anxiety); depression, assessed with the
Centre for Epidemiological Studies Depression (CES-D) scale [41], which ranges in scores
from 0 to 60 (higher scores indicating worse depressive status); and (d) variables related to
the physical status of participants: whether or not they were taking any antihypertensive
medications (coded using the Anatomical Therapeutic Chemical Classification (ATC) [42]:
antihypertensive medications (ATC C02), diuretics (ATC C03), β-blockers (ATC C07), cal-
cium channel blockers (ATC C08), and renin-angiotensin system agents (ATC C09)), had
history of diabetes, self-reported smoking (categorised as never, past, or current) and
alcohol consumption habits (the answer to the question “Do you have a drinking problem?”
(yes, no, or I don’t know) was recorded), UGS at baseline, and physical activity status
based on the International Physical Activity Questionnaire (IPAQ) (short form) scoring
protocol [43] (categorised as low, medium, or high).
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2.2. Multimodal Visualisation

All analyses and graphical representations were created with MATLAB (R2020b, The
MathWorks, Inc., Natick, MA, USA).

2.2.1. Entire Sample

1. SART RT representation: we considered the number of mistakes (commission and/or
omission errors) committed within each trial, and the average RT for all correct actions
in that trial. We then represented a spot for each trial and participant, the position of
which depended on its average RT, and the size on the percentage of errors committed
in the corresponding trial. Thus, each participant had 23 spots arranged on the same
vertical line, corresponding to the 23 SART trials. SART performance is known to be
influenced by age [44]; therefore, we recorded the age of participants and ordered the
visualisations by increasing age as a continuous variable. The spots corresponding
to different participants were organised horizontally from youngest (left) to oldest
(right). For ease of interpretation, ticks were created to indicate a 5-year age change:
the distances on the horizontal axis between two consecutive ticks, corresponding
to a 5-year range, were not always the same, since most of the cohort was between
50 and 65 years old. Of note, trials where the participant did not press the key at
any time and/or some RT were missing, did not have the corresponding computed
average RT, and were not plotted in the graph. Bigger spots correspond to trials with
higher number of mistakes. Moreover, the spots were also colour-coded based on the
percentage of mistakes, going from light brown (0 mistakes) to black for the maximum
number of mistakes (8 mistakes in order to have at least 1 RT and assign the position
to the spot). Spots with size larger than 2 SD from the mean size calculated across all
trials and all participants (excluding missing data and trials with 0 correct actions)
were highlighted by white edges in the graph and labelled as “big spots”. A complete
mathematical explanation of the SART RT representation is given in an appendix to
this work (Appendix A).

2. SART mistakes line: to further visualise our dataset, we calculated the sum of mistakes
made by each participant across all trials, and we represented this value as an addi-
tional line function in the same graph above the previously explained cloud plot. The
mistakes line function is not linearly related to the size of the spots and indicates a
global parameter for each participant over the whole task.

3. MMSE and TUG lines: additionally, the graph was enriched by the presentation of
participants’ MMSE score and TUG at wave 1. These values were multiplied by a
factor 3 to be visible at the same graph scale.

2.2.2. Thresholded Multimodal Visualisation

To ease the visual detection of “big spots” and highlight poor performances that may
have been ‘buried’ in the dense cloud plot, a second graph was created containing only
the “big spots”. All of the above-mentioned notations regarding the coordinates, size and
colour of the spots still apply. The curves representing the number of mistakes, MMSE
score, and TUG were now limited to only subjects who had at least one big spot.

2.2.3. Application to Categories Stratification and Threshold

We applied the above-described multimodal visualisation methods to allow additional
categorisation to discern participants with TUG1 ≥ 12 s. Specifically, SART trials for partic-
ipants with low TUG were presented with dark blue spots, and the trials for participants
with high TUG with light blue spots on the right part of the graph, sequentially after the
low TUG participants along the horizontal axis. Notably, we ordered participants by age
within each category. Therefore, we could appreciate in the same graph multiple levels of
information of the dataset analysed: (1) SART RT characteristics across different trials for
each participant, and across different participants; (2) distribution of the SART RT by age
and for different baseline TUG categories; and (3) global parameters like number of total
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mistakes, MMSE score, and TUG represented as continuous curves in the top part of the
graph (where void spots in the curves were due to missing data for some participants).

2.2.4. Feature Extraction

We extracted some features directly from the multimodal visualisation: (a) mean RT
and SD RT, (b) whether or not a participant had bad performances (“big spots”), especially
in the thresholded visualisation, and (c) based on the size and colour of the spots, it was
possible to understand how each participant performed in each trial, and if their perfor-
mances were consistent to each other in the whole task in terms of mistakes committed, or
if the variation of performance between different trials was high. We subsequently created
a new variable that indicated the number of bad performances for each participant (i.e.,
number of big spots).

2.3. Statistical Analysis

We considered the evolution of mobility variables over time. Specifically, we com-
pared the distribution of TUG and UGS values in the same group of participants at wave 1
and wave 3 using the Wilcoxon test, a nonparametric test used to compare related sam-
ples [45,46]. We then compared the TUG and UGS change between participants who at
wave 1 did not have any SART bad performances, and those who had at least one bad
performance. We compared these two subsets of participants using the Mann–Whitney
U test, a nonparametric test used to compare independent samples [47,48]. All the statisti-
cal tests were performed in IBM SPSS Statistics version 27 (IBM Corp., Armonk, NY, USA).
Statistical significance was set at p < 0.05 throughout.

2.3.1. Binary Logistic Regression

Binary logistic regression models were used to predict the binary outcomes that we
considered to be clinically meaningful. Specifically, we tested whether the new variable
reporting the number of “bad performances” in SART at wave 1 was a good predictor of
mobility decline: we assigned 1 to participants with TUG decline as defined in Section 2.1.3,
and 0 otherwise; correspondingly we assigned 1 to participants with UGS decline as defined
in Section 2.1.3, and 0 otherwise. Similarly, we assigned 1 to new fallers, as defined in
Section 2.1.3, and 0 otherwise. Moreover, we also tested the prediction strength of the new
variable for cognitive decline, as defined in Section 2.1.4. These 4 dichotomous variables
were set as outcomes in the binary logistic regression models, from which we reported
the odds ratio (OR) with corresponding 95% confidence interval (C.I.) and p-value for
each independent variable in the model. The OR expresses the odds that an outcome
will occur in the presence of an independent variable, compared to the odds that the
outcome will occur in the absence of that variable, therefore if OR > 1 the independent
variable influences positively the odds of the outcome, if OR < 1 the independent variable
influences negatively the odds of the outcome, i.e., it is “protective” against the outcome,
and if OR = 1 the independent variable does not influence the outcome [49,50]. For
each binary outcome, wave 1 covariates were used in four different regression models to
incrementally determine the robustness of the predictor, as follows: model 1, with just the
predictor; model 2, which was model 1 additionally adjusted with mean RT and SD RT;
model 3, which was model 2 with the addition of age, sex, and education level; and model 4,
which was the fully adjusted regression model, considering also all the other covariates
mentioned in Section 2.1.5 (anxiety, depression, hypertensives, diabetes, smoking, alcohol,
and IPAQ).

2.3.2. Comparison with Two Other Potential Predictors

In order to test the prediction strength of our new SART feature of interest (i.e., ‘num-
ber of bad performances’) for the four binary outcomes of clinical interest, the same four
different binary logistic regression models were applied considering the same covariates
mentioned before but substituting the ‘number of bad performances’ with the global vari-
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able ‘number of total mistakes’ in the whole SART task, and the ‘number of mistakes
in good performances’. The latter was obtained summing up the number of mistakes
in performances that did not reach the threshold defined in Section 2.2.1, and therefore
did not amount to “big spots”. Of note, every time that we applied the binary logistic
regression model (whether adjusted by covariates or not) we considered only one of these
three potential predictors, because we were interested to individuate a variable that had
good predictive power for the outcome and could be used independently from the other
predictors. Indeed, the presence of different predictors would lead to a mixed effect on
the outcome probability, and the predictive power would depend on the combination
of predictors, and not on the individual predictors. Each adjusted model, considering
the three different predictors separately, had been tested for multi-collinearity (based on
Spearman’s correlation). We compared the OR of the three predictors, whilst noting the
degree of overlap in the 95% C.I.s and the corresponding p-values.

2.3.3. Sensitivity Analysis

In order to test the robustness of the new variable bad performances, and to evaluate its
ability to predict the outcomes in the binary logistic regression models compared to the
performance of the other two SART-related predictors, we considered a further logistic
model, model 4a, which was model 4 adjusted with a mobility-related covariate UGS at
baseline wave 1. In this case, we considered the significance of the three main potential
predictors, and compared their OR, whilst noting the degree of overlap in the 95% C.I.s.

3. Results

In total, 8175 participants over the age of 50 years were included in wave 1 of TILDA, of
which 5035 attended the health centre assessment. Among those, SART data were available
for 4864 participants (54.6% female, aged 50 to 93 years, with mean 61.7 ± 8.3 years).
Table 1 presents descriptive statistics for the variables used in this work for the baseline
wave 1 cohort (N = 4864), and the merged cohort for waves 1 and 3 (N = 3890).

3.1. Information Provided by the Multimodal Visualisation

Figure 1 shows the multimodal visualizations based on N = 4864 participants. There
were in total 1222 “big spots” representing bad performances for 565 different subjects
(11.6% of the sample). Among those aged 50–64, 8.2% had bad performances; among those
aged 65–74, 17.9% had bad performances; and among those aged 75 years and older, 33.7%
had bad performances. In this dataset, the “big spot” (bad performance) threshold, as
defined in Section 2.2.1, was 4 mistakes out of 9 for each individual trial. The density
distribution of big spots can be better appreciated in Figure 1b.

From N = 4864, 4834 had baseline TUG information (data for this variable was miss-
ing for 30 participants, i.e., 0.6% of the entire sample); among these, 237 participants had
TUG1 ≥ 12 s. Figure 2 shows the multimodal visualisation discriminating participants with
low TUG1 from those with high TUG1. Moreover, within each category, the subjects are
age-sorted in ascending order. Considering the participants with bad performances, we reg-
istered that 29.1% of participants with TUG1 ≥ 12 s had at least 1 SART bad performance,
while only 10.8% of participants with TUG1 < 12 s had SART bad performances.

Regarding missing data, in both visualisations there were 83 subjects whose corre-
sponding spots could not be depicted in the graphs. Among those, 20 subjects had 1 or
2 trials where they did not press the key at all having not even 1 RT in that trial. In the rest,
there was missing data just for some RT; because of this, it was not possible to calculate the
average RT for that trial, and the corresponding spot in the graph could not be created.
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Table 1. Descriptive statistics for the whole set of variables considered in this study at wave 1 for the entire dataset (cohort 1, N = 4864 )
and the merged dataset (cohort 2, N = 3890). The first part of the table gives minimum and maximum values, and mean and SD for
each continuous variable. The second part shows ordinal or nominal variables and their frequency in percentage.

Continuous Variable
Cohort 1 (Wave 1):
Mean (SD); Range

Cohort 2 (Merged Wave 1–3):
Mean (SD); Range

SART bad performances 0.3 (1.1); 0.2 (1.0);
0–21 0–20

SART: Total mistakes
11.0 (12.3); 10.3 (11.7);

0–117 0–117

SART: Mistakes in good performances 9.8 (9.6); 9.3 (9.1);
0–60 0–60

SART: Mean RT (ms)
385.3 (96.1); 383.3 (94.4);
168.9–836.5 168.9–836.5

SART: SD RT (ms)
72.9 (41.6); 71.3 (40.6);
12.8–364.2 12.8–364.2

TUG (s)
8.6 (2.1); 8.5 (1.9);
4.3–39.3 4.8–28.7

UGS (cm/s)
136.0 (20.5); 136.6 (19.7);
28.7–213.9 43.1–207.5

Falls
0.4 (1.7); 0.4 (1.4);

0–52 0–50

MMSE
28.7 (1.8); 28.8 (1.8);

0–30 0–30

Age (years) 61.7 (8.3); 61.5 (8.1);
50–93 50–90

Anxiety 5.4 (3.6); 5.4 (3.5);
0–20 0–20

Depression 5.6 (6.9); 5.4 (6.8);
0–53 0–53

Ordinal/Nominal Variable Cohort 1 (Wave 1) Frequency (%) Cohort 2 (Merged Wave 1–3) Frequency (%)

Female 54.6 54.6

Education level
- primary/none 21.2 19.5
- secondary 41.9 41.5
- third/higher 36.9 38.9

Antihypertensives 13.3 32.4

Diabetes 6.2 6.1

Smoker
- never 45.9 46.7
- past 39.3 39.6
- current 14.9 13.6

Drinking problem 12.8(9.1 *) 13.2(7.6 *)

IPAQ
- low 27.5 26.9
- medium 35.9 36.0
- high 35.7 36.2

* Dummy group of participants who answered “Don’t know” to the question “Do you have a drinking problem?”.
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Figure 1. Multimodal visualisation of SART data, (a) ordered by age and (b) ordered by age with thresholding applied.

3.2. Longitudinal Analysis

The merged longitudinal sample examined at both waves 1 and 3 was constituted
by N = 3890 participants (54.6% female, ages 50 to 90 years, with mean 61.5 ± 8.1 years).
Table 1 shows additional characteristics of this sample. We compared the distributions of
TUG, UGS and previous falls at waves 1 and 3, and the Wilcoxon rank sum test suggested
that the distributions of the three variables were significantly different: p < 0.001 for TUG
and UGS, and p = 0.015 for falls.
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Figure 2. Multimodal visualisation of SART data, (a) ordered by age within baseline TUG categories and (b) ordered by age
within TUG categories with thresholding applied. Dark blue spots indicate participants with TUG1 < 12 s, light blue spots
indicate participants with TUG1 ≥ 12 s.

Figure 3 shows the mean TUG at wave 1 and 3 for two subgroups of participants: one
where participants only had good performances in SART at wave 1, and another where
participants had at least one bad performance. From Figure 3, we noticed two elements:
(i) TUG generally increased from wave 1 to wave 3; and (ii) the increment of TUG between
the two waves seemed more pronounced in participants who had at least one SART bad
performance at wave 1. Indeed, the slope of the TUG increment for participants with
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only good performances was m = 0.871, while the slope for participants with at least one
SART bad performance was m = 1.512. The distributions of values for TUG3 − TUG1
were statistically significantly different between the two subgroups (Mann–Whitney U test
p < 0.001).

Figure 3. TUG at wave 1 and wave 3 for participants who only had good performances in SART at
wave 1 and those who had at least 1 bad performance.

Furthermore, significant differences were also found between the distributions of
values for UGS1 − UGS3 and the number of previous falls at wave 3 for participants with
only good SART performances at wave 1 and participants with at least 1 bad performance
(Mann–Whitney U test p = 0.014 for UGS decrease and p = 0.016 for falls).

3.3. Number of Bad Performances as Predictor of Mobility Decline

The three potential SART predictors, bad performances, total mistakes and mistakes in good
performances, failed the Kolmogorov–Smirnov and Shapiro–Wilk normality tests (p < 0.001,
i.e., their distributions were not significantly similar to the normal distribution). We
also noted that the standardised residuals were not normally distributed. Therefore, we
excluded the linear regression model and any other parametric tests and applied binary
logistic regression models for the prediction of the four dichotomous outcomes of clinical
interest. In every model, the independent variables passed the multi-collinearity test
(Spearman’s correlation coefficient |ρ| ≤ 0.422 for all pairs) and satisfied all other logistic
regression assumptions.

As Table 2 shows, the binary logistic regression models demonstrated that the number
of bad performances was a significant independent predictor of TUG decline (p < 0.001 in
all four models, OR = 1.287, 95% C.I. = (1.137; 1.456) in the fully adjusted model (model 4),
i.e., for every one-unit increase in bad performances we would expect an increase of 0.287 in
the odds of TUG decline, and OR = 1.305, 95% C.I. = (1.130; 1.508) in model 4a). Table A1
in Appendix A shows the results of the fully adjusted binary logistic regression model 4
where the OR, 95% C.I. for OR and p-value for each independent variable in the model
are reported. Of note, other significant predictors of TUG decline in model 4 were age,
being on antihypertensives, history of diabetes, and active smoking status. A high level of
self-reported physical activity was significantly protective against TUG decline, i.e., those
who were highly physically active were less likely to have a TUG ≥ 12 s after 4 years.
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We observe that in model 4a, where UGS at baseline was also considered as a covariate,
the variable bad performances maintained its statistical significance, while other covariates,
which were significant predictors in the previous model 4, lost it (Table A2 in Appendix A).
In this case the only significant predictors were the number of bad performances, age and
UGS at baseline. Moreover, comparing the OR of bad performances across different models
applied, we noted that it was stronger in model 1, it decreased in models 2 and 3, and it
increased again in model 4, and even more in model 4a, having a difference of just 0.083
compared to model 1.

Table 2. Comparison of the OR and corresponding 95% C.I. of bad performances, total mistakes, and mistakes in good performances
for the prediction of TUG decline in the binary logistic regression models.

TUG Decline

Bad Performances Total Mistakes Mistakes in Good Performances

OR 95% C.I. p OR 95% C.I. p OR 95% C.I. p

Model 1 1.388 1.256–1.533 <0.001 1.048 1.039–1.056 <0.001 1.060 1.049–1.072 <0.001
Model 2 1.247 1.127–1.379 <0.001 1.042 1.030–1.053 <0.001 1.054 1.038–1.069 <0.001
Model 3 1.207 1.081–1.388 <0.001 1.027 1.015–1.040 <0.001 1.029 1.012–1.046 <0.001
Model 4 1.287 1.137–1.456 <0.001 1.029 1.015–1.043 <0.001 1.026 1.008–1.045 0.005
Model 4a 1.305 1.130–1.508 <0.001 1.030 1.015–1.047 <0.001 1.027 1.007–1.047 0.008

Models for each main predictor, i.e., bad performances, total mistakes, or mistakes in good performances: model 1, with just the main predictor;
model 2, adjusted with mean RT and SD RT; model 3, which was model 2 with the addition of age, sex, and education level; model 4,
the fully adjusted regression model, considering also the other covariates mentioned in Section 2.1.5 (anxiety, depression, hypertensives,
diabetes, smoking, alcohol, and IPAQ); and model 4a, which was model 4 adjusted by UGS at baseline (wave 1). The odds ratio (OR) and
corresponding 95% confidence interval (C.I.) give a measure of the influence of the predictor on the outcome; the p-value expresses the
statistical significance of the predictor in the model.

The variable bad performances was a significant predictor for UGS decline only in
model 1 (p < 0.001, OR = 1.232, 95% C.I. = (1.102; 1.377)), namely without considering other
covariates. In models 2, 3, and 4, the number of bad performances was not a significant
predictor (p > 0.05). Table A3 in Appendix A shows the results of the fully adjusted model 4
where the OR, 95% C.I. for OR, and p-value for each independent variable in the model are
reported. In this case the only significant independent predictors were age and being on
antihypertensive medications.

Furthermore, we applied the same binary logistic regression models for the predic-
tion of becoming a new faller. As shown in Table 3, in models 1, 2, 4, and 4a the bad
performances feature resulted a significant predictor (p < 0.021 in the four models, OR = 1.114,
95% C.I. = (1.026; 1.211) in the fully adjusted Model 4, and OR = 1.110, 95% C.I. = (1.021; 1.207)
in model 4a), while in model 3 its p-value was borderline (p = 0.057), having the ab-
solute value of the difference from the significance threshold α = 0.05 smaller than
10−2(|p − α| < 0.01). Table A4 in Appendix A shows the results of the fully adjusted
binary logistic regression model 4 reporting the OR, 95% C.I. for OR and p-value for each
independent variable. Of note, the only other significant predictor of becoming a new faller
was age (p = 0.004, OR = 1.020, 95% C.I. = (1.006; 1.034)). Table A5 in Appendix A presents
similar results for model 4a: again the only other significant predictor of becoming a new
faller was age (p = 0.011, OR = 1.019, 95% C.I. = (1.004; 1.034)). Moreover, we noted that the
OR of bad performances, although decreased in models 2 and 3, in model 4 it assumed the
same value of that in model 1, and slightly different in model 4a (overlapping 95% C.I.).
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Table 3. Comparison of the OR and corresponding 95% C.I. of bad performances, total mistakes, and mistakes in good performances
for the prediction of new fallers in the binary logistic regression models.

New Fallers

Bad Performances Total Mistakes Mistakes in Good Performances

OR 95% C.I. p OR 95% C.I. p OR 95% C.I. p

Model 1 1.114 1.040–1.194 0.002 1.014 1.007–1.021 <0.001 1.016 1.007–1.026 <0.001
Model 2 1.090 1.013–1.173 0.021 1.012 1.003–1.022 0.009 1.011 0.998–1.025 0.095
Model 3 1.076 0.998–1.160 0.057 1.008 0.998–1.018 0.123 1.003 0.990–1.017 0.646
Model 4 1.114 1.026–1.211 0.011 1.008 0.998–1.019 0.131 0.999 0.984–1.014 0.914
Model 4a 1.110 1.021–1.207 0.014 1.008 0.997–1.019 0.159 0.999 0.983–1.014 0.855

Models for each main predictor, i.e., bad performances, total mistakes, or mistakes in good performances: model 1, with just the main predictor;
model 2, adjusted with mean RT and SD RT; model 3, which was model 2 with the addition of age, sex, and education level; model 4, the
fully adjusted regression model, considering also all the other covariates mentioned in Section 2.1.5 (anxiety, depression, hypertensives,
diabetes, smoking, alcohol, and IPAQ); and model 4a, which was model 4 adjusted by UGS at baseline (wave 1). The odds ratio (OR) and
corresponding 95% confidence interval (C.I.) give a measure of the influence of the predictor on the outcome; the p-value expresses the
statistical significance of the predictor in the model.

3.4. Comparison with Other Potential Predictors

Table 2 shows a comparison of the OR, reporting also the 95% C.I. and p-value,
for the three predictors in the five different logistic regression models, as defined in
Section 2.3.1. In each model, all predictors were significantly associated with the outcome
TUG decline. However, the variable bad performances always had a larger OR than that
of other predictors, and without overlap of 95% C.I.s, suggesting its larger weight in the
prediction of this outcome.

Table A6 in Appendix A shows the results for the prediction of the other variable
expressing mobility decline, UGS decline, in all four binary logistic regression models for
each of the three main potential predictors: bad performances, total mistakes and mistakes
in good performances. In models 3 and 4, none of the three predictors were significantly
associated with the UGS decline, while bad performances was significant in model 1, and total
mistakes and mistakes in good performances were significant in models 1 and 2. We note that
in model 1 bad performances had the highest OR with non-overlapping 95% C.I. compared
to total mistakes and mistakes in good performances.

We repeated the procedure for the outcome new faller, and the results of the comparison
are shown in Table 3. Again, the independent variable bad performances performed better
than the other two predictors in model 1, having a larger OR and a non-overlapping C.I.
In model 3, the p-value for bad performances was borderline (|p − 0.05| < 0.01), while for
total mistakes and mistakes in good performances it was statistically insignificant (p � 0.05).
In models 4 and 4a, bad performances emerged as the only variable that was statistically
significant for the prediction of new faller, with OR = 1.114 in model 4, i.e., for every one-unit
increase in bad performances we would expect an increase of 0.114 in the odds of becoming a
new faller, and OR = 1.110 in model 4a.

Our findings suggested that the independent variable bad performances was more
predictive of mobility decline and risk of new falls than the other two candidate variables
derived from the SART visualisation, i.e., total mistakes and mistakes in good performances.

3.5. Absence of Association with Cognitive Decline

As shown in Table 4, the variable bad performances was not a significant predictor of
MMSE decline (p-value = 0.187) in the fully adjusted model 4, nor in model 4a. Total mistakes
and mistakes in good performances were not significant predictors either in the fully adjusted
models. Table A7 in Appendix A shows the results of the binary logistic regression model 4
fully adjusted per covariates considering the independent variable bad performances and
having as outcome MMSE decline. In this case, the only significant predictors were age
(p < 0.001, OR = 1.044, 95% C.I. = (1.029; 1.059)) and current smoking (p = 0.013, OR = 1.523,
95% C.I. = (1.092; 2.123)), both positively associated with increased odds of MMSE decline.
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Table A8 in Appendix A presents similar results for model 4a, with the only difference that
beside age (p < 0.001, OR = 1.041, 95% C.I. = (1.025; 1.057)) and current smoking (p = 0.020,
OR = 1.491, 95% C.I. = (1.066; 2.085)), third or higher education level was significant
for the outcome, specifically protective against an MMSE decline (p = 0.043, OR = 0.738,
95% C.I. = (0.549; 0.991).

Table 4. Comparison of the OR and corresponding 95% C.I. of bad performances, total mistakes, and mistakes in good performances
for the prediction of MMSE decline in the binary logistic regression models.

MMSE Decline

Bad Performances Total Mistakes Mistakes in Good Performances

OR 95% C.I. p OR 95% C.I. p OR 95% C.I. p

Model 1 1.120 1.037–1.208 0.004 1.019 1.012–1.027 <0.001 1.026 1.016–1.036 <0.001
Model 2 1.067 0.981–1.159 0.129 1.014 1.004–1.024 0.004 1.019 1.005–1.033 0.006
Model 3 1.030 0.944–1.124 0.503 1.007 0.997–1.017 0.186 1.009 0.995–1.023 0.219
Model 4 1.067 0.969–1.174 0.187 1.010 0.999–1.021 0.082 1.011 0.995–1.026 0.178
Model 4a 1.063 0.965–1.170 0.216 1.010 0.998–1.021 0.090 1.011 0.995–1.027 0.180

Models for each main predictor, i.e., bad performances, total mistakes, or mistakes in good performances: model 1, with just the main predictor;
model 2, adjusted with mean RT and SD RT; model 3, which was model 2 with the addition of age, sex, and education level; model 4, the
fully adjusted regression model, considering also all the other covariates mentioned in Section 2.1.5 (anxiety, depression, hypertensives,
diabetes, smoking, alcohol, and IPAQ); and model 4a, which was model 4 adjusted by UGS at baseline (wave 1). The odds ratio (OR) and
corresponding 95% confidence interval (C.I.) give a measure of the influence of the predictor on the outcome; the p-value expresses the
statistical significance of the predictor in the model.

Table 4 shows the comparison between bad performances, total mistakes, and mistakes
in good performances in the prediction of MMSE decline, reporting OR, and corresponding
95% C.I and p-value for the five binary logistic regression models employed. Of note,
all three predictors were significant for MMSE decline in model 1 (i.e., where each of the
three predictors was the only independent variable in the model), and in this case bad
performances had the highest OR with non-overlapping 95% C.I. compared to total mistakes
and mistakes in good performances.

4. Discussion

4.1. Multimodal Visualisation

In the present study, we devised a new methodology for the multimodal visualisation
of big repeated-measures data with continuous variable ordering and categorical stratifica-
tion, and we exemplified this with the case of raw SART performance data, accompanied
by MMSE and TUG values, sorted by age, and stratified by baseline TUG performance.

By using this novel type of visualisation, clinicians could gain a deeper understanding
as to how a complex repeated-measures dataset is articulated across different subjects
and across repeated measures (SART trials in this case). Moreover, using the ordering
of a continuous variable (age in this case) in the whole dataset (Figure 1) and within
each category (Figure 2) allows one to compare the performance of different subjects by
age and to formulate hypotheses that can then be tested with formal statistical analyses.
Furthermore, by using the threshold for bad performance (Figures 1b and 2b) one can more
clearly visualise their distribution across subjects and RTs. This could be the first step in
the formulation of a new model to assign cognitive scores to different individuals based on
the co-existence of a wide range of different types of parameters.

The visualisations helped us quickly appreciate that bad performances were rare in
younger participants (i.e., in their 50s) and concentrated around lower RTs, while in older
subjects (i.e., in their 70s and 80s), a wider distribution of bad performances was suggested
across a wider range of RTs. By using the thresholding visualisation method, we were able
to gain a more focused insight into the participants who had bad SART performances and
cross-inspect them with corresponding global parameters of clinical interest such as the
total number of SART mistakes, MMSE, and TUG values.
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Indeed, the most important characteristic of our visualisation method is the possibility
to rapidly visualise raw data and gain immediate insights as to the possible correlations
with different kinds of parameters. This multimodal raw data inspection can help visually
identify anomalies and outliers in the data, in a way that is diluted and often undetected
in traditional designs based on average measures. For example, a high peak in the total
mistakes line can be due to one bad performance or multiple performances with just 1
or 2 mistakes, which, in our case would not be labelled as “bad performance” since our
threshold required 4 mistakes for the definition of a “bad performance”. The superimposed
MMSE and TUG curves further underscore multi-modality by providing a global cognitive
and mobility score for each participant. The possibility to look at them together with the
whole distribution of SART RT values (not just derivative global variables for SART) can
provide a more nuanced understanding of the combined cognitive and mobility status of
an individual.

Raw data visualisation can therefore support the generation of multiple novel hy-
potheses involving the relationship between test performance features and other modalities
of clinical interest. For example, in our visualisations it was clear that longer TUG times
corresponded to higher concentrations of bad performances, and even to the biggest spots
among bad performances, i.e., those with very high number of mistakes (biggest light blue
spots in Figure 2b). Moreover, we could notice that ‘dips’ in MMSE seemed to have a very
modest association with SART RT performance [51]. Not only were the lowest MMSE
scores generally not in correspondence with the high number of total SART mistakes,
they were not even present among participants with bad performances, as can be seen
comparing panels (a) and (b) in Figure 2. Therefore, we directed our interest towards
investigating possible associations between SART bad performances at wave 1 and risk of
mobility and/or cognitive decline at wave 3 after 4 years.

4.2. Individual Trial Mistake Threshold in Longitudinal Analysis–Mobility Decline

The cross-sectional considerations on possible associations among SART performance,
mobility, and cognitive status, which emerged from the multimodal visualisation, were
explored in this study at a longitudinal level. A great advantage of the TILDA study is that
it allows for the investigation of variation in certain variables over time, thanks to data
being collected longitudinally across different waves [16,21,25].

The longitudinal power of the TILDA study has been used in many recent works
aiming to understand correlations between different physiological systems and formulate
hypotheses on the possible prediction of mobility and/or cognitive decline [21,24,25]. How-
ever, the precise mechanisms governing the longitudinal relationship between cognitive
and mobility status are still unclear.

Gait disorders and mobility impairment are very common in older adults [34,52], and
are often related to neurological diseases [53,54]. Current literature suggests the presence
of correlations between cognitive and motor function in older adults [25,55]; specifically, it
has been shown that gait abnormalities could precede and predict the onset of cognitive
decline [56,57]. Various standard measures of cognitive status have been used in recent
studies, usually in the form of derived variables that while giving a simplified insight on
complex repeated-measures data, could carry the risk of losing relevant primary informa-
tion [5,24]. Recent findings have demonstrated that baseline mobility, expressed by gait
parameters and TUG were not significant predictors of cognitive decline in community-
dwelling older adults who were cognitively intact at baseline [24]. However, other recent
works [22,23] have shown significant associations between baseline quantitative gait pa-
rameters and risk of cognitive decline and dementia. Investigating the aforementioned
correlations in the opposite direction, recent longitudinal studies [25] suggested that longer
motor response time in a choice reaction test could be a significant predictor of accelerated
mobility decline, although this effect was statistically and clinically small.

Furthermore, recent studies have shown associations between variability in SART and
risk of falls and falls efficacy [17]. Falls are very common amongst older persons [58,59],
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affecting them not only in the moment of the fall itself, but also later with irreversible
consequences, especially in people living with higher levels of frailty [60,61]. Consequences
may not only be physical, but also psychological, since some fallers often voluntarily
reduce their movements after falling fearing to fall again, and this eventually leads to
deconditioning and weakness that in turn increase the risk of further falls [62].

In our study, we aimed to introduce not only a visualisation that would shed light on
the whole information contained in a complex dataset like SART, but also individuate a
subset of participants containing key information to predict mobility decline and risk of
falls in older adults. We considered the outliers for 2 SD from the mean of the distribu-
tion of the number of mistakes committed across the different SART trials and across all
participants. Such outliers’ trials were labelled as “bad performances” if the participant
committed at least four mistakes out of nine possible correct actions. The new thresholding
method individuated a new variable expressing the number of bad performances for each
participant. We noted that only 565 participants had at least 1 bad performance, compared
to the whole cohort at wave 1 of 4864 participants. Therefore, the subset defined by the
threshold was only the 11.6% of the entire dataset, and we hypothesised that the defined
subset could contain valuable information to predict the risk of mobility decline.

We considered the temporal evolution of mobility status, expressed by TUG, UGS, and
history of falls at waves 1 and 3, and found that not only the distributions of TUG/UGS/falls
at the two waves were statistically significantly different from each other, but significant
differences were also found for longitudinal TUG increment (TUG3 − TUG1) and longitu-
dinal UGS decrease (UGS1 − UGS3) between the subgroup of participants with only good
SART performances at wave 1 and participants with at least one SART bad performance.
Further investigating this, we found that our new SART variable bad performances was a
significant predictor of TUG decline in the employed binary logistic regression models,
being associated with an increase per unit of around 30% in the odds of having TUG
decline in the fully adjusted models. Moreover, and consistently with previous literature
on cardiovascular burden and mobility limitations in older adults [63], we noted that
in model 4, advancing age, the presence of antihypertensives and diabetes, and current
smoking status were significant positive predictors of TUG decline, bringing an increase in
the probability for the outcome of about 14%, 94%, 68%, and 79%, respectively. Moreover,
in keeping with the literature [64] and clinical expectation, a significant negative predictor
of TUG decline was a high level of self-reported physical activity, which decreased by 32%
the probability of TUG decline. However, considering also UGS at baseline as a covariate
in model 4a we noted that some independent variables lost significance in the prediction
of TUG decline; the only significant positive predictors were bad performances, advancing
age, and antihypertensive medication use, which determined an increase of 30%, 10%,
and 67%, respectively, on the probability of the outcome, while higher UGS at wave 1
was protective against TUG decline, leading to a decrease of 6% in the probability. We
note that the difference of results between models 4 and 4a were probably due to the
high correlation between UGS1 and TUG1, and between UGS3 and TUG3 (Spearman’s
correlation coefficient |ρ| ≥ 0.700 at the significance level of 0.01). Therefore, it was highly
probable that UGS at baseline would influence the probability of having a TUG decline
after 4 years. Nevertheless, we note that even considering a variable strongly associated
with the outcome, bad performances did not lose its significance, demonstrating it to be a
robust predictor of TUG decline.

Our findings suggested that participants with SART bad performances and with a
normal TUG at wave 1 (TUG1 < 12 s) had a 30% greater probability to have a TUG at
wave 3 indicating a mobility impairment (i.e., TUG3 ≥ 12 s). Moreover, comparing the
contribution of bad performances in the five models employed, we noticed that (i) even
adding covariates, it remained a significant predictor, suggesting its robustness in the
prediction of the outcome, and (ii) although its OR decreased in models 2 and 3 compared
to model 1, it increased again in model 4, and even more in model 4a. The latter observation
suggests that in models 2 and 3, other covariates significantly influenced the probability of
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the outcome, however these variables were not robust for the model, since the presence of
further covariates in model 4 and 4a made their presence not significant for the model. In
this case, bad performances remained significant and regained part of the prediction power
temporarily lost in model 3. Furthermore, considering model 4a, where a variable (UGS)
highly correlated to the outcome was used as a covariate, bad performances not only did not
lose significance, but also its prediction power increased further, taking part of the weight
from less robust independent variables, which were significant predictors in model 4.

Equivalently, we employed the first four logistic regression models for the prediction
of UGS decline. In this case, bad performances was a significant predictor only in model 1,
but was not significant in the fully adjusted model. To explain the difference in the
results between TUG decline and UGS decline, we need to understand how these two
mobility measures were taken. To measure UGS, participants were required to simply
walk in a straight line. This task, then, does not require any major cognitive involvement,
since walking is an action that is normally executed automatically in independent adults.
Differently, TUG task requires participants to stand up, walk in a straight line, come back,
and sit again. Thus, this test is more cognitively involved than straight-line walking, as the
individual needs to process and remember instructions, plan and execute movements, focus
on the task, and avoid distractions [20]. SART bad performances could capture cognitive
processes that are similar to those required for completion of the TUG, and this could be a
possible explanation as to why bad performances independently predicted future mobility
decline in our analyses.

Similarly, we considered SART bad performances as one of the independent variables
in binary logistic regression models for the prediction of becoming a new faller at wave 3.
We found that our new variable was a significant positive predictor in the fully adjusted
models. In fact, the presence of SART bad performances in participants who did not have any
falls at wave 1 contributed to an 11% additional probability of falls at wave 3, compared
to those who did not have any SART bad performances at wave 1, i.e., who never hit the
threshold of 4 mistakes in one trial. We noted that among all the other covariates used
in the model, only age was a significant predictor of becoming a new faller at wave 3,
although with a low positive contribution of only 2% to the odds of the outcome. Even
in this case, comparing the bad performances contribution in the five models employed,
we observed a phenomenon similar to that for the prediction of TUG decline. Indeed, we
could notice a decrease in its prediction power in models 2 and 3 with additional loss
of significance in model 3 due to the presence of significant predictors among the added
covariates. However, in model 4 and 4a it reacquired significance and predictive weight,
suggesting the non-robustness of previously significant covariates.

Comparison with Traditional SART Measures as Predictors

Traditional SART variables measure global features, such as the total number of
mistakes (omission and/or commission errors) in the whole task, and the mean RT and SD
RT across the whole task [5,17,20,24,44]. However, using global parameters, which average
a large complex dataset, such as the SART, important information residing in individual
trials in the set of repeated measures may be lost. Indeed, no significant associations
between SART global parameters and mobility status had been previously found [17,24];
and even when correlations involving reaction time measures had been found, the statistical
effect was quite small [25].

In the present study, we aimed to define a new variable, which, being more selective,
could discriminate the participants with greater risk of mobility decline. We demonstrated
that our variable bad performances was a significant predictor of risk of TUG decline and
becoming a new faller. Furthermore, we compared its predictive power with other potential
predictors: the global parameter total mistakes and mistakes in good performances, obtained
by summing up all the mistakes in SART good performances, i.e., where the maximum
number of mistakes per trial was less than 4. We noted that the variables bad performances
and mistakes in good performances were almost complementary, because mistakes in good
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performances considers all the mistakes that are not reaching the threshold for the definition
of a bad performance.

In the literature, there is not a uniform consensus on the method to follow in order to
compare the importance of different predictors in binary logistic regression [21,65,66]. We
compared the models with the different potential predictors for TUG decline, UGS decline,
and new fallers considering the OR with non-overlapping 95% C.I. when the independent
variable was significant for the prediction of the outcome.

In the fully adjusted models for the prediction of TUG decline, we found that, although
all three variables considered were significant as predictors, the new variable bad perfor-
mances had a higher OR compared to total mistakes and mistakes in good performances, where
the difference between ORs considering the C.I. was equal or greater than 0.092 in model 4,
and 0.083 in model 4a. Specifically, while the effect of the variable bad performances per
unit was around 30% on the probability of the outcome, total mistakes, and mistakes in good
performances had an effect per unit of only 3% on the probability of the outcome, namely
1 magnitude less than bad performances.

Regarding the prediction of UGS decline, no SART-related variables were significant as
predictors for the outcome in the fully adjusted model. Bad performances, total mistakes, and
mistakes in good performances were all significant in model 1, where bad performances assumed
the highest OR, and total mistakes and mistakes in good performances were also significant in
model 2, but they all lost their significance in models adjusted for covariates. This result
may be due to the fact that, while UGS is a simpler measure of physical mobility, the TUG
task is more cognitively involved and, thus, logistic regression models were able to detect
the correlation with SART variables.

Moreover, we found that bad performances significantly predicted new falls, i.e., falls
at wave 3 for participants who did not have any falls at wave 1, while total mistakes and
mistakes in good performances were not significant predictors. Namely, our findings suggested
that for participants who did not report any falls at wave 1, the number of mistakes in
SART task was not a risk of falls at wave 3, as long as they did not hit the threshold of
4 mistakes in a single trial.

Furthermore, comparing the three predictors’ performance across the five models
employed, we noticed that in the prediction of both TUG decline and risk of becoming a
new faller, the predictors’ total mistakes and mistakes in good performances did not manifest
the same phenomenon observed for bad performances. Namely, the presence of covariates
in models 2 and 3 was associated with a decrease in prediction power, expressed by the
OR, of total mistakes and mistakes in good performances for both outcomes, with additional
loss of significance in model 3 for total mistakes and models 2 and 3 for mistakes in good
performances in the prediction of new fallers. Differently from the models involving bad
performances, in this case in model 4 and 4a the predictors did not reacquire prediction
power nor significance for the prediction of new fallers, suggesting that they were not
robust and strong enough in the prediction, and possibly other covariates revealed to be
significant in the model.

Our results suggest that when SART mistakes reach threshold status, the number of
times that this happens should be taken seriously as potentially heralding mobility decline
and/or falls; however, mistakes below threshold level were less predictive and this could
be used to reassure participants that ‘one swallow does not make a spring’ when it comes
to interpreting the clinical significance of a participant making sub-threshold mistakes
during the SART task. This still agrees with the principle that clinicians who administer
tests of neurocognitive performance (such as the SART) should be reluctant to attribute
poor test performance to anxiety that occurs during the testing process [67], but at the
same time argues in favour of not placing undue emphasis on the clinical significance of
mistakes that occur below a proven threshold. Interestingly, anxiety was not a significant
covariate in any of the fully adjusted logistic regression models, which further dilutes the
potential mechanistic role of anxiety in the prediction of the four clinical outcomes under
study. Another interesting insight from our analyses is that once the focus was on the
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new visualisation features and additional covariates, mean SART RT and SD of RT had no
independent effect on the prediction of any of the outcomes. Since RT variables have been
the main focus of previous research on SART-related health outcomes, we would support
the need to revisit those studies fort the potential effects of thresholded error features as
reported herein.

4.3. Individual Trial Mistake Threshold in Longitudinal Analysis–Cognitive Decline

SART and MMSE are two standard tests used to evaluate cognitive functions: the first
specifically measures the sustained attention, the ability to be vigilant over time, and the
second gives a more global score on the cognitive status [27]. Cross-sectional studies have
suggested only modest associations between SART performance, considering traditional
measures, and MMSE score [51,68]. In our study, we investigated the predictive ability
of our new variable SART bad performances and other independent variables total mistakes
and mistakes in good performances for cognitive decline, expressed by a decline on MMSE
score of at least 2 points after 4 years. We found that all three variables considered were
not significant predictors of MMSE decline in the fully adjusted models. We note that,
similarly to previous works [24], a decline in MMSE score was very hard to detect at
wave 3 in our sample for different reasons: (i) the participants attending the TILDA health
assessment centre (where the SART test was administered) were relatively high-functioning
community-dwelling adults with good cognitive and physical health [69]; (ii) the MMSE
test performed at each wave has always the same structure, and therefore participants
can show learning effects potentially resulting in even higher MMSE scores over time
and absence of general decline [70,71]. To overcome this potential limitation, future work
could investigate these correlations over a longer time period, or with different global
cognitive tests.

4.4. Strengths and Limitations of the Study

One of the main strengths of our study is the large dataset and comprehensive health
assessment; indeed, TILDA is one of the most detailed population-based longitudinal stud-
ies of ageing, and the comprehensive measures and tests taken at different waves constitute
the main strength for longitudinal analyses involving various physiological systems. Specif-
ically, the complex SART dataset offers the possibility of investigating repeated measures for
a large sample of individuals. As discussed above, the multimodal visualisation carried out
in the present study allows to easily observe the large sample organised by age, stratified
by categories of interest, and allow visual associations with other measures included in
the health assessment. The new threshold feature based on SART single trials, is not only
easy to determine by clinicians, but also offers a meaningful measure to identify subjects
at risk of mobility decline over a 4-year period. As done with other types of data [72],
this novel visualisation methodology could form the basis of a web-based platform able
to facilitate each of the mentioned processes by integrating the different phases into an
intuitive system with a graphical user interface that hides the complexity underlying each
of the data modalities used, and presents the results in a flexible and visual way, avoiding
any manual handling of data during the process.

Our study also has potential limitations, for example in the individuation of outliers
in the distribution of single trial mistakes across all participants. Many studies [73,74]
prefer to remove outliers present in a distribution, because this is not considered to be a
good representation of the sample population. However, our analyses demonstrated that,
although the subset of participants individuated by the new threshold was relatively small
compared to the entire sample, it could serve for the prediction of mobility decline with a
good statistical power, and even better than traditional global parameters usually used to
characterize the mistakes in SART performances. Another limitation is that the analytical
wave 1 sample was only based in TILDA participants who attended the health assessment
centre and, as such, findings cannot be considered as necessarily representative of the entire
Irish community-dwelling population. In this regard, given the “healthy participant effect”
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associated with attendance to the health assessment centre [69], together with the 4-year
attrition effect, it is possible that our findings may have somehow underestimated the
ability of the new SART features to predict mobility decline, new falls, and even cognitive
decline. It would be therefore important to attempt to replicate this study in frailer cohorts
in the future.

5. Conclusions

In conclusion, the multimodal visualisation carried out in the present study allowed
us (i) to appreciate the richness present in the complex raw SART data, which can be
otherwise lost using derivative variables; (ii) to rapidly visually inspect a large amount
of data; and (iii) inspect the dataset together with different health variables of clinical
interest in order to generate hypotheses. In this representation, we were able to look at the
entire dataset and compare the participants’ performances (between each other) by age;
we were also able to correlate the single performance in each trial with global parameters
such as number of total mistakes, MMSE and TUG, aiming to have a comprehensive visual
overview of the cognitive and physical status of each subject. Based on the visualisation, a
newly defined mistakes threshold for individual SART trials was statistically validated. The
determined subset presented higher risk of future mobility decline, as measured by TUG
decline, and falls with a larger statistical effect than other candidate measures, and could
therefore be used to identify early signs of health disorders and prioritise individualised
clinical interventions to lower the risks. A threshold approach to the evaluation of SART
performance in older adults may better identify subjects at higher risk of future mobility
decline and/or falls.
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Appendix A

SART RT Representation

An arithmetic average RTν was computed for each trial ν, where ν = 1, . . . , 23,
and considering non-null values only (i.e., excluding null values corresponding to the
appearance of digit 3 on the screen). Therefore, we only considered the times when the
participant correctly pressed the key, according to

RTν
=

1
Mν

∑Mν

i=1 RTi
ν, (A1)

where Mν ∈ {1, . . . , 9} is the number of times that the participant correctly pressed the
key in the trial ν, or correctly did not press the key.

SART performance is known to be influenced by age [44], and therefore we recorded the
age of participants and ordered the visualisations by increasing age as a continuous variable.

The RTν∀ν ∈ {1, . . . , 23} are plotted in a cloud plot (Figure 1) where the coordi-
nates of each spot were given by the participant index in the age-sorted ascending order
(x-coordinate) and by the RTν for each trial ν, having then a total of 23 spots for each
participant at the same point on the x-axis. The x-axis did not linearly follow the age
variable, but it presented the age-sorted participants sequentially and equally spaced. For
ease of interpretation, ticks were created to indicate a 5-year age change. Trials where the
participant did not press the key at any time and/or some RT were missing did not have
the computed average RTν and were, thus, not plotted in the graph. The size of each spot
sν∀ν ∈ {1, . . . , 23} for each participant was given by

sν = rν
−1, rν =

Mν

9
, (A2)

where rν is the ratio of the number of times that the key was correctly pressed (or not
pressed) over the maximum possible number of correct pressing actions in the trial ν, i.e., 9.
Therefore, bigger spots correspond to trials with higher number of mistakes. Moreover, the
spots are colour-coded based on their size, i.e., the number of mistakes in the corresponding
trial, going from light brown (0 mistakes) to black for the maximum number of mistakes
(8 mistakes since in the case of 9 mistakes it is not possible to compute the mean RT and
then assign a y-coordinate to the spot). Spots with size larger than 2 SD from the mean size
s calculated across all the trials and all the participants (excluding missing data and trials
with 0 correct actions), namely when the number of correct actions for the trial ν for the
i-th participant was

Mν,i =
9

s + 2SD
(A3)

were highlighted by white edges in the graph and labelled as “big spots”. The size sν,i of
each spot was scaled by a factor of 4 for clearer representation in the graph.

Table A1. Results for the fully adjusted per covariates binary logistic regression model 4 considering
bad performances as potential predictor and having TUG decline as outcome.

TUG Decline

Independent Variable OR 95% C.I. p-Value

Bad performances 1.287 1.137–1.456 <0.001

SART mean RT 1.001 0.999–1.002 0.340

SART SD RT 1.003 1.000–1.006 0.080

Age 1.136 1.115–1.159 <0.001

Females 1.171 0.863–1.590 0.311
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Table A1. Cont.

TUG Decline

Independent Variable OR 95% C.I. p-Value

Education level
- primary/none [ref]
- secondary 0.930 0.646–1.337 0.695
- third/higher 0.985 0.682–1.423 0.936

Anxiety 1.030 0.983–1.081 0.217

Depression 1.014 0.990–1.038 0.249

Antihypertensives 1.942 1.451–2.600 <0.001

Diabetes 1.678 1.051–2.680 0.030

Smoker
- never [ref]
- past 1.012 0.743–1.380 0.938
- current 1.790 1.147–2.795 0.010

Drinking problem
- “No” [ref]
- “Don’t know” 0.676 0.197–2.313 0.532
- “Yes” 0.989 0.626–1.564 0.964

IPAQ
- low [ref]
- medium 0.802 0.572–1.125 0.201
- high 0.684 0.474–0.986 0.042

Table A2. Results for the fully adjusted per covariates binary logistic regression model 4a considering
bad performances as potential predictor and having TUG decline as outcome.

TUG Decline

Independent Variable OR 95% C.I. p-Value

Bad performances 1.305 1.130–1.508 <0.001

SART mean RT 1.000 0.999–1.002 0.791

SART SD RT 1.003 1.000–1.007 0.074

Age 1.102 1.080–1.125 <0.001

Females 0.891 0.646–1.231 0.485

Education level
- primary/none [ref]
- secondary 1.075 0.732–1.579 0.711
- third/higher 1.246 0.843–1.841 0.270

Anxiety 1.023 0.973–1.075 0.382

Depression 1.007 0.982–1.033 0.570

Antihypertensives 1.672 1.230–2.273 0.001

Diabetes 1.348 0.818–2.220 0.241

Smoker
- never [ref]
- past 0.951 0.685–1.319 0.762
- current 1.581 0.989–2.529 0.056

Drinking problem
- “No” [ref]
- “Don’t know” 0.660 0.178–2.443 0.534
- “Yes” 0.907 0.562–1.463 0.689
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Table A2. Cont.

TUG Decline

Independent Variable OR 95% C.I. p-Value

UGS at baseline 0.938 0.928–0.948 <0.001

IPAQ
- low [ref]
- medium 0.959 0.671–1.370 0.819
- high 0.815 0.554–1.199 0.299

Table A3. Results for the fully adjusted per covariates binary logistic regression model 4 considering
bad performances as potential predictor and having UGS decline as outcome.

UGS Decline

Independent Variable OR 95% C.I. p-Value

Bad performances 1.057 0.903–1.237 0.492

SART mean RT 1.001 0.999–1.003 0.301

SART SD RT 1.003 0.998–1.008 0.241

Age 1.093 1.064–1.122 <0.001

Females 1.178 0.752–1.845 0.474

Education level
- primary/none [ref]
- secondary 1.088 0.633–1.870 0.761
- third/higher 1.078 0.615–1.890 0.792

Anxiety 0.999 0.932–1.072 0.986

Depression 1.032 0.999–1.066 0.061

Antihypertensives 1.767 1.138–2.745 0.011

Diabetes 1.558 0.794–3.057 0.198

Smoker
- never [ref]
- past 0.905 0.573–1.427 0.666
- current 1.351 0.694–2.628 0.376

Drinking problem
- “No” [ref]
- “Don’t know” 1.849 0.537–6.371 0.330
- “Yes” 1.093 0.563–2.121 0.793

IPAQ
- low [ref]
- medium 0.855 0.530–1.379 0.520
- high 0.657 0.382–1.130 0.129

Table A4. Results for the fully adjusted per covariates binary logistic regression model 4 considering
bad performances as potential predictor and having New faller as outcome.

New Fallers

Independent Variable OR 95% C.I. p-Value

Bad performances 1.114 1.026–1.211 0.011

SART mean RT 0.999 0.998–1.001 0.298

SART SD RT 1.001 0.999–1.004 0.319

Age 1.020 1.006–1.034 0.004
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Table A4. Cont.

New Fallers

Independent Variable OR 95% C.I. p-Value

Females 1.237 0.997–1.536 0.053

Education level
- primary/none [ref]
- secondary 1.033 0.779–1.370 0.821
- third/higher 1.065 0.799–1.420 0.667

Anxiety 1.002 0.969–1.036 0.917

Depression 1.014 0.998–1.031 0.092

Antihypertensives 1.184 0.947–1.481 0.139

Diabetes 1.111 0.741–1.668 0.610

Smoker
- never [ref]
- past 1.200 0.579–2.489 0.624
- current 1.042 0.769–1.412 0.792

Drinking problem
- “No” [ref]
- “Don’t know” 0.971 0.755–1.248 0.816
- “Yes” 0.905 0.697–1.176 0.457

IPAQ
- low [ref]
- medium 1.002 0.969–1.036 0.917
- high 1.014 0.998–1.031 0.092

Table A5. Results for the fully adjusted per covariates binary logistic regression model 4a considering
bad performances as potential predictor and having New faller as outcome.

New Fallers

Independent Variable OR 95% C.I. p-Value

Bad performances 1.110 1.021–1.207 0.014

SART mean RT 0.999 0.998–1.001 0.278

SART SD RT 1.002 0.999–1.004 0.264

Age 1.019 1.004–1.034 0.011

Females 1.232 0.990–1.534 0.061

Education level
- primary/none [ref]
- secondary 1.020 0.768–1.354 0.892
- third/higher 1.043 0.781–1.393 0.775

Anxiety 1.004 0.971–1.038 0.826

Depression 1.014 0.998–1.031 0.089

Antihypertensives 1.174 0.935–1.474 0.166

Diabetes 1.113 0.736–1.682 0.613

Smoker
- never [ref]
- past 1.148 0.920–1.434 0.222
- current 1.071 0.768–1.493 0.688
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Table A5. Cont.

New Fallers

Independent Variable OR 95% C.I. p-Value

Drinking problem
- “No” [ref]
- “Don’t know” 1.206 0.581–2.501 0.615
- “Yes” 1.033 0.760–1.403 0.837

UGS at baseline 0.999 0.994–1.005 0.851

IPAQ
- low [ref]
- medium 0.960 0.745–1.237 0.751
- high 0.892 0.685–1.163 0.399

Table A6. Comparison of the OR and corresponding 95% C.I. of bad performances, total mistakes and mistakes in good
performances for the prediction of UGS decline in the binary logistic regression models.

UGS Decline

Bad Performances Total Mistakes Mistakes in Good Performances

OR 95% C.I. p OR 95% C.I. p OR 95% C.I. p

Model 1 1.232 1.102–1.377 <0.001 1.036 1.024–1.047 <0.001 1.049 1.033–1.066 <0.001
Model 2 1.126 0.993–1.277 0.064 1.025 1.010–1.041 0.002 1.036 1.014–1.060 0.001
Model 3 1.058 0.917–1.222 0.438 1.010 0.993–1.028 0.242 1.016 0.992–1.040 0.205
Model 4 1.057 0.903–1.237 0.492 1.013 0.994–1.033 0.180 1.022 0.995–1.049 0.105

Models for each main predictor, i.e., bad performances, total mistakes, or mistakes in good performances: model 1, with just the predictor; model 2,
adjusted with mean RT and SD RT; model 3, which was model 2 with the addition of age, sex, and education level; model 4, the fully
adjusted regression model, considering also the other covariates mentioned in Section 2.1.5 (anxiety, depression, hypertensives, diabetes,
smoking, alcohol, and IPAQ). The odds ratio (OR) and corresponding 95% confidence interval (C.I.) give a measure of the influence of the
predictor on the outcome; the p-value expresses the statistical significance of the predictor in the model.

Table A7. Results for the fully adjusted per covariates binary logistic regression model 4 considering
bad performances as potential predictor and having MMSE decline as outcome.

MMSE Decline

Independent Variable OR 95% C.I. p-Value

Bad performances 1.067 0.969–1.174 0.187

SART mean RT 1.000 0.999–1.002 0.495

SART SD RT 1.001 0.999–1.004 0.334

Age 1.044 1.029–1.059 <0.001

Females 0.819 0.651–1.031 0.090

Education level
- primary/none [ref]
- secondary 0.797 0.600–1.058 0.117
- third/higher 0.747 0.557–1.001 0.051

Anxiety 1.012 0.976–1.049 0.512

Depression 1.011 0.993–1.029 0.239

Antihypertensives 1.104 0.870–1.402 0.416

Diabetes 0.759 0.473–1.217 0.252

Smoker
- never [ref]
- past 1.075 0.844–1.368 0.558
- current 1.523 1.092–2.123 0.013
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Table A7. Cont.

MMSE Decline

Independent Variable OR 95% C.I. p-Value

Drinking problem
- “No” [ref]
- “Don’t know” 0.717 0.280–1.832 0.487
- “Yes” 0.925 0.661–1.293 0.647

IPAQ
- low [ref]
- medium 1.143 0.863–1.514 0.350
- high 1.192 0.895–1.588 0.230

Table A8. Results for the fully adjusted per covariates binary logistic regression model 4a considering
bad performances as potential predictor and having MMSE decline as outcome.

MMSE Decline

Independent Variable OR 95% C.I. p-Value

Bad performances 1.063 0.965–1.170 0.216

SART mean RT 1.000 0.999–1.002 0.559

SART SD RT 1.001 0.998–1.004 0.375

Age 1.041 1.025–1.057 <0.001

Females 0.816 0.647–1.029 0.086

Education level
- primary/none [ref]
- secondary 0.792 0.596–1.053 0.108
- third/higher 0.738 0.549–0.991 0.043

Anxiety 1.012 0.976–1.049 0.535

Depression 1.011 0.993–1.029 0.233

Antihypertensives 1.093 0.858–1.392 0.471

Diabetes 0.738 0.455–1.197 0.218

Smoker
- never [ref]
- past 1.070 0.840–1.363 0.584
- current 1.491 1.066–2.085 0.020

Drinking problem
- “No” [ref]
- “Don’t know” 0.714 0.279–1.825 0.482
- “Yes” 0.911 0.650–1.278 0.590

UGS at baseline 0.998 0.991–1.004 0.436

IPAQ
- low [ref]
- medium 1.125 0.848–1.494 0.414
- high 1.203 0.902–1.606 0.209
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Abstract: Aim: To report on the acceptability of virtual reality (VR) nature environments for people
with memory loss at memory cafes, and explore the experiences and perceptions of carers and staff.
Methods: A qualitative study was conducted between January and March 2019. Ten adults with
memory loss, eight carers and six volunteer staff were recruited from two memory cafes, located
in Cornwall, UK. There were 19 VR sessions which were audio recorded and all participants were
interviewed at the end of the sessions. Framework analysis was used to identify patterns and
themes in the data. Results: During the VR experience, participants were engaged to varying
degrees, with engagement facilitated by the researcher, and in some cases, with the help of a carer.
Participants responded positively to the nature scenes, finding them soothing and evoking memories.
The VR experience was positive; many felt immersed in nature and saw it as an opportunity to ‘go
somewhere’. However, it was not always positive and for a few, it could be ‘strange’. Participants
reflected on their experience of the VR equipment, and volunteer staff and carers also shared their
perceptions of VR for people with dementia in long-term care settings. Conclusions: The VR nature
experience was an opportunity for people with memory loss to be immersed in nature and offered the
potential to enhance their quality of life. Future work should build on lessons learned and continue
to work with people with dementia in developing and implementing VR technology in long-term
care settings.

Keywords: memory loss; virtual reality; technology; nature environments; qualitative research;
dementia; long-term care

1. Introduction

Interaction with natural environments, especially marine and coastal, can benefit
health and wellbeing [1]. However, many older adults, including those in long-term care,
encounter barriers to accessing nature [2] which may contribute to widespread feelings of
boredom and depression [3]. How residents might connect with nature to reduce these neg-
ative symptoms and improve wellbeing is receiving increased attention from researchers [4].
One possibility is to simulate aspects of nature indoors, enabling access for those residents
who may only experience the outdoors infrequently or not at all [5]. Exposure to nature
via large TV screens has produced some therapeutic benefits for residents with dementia
including improvements in mood [6] and heart rate, a physiological indicator of stress [7].
While more recent work has found that fully immersive head-mounted Virtual Reality
(VR) offers even greater benefits than TV [8], there has been a lack of research using totally
immersive VR involving older adults with dementia in real world settings [9].
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VR can be thought of “ . . . as a way to relocate people to virtual places and take part
in events and activity there” (p. 29, [10]. Participation is key to differentiating VR from
other forms of human-computer interaction, in that the person “ . . . participates in the virtual
world rather than uses it” (p. 5, [10]). As Heim (p. 70, [11]) puts it, “ . . . VR insists that
we move about and physically interact with artificial worlds” (italics added). A special
feature of VR is sensory immersion [11] which is the ‘technical goal’ of VR: to substitute
‘real’ sensory stimuli (e.g., visual, auditory, olfactory, haptic) with computer-generated
ones (p. 4, [10]). However, VR may not achieve this in practice as typically, VR has been
primarily an ‘optical technology’ (p. 1, [12]) with sound sometimes considered. Arguably,
visual stimuli are the easiest type of sensory stimuli to replicate in VR and may be sufficient
in inducing a sense of immersion by itself in some applications (p. 4, [10,12]), possibly
because vision is often regarded as the dominant sense [13]. A combination of technologies
such as head-mounted displays, headphones with sound/music, and hand-held controllers
providing haptic feedback are used to deliver the immersive VR experience. Ultimately, the
aim of a VR experience is ‘presence’, that feeling of ‘being there’ in the virtual environment,
despite knowing that one is not actually there [14].

There are two primary types of VR: the first is the 360◦ video made of real scenes filmed
with a series of special panoramic lenses facing in different directions that are then brought
together to produce a 360◦ full surround experience; and the second is computer generated
images (CGI), often created using gaming engine software. The 360◦ video represents a
relatively passive form of VR with the user observing pre-recorded footage, and requiring
little interaction. While greater interaction and immersion is possible with CGI, it is also
computationally more demanding and (at least when the study was conducted) requires
an accompanying laptop and a heavier, more cumbersome headset. In contrast, the 360◦
videos can be played on a standard mobile phone placed into a much simpler, lighter and
less complicated headset. It was the latter type of VR that was selected for the VR nature
experience intervention.

The long-term goal of this research was to develop a VR nature environment in-
tervention for people with dementia living in long-term care facilities. At the study’s
inception, we were not aware of any research with this population that had specifically
trialled exposure to nature by immersive 360-degree videos shown via a head-mounted
display. Since the use of VR in healthcare is a relatively recent development, its use with
people with dementia is not well understood [9]. There are potentially a number of is-
sues that could limit its use such as cybersickness, fear of, or unwillingness to use, new
technology, and the ability to participate and experience presence. Therefore, in order to
understand acceptability of VR technology with people with dementia, user testing is cru-
cial (p. 1720, [15]). Before undertaking an extensive formal trial in long-term care settings,
we piloted the VR nature experience with older people with mild to moderate memory
impairment living in the community. Given that most existing studies on technology and
people with dementia acknowledge that the technology is often used as a ‘joint activity’
in the ‘presence of another person’ (family member, carer or therapist) [16], we included
carers and memory café volunteer staff in our study. In this first attempt to deliver the
intervention, acceptability, defined as “ . . . a subjective evaluation made by individuals
who experience . . . an intervention” (p. 10, [17]), was assessed during and after delivery.

The aim of the study was to explore the acceptability of VR nature environments for
people with memory loss at memory cafes, and explore the experiences and perceptions of
carers and volunteer staff. The key research questions for this study were:

• How did older people with mild to moderate cognitive or memory impairment
experience the VR nature environments intervention?

• What did carers and volunteer staff facilitating the memory café sessions think about
VR for people with dementia and care home residents?
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2. Materials and Methods

2.1. Study Design and Participants

Older adults with mild to moderate cognitive or memory impairment, their carers, and
volunteer staff were recruited from two memory cafes in Cornwall, South West England.
The memory cafes were chosen as a setting for the study because people that attend have
memory issues and may or may not have a formal diagnosis of dementia. The researcher
(NY) made four visits to each memory café, participated in sessions, and met with the
memory café visitors and volunteers to explain the research project to potential participants.
All participants provided informed written consent (and the University of Exeter Medical
School Ethics Committee reviewed and approved the study (Jan19/B/192)).

2.2. Virtual Reality Nature Intervention

The 360◦ video VR nature intervention was designed to capture “restorative” nature
elements such as gently breaking waves, dappled sunlight on water, thought to innately
instil ‘soft fascination’, hold the viewer’s attention effortlessly, and thereby reduce negative
emotions, promote relaxation and positive mood states [18]. However, pilot trials revealed
that with a lack of ‘activity’ (e.g., people, animals, movement) in the 360◦ scenes, users
quickly became confused and disengaged as to the purpose of the VR, as they expected
‘something to happen’. Given that one of the most problematic issues in long-term care
is persistent lack of engagement among residents [19], any intervention should not risk
causing further disengagement or confusion. In consultation with memory café chairper-
sons, we carefully chose clips containing identifiable landmarks, groups of people and
interesting, non-threatening wildlife, against a backdrop of ‘tranquil’ scenery.

The 360◦ video was a series of 5 × 30 second clips fading into one another, designed
to feel like a day’s journey through a recognisable local spot, starting in the morning and
ending with a sunset. The videos showed pre-recorded scenes of local Cornish beaches and
coastal areas with audio of natural sounds such as gently breaking waves. In addition, one
video depicted people engaged in activities on a beach with sounds of laughter and chatter.
Another clip was taken underwater on a reef that was not local but was of high quality
and included footage of gently shoaling fish. Example stills from the clips are shown in
Figure 1. There was ‘surround sound’ rather than headphones to enable the carer to hear
and converse with the person with memory loss where needed.

 

  
Figure 1. Cont.
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Figure 1. Example stills from each of the 30-second 360◦ video clips.

The 360◦ video was played on ZTE Axon 7 smartphone, placed inside a Google
DaydreamTM VR headset to allow fully panoramic viewing. The smartphone screen had a
resolution of 1440 × 2560 pixels (Quad High Definition (QHD)). The smartphone was linked
through a wireless connection to a Vodafone N8 Smart Tab 4G tablet using the Showtime
VR app, from which the researcher could control the 360◦ video remotely. This allowed for a
more seamless transmission, in which the researcher and carer (where present) could follow
the 360◦ video content on the tablet screen in ‘real time’, enabling a shared experience. The
Daydream headset (Figure 2) was fitted with wipe-clean face cushions which were cleaned
with alcohol wipes between individual sessions, and laundered between café visits.

Figure 2. Daydream Headset and ZTE AXON 7 Smartphone.

2.3. Data Collection and Analysis

The video sessions were audio recorded in order to capture ‘in the moment’ reactions of
the participants, sometimes difficult to reproduce in interviews. At the end of the sessions,
semi-structured interviews (~10 minutes) were undertaken with the participants to explore
perceptions of the of the VR nature experience, experiences of nature and technology, and
how VR nature experiences might be suitable for people living with dementia and in long
term care. Where both members of the dyad were interviewed together, the initial questions
were directed to the person with memory loss, and then subsequently to the carer.

The interviews were recorded and transcribed verbatim. The interview data were
analysed using framework analysis [20], commonly used for the thematic analysis of
semi-structured interview transcripts. It offers a flexible and systematic approach to
analysing qualitative data [21]. Here, it enabled us to combine both deductive and inductive
approaches to analysis, with some themes pre-selected based on the literature and the
research questions, but open to the possibility of uncovering ‘unexpected’ themes from
the data.

The transcripts were read and re-read, along with the interviewer’s reflective notes, as
the first step in becoming familiar with the data. This helped to both identify recurring
themes and concepts, and devise a conceptual framework of ‘main themes’. The next stage
involved coding the transcripts and grouping the codes so that data with similar content
were brought together. Then, a set of thematic matrices or charts were created which
summarised and synthesised the data (Supplementary Tables S1–S5). It remained possible
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to add additional themes, if required, iteratively throughout the analysis process. Quotes
from the participants provide ‘thick description’ allowing verification of these themes. The
findings described below are supported with exemplar quotes and coded as volunteer (V),
carer (C), or person with memory loss (ML), along with a numerical code, reflecting their
participant number.

3. Results

There were 19 VR sessions at the two memory cafes: four sessions with people
with memory loss; three with carers only; six with dyads (comprising an individual
living with memory loss and their carer); and six with memory café volunteers (Table 1).
Each participant tried the VR experience once.

Table 1. Profile of Participants.

People with Memory
Loss

(ML; n = 10)
Carers (C; n = 8)

Volunteer Staff
(V; n = 6)

Gender
Women 6 7 5
Men 4 1 1

Relationship to
person with memory
loss
Spouse 5
Daughter 2
Friend 1

Engagement during VR Experience

The participants engaged with the VR nature environments to varying degrees, with
many responding with quite detailed descriptions and commentaries on what they were
seeing, and others commenting less and attempting to remove the headset before the
end of the session. For example, one man with memory loss was animated throughout
the experience:

I’m on the beach. Haven’t been on the beach in ages! Ooh, it’s lovely. Which
beach is it, maid*? . . . Oh now I’m under the sea! Look at all these fishes. It’s
good innit? Wow! . . . and now there’s someone comin’ in on a boat. Hello! Ahhh.
The waves are lovely (10-ML) [*a Cornish dialect word for girl].

Another participant was similarly engaged and then after one and a half minutes
stated that she had had enough:

It’s sort of a forest thing, and it’s got a path . . . like mountains an’ that as well.
It’s very nice . . . Oh wow I can see a beach now. Oh yeah, it’s a bit like Polzeath
it is, with people on it. Oh yeah, people playing games an’ that on the beach.
It’s hot ‘cause they got their shorts and t-shirts on. It’s very nice. Oh I can see a
pink bucket as well. A . . . a very busy beach . . . very busy . . . oh yeah, very nice.
[inaudible] they’re going out in the boat now. Oh yeah, there’s a chap going out
on the beach—on the boat now. Ooh, very nice. I’ve had enough now (05-ML).

There were two others who had limited engagement as they removed the headset a
number of times (for example, 07-ML removed the headset after approximately 40 seconds,
and 08-ML removed the headset several times during the experience). Engagement was
facilitated by the researcher (NY) and in some cases, with the help of a carer. Some carers
chose to view the VR nature environments, or part of it, in advance of their partners, to
encourage the person with memory loss to participate:
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Oh that’s under the sea, oh that’s looking, oh that’s beautiful! Absolutely! Oh we
like these sort of things. [husband’s name], you’ll enjoy this one. The coral, yeah,
it’s lovely [husband’s name]. You’ll enjoy that (16-C).

She then continued to encourage her husband to describe what he was seeing and
persuaded him to keep the headset on.

Reflections after the VR experience

Participants reflected on their experiences in the interviews after the VR nature experi-
ence and six themes are expanded on below, with additional comments from volunteer
staff and carers tabulated in Table 2.

Table 2. Volunteer staff and carers’ perceptions of VR for Person with Dementia in long-term care.

Perceptions of VR Illustrative Quote from Volunteer (V) or Carer (C)

1. Alternative means of accessing nature and
the outdoors +

“I think it’s a great idea, especially, like you say, for people who can’t get out.”
(17-C)

“I think maybe for the person that’s being cared for, then yeah. Sort of make them
feel like they’ve got out of the four walls . . . even if it’s ten minutes.” (07-C)

“sometime in the future, I’ll not be able to drive, and I think, if I couldn’t get out,
that would be great, that sort of thing . . . ‘Cause it brings the outside back right
into you, yeah.” (09-V)

2. Relieving boredom +
“It gives them a chance to go and see something . . . she gets quite bored, and so I
think going out to look at something like that, would be quite nice. Whether she’d
sit there for long with it on . . . but you don’t have to do you” (17-C)

3. Trigger memories +

“Oh, I think that could be marvellous. If you can make it personal, . . . trigger the
memories, you know, it would be lovely.” (10-C)

“I think it depends on what sort of dementia they’ve got, really . . . I think it’d be
lovely for a lot of people. Especially, as you say, the ones that are in homes. You
know, especially if it was a horrible afternoon and you could say ‘alright we’ll go
down to the beach, this is what it was like’. And bringing back memories.” (18-V)

“ . . . if they’re able to watch it, I think it’d be brilliant for them. Just like, the way I
say, to be able to bring back memories for them. Especially if it was all, sort of,
local to that person’s . . . well, you know, we live in Cornwall, so they’re places in
Cornwall that we would recognise.” (14-V)

4. Improve mood and calming +

“I suppose it could help put people in a better mood, especially if they’re havin’ a
bad day, and they can’t get out.” (10-C)

“I do think that if someone’s having a really bad day, that it would help to calm
them. It’s like music, ‘cause seeing that visually—the sun and people having fun
on the beach . . . ” (06-V)

5. Potentially confusing −

“I don’t think it would help him [husband LwD]. He’d go through it. He wouldn’t
remember what had happened two minutes afterwards. I think he might be a bit
confused.” (02-C)

“I mean for some people they would find it a bit confusing, you know, and think:
‘what on earth’s going on here . . . this is a bit weird’. Um and especially those
who, you know, their memory loss is so great that they don’t remember one
minute to the next minute . . . that contradict themselves all the time you know, so
you ask them if they enjoy it one minute and they’d go ‘yes’, and then you ask
them again and they’d go ‘what?’ . . . they can’t even remember what they look . . .
saw” (04-V)
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Table 2. Cont.

Perceptions of VR Illustrative Quote from Volunteer (V) or Carer (C)

6. Unable to cope with the VR equipment −

“I think one thing about the technology is definitely that [husband] wouldn’t be
able to cope with it. He would definitely need somebody there to switch it on,
switch it off, do whatever is necessary.” (03-C)

“ . . . it’s quite heavy on your face, and I think . . . it’s all going to vary depending
on what sort of dementia it is, but I wonder how they would cope moving around,
physically and that sort of thing, to see, or whether they would just sort of think
they’ve just gotta look forward. And even, even if they realise they can move
around, would they physically be able to do it easily, I don’t know?” (14-V)

7. Time-consuming for use in long term care
−

“I think the sad thing is though . . . whether it would actually get used . . . in a care
setting, I don’t know. Because it’s time, it’s gonna be time consuming isn’t it, and
it’s one-to-one, and everything, and maybe in care settings that’s quite a difficult
task isn’t it, time-wise.” (14-V)

+ Positive; − Negative.

3.1. “It Makes You Feel That You Are There”: VR as an Immersive Experience

The VR experience often centred around immersion (and presence), and the opportu-
nity to interact with others in a virtual world.

Participants reported that they felt immersed in nature: ‘at the sea’, ‘on the sand’ and
‘feeling the sand’ (“ . . . It looks real, and you feel part of it” [06-V], “ . . . with that, virtually,
you’re in it, aren’t you? It’s fantastic” [11-V]):

Oh, now I’m in the sea with the fish! . . . Back on the beach. Who’s that over there?
(13-ML)

It makes you feel as if you’re at the sea, right at the sea, doesn’t it? . . . it makes
you feel that you are there [emphasis] on the sand, with the sea rolling in (15-V).

Another volunteer participant reflected on how the VR experience meant ‘you were
there, in nature’:

and I’ve got a beautiful view where I live, so I can look out, but I’m looking
through a window whereas that [the VR], you’re there, which is the difference,
yeah (18-V).

One of the participants drew out that the feeling of presence made her ‘feel better’ as
she had difficulty accessing beaches in her everyday life because of reduced mobility:

Some of these beaches I can’t access. So it’s actually quite nice to . . . see. This
actually makes you, it does actually make you feel better ‘cause you can sort of,
like it feels like you can feel the sand [laughs] (19-ML).

Another participant stated:

I mean it makes you feel, good in a way, you know, just as you can see it, and um,
you don’t see anything else, just all those fishes, the massive fish. (17-ML)

One participant observed that, despite the noisy environment of the memory cafe, she
felt that she had ‘left’ the room, “ . . . closing me ears off to that [the noise]. Concentrating
on the panoramic views” (09-V).

A few of the participants found themselves responding to the situations they saw and
described how they could have interacted with the people on the beach:
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I liked seeing the people on the beach and I liked to, playing the Frisbee thing,
you know the one on the beach and he was standing there and I thought, ‘well
is he gonna talk to me?!’ you know [laughs] and I saw the chap in the water
catching it and it was just nice to be ‘in’ there, especially when the surfer came
down by your side and went down, it was just like being there (18-V).

3.2. “Oh Beautiful, It Was Lovely”: The Soothing Effect of Nature Scenes

All of the participants responded positively to the VR nature experience, typically
describing it as ‘beautiful’ and ‘lovely’. It was clear that participants enjoyed nature and
appreciated nature ‘views’ and ‘scenery’. Some added that they particularly enjoyed the
colours in the scenes (“I’ve enjoyed looking at them. They’re lovely pictures and that.
All the colours are beautiful” [01-C], “Oh, very pretty. I love the colours I do. Awww”
[05-ML]).

A number of the participants highlighted aspects of the nature scenes that had partic-
ular appeal such as the sea, the beach, and the fishes:

The beach and the water coming in and the fish, was lovely [laughs] (08-ML).

Oh that sea, yeah. This is why we came back to Cornwall I think. Well it was,
definitely. Incredible sand, isn’t it (02-C).

Oh the fishes were beautiful they were. I never been er . . . what d’ya call it? . . .
Diving, I’ve never done it. But I love the water (10-ML).

Some described these different aspects relaxing and calming:

the sea, the one in the sea was beautiful. Well I like water, for a start. It was
just, um, the colours were very beautiful and erm, soothing and um . . . I like
watching fish (12-ML).

3.3. “It Was Really Nice, Nice to See Places I Recognised”: Using Nature to Reminisce

Many of the participants appreciated the familiarity of the scenes and recognised local
places in Cornwall:

it was really nice, nice to see places I recognised. I mean it’s always nice, when
you can identify things—you do it don’t you, even when you’re watching the
telly and that sort of stuff (14-V).

The scenes also prompted many to talk about their past experiences of nature or past
experiences in general. One participant said “ . . . in a way it brings back things to you.
You know, going to the seaside, the sea coming in. I think perhaps, that’s it, it brings back
the memory of it” (06-V), and another stated:

Oh on the beach, you know, because I love the coast, I do. I grew up here in C . . .
well not here, bit further down, place called Crantock, near Newquay . . . spent
many a summer holiday in Crantock. My Mother was still there, see. And we
took the kids, and then the grandkids when they come along . . . It’s [the coast]
part of me, you know, growin’ up with it. I do miss it terribly (13-ML).

Memories could also be tinged with sadness in that the participants realised that there
were places that they could no longer enjoy, illustrated by this excerpt from an exchange
between a person with dementia and his carer:

16-ML: I took her a lot of places, didn’t I maid*? [*a Cornish dialect word for girl]

16-C: Yeah, but I mean, it was interesting to see the different places, an’ that

16-ML: Yeah
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16-C: Which we won’t be seein’ anymore, anyhow will we?

One participant with dementia was prompted by the scenes of the underwater coral
reefs to recall when he had seen the corals in Egypt in the 1950s. He described how he had
been in the British Army doing his National Service and had gone down the Gulf of Suez
and swam in the sea where there were “lots of little fishes” and coral (16-ML).

3.4. “It’s . . . Like Goin on Holiday”: VR as a Different Experience

For some participants, the VR experience offered new or different experiences and an
opportunity to ‘go somewhere’:

but it was lovely ‘cause it gives you, I don’t know, a sense of freedom, yes.
Anyone who’s had to be indoors, they just get that feeling of being there. And
certainly when it was just the sea, the empty sea, I’d just like to go and have a
nice swim (18-V).

the going under the sea. And just being able to look around like you’re walking
somewhere—like you’re going somewhere. It looks, it’s really good, yeah (19-ML).

Similarly, seeing the fish evoked a sense of wonder at life underwater (“Oh now I
got some fish. Beautiful isn’t it? There’s so many wonders underneath aren’t there, that
we don’t know about . . . hidden treasures” [06-V]), and reminded one participant of the
nature documentaries that she and her partner enjoyed:

we like that coral one. Where you’re under the sea. Because we watch those
programmes anyhow . . . and we love doing that, don’t we (16-C).

One participant described her experience as ‘going on a holiday’:

It’s very, very good . . . [inaudible] like goin’ on holiday, kinda thing, an’ it’s a bit
like Polzeath, ‘cause, you got the sea, the sea there [gestures], you got the boat
there [gestures] and the houses there, and the sand, and there’s people around
you (05-ML).

Many participants commented on the people and animals, and appreciated the busy
beach ‘activity’:

Oh wow I can see a beach now. Oh yeah, it’s a bit like Polzeath it is, with people
on it. Oh yeah, people playing games an’ that on the beach. It’s hot ‘cause they
got their shorts and t-shirts on. It’s very nice. Oh I can see a pink bucket as well.
A . . . a very busy beach . . . very busy . . . oh yeah, very nice. [inaudible] they’re
going out in the boat now. Oh yeah, there’s a chap going out on the beach—on
the boat now. Ooh, very nice (05-ML).

Another participant declared that she felt inspired to visit the places depicted in the
VR nature experience (“Oh, inspired! [laughs]. I want to go and visit the places” [11-C]).

3.5. Strange and Scary: The VR Nature Experience Is Not Always Positive

There were some negative responses to the VR nature experience, finding them
potentially confusing or strange, such as this carer:

Well from what I saw of the little bits, when she [her Mother] was at the beach,
she obviously quite liked that. I think under the water was a bit confusing for
her.” (07-C)
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One participant said “Yeah, it’s quite strange actually, ‘cause it’s not quite real. It’s got
a strange light to it. Sort of, edges on the figures and things” (12-ML), and at one point
found it frightening:

12-ML: Back to the beach. Ooh, clouds. Oh the little group in the corner there . . .
Ooh yeah.

It’s a lot better down here than when we were there and I was up the top, terrified
. . . Ooh, I don’t like this.

Researcher: What is it?

12-ML: It’s all steep and falling away into the sea below me. I’m sitting on a rock.

Researcher: Are you OK, do you want to take it off?

12-ML: No.

3.6. Responses to VR Equipment

Some participants found the VR technology amazing, describing it as ‘incredible’,
‘brilliant’, ‘clever’ and ‘remarkable’.

Now it’s gone right behind me. My neck won’t swivel that far. How on earth
do they do this? Oh gosh it makes it look so good that I want to go in the sea.
Extraordinary marks in the sand. Absolutely amazing [inaudible] (02-C).

Oh wow yeah. It’s quite an amazing sort of thing. It’s almost like an experience
without the smells [laughs] (04-V).

However, many of the participants discussed issues with the equipment which in-
cluded their confidence in using the equipment, its heaviness, difficulties with body
movement, and with focus while wearing glasses.

Only a few of the participants claimed that they experienced no discomfort with the
VR equipment. Some participants with dementia were uncomfortable with the headset;
one removed it after 40 seconds (07-ML) and another commented when fitting the headset:
“It’s a bit heavy” (05-ML). This was echoed by a number of other participants and some
said they would prefer something less ‘intrusive’ and more ‘user-friendly’ (07-C), that
“actually sat on your head properly” (19-ML). Most agreed that they could only tolerate the
headset for a short time (“ . . . I think if you were to watch it for, if you watched a film on
it for half an hour, or an hour, it would become a bit heavy then” (09-V). One participant
suggested it could make the wearer feel nauseous:

I could see that it could make you feel a bit queasy if you stayed in it for a long
time. I think if it, it’s made smaller and more comfortable, then it would be
beneficial (12-ML).

A few of the participants commented that they had problems with body movement
and could not turn round to see everything:

the only problem was I wanted to be able to go round 180 degrees and I couldn’t.
I think a wheelie chair would be a terrific advantage because I think a lot of
people aren’t as mobile as I am, you know (02-C).

That looked round a bit too hard for my neck (19-ML).

Some participants who wore glasses had problems with focus: (“perhaps I should
have had it with me glasses on because it would have been a bit more focussed [11-V]);
and one felt that her experience was spoiled:
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I found the first bit on the beach was quite blurred. I don’t . . . was that my eyes
or was it? . . . I was having quite a job focussing on a lot of that . . . It just kind of
spoilt, spoilt it for me a bit, because I couldn’t see some of the detail in anything
(14-V).

One of the participants with dementia described a strange light around the “edges on
the figures and things” and that people had looked “not quite real” and were a “bit too
brightly coloured” (12-ML).

A small number of the participants living with dementia noted that they would not be
able to operate the VR technology without help. One participant wondered if the researcher
would always be available to help:

I mean you put it on and took it off. Will you always be there to put it on and
take it off? (03-ML)

In contrast, a few felt confident that they would be able to use the VR equipment (“It’s
just pressing a couple of buttons” [19-ML]).

None of the participants living with dementia claimed to be using much technology
in their daily lives (“Too old in the tooth for that!” [laughs] [08-ML]). One indicated that he
had the expertise—a telecoms degree—but as his carer explained:

You used to use all these things but you don’t get along with it any more. I’m the
one with the computer now. And mobile phone. You don’t telephone out. You
barely turn on the telly unless I do it and find the channel [both laugh] (03-C).

For another couple without a computer, the carer explained, “We’re not interested. It
isn’t our era if you know what I mean” (16-C). Other carers described technology—such as
smart phones, tablets and computers—used in their everyday lives:

I’ve got my phone and my ipad, that sort of thing. And I get ‘round it alright.
But I’m not expert in it. But you know, if I want to find out something, I usually
can do it some way or another. Or phone up me brother in Australia and ask him
[laughs] (11-C).

Café volunteers believed that they could use the VR technology (“I’m not high-tech
like you youngsters but I’m not illiterate either [laughs], so yes, I think I could do it” [14-V])
but were unsure if older carers, or people with dementia, would be able to use it:

Maybe, maybe they would need someone with them all the time, if they didn’t,
to set it up for them. ‘Cause I’m just thinking of how my husband was, and he
wouldn’t have been able to do that. Because unfortunately, I mean, he would
always put music on for us for Saturday night while we had a nice meal. And
then one night he said, well, he said ‘I can’t get the CD to play’ and I said ‘well
you just press that button’. You see, it had just gone out of his mind. He, well, he
lost his sort of, spatial awareness, thing. (18-V)

3.7. Volunteer Staff and Carers’ Perceptions of VR for People with Dementia in Long Term Care

Generally, volunteer staff and carers felt that the VR nature experience was a ‘good
idea’ for people with dementia in long term care settings. The perceived benefits included,
accessing nature in an alternative way, relieving boredom, triggering memories, and
improving mood and calming. However, they also had reservations, fearing that the
person with dementia could find the VR experience potentially confusing and unable
to cope with the equipment. Table 2 provides a summary of volunteer staff and carers’
perceptions of VR for people with dementia in long term care.
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4. Discussion

The purpose of this study was to explore the acceptability of VR nature environments
for people with memory loss at memory cafes, and volunteer staff and carers’ perceptions
of VR for people with dementia in long-term care. The findings identified six themes
around experiences and perceptions of the VR nature environment intervention. The VR
experience was positive for participants, with a reported sensation of ‘presence’, the feeling
of ‘being there’ on the beach or underwater as depicted in the VR scenes. That feeling
of ‘being there’ whilst knowing that ‘you are not actually there’ has been referred to as
‘place illusion’ and it is this illusion that creates the ‘wow’ factor (p. 38, [10]). For some
participants, the feeling of being transported to, for example, a local beach, evoked a
sense of wonder and amazement. There is no sense of presence in physical reality [10], a
notion that was captured well by the participant who contrasted the VR nature experience
with the beautiful nature views from her home. Where participants responded to the
events and people on the beaches as if they were real, they experienced the illusion that
Slater and Sanchez-Vives (p. 5, [10]) refer to as ‘plausibility’. Participants described how
they felt that individuals on the beach were looking at them and might even talk with
them, provoking their desire to interact, and indicating that they found the environment
‘sufficiently credible’. These findings suggest that, for some of the participants, the VR
nature environments intervention delivered an experience that generated an “illusory sense
of place and an illusory sense of reality” (p. 5, [10]).

These findings support those from existing studies which found that people with
dementia are able to perceive a sense of presence [22]. However, the sense of presence was
not positive for all. With participants responding realistically to VR, it is hardly surprising
that one participant reacted to her experience of ‘sitting on a rock’ with fear. This clearly
affected her enjoyment and it is crucial to avoid participants feeling fear and anxiety,
filming scenes that are sensitive to participants’ needs. Whether the people with memory
loss perceived a sense of presence was likely affected by the extent of their engagement
with the VR experience, and the degree of their cognitive impairment; the more advanced
their impairment, the greater the possibility they may have found it ‘confusing’ [6].

Participants reported not only the perception of ‘being there’ but also the feeling of
‘being away’, a key factor in Attention Restoration Theory [18] which posits that nature
distracts from the everyday and mundane. ‘Being away’ had a dual perspective; one
was experiencing familiar places that were no longer easily accessed, and the other was
experiencing new places such as ‘going on holiday’ or ‘going somewhere’. The familiarity
of the VR nature scenes gave enjoyment to participants as they sought to identify exact
locations and to relate stories and memories, often linked to particular places. By interacting
with each other—the person with memory loss and the carer—participants were often
able to create meaning around the ‘virtual’ places and connect them to their own personal
lives. Arguably, this ‘place-based reminiscence’ helped participants to “re-experience past
places” (p. 5, [23]). Such reminiscence could invoke joyful memories such as seaside
holidays with children, but there could be a poignancy too, as participants reflected on
how places were no longer accessible to them, usually because of transport and mobility
issues. The potential of the VR nature experience to stimulate reminiscence could help
people with dementia maintain continuity of the self [23,24] particularly important for
people with dementia living in long term care who may feel this is broken.

VR nature also offered participants the opportunity to experience new places, or
nature in a ‘new’ or different way. Participants found the scenes inviting them—to swim
in the sea and to come away on a holiday, and perhaps, if neither of these were realistic
options, then the virtual experience was an acceptable alternative. The scenes with the
underwater coral reefs elicited a feeling of ‘going somewhere’, somewhere very different
for the participant who had never been a good swimmer but who would have liked to
explore ‘under the sea’ and never had the opportunity. Thus the VR nature experience
gave such participants “ . . . the possibility to step outside the normal bounds of reality and
realise goals in a totally new and unexpected way” (p. 2, [10]).
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The beauty of the nature scenes, with views of beaches and the sea, was highlighted by
all, and was key to their engagement and enjoyment. Whilst immersed and contemplating
the beauty of nature, some participants noted a calming and soothing effect, suggesting
that virtual nature can induce a restorative experience. Brown, Mitchell [25] argue that a
sense of wellbeing—which can reduce stress—should be the main ambition for meaningful
activity in advanced dementia, and call for creative and innovative interventions that
can improve quality of life for people with advanced dementia. Arguably, the VR nature
environments shows promise for providing a ‘stimulating’ yet ‘familiar environment’ that
engages people with dementia in a ‘unique way’ (p. 2, [9]).

5. Limitations

One limitation in this study was that the environment in the memory cafes was ‘not
ideal’; the VR nature experience was set up in a room where other activities were taking
place and background noise could be a distraction for participants, as was the case with one
participant who observed she would have liked to have heard the sounds of nature such as
the ‘roar of the sea’. Anderson, Mayer [26] noted the importance of reducing distraction
from background noise when using VR but arguably, it could be challenging to be free of
background noise in an aged-care environment.

Another potential limitation is that the VR world is a fast moving one and equipment
and types of simulation are rapidly changing and developing; Sayma, Tuijt [9] found that
differences in software and hardware availability could ‘dramatically alter’ the experience
of participants in studies that were just one year apart. Since completion of this study,
light-weighted headsets have been released and used successfully with participants with
mild cognitive impairment [27]. Recent, and no doubt future, developments will make CGI
immersion more straightforward for use with various populations. Financial constraints
also impacted decisions on technology; for example, participants were unable to interact
with the VR nature environments as we could not readily combine photorealism and
interactivity within the budget constraints of the study.

6. Implications

The findings suggest that the VR natural environments intervention did engage a
number of the participants. The researcher facilitated engagement, often with the help of
a carer, so it is likely that for people living in long-term care, staff facilitation would be a
requirement [6,22]. Similarly, it is unlikely that people with more advanced dementia would
be able to use the technology without support from staff and carers [23]. The need for one-
to-one support would be time-consuming for care home staff, causing some in the study to
doubt if it is practical to introduce this technology into care homes for individuals with
more severe dementia [16]. Future work should focus on the feasibility of implementing
the VR nature experience in long-term care settings and should include assessing time
consumption for one-to-one interaction and training requirements for care home staff. In
future research, it would also be beneficial to understand the extent of study participants’
cognitive impairment via standardised tests.

Perhaps the key issues for the technology of the VR nature experience were practical;
many participants experienced discomfort with the headset, and as already noted, this
is an area where technology improvements are ongoing [27]. However, issues with the
HMD may mean that the VR nature environments intervention is ‘not for everyone’. A few
participants reported visual issues and, as people with dementia may have visuo-perception
problems, this should be taken into account in future development. The experience was
also limited for a few participants by being unable to turn through 360 degrees in their
chair which could be addressed by using a 360◦ swivel armchair.

7. Conclusions

This study shows that people living with mild to moderate cognitive impairment who
participated in a VR nature intervention had a sense of presence in the nature environments.
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Despite the importance of presence in VR being recognised [28], few studies on immersive
VR in dementia have attempted to establish participant presence [9]. Given that presence is
a subjective experience, the qualitative approach used in this study contributes to a devel-
oping field of research where evidence is still limited. It also enhances our understanding
of the wellbeing benefits that people with mild to moderate memory loss can derive from a
VR nature intervention, and shows promise for those living in long-term care. Since people
with advanced dementia in residential care are less involved in activities [29,30], the VR
nature intervention could be a way of engaging them in meaningful activity—with support
from carers. Future work should build on lessons learned from this study and continue
to work with people with dementia in developing and implementing VR technology in
long-term care settings.
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Abstract: Older adults with dementia experience more frequent and injurious falls than their
cognitively-intact peers; however, there are no evidence-based fall-prevention programs (EBFPP) for
this population. The Otago Exercise Program (OEP) is an EBFPP for older adults that has not been
well-studied in people with dementia. We sought to explore the feasibility of group delivery of OEP
in an adult day health center (ADHC) for people with dementia. We collected demographic data,
Functional Assessment Staging Tool (FAST), and Mini Mental State Exam (MMSE) scores for seven
participants with dementia. Pre- and post-test data included: Timed-Up-and-Go (TUG), 30-Second
Chair-Stand (30s-CST), Four-Stage-Balance-Test (4-SBT), and Berg Balance Scale (BBS). We imple-
mented a supervised group OEP, 3x/week × 8 weeks. Most participants required 1:1 supervision for
optimal challenge and participation. Five participants completed the program. All had moderately
severe to severe dementia based upon FAST; MMSE scores ranged from mild to severe cognitive
impairment. Four of five participants crossed the threshold from higher to lower fall risk in at least
one outcome (TUG, 30s-CST, 4-SBT, or BBS), and four of five participants improved by >Minimal
Detectible Change (MDC90) score in at least one outcome. The group delivery format of OEP required
significant staff oversight for optimal participation, making the program unsustainable.

Keywords: dementia; balance; falls; exercise; Otago Exercise Program

1. Introduction

Exercise alone, or as a component of a comprehensive fall-prevention program, can
effectively decrease falls in older adults [1–4]. There is cautious optimism for exercise inter-
ventions to reduce falls in individuals with dementia (IwD) [5], but there are no identified
evidence-based fall-prevention programs (EBFPPs) for this population [4,6,7]. IwD display
an increased prevalence and frequency of falls, and are more likely to be seriously injured
from a fall than their cognitively-intact age-matched peers [8–10]. The Otago Exercise
Program (OEP) [11], comprised of strength and balance exercises and a walking program,
is one of the EBFPPs supported by the STEADI (Stopping Elderly Accidents, Deaths, and
Injuries) initiative of the US Center for Disease Control and Prevention (CDC) [12]. The
OEP has not been well-studied with IwD. Suttanon et al. [13] found an in-home OEP-based
program to be feasible and safe for participants with mild to moderate Alzheimer disease
(MMSE mean score 21/30). A retrospective study by Trappuzano et al. [14] showed some
benefit of home health administered OEP for people with dementia (miniCog mean score
of 1.76/5), and Beato et al. [15] and Knott et al. [16] retrospectively found a positive impact
of an OEP-based intervention for assisted-living residents without commenting on the
cognitive status of participants.

Group administration of OEP is beginning to be represented in the literature. Kocic et al. [17]
provided OEP in a nursing home setting, where two physiotherapists oversaw groups of
up to ten participants, but they intentionally excluded those with cognitive impairment.
Renfro et al. [18] demonstrated the feasibility of a community-based group OEP with
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adults with intellectual disabilities. In long-term care, Kovàcs et al. [19] compared group
OEP to no exercise for older adults with cognitive impairment (mean MMSE 21/30) and
demonstrated improvements in balance, but not falls, in the OEP group. Any enthusiasm
for “group” OEP is quelled with careful reading of these studies: Renfro et al. averaged
classes of 8 participants with the help of “2–3 caregivers/staff, 5–7 nursing students, and
1 or 2 PI/PTs” [18] (p. 4) (it appears there may have been days where the help outnumbered
the participants!), and Kovàcs et al. delivered the program with two physiotherapists
for groups of 2–4 participants [19]. Recently, a series of studies in nursing home settings
has supported the feasibility of group OEP with residents with physical and cognitive
frailty [20–23]. While the mean MMSE scores of participants represent cognitive impair-
ment (21–22/30) [20,21], a diagnosis of dementia was not in the inclusion criteria of any of
these studies. The strategy for group administration of OEP in two of these studies was
to initiate the program in small groups (6 participants to 3 staff [21] or 4–7 participants
to 1 staff [22]) and after 4 weeks, to combine all small groups into one larger group with
3 staff providing oversight to groups of 18 and 29, respectively. The mechanics of group
OEP administration in the other studies (i.e., size of group and number of staff) was not
presented [20,23].

The purpose of this communication is to share findings of a small feasibility study for
group OEP for IwD at an Adult Day Health Center (ADHC) and, secondarily, to provide
insights on group exercise for IwD. Most ADHC settings provide seated group exercise
activities, but not standing/upright exercises, as staff must cater to the lowest level of
functioning for safety and maximal participation. There is benefit to physical therapist
(PT)-directed exercise programs in improving balance in participants of ADHC [24,25], but
we are striving for a program that can be sustained with consultation from, rather than
direct oversight by, a PT.

OEP [11,26] starts with a series of five warm-up/flexibility exercises for the head/neck,
trunk, and ankles. Strength-training exercises include seated knee extension, ankle dorsi-
flexion and plantar flexion, and standing knee flexion and hip abduction. Cuff weights
provide resistance and are increased when the participant completes 2 sets of 10 repetitions
without complaint. Balance exercises are performed in an upright position (standing or
walking) and are progressed by decreasing upper extremity (UE) support. They include
partial squats, sit to stand, sideways walking, backward walking, walking with turns,
single limb stance, tandem stance, heel-toe walking, walking on heels, walking on toes,
backward heel–toe walking, and stair climbing (we omitted stair climbing as we did not
have easy access to stairs).

OEP is imperfect as a comprehensive balance training program as it is solely driven
by anticipatory balance challenges of base-of-support/center-of-gravity manipulation. We
were willing to forego balance training with a more robust design (i.e., inclusive of changing
visual (eyes closed, scanning environment) and somatosensory experience (walking and
balancing on foam and other altered surfaces), reactive challenges (perturbations, prop
use), deliberate dual tasking (superimposing cognitive and physical tasks)), in exchange
for a program transferrable to ADHC oversight. The prescriptive nature of OEP, replete
with manual and pictures, was considered an asset of the program.

2. Materials and Methods

This exploratory study is categorized as an “intervention development” feasibility
study [27], a preliminary step to determine if a formal feasibility study of group OEP that
can be sustained by ADHC staff is realistic and appropriate. The study was approved by
the Marymount University Institutional Review Board (MUIRB#387) and written informed
consent was provided by legal proxy decision-makers.

A sample of convenience of seven individuals at a local county-sponsored ADHC
met the inclusion criteria of: physician diagnosis of dementia, medical stability, ability
to walk without physical assistance (assistive device acceptable), and ability to follow
one-step commands. Exclusion criteria included: unstable or limiting systemic pathology;
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any surgery or cancer diagnosis or treatment within previous six months. Demographic
data, collected from facility health records, are presented in Table 1. Mini-Mental Status
Examination (MMSE) [28] and the Functional Assessment Staging Tool (FAST) [29] were
administered by the facility nurse. A score of ≤23 on the MMSE is the generally accepted
indicator of cognitive impairment, with 18 to 23 indicating mild impairment and 0 to
17 indicating more severe impairment [30]. The FAST reveals functional implications of
dementia on daily life.

Table 1. Participant characteristics.

Participants

1 2 3 4 5 6 7
Mean/Median

All Participants
n = 7

Mean/Median
Completers

n = 5

Sex M F F M F F F 71% Female 60% Female

Age (years) 85 89 90 72 89 79 83 83.9 85

MMSE
Score 17/30 20/30 6/30 24/30 14/30 22/30 20/30 Mean = 17.6

Median = 20
Mean = 16.2
Median = 17

FAST Score 6A 6B 7A 6C 6A 6D 6C Median = 6 Median = 6

Comorbidities 8 (a [3], b [2],
f, g [2])

6 (a [2], b, d,
h [2])

5 (a [2], d
[2], d)

4 (a, c,
e, g) 4(a [3], g) 5 (a [2], b,

c, e)
7 (a [2], b, c,

d, e, f) 5.6 5.4

Medications 5 5 6 7 4 6 6 5.6 5.4

Fall in Past
Year No Yes Yes Yes No Yes No N/A N/A

Assistive
Device None RW None None None Cane RW N/A N/A

Attendance 96% 96% 65% 74% 96% 0 0 N/A 85.4%

MMSE = Mini Mental Status Exam; FAST = Functional Assessment Staging Tool (A through D represent progres-
sive levels of impairment); RW = rolling walker. Comorbidities: a = cardiovascular disease (e.g., hypertension,
hypercholesterolemia, atrial fibrillation, orthostatic hypotension, syncope); b = endocrine/thyroid disorder
(e.g., diabetes, hypothyroid); c = neuro disorder (e.g., Parkinson’s disease, stroke, seizure disorder); d = ortho
disorder (e.g., osteoporosis, arthritis); e = psychological/psychiatric disorder (e.g., anxiety, depression); f = vision
disorder (e.g., cataracts, macular degeneration); g = gastrointestinal/genitourinary disorder (e.g., GERD, chronic
constipation, kidney disease); h = history of cancer.

Measures of balance and gait were assessed within two weeks prior to, and one week
following, the intervention. Informed by the STEADI initiative [31], we administered:
Timed Up-and-Go (TUG), 30 s Chair Stand Test (30s-CST), and 4-Stage Balance Test (4-SBT).
Additionally, participants performed the Berg Balance Scale (BBS). Tests were performed in
the order presented below and were scored onsite by the tester and scored on video by a
second PT. On the rare occasion that scores were not corroborated, the therapists came to
consensus on the final score.

For the TUG [32], participants began seated in a chair with arm rests, were instructed to
walk “quickly, but safely”, and on the instruction “Go”, stood, walked 3 m, circled around
a cone, walked back to the chair, and sat down. As has been previously documented [33],
timing began with movement initiation as opposed to the “Go” command and finished
when the buttocks contacted the chair. Cuing was provided as needed (e.g., “go around the
cone”, “sit in that chair”). The score was the mean time of two trials. The OEP Manual [34]
suggests that the cutoff score of ≥12 s indicates a higher risk of falls, consistent with
evidence by Lusardi et al. [35].

The 30s-CST [36] is the number of stands completed in 30 s without the use of arms.
A 17-inch seat-to-floor height chair was used, and cuing was offered throughout the test
as needed, encouraging continued efforts [37]. The OEP Manual [34] suggests individuals
performing below age and sex-matched norms are at higher risk of falls, consistent with
evidence that LE strength is associated with fall risk [4].

The 4-SBT requires balancing in each of 4 foot positions for 10 s (feet together, semi-
tandem, tandem, single-limb stance) and is based on the FICSIT-4 (Frailty and Injuries:
Cooperative Studies of Intervention Techniques) [38], which uses the same foot positions
with more complex scoring. There is some precedent for use of the 4-SBT [14] and FIC-
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SIT [39,40] in dementia research. Evidence that community living older adults unable to
maintain tandem stance ≥10 s are at higher risk of falls [41] makes the inability to sustain
position 3 (tandem) an indication of fall risk in the OEP Manual [34].

The BBS consists of 14 progressively challenging, functionally oriented balance activi-
ties, ranging in difficulty from sitting unsupported to turning in a circle and single-limb
stance. Each item is scored from 0 (unable to perform) to 4 (proficient performance). The
BBS has been used with older adults with cognitive impairment [42,43]. Lusardi et al. [35]
identify <50 as a cutoff score for fall risk in community-dwelling older adults.

The exercise intervention was an 8 week, 3x/week, 45 min class following the OEP
curriculum [11,26]. The PTs overseeing exercise classes completed online OEP instructor
training [26] and were well-versed in OEP administration and program fidelity; student
instructors were trained by these PTs. All instructors were trained in communication
and rehabilitation principles to facilitate optimal success with IwD [44]. The program
was performed in the therapy room of the ADHC at a consistent time with a consistent
PT instructor, occasional support of a second PT, and student instructors (nursing and
PT students). Music, chosen by participants, was played during the class. The goal was
to have one instructor oversee as many participants as possible, providing it was safe
and effective. Based on our experience in this venue, we planned to oversee a class of
9 participants with 3 instructors; with 5 participants, we envisioned 2 instructors would
suffice. It quickly became apparent that optimal engagement (i.e., participants consistently
performing exercises at a level of appropriate challenge) would require closer oversight.
Initially, when we attempted to run classes with fewer instructors, the time/repetition per
task and intensity of challenge all suffered. It was never unsafe, just ineffective. Without
a “personal instructor”, attention waned and the tendency for self-challenge was feeble
in all but one participant (Participant 1). Ultimately, we used at most 1:2, but usually 1:1
supervision. The staff of the ADHC oversaw the walking component of the program and
charted participation.

3. Results

While participants sometimes exercised during our class without 1:1 supervision, they
rarely challenged themselves or sustained the activity independently. When participants
were not maximally engaged, student instructors stepped in to assist, which inevitably
enhanced participation. We made efforts to wane supervision repeatedly throughout the
8 week intervention, but this resulted in reversion to less effort and/or attention from
participants. Prioritizing safety, we had 1:1 supervision with our most physically impaired
participants who were at highest risk for falls (Participants 2 and 4). Participants 3 and 5
required constant and focused supervision to remain cognitively engaged. Participant 1 was
the only participant who did not require constant 1:1 supervision for optimal participation;
thus, he was usually paired with Participant 2 (staff could provide physical assistance to
Participant 2 and verbal cuing to Participant 1).

Seven participants underwent pre-testing and two withdrew prior to the intervention
due to unrelated medical issues. The withdrawn participants were slightly younger and
slightly higher in MMSE scores, as evidenced in comparing means/median scores of all
participants (n = 7) vs. only those who completed the intervention (n = 5) (Table 1). All
participants, save one, rated FAST Stage 6 (“moderately severe dementia”), demonstrating
difficulty with the pragmatics of dressing, bathing, and toileting. Participant 3 was rated
Stage 7 (“severe dementia”), as evidenced by a dependency on ADLs and minimally
preserved speech. Participant data were analyzed by comparing changes in pre- and post-
test performance with established Minimal Detectible Change scores at the 90% confidence
interval (MDC90) for older adults with dementia. A change score exceeding the MDC90
score is thought to represent a “true” change (i.e., beyond what would be expected from
individual variability and/or measurement error). The MDC90 score used for the TUG
was 4.09 s [33]; for the 30s-CST, it was 2 repetitions [37]; and for the BBS, it was 6.4 [45].
While the 4-SBT has been used in dementia research, the published MDC95 score for this
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population of 1.5 units was based on the FICSIT scoring model, and therefore does not
translate to 4-SBT [40]. In determining outcomes related to 4-SBT, we focused on position
3 (tandem stance) as a cutoff score and looked for changes in performance from <3 to ≥3
to represent a clinically meaningful change.

Outcomes are presented in Table 2. One participant (Participant 3) improved TUG
performance by >MDC90, and four participants improved their 30s-CST by ≥MDC90. Par-
ticipants 3 and 4 not only improved by MDC90 but hit the threshold for age/sex matched
norms for 30s-CST, indicating a transition from higher to lower fall risk. Participant 1 per-
formed well above the norm for 30s-CST, and Participants 3 and 5 showed improvement
within the norm spectrum. Three of the five participants who failed tandem stance in
the 4-SBT pre-test passed the post-test, which in the context of fall risk is considered an
important milestone [41]. There were no adverse events during testing or interventions.
There were two reported non-injurious falls at home over the course of the study, both by
Participant 2. Participant 4’s spouse became an unofficial participant and official volunteer
with the program over the course of the 8 week intervention.

Table 2. Participant outcomes.

Participant 1 Participant 2 Participant 3 Participant 4 Participant 5

Pre-
Test

Post-
Test

Δ
Score

Pre-
Test

Post-
Test

Δ
Score

Pre-
Test

Post-
Test

Δ
Score

Pre-
Test

Post-
Test

Δ
Score

Pre-
Test

Post-
Test

Δ
Score

TUG (sec) 10.5 11.6 (1.1) 48.5 46.1 2.4 25.0 17.6 7.4 a 11.3 9.4 1.9 13.5 14.8 (1.3)

30s-CST
(reps) 16 20 4 a 0 0 0 6 9 3 a 9 15 6 ab 8 10 2 a

4-SBT 2 3 1 b 2 2 0 2 3 1 b 2 2 0 2 3 1 b

BBS 51 54 3 27 24 (3) 44 45 1 41 43 2 52 51 (1)

Super-
vision
needs

• Paired with
another
participant (2) for
oversight

• Frequent verbal
cuing required for
optimal level of
challenge

• Required 1:1
oversight

• Constant physical
assistance required
for safety and
optimal level of
challenge

• Required 1:1
oversight

• Constant physical
assistance and
verbal cuing
required for safety
and optimal level of
challenge

• Required 1:1
oversight

• Constant physical
assistance and
verbal cuing
required for safety
and optimal level
of challenge

• Required 1:1
oversight

• Constant physical
presence and
verbal cuing
required for
optimal level of
challenge

Δ Score = change score, TUG = Timed Up-And-Go, 30s-CST = 30-s Chair Stand Test, 4-SBT = 4 Stage Balance Test,
BBS = Berg Balance Scale. Parenthetical numbers show negative change, none of which met MDC90 and therefore
represent no “true” change in performance. a = Performance change meets minimal detectable change (MDC90)
score; shows true positive change (improved performance in post-test). b = Performance change represents change
from higher to lower fall risk per OEP guidelines (i.e., from fail to pass Position 3 (tandem stance) in 4-SBT, from
below to within age & sex matched norms for 30s-CST).

4. Discussion

The purpose of this preliminary study was to determine the feasibility of a group OEP
for IwD that could be sustained by ADHC staff. In facilitating progress from a physiologic
and motor learning standpoint, the importance of maximizing engagement and challenge
for individual participants is an important consideration [46]. The need for four staff
members to provide an optimal challenge and engagement of five participants was not
sustainable. Maximizing the challenge did not appear to be a priority in recent published
studies, which either do not comment on efforts to individualize the intervention [21,22]
or allude to progressing the group as a whole [23]. Chen et al. [20] mention that phys-
iotherapists “guided” participants to modify their exercise level, but the weights used
were consistent at 0.5 kg and nurses “led” the intervention, so it is not clear how often
physiotherapists may have guided these changes.

In comparison to other studies of group OEP administration [19–22], our participants
were more cognitively impaired (diagnosis of dementia, mean MMSE of 16), and notably,
the most physically impaired (forcing 1:1 supervision for safety) were the most cognitively
capable. This contributed to our increased staff requirements. Existing studies, without
commenting on efforts to maximize engagement and challenge of participants, identify
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beneficial outcomes of group OEP [20–23]. In reconsidering the feasibility of group admin-
istration of OEP, clear prioritization of safety over maximizing challenge may decrease the
need for staff supervision.

One might assume that the need for such close supervision for optimal engagement
negates the benefit of an exercise class (i.e., why not just work independently with par-
ticipants?), but we perceived a strong social benefit from interactions within each class.
A recent systematic review suggests that exercise administered in group format for IwD
is associated with higher adherence rates [47]. An atmosphere of joy was a deliberate
component of our intervention, and smiling, laughing, and joking were routine occurrences.
Participants’ music preferences drove the class playlist each day, creating the opportunity
to hear and talk about personal favorites ranging from Latin instrumental to the Rolling
Stones! Gonҫalves et al. [48], in striving to establish core outcome measures, determined
that the outcome most frequently sought by individuals with dementia and their caregivers
was “enjoyment”. Fun has been identified as a relevant characteristic of group exercise
classes for fall prevention in older adults and, in fact, immediate enjoyment and social
interaction may be more influential in motivating older adults to exercise than the promise
of decreasing the fall risk [49]. Booth et al. [50], in a review of exercise-based fall-prevention
programs, highlight the relevance of enjoyment in the context of motivating IwD, who may
not be as self-actualized as their cognitively-intact peers. The benefit of a shared exercise
experience is consistent with the findings of Lindelöf et al. [51], who, in a qualitative study
of participants with dementia, found a theme of “Togetherness gives comfort, joy, and
encouragement”. A second theme in their study, “Exercise evokes body memories”, was
also represented in our study, as participants spoke of their younger life physical capabili-
ties with pride and fondness. One participant reminisced about being a competitive track
athlete, and another spoke of her days as a physical education teacher and coach. They
were encouraged to tap into these memories throughout the class.

Over the course of the study, four of five participants crossed the threshold from higher
to lower fall risk in at least one outcome, and four of five participants improved by >MDC90
change score in at least one outcome. Given the substantial methodological limitations of
the small sample size and lack of control group, we cannot draw any conclusions about the
impact of OEP. We did learn that our framework for bringing group OEP to ADHC is not
feasible, as it is not sustainable. Our intent was to have the ADHC sustain the program,
such that the dosage would reach recommended levels for older adults of >50 h over
6 months (i.e., 2 h/week), providing the best opportunity for fall reduction impact [52].
Instead, at the completion of this study, the OEP class participants rejoined the seated
exercise group activity.

One consideration in sustaining balance training for this population is the benefit of
educating and engaging caregivers, and working as a team (clinician, family/caregiver,
patient/participant) to facilitate ongoing efforts. Meyer et al. [53] demonstrate that effective
knowledge translation of fall-prevention strategies requires an inclusive approach that
respects and understands the perspective of the person with dementia and their caregiver.
The wife of Participant 4 was a regular ADHC volunteer and became an unofficial member
of the class on her volunteer days. She was motivated by the experience to continue OEP
with her husband at home when the study concluded and felt that she and her husband
were both benefitting. Engaging dyads of IwD and care partners in OEP classes may be a
future research direction.

5. Conclusions

The administration of a small group OEP 3x/week for 8 weeks with the prioritization
of maximizing individual engagement and challenge was not feasible for ADHC sustain-
ability. The perceived social benefit of group delivery encourages us to continue searching
for sustainable group balance training options for ADHC participants.
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Abstract: Significant progress has been made in our understanding of the neurobiology of Parkinson’s
disease (PD). Post-mortem studies are an important step and could help to comprehend not only
the progression of motor symptoms, but also the involvement of other clinical domains, including
cognition, behavior and impulse control disorders (ICDs). The correlation of neuropathological
extension of the disease with the clinical stages remains challenging. Molecular imaging, including
positron emission tomography (PET) and single photon computed tomography (SPECT), could allow
for bridging the gap by providing in vivo evidence of disease extension. In the last decade, we
have observed a plethora of reports describing improvements in the sensitivity of neuroimaging
techniques. These data contribute to increasing the accuracy of PD diagnosis, differentiating PD from
other causes of parkinsonism and also obtaining a surrogate marker of disease progression. FDG-PET
has been used to measure cerebral metabolic rates of glucose, a proxy for neuronal activity, in PD.
Many studies have shown that this technique could be used in early PD, where reduced metabolic
activity correlates with disease progression and could predict histopathological diagnosis. The aim of
this work is to report two particular cases of PD in which the assessment of brain metabolic activity
(from FDG-PET) has been combined with clinical aspects of non-motor symptoms. Integration of
information on neuropsychological and metabolic imaging allows us to improve the treatment of PD
patients irrespective of age.

Keywords: molecular imaging; ICDs; 18F-FDG-PET; Parkinson’s disease; dopamine agonists

1. Introduction

Parkinson’s disease (PD) is an age-related neurodegenerative disorder that affects as
many as 1–2% of people aged 60 years and older [1]. The incidence and prevalence of this
disease are constantly growing, mainly due to the aging of the population [2]. It has been
estimated that the annual incidence ranges from 5/100.000 to over 35/100.000 new cases,
with a 5–10-fold increase from the sixth to the ninth decade of life [3,4]. The prevalence of
the disease also increases with age. In a meta-analysis of four North American populations,
the prevalence of the disease was shown to increase from nearly 1% in the first 55 years of
life to over 4% in men over 85 years of age.

Lower prevalence values were found in women with “only” 2% of women affected
by the disease when over 85 years of age [5]. Despite the serious impact on the quality of
life of patients, which can be mitigated by the treatments that will be discussed later, the
mortality in these patients is equal to those unaffected by PD in the first ten years from
diagnosis, and tends to increase later [6].
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It is evident that in older populations, which are more predisposed to developing
neurodegenerative diseases such as Parkinson’s disease, the social and economic aspects
deriving from this epidemiological framework will be increasingly important [7,8]. There-
fore, in the therapeutic approach of this disease, it is fundamental to avoid treatments that
can contribute themselves to lowering the quality of life, not only of patients, but also of
caregivers who are central figures in the standards of care of this disease [9].

Impulse control disorders are one of the side effects that most negatively impact the
quality of life of patients and their caregivers under dopamine replacement therapies.
Other disorders including pathological gambling, compulsive sexual behavior and buying,
and binge or compulsive eating have been described [10]. These disorders generally affect
younger patients and those who have first-degree relatives in the family in whom similar
problems have been described, regardless of the diagnosis of Parkinson’s disease [11].
Although ICDs have been associated with high dose levodopa treatment, it is important to
note that this side effect is significantly more pronounced in patients receiving dopamine
agonists [11]. The reason for this association is unclear, but one of the most probable
hypotheses is based on the affinity profile of dopaminergic agonists for some dopamine
receptor isoforms. In fact, while the motor effects of dopamine replacement therapies are
due to dopamine D1 and D2 receptors, ICDs are due to an effect on dopamine D3 recep-
tors [12]. D3 receptors are mostly expressed in the ventral striatum [12], a prosencephalic
region associated with both behavioral addictions [13] and substance abuse disorders [14].

It has been shown that especially new dopaminergic agonists (ropinirole and pramipex-
ole) have greater selectivity for D3 receptors than for D1 and D2 dopamine receptors [15].
It is therefore evident that we are no longer faced, as has been hypothesized for a long time,
with a disease with only implications on motor functions. In 2003, Braak and colleagues
already hypothesized a neuroanatomic staging of the disease affecting different domains
(Braak’s stages 1 and 2 are associated with the premotor phase; Braak’s stages 3–4 are
associated with the motor symptoms; and Braak’s stages 5–6 are associated with cognitive
impairment) [16].

Taking into account the complexity of symptomatology of PD, it becomes important
to plan an appropriate treatment to balance motor and cognitive and behavior symptoms
of the patient [17].

In fact, L-dopa or dopamine agonists may produce neuropsychiatric side effects not
only in relation of the age of the patient but also if the patient presents some degree of
cognitive impairment or psychiatric symptoms such as ICDs.

PET with 18F-fluorodeoxyglucose (FDG-PET) has been used to measure regional
cerebral glucose metabolism, a proxy for neuronal activity, in PD. Many studies have
shown that this technique could be used in early PD, where reduced metabolic activity
correlates with disease progression and predict histopathological diagnosis [18].

The clinical usefulness of introducing PET-FDG in the therapeutic work-up of Parkin-
son’s disease is not only related to the increase in sensitivity and diagnostic specificity,
but also in improving the stratification of patients, thus increasingly promoting personal-
ized medicine.

First of all, the PET-FDG describes hypometabolism patterns typical of Parkinson’s
disease (Parkinson’s Disease Related Pattern, PDRP) [17]. Furthermore, unlike other
techniques, PET-FDG offers high sensitivity with admirable spatial and temporal resolution.
It is also important to underline that unlike the DAT-scan, PET-FDG is able to highlight
hypometabolisms not only in the dopaminergic pathways, but also in other receptor
pathways upstream or downstream of these. In this way, while keeping in mind the
fundamental importance of dopaminergic pathways in the pathogenesis of Parkinson’s
disease, it is also possible to investigate other receptor pathways certainly involved in the
development of non-motor disorders [19].

The aim of this work is to report on particular cases of PD in which assessment of
cerebral metabolic activity (from FDG-PET) has been combined with clinical evaluation of
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non-motor symptoms. Integration of clinical and metabolic imaging information provide
to better treat patients with PD irrespective of age.

2. Methods

Patients were evaluated at the Cognitive and Motor Ambulatory of the Geriatric-
Rehabilitation Department of the University Hospital of Parma, while the FDG-PET scans
were performed at the Nuclear Medicine Department of University Hospital of Parma
(Parma, Italy). Patients were first evaluated by an expert geriatrician with a standard
clinical evaluation [20,21] and then referred to a psychologist with long-term experience
in the evaluation of older persons because of complaints of neuro-psychiatric symptoms.
Diagnosis of PD was made according to Movement Disorders Society (MDS) criteria [22],
while all cognitive tests included in the neuropsychology battery have norms and cut-offs
available for the Italian population [21]. The 15 item Geriatric Depression Scale (GDS)
was used for assessing depression [23] and the Wisconsin Card Sorting Test was used to
examine aspects of executive function [21]. All patients had a recent MRI or CT scan. All
drug consumption was recorded. The two patients gave the consent to record these data.
They are enrolled in the prospective observational T.R.I.P. Study (Traumatic Risk Identikit
Parma Study). (The study was approved by the Ethical Committee of the University
Hospital of Parma, ID 17262 del 12/05/2017). Data were treated in agreement with Italian
law for the privacy guaranty.

2.1. 18F-FDG PET/CT

An 18F-FDG scan was performed using a whole-body hybrid system Discovery IQ
(GE Healthcare) operating in three-dimensional detection mode. A head holder was used
to restrict patient movement and head movement was checked on a regular basis.

After an overnight fast, 200 MBq of 18F-FDG was administered intravenously in a
quiet, dimly lit examination room. The brain PET/CT recording was started 30 min after
tracer injection. During the 30-min uptake period, participants were left undisturbed in a
darkened room and instructed to rest quietly without activity with their eyes closed, as
is commonly recommended. The brain CT was first recorded to provide the attenuation
correction map (140 kV, 25 mA, 512 × 512 matrix, 3.75-mm slice thickness, scan Type Helical
full 0.8 s, No of images 79, Rec Fov 30 cm, recon type standard). CT was immediately
followed by a 3D-PET recording during a 10-min period (FOV 30 cm, recon type QCHD
and VPHD, matrix size 256 × 256). Quantitative analysis was performed using the SPM5
software implemented in Matlab R2014a [24].

The patient PET dataset is spatially normalized using the SPM5 PET template and
smoothed with a Gaussian filter of 8 mm FWHM. Differences in CMRglc (patient vs.
normal) are assessed on a voxel-by-voxel basis, using a paired t-test. The results are
displayed on the Tailarach atlas.

2.2. Example of Young and Older PD Patient Showing ICDs after Using Dopamine Agonists:
Evaluation with FDG-PET
2.2.1. First Case (Young Patient: PD with ICDs after Using Ropinirole)

A 55-year-old man with resting tremor and rigidity was evaluated at the Cognitive and
Motor Ambulatory, University Hospital of Parma. His medical history was characterized by
presence of diabetes, hypertension and chronic ischemic coronaropathy. At the first visit a
resting tremor at the right hand and plastic rigidity with “lead-pipe” rigidity was observed.
Given the multimorbidity of the patients, a SPECT with 123I-ioflupane (DaTSCAN©)
(Figure 1) was prescribed. The exam showed reduced uptake in dopamine making the
diagnosis of PD probable, according to the MDS criteria. Mini Mental Examination State
(MMSE) score was normal (30/30 corrected for age and education) as well as cerebral
MRI. Initially, a standard dose of dopamine agonists, ropinirole extended release was
prescribed, and even if motor symptoms one year later were reduced, the patient’s wife
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reported a strange behavior, including excess of shopping and changes of sexuality with
clear hypersexuality.

 

Figure 1. Brain SPECT with 123 I-iofuplain (DaTSCAN).

Given psychiatric symptoms reported, we changed the current treatment starting
L-dopa and prescribed the FDG-PET, because of the severe anxiety induced in family
members of this young PD patient. FDG-PET showed extended hypometabolism in the
right and left inferior frontal gyrus and in part of the prefrontal lateral areas (Figure 2).
A further cognitive assessment by MMSE remained normal and even the second level
of neuropsychological evaluation resulted normal. After the prescription of L-dopa at
the dosage of 300 mg daily, motor symptoms disappeared and patient’s wife reported a
profound improvement of behavior, with disappearance of ICDs.

Figure 2. Brain PET with 18F-FDG. Images highlight brain regions consistently found the analysis
(Statistical Parametric Mapping software SPM 5 (p = 0.05). Diffuse hypometabolism in the left middle
temporal gyrus, right and left inferior frontal gyrus, left middle frontal gyrus, left posterior cingulate,
left inferior parietal lobule, right lentiform nucleus (putamen), right caudate head, left thalamus,
left parahippocampal gyrus, right red nucleus (midbrain), left cerebellum pyramis, right and left
cerebellum inferior semi-lunar lobule, right and left cerebellum posterior lobe tuber, right cerebellum
anterior lobe nodule, left cerebellar tonsil.
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2.2.2. Second Case (Older Patient: PD with ICDs after Using Pramipexole)

A 70-year-old man with established diagnosis of PD suggested by a private neurologist,
was evaluated at the Cognitive and Motor Ambulatory, University Hospital of Parma, two
years after the diagnosis. All cardinal motor symptoms were present, with an evident
association of depression as non-motor symptom. The patient used pramipexole as first
drug prescribed by neurologist, but he reported a motoric difficult to perform activities
of daily living. Thus, he asked us to revise dosage or change the drug. He was retired
from his principal work, but he was still involved as a lecturer in theology. At the initial
cognitive assessment, he showed a normal MMSE (30/30 corrected for age and education).
The evaluation included a structured neurological visit without evidence of neurological
clinical signs. The patient’s wife reported an increase of sexuality, completely unexpected
in relation to the past behavior and given his catholic principles. The patient received
the second-stage cognitive screening by an expert psychologist and logopedist and the
evaluation resulted normal.

Given the reported ICDs, we changed treatment using L-dopa and prescribed the FDG-
PET, to exclude other forms of parkinsonism. The FDG-PET scan showed hypometabolism
in many cerebral areas involving, also in this case, the right and left inferior frontal gyrus
and part of the prefrontal lateral areas (Figure 3). After the prescription of L-dopa at the
dosage of 400 mg daily, we also added venlafaxine for improving depressive symptoms.
After a 5-year follow-up period, the patient reported a discrete control of motor symptoms,
e.g., he drove his car for more than two hours, and his wife reported a completely dis-
appearance of ICDs, with significant improvement of behavior returning to the same as
before starting treatment.

Figure 3. Brain PET with 18F-FDG. Images highlight brain regions consistently found the analysis
(Statistical Parametric Mapping software SPM 5 (p = 0.05). Hypometabolism in the left caudate body
and head, left middle temporal gyrus, left superior temporal gyrus, right superior frontal gyrus, left
and right inferior parietal lobule, left and right cerebrum sub-lobar insula, left and right superior
temporal gyrus, left and right inferior frontal gyrus, right sub-lobar extra-nuclear gray matter, right
cerebellar tonsil, right inferior temporal gyrus, left and right middle temporal gyrus, left limbic lobe
uncus, left limbic lobe parahippocampal gyrus, right transverse temporal gyrus.
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3. Discussion on the Integration of Neuropsychological and Neuroimaging Information

The dopaminergic system is mainly composed in two ways: 1. the Nigro-Striatal
system, rich in D1 and D2 dopaminergic receptors, which are responsible of the movement;
and 2. Meso-Limbic and prefrontal cortex-ventral striatal systems, where are mainly found
D3 and D4 dopaminergic receptors, which are responsible for the positive symptoms of
schizophrenia such as hallucinations and delusions. Direct consequences of alteration of
these pathways, and in particular of the “prefrontal cortex-ventral striatal systems”, when
using dopamine agonists, could be the developing of ICDs even in an initial phase of the
disease. Previously, we have shown that dopamine agonists have a greater selectivity for
D3 receptors [15]. A recent study showed that treatment with dopamine agonists interferes
with the functional activity of the prefrontal cortex and the ventral striatum [25]. Regardless
of dopamine agonist treatment, in patients who had a greater tendency to develop ICDs
there was less functional activity in the right inferior frontal gyrus [25]. The importance of
the inferior frontal gyrus in the inhibition of impulsive controls was already described in
the literature. The presence of lesions in this region, regardless of Parkinson’s disease, can
cause ICDs [26].

All these data support what was reported by Ruppert MC and colleagues, who showed
that high impulsivity, defined as a personality trait, predisposes to risk-seeking behavior,
and is closely associated with impaired FDG-metabolism within the fronto-insula network
in PD [27].

ICDs seem to be caused by a heterogeneous melting pot of predisposing factors indepen-
dent of Parkinson’s disease together with an altered response to dopamine agonist therapies.

The development of an ICD can be compared with an “epileptic seizure” where
different triggers (dopamine agonist treatment) work above an epileptogenic substrate
(personal trait of developing ICD, in particular a reduced activity in the inferior frontal
gyrus). In this direction, the utilization of FDG-PET to detect a metabolic alteration in the
inferior frontal gyrus could orient clinician’s in selecting the most appropriate drug for
PD treatment.

Over the years, an increasing number of physicians started to use dopamine agonists
in younger patients confining levodopa treatment to the most advanced stages of the
disease [28].

However, early levodopa treatment, in addition to be effective at all patient’s age,
does not interfere with the progression of the disease [29,30]. Although dopamine agonists
predispose to side effects such as ICDs [31], their use remains fundamental given the
well-known and greater risk of developing dyskinesias induced by levodopa.

Correct stratification of patients in the initial stages of the disease is therefore essential
to decide the most appropriate treatment. The presented case reports permit to support the
use of molecular imaging with FDG-PET for selecting drugs in the early phase of PD, even
in patients with a medical history negative for significant psychiatric symptoms.

The limitations of our study may be to suggest a PET scan with relatively high costs,
when the full clinical evaluation could be realized with an exhaustive explanation of the
side-effects of dopamine agonists. However, FDG-PET could reinforce reasons why these
medications produce ICDs only in some patients. Furthermore, our report is based on
data from only two patients. It would be improper to generalize our conclusions to the
general population: for this reason, further studies are needed to investigate whether our
conclusions can be generalized to the general population. It would be important, in the
diagnostic/therapeutic flow-chart of Parkinson’s disease, a method that not only increases
the sensitivity and specificity in making the diagnosis, but that stratifies patients in order
to propose a treatment as personalized as possible, so as to propose an increasingly person-
alized medicine. From this perspective, the cost effectiveness of proposing a diagnostic
investigation that still remains expensive would also improve.

Many therapeutic options have become available for PD in recent years, leading to
significant improvements in motor control both at early and advanced disease stages [31].
The need to expand disease management beyond motor symptoms control has been recently
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highlighted [32]. There is recent evidence that on-motor features deeply affect the quality
of life of patients [33].

Dopamine agonists represent a valid therapeutic option in PD and their effects on non-
motor domains like mood or cognition are acknowledged as key factors in fully addressing
patients’ needs.

The balance between motor deficits and cognitive or psychiatric symptoms seems to
be the most important factor contributing to treatment decision-making when approaching
PD therapy.

In conclusion, earlier [17] and more accurate diagnosis of PD with impaired all
dopaminergic pathways may help to improve patient’s health status and reduce treat-
ment costs by effectively allocating healthcare resources and maximizing the benefit of
treatments and supportive services.

Use of FDG-PET may help to accurately identify PD patients that could develop ICDs
after using dopamine agonists.

Unlike previous works [19], our approach is not so much aimed at demonstrating
the diagnostic utility of PET-FDG in Parkinson’s disease, but is aimed, instead, at a better
stratification of patients so as to prevent serious side effects that, in predisposed patients,
can lead to serious consequences. Furthermore, with PET-FDG it is possible to discriminate
certain hypometabolism patterns significant for cognitive deterioration. Recent evidence
indicates that these patients are also more predisposed to the development of ICDs [34].

The development of novel model of clusters of PD patients [35] may provide additional
benefits by slowing or halting progressive decline of PD, increasing quality of life and
prolonging survival.
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Abstract: Depression is one of the most prevalent pathologies in older adults. Its diagnosis and
treatment are complex due to different factors that intervene in its development and progression,
including intercurrent organic diseases, perceptual deficits, use of drugs, and psycho-social conditions
associated with the aging process. We present the case of a 75-year-old woman (who lives in the
community) with a diagnosis of major depression with more than 10 years of history, analyzing her
evolution and therapeutic approach.

Keywords: depression; adjustment disorder; glaucoma; hallucinations; polypharmacy

1. Introduction

Depressive disorders are the most common psychiatric pathology in old adulthood. It
is associated with various mental and biological stressors that affect the functional capacity
and independence of old adults, reducing their quality of life. International studies show
variable prevalences that range between 8.8% and 23.6% in Europe [1,2], could reach 60%
in Latin America, and would exceed 38% in rural Asian populations. This geographical
variability is due to methodological, clinical, and sociocultural differences. Recent studies
in Spain inform that up to 36% of older people living in urban areas in the community
suffer from depression [3–5]. Depression seems to be more frequent in the female sex.
However, this observation could be biased because women present a greater longevity
and/or a greater tendency to go to medical services than men, whereas men present a more
severe somatic expression of psychiatric symptoms and/or a higher reluctance to express
psychiatric symptoms than women [6].

Depressive symptoms include affective disorders such as sadness, apathy, emotional
lability and crying, anhedonia, and nihilism; behavior modifications such as anxiety, irri-
tability, insomnia, and hyporexia; and alterations in the course and content of thought, as
well as cognitive and physical frailty. Among all the symptoms, autolytic ideation requires
a specific comment, since depression is the main suicide risk factor in old age. Suicide
constitutes one of the 10 main causes of death in the old adults, mainly in men aged 65
and over who use more lethal methods conditioned by loneliness and isolation [7,8]. In
old populations, the etiology of depression is multifactorial: there are psychosocial causes
derived from the aging process (family losses, work life, loneliness, environmental barriers,
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lack of resources, lack of social support) in addition to genetic and biological factors that
contribute to the increase in frailty, geriatric syndromes, and dependency [9,10].

Its diagnosis is clinical, following the criteria included in the International Classifi-
cation of Diseases (ICD-10) or the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5, APA 2014). In old adults, the diagnosis can be complex due to comorbidity and
drugs that potentially induce psychiatric symptoms and iatrogenic complications, to adap-
tive disorders following age-related changes and/or to incipient cognitive impaiments. In
any case, it can be an underdiagnosed disease due to circumstances related to its own nature,
personality factors, and, also, because of the peculiarities of the healthcare systems [11].

To optimize its treatment, a transdisciplinary approach is required based on antide-
pressant drugs, such as selective serotonin reuptake inhibitors (SSRIs) or serotonin and
norepinephrine reuptake inhibitors (SSNRIs), which have shown different therapeutic
efficacy. It may also require, in many cases, mood stabilizers, anxiolytics, antipsychotics,
tricyclic antidepressants (TCAs), or monoamine oxidase inhibitors (MAOIs) [12–14], plus
psychosocial approaches (cognitive-behavioral psychotherapy, supportive psychotherapy),
occupational techniques (re-education in activities of daily living, training in the use of
technical aids), and physical training, which help to improve the prognosis and prevent
relapses [15].

Within the different age-related conditions that can interfire with the diagnosis of
depression in old age, Charles Bonnet syndrome is characterized by the presence of com-
plex visual hallucinations, triggered by vision deprivation in the absence of neurological,
psychiatric, and/or systemic disorders. The patient usually perceives the hallucinations as
not real, which reduces anxiety, although the content, duration, and frequency are variable.
Charles Bonnet syndrome can be associated with age-related entities such as enucleation,
optic neuritis, diabetic retinopathy, macular degeneration, cataracts, and glaucoma, among
others. Accordingly, its prevalence is relatively high in geriatric patients. In patients with
major depression, a differential diagnosis with psychotic disorders is required [16,17].

The main objective of the study has been to facilitate deliberation on the frequent
interrelation between organic pathologies, depressive symptomatology, and their overlap
in time in old patients, as well as to present the heterodox therapeutic approach in this case,
taking into account the complexity of the health care model of the Autonomous Community
of Galicia (northwest Spain) and the patient’s therapeutic choices.

2. Case

2.1. Personal History

A 75-year-old woman, who is right-handed, and a resident of the urban area of
the province of A Coruña (Galicia, NW of Spain). She is married and has two children
(one female and one male) and two male grandchildren. She lives with her husband
(74 years old), who provides care support for the patient’s visual deficits. A medium
education of schooling is possessed, along with an administrative profession and adequate
social resources.

2.2. Ethical Standards

The study was conducted in accordance with the “Request for authorization for access
and publication of health data as clinical case/case series” as provided in the General Data
Protection Regulation (EU Regulation 2016/679 of the European Parliament and of the
Council, 27 April 2016) and the Spanish regulations on personal data protection in force.
Written informed consent was obtained from the participant. Due to visual deficits in the
patient, the informed consent was read aloud and supervised by the caregiver.

2.3. Medical History

According to medical records, during this study the patient presented hypothyroidism,
dyslipidemia, type II diabetes mellitus, macular degeneration, glaucoma, arterial hyper-
tension, hypertensive heart disease, ChadsVasc4 persistent atrial fibrillation, extensive
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calcification of the mitral annulus, mild mitral regurgitation, moderate tricuspid regurgi-
tation, lacunar stroke, vertigo, peripheral vascular disease, bronchial asthma, and acute
bronchitis progressively diagnosed. The patient demonstrates no toxic habits.

The patient has been followed by the family medicine (FM) service of the center since
the end of 2013, with the aim of carrying out a preventive approach, in coordination with
doctors from other specialties such as cardiology, endocrinology, ophthalmology, neurology,
and psychiatry.

In the initial clinical evaluation, previously diagnosed diseases were treated with
levothyroxine sodium, Armolipid Plus, a nutraceutical based on berberine, red yeast,
policosanols, coenzyme Q10, astaxanthin and folic acid, and Bimatoprost solution, to
which clonazepam and duloxetine were added to treat anxiety-depression symptoms.
The general physical examination showed no data of interest. A control analysis was
requested, whose most significant results were glucose in serum/plasma 156 mg/dL, total
cholesterol 300 mg/dL, HDL 48 mg/dL, LDL 232 mg/dL, TSH 0.93 mIU/L, and the need
was emphasized for diet and physical exercise to adjust lipid levels, explaining that the
patient ruled out lipid-lowering drug treatment due to fear of liver damage. The FM
insisted on the convenience of carrying out a scheduled follow-up.

Between 2014 and 2018, the patient went to her FM and specialist doctors on different
occasions to control her chronic diseases (mainly hypothyroidism, dyslipidaemia, Diabetes
Mellitus, and Glaucoma). Acute diseases such as respiratory infection, viriasis, oral candidi-
asis, lump infectious breast, sciatica, or sacral-coccygeal trauma were successfully treated.
She also received systematic immunization against the influenza virus. She underwent
surgery for her visual pathology in 2016, with relative success and maintenance treatment
consisting of Lutein, Bimatoprost, and Brinzolamide. Bronchial asthma with treated with
Budesonide/Formoterol. Table 1 shows the main pharmacological treatment modifications
made to date.

Table 1. Evolutive drug adjustments.

Drugs/Year 2014 2018 2019 2020 2021-1 2021-2

Levotiroxina 100 100 100 100 100 100
Metformina - - 850 850 1275 1275

Espironolactona 25 25 25 - - -
Digoxina - - 125 125 125 125

Diltiazem R - - 120 120 120 120
Azetazolamida - - 250 250 250 250

Boi-K - - 1 c 1 c 1 c 1 c
Edobaxan - - 60 60 60 60

Armolipid/Lipok ’1 c 1 c 1 c 1 c 1 c 1 c
Ezetimiba - 10 10 10 10 10

Atorvastatina - 10 - - - -
Duloxetina 60 60 - - - -
Citalopram - - 10 - - -

Venlafaxin R - - - 150 150 150
Venlafaxin - - - 75 75 75

Mirtazapine - - - - 15 15
Lorazepam 1 1 1 1 1 1

Clonazepam 0.6 0.6 0.6 - - 0.6
Note: 2021-1 (February 2021). 2021-2 (October 2021). Boi-K: Potassium hydrogen carbonate 1001 mg and ascorbic
acid 250 mg, with dose in mgs. c: capsule.

2.4. History of the Disease

The prevalent symptomatology referred to by the patient and her family throughout the
depressive process consists of sadness, emotional lability and crying, low self-esteem, negativism,
apathy, anxiety, insomnia, ruminant thinking, and occasional autolytic ideation. Regarding
the loss of visual capacity and the secondary dependence to it, the diagnosis of glaucoma and
macular degeneration has been subsequent to the onset of depressive symptoms.
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Over the years, an evolution characterized by periods of emotional well-being with
a significant reduction in symptoms and different relapses that required therapeutic ad-
justments has been observed. Monitoring of the depressive disorder is carried out by a
psychiatrist outside the primary care center, who adjusts the psychotropic drugs periodi-
cally (Table 1).

From a non-pharmacological perspective, she was treated in the center’s psychology
department. Psychologists detected family problems, poor socialization, and a lack of
acceptance of the disease with reactivity to support proposals, such as technical aids
for ambulation or functional independence. She also attended therapeutic programs of
the Spanish National Organization for the Blind (ONCE), where she currently receives
supportive psychotherapy and participates in activities such as gymnastics and choir.
Regarding physical activity, ONCE provides cardiorespiratory and muscular maintenance
as well as psychomotor coordination training.

2.5. Supplementary Tests

The patient’s multiple pathologies and her evolution have required the performance
of different complementary tests, the chronology and results of which are summarized
in Tables 2 and 3. In August 2019, a routine electrocardiogram (ECG) was performed,
showing atrial fibrillation (AF) at 120 bpm, initiating treatment with digoxin, diltiazen,
and low molecular weight heparin (LMWH). Examined by the cardiology service, an
echocardiogram was performed, which showed multiple valve disease, adjusting the
treatment (Table 1).

Table 2. Control serum parameters.

Parameter/Year 2014 2018 2019 2020 2021-1 2021-2

TSH 4.22 niop 4.50 4.96 2.30 2.95
T3 8.2 niop 8.7 niop 7.5 6.5
T4 0.9 niop 0.9 niop 0.8 0.8

Vit D niop niop niop 34.6 42.77 39.1
Glu 112 115 125 136 156 151

Hgb A1c 6.2 6.1 niop niop 6,6 6.1
Cholesterol 288 224 240 155 164 171

HDL 58 47 41 43 49 52
LDL 214 162 150 90 82 100

Triglicéridos 80 77 81 110 165 93
Digoxinemia niop niop niop niop niop 0.8

Note: 2021-1 (February 2021). 2021-2 (October 2021). Parameters in mg/dl. Hgb A1c in %. Digoxinemia in
nanograms/mL. niop: not included or provided.

Table 3. Control cardiac and psychological paremeters.

Parameter/Year 2014 2018 2019 2020 2021-1 2021-2

SBP 120 135 116 125 150 135
DBP 65 66 67 70 75 70

Heart rate 80 80 120 80 70 72
SO% niop 99 niop niop 96 96
ECG niop niop AF AF AF AF

Test

GADS - - - - 8/5 7/0
Note: 2021-1 (February 2021). 2021-2 (October 2021). AF (Atrial Fiblilation). GADS: Goldberg Anxiety and
Depression Scale. niop: not included or provided.

Assessed in August 2020, in neurology outpatient clinics in relation to a double
episode of nocturnal disorientation, a cranial CT scan was requested that found a “small
cerebellar hemorrhage” requiring hospitalization for neurological surveillance. Treatment
with edobaxan is preventedly suspended due to its anticoagulant properties. A brain study
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is completed with MRI that does not clearly show the presence of hemorrhage, ruling out
malformations or other lesions that cause bleeding. There was good evolution during
the hospital stay. A control cranial CT scan was performed that showed a punctiform
image in the right cerebellar hemisphere corresponding to calcification, so the patient was
discharged and the edobaxan regimen was restarted.

During the COVID-19 pandemic, a SARS CoV-2 antigen screening was performed
(November 2020) with a negative result.

2.6. Follow-Up during 2021

In December 2020, the patient went to the new FM service of the center showing
a defective speech related to her visual difficulties, including a negativistic discourse
with complaints as well as a nihilistic view of her circumstances and her future. She
also maintained her heart disease, brain damage, anxiety-depressive symptoms, side
effects of drug treatment, and secondary functional dependence. The clinical examination
showed a temperature of 35.7 ◦C, heart rate of 70 bpm (atrial fibrillation), blood pressure of
150/75 mmHg, and O2 saturation of 96%, resulting in normal physical and neurological
examination. She reports complex visual hallucinations (people, animals, and objects) in
the absence of cognitive impairment that appears to be Charles Bonnet syndrome.

During the months of January and June 2021, she attended four times for analytical
control, assessment of the evolution and therapeutic adjustment (see Tables 1–3), in coor-
dination with her cardiologist and her psychiatrist. Different analytical parameters have
been requested including hemogram, proteinogram, kidney function tests, and glomerular
filtration. Hepatopancreatic, ionogram, markers of heart failure such as NT pro-BNP, iron
metabolism, and anemias screening have shown data suggestive of normality.

The SARS-COVID-19 immunization is carried out between the months of March and
April 2021.

In consultation with her FM and carried out in October 2021, the patient attends in
the company of her husband; she is very cooperative, smiling, and showing emotional
stability, with absence of parasuicidal ideation and Charles Bonnet syndrome, which she
associates with increased physical activity and psychotherapeutic as well as to correct
pharmacological control, despite the fact that anxiety levels remain high, referring to fear
of loss of family support (the results are shown in Tables 1–3).

3. Case Management from Family Medicine

Since it is a patient who lives in the community, the FM department of the health
center has acted, coordinating the needs of monitoring of the different pathologies that
she presents with the support of her family as a basic element of well-being. It is a
classic FM strategy, implemented with the aim of achieving primary, secondary, and
tertiary prevention.

4. Discussion

In the present case, the following areas of deliberation are raised: 1. Multifactorial
etiology of the disease; 2. Diagnostic certainty; 3. Efficacy of psychopharmacological
treatment; and 4. Role of the family in the patient’s care.

4.1. Multifactorial Etiology of the Disease

The main risk factors for depressive disorder in old adults have been frequently
studied and include psychosocial circumstances of the aging process, personality factors,
previous psychiatric pathology, intercurrent illnesses, and the interactions of associated
treatments, although the level of influence of each factor is difficult to discriminate [18,19].

The present case could constitute a paradigm of the multicausality of depressive
disorder in old adulthood, since, in a progressive and continuous way, several of the
main factors associated with depressive symptoms that contribute to chronicity have been
presented. In the psychosocial level, losses and grief, loneliness, environmental changes,
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and maladjustment stand out as potential etiological factors [20]. In this case, she is a person
with a high cultural level, economic resources, comfortable habitat, and very stable social
and family support. Regarding personality factors, some authors suggest that traits such
as neuroticism increase the risk of presenting depressive symptoms in old adulthood [21].
It was not considered necessary to assess personality factors in a structured way, since
an evolution of 10 years and the previous therapeutic approaches seem to be advisable,
although it is true that the patient frequently refers to “a change in personality, from shyness
to a certain disinhibition in the last years” associated with the general clinical picture that
could be the result of antidepressant treatment. In the medical history, no references to
previous psychiatric pathologies, consumption of toxic substances, or adjustment disorders
were observed, with a stable work environment until her retirement.

Different studies associate metabolic diseases such as hypothyroidism and diabetes
mellitus, or cardio and cerebrovascular disease, with an increased risk of suffering from
depression, relating it to the multiple neuroimmunoendocrine changes in depressive pa-
tients. It has been observed that patients with depressive symptoms experience increased
platelet activation that could predispose them to thromboembolic episodes. They also
experience immune activation (NK cells and leukocytes) and hypercortisolemia, along with
an increased adrenocorticotropic hormone (ACTH) and ACTH-releasing factor. In addition,
they experience decreased insulin resistance, increased endogenous production of steroids,
and the release of catecholamines, associated with an increase in arterial pressure and
coronary vasoconstriction. Moreover, depressive symptoms constitute a poor prognostic
factor in cardiovascular and metabolic diseases [22–25]. In this case, the protocol-based
examinations showed no alteration justifying the role of physical factors in the depressive
simptomatology. On the other hand, the polypharmacy used to control these diseases
constitutes a known precipitating factor of depressive symptoms in old adults. Thus,
drugs such as digoxin, diuretics, oral antidiabetics, and antihypertensives have been fre-
quently associated with a greater risk of depression in these populations [26]. We cannot
determine the level of influence of these drugs on the prognosis, but we can consider
that their interactions with antidepressant drugs could make remission of the depressive
symptomatology difficult.

In the clinical evolution of the patient, we consider the loss of vision to be key in the
chronification of depressive symptoms due to the psychological repercussions as a factor of
anxiety, insecurity, and fear; the functional repercussions for the instrumental and basic
activities of daily life that limit self-care and potentiate iatrogenic risks; and the social
repercussions related to leisure activities and increased consumption of resources, all of
which favor frailty and limit self-perception of health status.

On the other hand, we consider the presence of a Charles Bonnet syndrome charac-
terized by hallucinations to be of interest, which are commonly perceived as real by the
patients and are related to visual deficits. Although the underlying mechanism is not well
understood, it seems to be related to a brain’s continuous adjustment to significant vision
loss. Old adults affected with Charlet Bonnet syndrome can avoid reporting to their doctor
because of fear that the hallucinations could be related to a severe mental disorder. The
clinical management consists of health education, explaining to the patient the nature of
the disorder, the prevalent symptomatology, making them aware of the symptoms, and
explaining that it is part of their visual deficit and not relevant to their depressive symp-
tomatology. Eventually, pharmacological treatment with neuroleptics, benzodiazepines,
antidepressants, and antiepileptics is required [16,17].

4.2. Diagnosis of Depression

As a complex diagnosis, major depression in old age involves assessing cognitive
functions, behaviors, and the impact of any affective disorder on the functional capacity
and quality of life of the patient. Following the DSM-5 criteria [11] facilitates the dis-
crimination between a depressive disorder and a mixed adjustment disorder that could
be better explained according to the current situation of the process. For the diagnosis
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of major depressive disorder, the criterion of temporality greater than two weeks, the
presence of a depressed mood most of the day, and anhedonia, or a marked decrease in
interest or a displeasure in almost all activities, are included; in addition, the presence
of at least five additional symptoms are included, such as insomnia, hyporexia, loss of
energy, inappropriate feelings of guilt and worthlessness, and self-destructive ideation,
among others. In the case of mixed adjustment disorder, the diagnostic criteria include five
groups (A–E), so that the anxiety-depressive symptoms occur in response to an identifiable
stressor or factors that occur in the following three months. At the beginning of the stressor
(A), the symptoms are clinically relevant with an intense and disproportionate discomfort
in relation to the intensity of the stressor, generating a significant deterioration of social
functioning or of other areas (B), other mental disorders are excluded (C), the symptoms
do not represent a normal grief (D), and once the stressful event or its consequences have
ended, the symptoms do not persist for more than another six months (E). In the case
reported, it is not possible to fulfill criterion E because the most significant stress factors,
those that generate the most discomfort and maladjustment, have become chronic so their
resolution is not possible. Structured cognitive assessment has not been carried out because
of the absence of progressive decline.

4.3. Efficacy of the Psychopharmacological Treatment

As has been reported, the pharmacological approach in this case is highly complex.
Until the advent of SSRIs, the treatments of choice were TCA and tetracyclic (ATTC)
antidepressants, but the potential induction of anticholinergic effects can cause cardiovas-
cular alterations (orthostatic hypotension, arrhythmias, electrocardiographic alterations),
changes in intestinal motility (constipation, paralytic ileus), urinary retention, and pupil-
lary dilatation, among others, discouraging their use. Currently, SSRIs and SSNRIs are the
dominant pharmacological approaches for depression in old adults, motivated by their
ease of use, versatility, efficacy, and safety, in addition to their cost-effectiveness.

SSRIs (fluoxetine, fluvoxamine, paroxetine, sertraline, citalopram, escitalopram) work
by blocking the reuptake of serotonin (5-HT) through inhibition of the adenosine triphos-
phatase (ATPase)-dependent sodium/potassium transporter (NA+/K+) in presynaptic
neurons. With some differences between them, they have effects on other neurotrans-
mission systems such as noradrenergic or dopaminergic. They are metabolized by liver
enzymes, especially cytochrome P450 2D6, and have different pharmacokinetic characteris-
tics. The main indication is major depression, although they are also useful in conditions
such as obsessive-compulsive disorder or anxiety disorders. The most frequent side ef-
fects are gastrointestinal (nausea, burning, diarrhea), related to intestinal 5-HT receptors,
which are minimized with a staggered dosage of medication. A variable percentage of
patients treated with SSRIs manifest a sensation of activation of the central nervous system
with agitation, nervousness, and insomnia that usually responds to moderate doses of
benzodiazepines, such as alprazolam, lorazepam, or clonazepam. In general, they present
a moderate risk of pharmacological interactions, and they are very safe drugs, as studies of
lethal overdose show [27–32].

SSNRIs, such as duloxetine and venlafaxine, are a second group of drugs especially
useful in the treatment of depression in old adulthood. SSNRIs may have a faster onset of
action than other antidepressants by modulation of beta-adrenergic receptors. Duloxetine
is a potent 5-HT and norepinephrine reuptake inhibitor with low affinity for muscarinic or
histamine receptors, whereas venlafaxine shares 5-HT reuptake potency with moderate
effects on norepinephrine reuptake and few effects on other neurotransmission systems.
In addition, they present a low risk of pharmacokinetic interactions due to low potency
in the inhibition of liver enzymes of cytochrome P450, a factor that facilitates their use.
The FDA indications for this group of drugs are major depression, generalized anxiety
disorder, and social anxiety disorder. Since they have a mechanism of action similar to that
of tricyclic antidepressants, SSNRIs have shown their usefulness in some pain disorders,
which makes them especially useful in older patients and in depression associated with
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neuropathic comorbidity. They share some of the gastrointestinal side effects with SSRIs,
however, they differ from these in the moderate risk of increased blood pressure, somewhat
less frequently in prolonged-release venlafaxine, which requires periodic monitoring in the
first months of treatment and is solved by adjusting the dose. Other side effects described
are syncope, ortostatic hypotension, and anticholinergic symptoms, such as dry mouth,
urinary retention, and constipation, which in old patients must be monitored. Exceptional
cases of fatal overdose have been described. Its level of efficacy compared to SSRIs seems
somewhat higher, even though the data are discrepant [33–38].

In recent years, the approval of mirtazapine for the treatment of depression has led to
its frequent use in old adults. It is an antagonist of alpha 2-adrenergic receptors that acts
by increasing the release of norepinephrine that achieves a rapid increase in 5-HT levels,
achieving modulation of the serotonergic system. Mirtazapine is metabolized through
cytochrome P450 enzymes without being an inducer or inhibitor of these enzymes, so
there are no interactions with other psychotropic agents, which facilitates the combination.
Its main indication is major depression, used alone or in association with SSRIs/SSNRIs.
Compared with paroxetine, it showed a faster response and fewer dropouts associated
with adverse effects. Among the most frequent side effects are drowsiness (which advises
its use at night) and increased appetite and weight. Furthermore, it seems to increase
the levels of cholesterol and triglycerides secondarily, which, associated with its potential
cardiovascular effect, makes it necessary to monitor blood pressure [39–41].

The therapeutic strategy is of great interest in this case. Since it is a highly complex case,
the management of psychotropic drugs had to be careful, requiring consideration not only of
the efficacy and probability of remission, but also of the minimization of secondary organic
complications, to guarantee safety. In addition, the progressive appearance of comorbid,
cardio, and cerebrovascular factors has required pharmacological adjustment. The potential
interactions of the treatment must be considered, with the aim being its optimization. We
consider the combined use of venlafaxine and mirtazapine to be successful due to its
efficacy and safety, as evidenced by the adequate adherence of the patient to treatment and
medical controls. In the case of duloxetine, its potential modification of blood pressure
levels could question its use in this case [42]. The Goldberg Anxiety and Depression Scale
(GADS) carried out in October 2021 suggests a remission of depressive symptoms and an
improvement in the patient’s attitude. However, based on the results of the interview and
the GADS (A7/D0), the use of benzodiazepines to control anxiety and insomnia symptoms
does not seem clear.

4.4. Role of the Family in the Patient’s Care

This case presents many of the specific challenges in managing geriatric patients in
the Galician health care model (northwest Spain). The guarantee of citizens’ health rights
has been defined in the Spanish constitution since 1978. However, in 2002 there was a
decentralization of competences in different areas, including health, according to the Law of
Cohesion and Quality of the National Health System, which established a framework in the
17 autonomous communities of the Spanish State, but with peculiarities according to each
territory. Regardless of this framework, the citizens, using their freedom, choose in each
health situation whether to be treated in the public health system (in Galicia, the Servicio
Galego de Saúde, or SERGAS) or in the free market system (private clinical services compa-
nies and/or consultations by private professionals), or both. The reality is that this mixed
system can condition the efficiency of geriatric and psychiatric interventions in complex
cases, hindering actions from primary health care because decision-making is dispersed. In
this context, relevant information for therapeutic optimization is frequently lost.

The socioeconomic context of the patient allows clinical follow-up with good health
resources, within a dual system (private and public) that contributes to effective health care,
although its efficiency is limited by the heterogeneity of clinical opinions. As it has been
mentioned above, the health care model in Galicia is based on a public, universal system in
coexistence with private companies and entities of the social sector that provide health and
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care services, in addition to freelance professionals in health areas such as ophthalmology,
psychiatry, internal medicine, or psychology, among many others. Between 2020 and 2021,
the COVID-19 pandemic has required the adoption of restrictive measures in terms of pre-
vention and mobility attitudes that seem to increase the incidence of psychiatric pathology
in old populations [43,44], although in this case it does not seem to have conditioned the
evolution of the patient.

We believe that a more intensive non-pharmacological approach would contribute to
improving the prognosis; specifically, it would reduce anxiety-type symptoms and achieve
a more objective self-perception of health. It would be an area for improvement using
some of the usual techniques in similar cases, from cognitive behavioral to supportive or
family therapy. In recent years, third generation behavioral therapies seem to contribute
to intervention in psychogeriatrics. These include Acceptance and Commitment Therapy,
Dialectical Behavioral Therapy, Mindfulness-Based Therapy, Behavioral Activation Therapy,
Integral Behavioral Couple Therapy, or Functional Analytical Psychotherapy, which share
an integrative vision of the psychological problems of old patients, considering their
functional structure relevant, that is, the psychological functions of maladaptive behaviors
in the context in which they occur [45]. These types of approaches may probably contribute
to improve the quality of life and the health perception of the patient.

The evolution of the depressive disorder is linked to the role that her husband plays
in psychological care and functional support for her activities of daily living. The long
duration of the disease and the appearance of associated pathologies increase the intensity
of care. The parallel aging of the husband and the incidence of medical and psychological
problems could contribute to a potential claudication or the development of caregiver
burnout [46,47].

5. Conclusions

The present work discusses the complexity of the diagnosis and treatment of depres-
sion in the geriatric patient. It is illustrated with the case of a patient (a 75-year-old woman)
with depressive symptomatology with more than 10 years of evolution, also affected by
different concomitant organic pathologies including visual deficits and Charles Bonnet
syndrome. The interventions of different medical specialties are shown, and some psy-
chopharmacological treatment options are discussed. The interactions of the different
pharmacological treatments and the mixed care approaches are considered, with the aims
of improving the case management and maximizing the quality of life of the patient in
this type of complex clinical condition. The complexity of the healthcare system in Galicia
(northwest Spain) and how difficult it is to handle complex geriatric cases in this context
are discussed. In this regard, the most relevant limitation of this case in the lack of a specific
approach, substituted for this patient by a mixed care model. Other limitations include
the lack of a personality assessment using psychometrically valid tests, the lack of an
explicit frailty assessment beyond the clinical observation of an increased bio-psycho-social
vulnerability, and the lack of an objective assessment of the caregiver burden.
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Abstract: During the COVID-19 pandemic, long-term care (LTC) centers have adopted a series of
measures that have affected the physical and cognitive health of patients. The routines of the patients,
as well as the interventions of professionals, have been altered. In the case presented here, our aim
was to explain the effect that the strong confinement due to the spread of the first COVID-19 wave in
Spain had on a 75-year-old resident in an LTC center, with cognitive and behavioral symptomatology
compatible with a diagnosis of mixed dementia, as well as the measures that the center adopted to
manage the lockdown situation in the best possible way, including personalized attention protocols
and a video call program. Different nosological hypotheses are also raised using a semiological
analysis, including the analysis of the initial and continuation diagnostic protocols, as well as the
therapeutic options.
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1. Introduction

In March 2020, long-term care (LTC) centers were dramatically affected in their oper-
ations by the COVID-19 pandemic. The high rate of frailty of the old residents caused a
disproportionate number of deaths during the first wave of the pandemic, reaching 20% in
centers that were affected by COVID-19. The centers implemented a series of measures to
deal with COVID-19, including the sectorization of spaces, use of PPE, controls of daily
constants, reorganization of functions in the staff, and the restriction or elimination of visits
from relatives to residents, among others [1]. Different studies show that the pandemic
has had a very negative impact on institutionalized older people and, more specifically, on
those who suffer cognitive impairment with behavioral alterations, due, to a large extent,
to the fact that the restrictions on social relationships increase the problems of loneliness
and isolation, which existed before the pandemic [2].

In LTC centers, 60–80% of patients have some degree of cognitive impairment, 20–30%
show severe phase dementia, and 65% have some behavioral disorder [3]. In this way,
patients suffering from dementia, in addition to presenting an important alteration in
cognitive functions, due to the progressive deterioration of some brain functions, show
the Behavioral and Psychological Symptoms of Dementia (BPSD). It has been described
that between 60% and 90% of patients with dementia will present BPSD throughout
the course of the disease [4]. This percentage varies depending on the stage and the
previous personality of the patient. Behavioral symptoms refer to physical aggression,
yelling, restlessness, wandering, culturally inappropriate behaviors, sexual disinhibition,
harassment, inappropriate language, and persistent following of another. Psychological
symptoms refer to anxiety problems, depressed mood, hallucinations and delusions, etc. [5].
One of the models used to address the management of behavior disorders is that of Cohen-
Mansfield [6]. In this model, the needs of the person with dementia and professionals
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caring for them are considered, as well as clinical and environmental characteristics. The
intervention, therefore, arises from a paradigm of personalized care, where the person is
the center of the intervention, and the professional must adapt to the patient’s needs.

In this sense, it is important to highlight that LTC center residents often present
disruptive symptoms, which increases the stress of the caregivers and the suffering of
the person with dementia, sometimes reaching the need to use physical restraints and/or
drugs to alleviate these symptoms [7]. For all these reasons, it is essential to carry out
an interdisciplinary intervention focused on older residents. Although the tendency is
to increase this type of tailorized interventions in LTC centers, during the COVID-19
pandemic, this has been hampered by the measures taken to contain the spread of the
virus [8]. The present manuscript is a case study that addresses the intervention of a patient
admitted to a residential LTC center during the first wave of the COVID-19 pandemic.

2. Materials and Methods

2.1. Case
2.1.1. Personal History

The resident is 75 years old, a woman, and a widow, and she has three children. She
was born in the rural area of Sarria, Lugo (Galicia, Spain). She entered the LTC center in
January 2020. Until admission, she lived alone. She was a very active woman and ran a
store for decades and she had a basic education.

2.1.2. Medical and Psychological History

The resident presented dementia with a mixed profile and behavioral alterations,
hypertensive heart disease, permanent atrial fibrillation, dyslipidemia, and osteoporosis.
The information provided came from the reports of the relatives, as well as the social reports
of the town hall and the clinical reports of the hospital.

In June 2018, a cranial CT scan was performed without intravenous contrast, showing
no evidence of space-occupying lesions in an intraparenchymal or extra-axial location.
There was supratentorial predominance of white matter, in periventricular and subcritical
locations, which could correspond to leukopathy due to small vessel involvement. A
revision was scheduled in September 2018 with analytical and EEG.

In August 2018, she was seen again by the specialist doctor, presenting the following
symptoms: aggressiveness with the caregiver, shadowing, she had stopped cooking at
home, and she was unable to perform simple memory tasks. The following treatment
was prescribed: Bisprorol 2.5 mg, Digoxin 0.25, Atorvastatin 40 mg 0-0-1, Seguril 40 mg
1-0-0, Eliquis 5 mg 1-0-1, Deltius 25 mg, Rivastigmine 4.6 mg Doxium 2-0-0, and Irbesartan
300 mg 1-0-0.

In the psychological evaluation, she presented 6 errors in the Pfeiffer test, a MEC
(a Spanish version of the Mini-Mental State Examination with a total score of 35) score
of 21/35, and a Global Deterioration Scale (GDS) score of 4, scores that reflect moderate
cognitive impairment.

In December 2018, the patient went to the hospital emergency department because
she had had several syncope and falls at her home, with loss of consciousness.

During the year 2019, she stayed at her home supervised by her children, and in
January 2020, she entered the A Veiga Xerontolóxico Therapeutic Complex, three months
before the COVID-19 pandemic was declared in Spain.

2.1.3. Status When Entering the LTC Center

Upon arrival, she was evaluated by the LTC center doctor in coordination with the
referral geriatrician at the Lucus Augusti hospital. They observed that she presented flight
delirium, anosognosia due to cognitive impairment, and independence in BADL without
execution errors. Behavioral alterations stood out, with poor management with current
treatment. An ECG was performed to rule out repolarization alterations in the face of
blockages.
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An adjustment of the medication was made taking into account the rejection that the
patient presents to oral medicines. Seven drugs were maintained by eliminating Doxium
and Irbesartan and adding two antipsychotics, Quetiapine, and a class of medication called
NMDA receptor antagonists, Memantine.

In order for the psychological aspects to be evaluated, different cognitive screening tests
were applied at the time of admission, including the MEC (a Spanish version of the Mini-
Mental State Examination with a total score of 35), Global Deterioration Scale (GDS), and
Clinical Dementia Rating (CDR) (Table 1), indicating that the resident is a person with severe
cognitive impairment that includes impairment of memory, severe short-term memory circuit
problems, severe temporal disorientation, and very basic spatial location, with impaired
judgment, impaired problem solving, and impaired attention to personal care.

Table 1. Results of the MEC, GDS, Barthel, Yesavage, and CDR tests, applied on 31 January 2020.

Test

MEC:14
GDS: 5

Barthel Index: 85
Yesavage: 0

CDR: 2

The patient preserved communicative and relational intentionality, compensating for
certain cognitive deficits. She also preserved social verbal interaction. There were reports
of unfinished sentences, occasional confusion of pronunciation patterns, and difficulty
naming tasks. The content of her speech included fables and misinterpretation.

The Geriatric Assessment Scale (also called Yesavage scale) was used to assess mood,
obtaining an inconclusive result (Table 1) given the unreliability of the responses given by
the resident.

Regarding the physiotherapeutic evaluation, the resident maintained an independent
and stable gait, without the need for support products. She presented good joint balance,
without stiffness and maintaining functionality. She did not present alterations in muscle
tone and had a perfect general muscular balance (Daniels 5/5). In terms of balance and gait,
she had a Tinetti score of 16 in balance and 12 in running, which is a low-risk assessment.
Regarding the risk of falls, in the up and go test, she presented a normal risk.

To assess the functionality of the patient, we applied the Barthel Index at the time of
admission. Its result indicates a moderate dependence for BADL (Table 1), such as food,
transfers, personal hygiene, use of the bathroom, personal hygiene, shower, mobility, going
up or down stairs, and dressing and undressing.

Taking into account the above, the different departments of the center proposed
the following objectives: maintain her level of independence in the performance of the
ABVD; promote her communication and relationship with other residents; encourage her
participation in activities; promote her adherence to routines and guidelines; maintain her
motor, cognitive, and sensory performance skills that promote functional independence;
promote cognitive stimulation activities; improve her temporal and spatial orientation; etc.

In order for the set objectives to be achieved, the patient was placed in a single room
on the floor intended for patients with moderate dependence (called the Red Floor) whose
routines were developed on the main floor of the center, giving them the possibility of
accessing different activities.

2.2. Intervention during the Lockdown

In March 2020, with the arrival of COVID-19 in Spain and the state of alarm decreed
by the government of Spain, the center was divided into three large areas, which prevented
normal walking through it and interaction among residents, generating an increase in their
behavioral disorders, such as agitation, disinhibition, repeated calls and questions, difficulty
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in cleaning and manifestation of a difficult temperament, mood alterations, demanding
behaviors, and apathetic behaviors with a tendency for immobility [9].

Measures derived from the COVID-19 pandemic included the confinement of residents
in their bedrooms or in restricted places close to their rooms, without contact with other
residents and restricted contact with their professional caregivers. Accordingly, it was
necessary to rethink activities in order to achieve the achieve the therapeutical aims. Below,
we expose the activities in detail:

- Attention was placed on the patient’s routines, with continuous follow-up and greater
support for her BADL.

- Due to the restrictions in the visitation regime (group activities and visits were sus-
pended, according to the Decree of 17 March 2020, of the Xunta de Galicia), and since
she was a person who socialized to a high degree with the residents and who had a
high frequency of family visits, she was included in the center’s video call program,
wherein the resident could interact with her family, thus stimulating social interaction
(see Figure 1).

- Personal care was also promoted, referring to hygiene, food, and clothing, as well
as activities related to anti-COVID-19 measures (wearing a mask, hand disinfection).
Pictograms and posters were used to facilitate these activities, wherein they were
identified in a very simple way, for example, the room number with a photo of her
face, posters on how to put on the mask and how to disinfect the hands, etc.

 
Figure 1. Video call program.

It should be noted that the patient, despite being in a sectorized area and of relative
control, had serious difficulties staying in her area, mainly motivated by the cognitive
impairment that she presented, with highly frequent ambulation and continuous attempts
to establish contact with residents in her area and other areas.

In the last months of 2020 and early 2021, the patient experienced a worsening in
BPSD (aggressiveness at bath time and personal hygiene, attempts to attack other residents,
etc.). In order to guarantee adequate care for her, in March 2021, she was transferred to the
psychogeriatric unit of the LTC center, which offers more specialized care that guarantees
greater control, security, and supervision both for the patient herself and for the people with
whom she had direct contact. In this unit, the monitoring by the medical, psychological,
therapeutic, and care personnel is more intense and exhaustive. This unit has large areas,
with wide corridors that favor walking. It also has a warm and homely design, with colors
in light tones that help to maintain the tranquility of the residents, as well as relaxing
background music. In the same way, the unit presents natural lighting, which provides
a more pleasant stay. Despite being a unit where residents have high deterioration, it is
about maintaining the functions and enhancing the autonomy of the residents.
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Regarding the training of the personnel of the psychogeriatric unit, it should be noted
that the staff have specific training that allows them to offer adequate care, emphasizing
direct intervention, active roles, and feedback, despite having to work during the pandemic
with a mask and protective screens. In this sense, the workers addressed the patient in a
respectful way, understanding her pathology and enhancing her autonomy. The care staff
of the unit were permanent personnel and that they only worked in that unit.

From the occupational therapy department, it was decided to include the resident
in all the activities carried out in the psychogeriatric unit. Regarding different BPSD
registered in relation to aggressiveness in grooming and dressing, aggressiveness towards
other residents, and refusal to take medication, an intervention was carried out from the
medical and psychological departments focused on the administration of crushed and
camouflaged medication with meals, monitoring the correct intake by the medical and
nursing department. Additionally, they intervened in facilitating access to her seasonal
garments, removing non-corresponding garments from her wardrobe (it must be clarified
that the clothes have a meaning in the patient’s life history, i.e., her work occupation,
as a clerk in her own clothing store). To work on her spatio-temporal orientation, a
system was implemented where the patient had visual access to different objects such as
clocks, paintings, and TVs, which facilitated her orientation. The form of intervention was
readjusted in order to work on the aspect of functional independence to the characteristics
of the unit, since it has large areas for safe ambulation as well as rest areas. For this reason,
she was included in the program of walks to promote her functional independence and the
redirection of excess activity.

3. Results

From the applications of different tests in three different time periods (from January
2020 to August 2021), we found a worsening of cognitive impairment in the last assessment.
There was also a worsening of the BADL, measured with the Barthel Index. The other
parameters remained stable (Table 2).

Table 2. Follow-up in the results of the MEC, GDS, Barthel, Yesavage, and CDR tests.

31 January 2020 30 April 2020 30 July 2021

Test Test Test

MEC: 14 MEC: 14 MEC: 10
GDS: 5 GDS: 5 GDS: 6

Barthel: 85 Barthel: 85 Barthel: 80
Yesavage: 0 Yesavage: 0 Yesavage: 0

CDR: 2 CDR: 2 CDR: 2

Regarding the results of the observation carried out by the staff of the unit, it was found
that the most relevant problems that the patient presented were sleep disturbance and
nocturnal ambulation, and, to a lesser extent, reluctance to take medication, aggressiveness
during grooming and dressing, and attempted assaults on other residents. We also observed
that aggressive behaviors occurred, to a large extent, when taking medication. For this
reason, starting in June 2021, crushed and camouflaged medication was prescribed with
meals, with the appropriate monitoring carried out. In the following months, a reduction
in BPSD was observed (Table 3).

Finally, decreased agitation and improved spatio-temporal orientation; levels of atten-
tion; and, to a lesser degree, apathy were observed.
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Table 3. Incidents from July 2020 to August 2021.

Sleep Disturbance
and Nocturnal
Ambulation

Poor Intake and
Refusal to Take

Medication

Aggression at Bath
Time and Personal

Hygiene

Attempts to Attack
Other Residents

From July to October 2020 21 incidents 1 incident 0 incident 1 incident
From November 2020 to

February 2021 27 incidents 5 incident 6 incident 2 incident

From March to May 2021 19 incidents 6 incident 9 incident 0 incident
From June to August 2021 2 incidents 0 incident 0 incident 0 incident

4. Discussion

LTC centers have faced multiples challenges during the COVID-19 pandemic, includ-
ing the higher risk and higher burden of the residents with BPSD [1,10–12]. Persons with
BPSD present higher risks of severe COVID-19 infection due to the relation between frailty
and dementia, a higher risk of severe neuropsychiatric symptoms related to delirium and
encephalopathy, higher difficulty participating in screening tests, lower ability to report
symptoms of infections, and higher difficulty adhering to infection control measures due
to their difficulties in comprehension and remembering, and they may place themselves
at higher risk of infection because of their lower abilities to maintain social isolation, to
stay in one place, or to wear face masks [11]. Due to the deep impact of COVID-19 on the
healthcare system, BPSD were not addressed as needed [12]. Cancellation of therapeutic
activities, routine disruption, and suspension of visits and social activities have been espe-
cially challenging for these residents, forcing them to live in a stressful environment that
does not fulfill their psychosocial needs [11,12]. Complementary methods to prevent BPSD
consequences in the context of the COVID-19 pandemic have included direct feedback
and coaching, modeling, discussions in small groups, and informative sheets providing
basic information about the residents for the staff members [12]. The technology was also
integrated in the interventions, although low digital competences can be an obstacle for this
kind of resource [12,13]. In their study, Danilovich et al. found that a pre-existing culture of
teamwork and flexibility to adopt new approaches facilitated the response to COVID-19 in
LTC facilities, whereas low levels of digital literacy and low job satisfaction due to lack of
face-to-face interactions hampered adaptation to the pandemic.

In the case reported, when the resident was admitted to the LTC center, she presented
BPSD, as well as severe cognitive impairment measured with the MEC (score 14), which
determines advanced dementia, and a moderate to severe cognitive defect, measured
with the GDS (score 5). She also presented memory impairment, difficulty in retaining
recent information, attention deficit, severe temporal disorientation, and very basic spatial
awareness, with impaired judgment and problem solving, and moderate dependence for
BADL. The resident did not manifest awareness of deterioration and/or illness.

Taking into account the results of research on the repercussions of social isolation
derived from the COVID-19 pandemic, in terms of its impact on mental health both in the
general population [10] and in the older adults admitted to LTC centers [2], strategies were
designed aimed at slowing down, as much as possible, the advancement of dementia in
the lockdown situation, especially with regard to BPSD [9]. In addition, considering that
functionality worsens in dementia if adequate stimulation is not performed, the medical
and psycho-social staff of the LTC center considered it ideal for this resident to follow a
personalized attention program [6].

It should be noted that despite the strict measures experienced in Spanish LTC centers
during in the first wave of the COVID-19 pandemic, no worsening was observed in the case
study resident, even in the 4 months following the end of the lockdown. The explanation
for these results is based on individualized attention and stimulation; the patient’s low
awareness of reality; social support during the confinement phase (video call program); and
freedom in mobility through the assigned area, which allowed her brief interactions with
other residents, as well as other activities already exposed, which acted as protectors of
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mental health and functionality. We could affirm that ICTs, through the video call program,
were a very relevant social resource for the resident in that phase [2].

In the last months of 2020 and early 2021, the patient suffered a worsening of BPSD
(aggressiveness at bath time and personal hygiene, attempts to attack other residents, etc.),
symptoms that could be attributable, on the one hand, to the worsening of dementia,
and, on the other, to the limitation of space to wander. We can say that because she
always wandered through the same spaces, after a while, those distances were not enough,
and therefore the resident tried to occupy private spaces or her access to certain spaces
was denied/limited by preventive anti-COVID-19 measures. After an assessment of this
situation by the medical and psycho-social team, in March 2021, it was decided to relocate
the patient to the psychogeriatric unit, where more specialized care was offered. However,
the results of the last follow-up carried out on the resident (July 2021) indicate a worsening
in the cognitive and functional scores and in the basic activities of daily life.

5. Conclusions

The numerous challenges of the management of BPSD in the context of the COVID-19
pandemic have stressed the relevance of multidisciplinary, teamwork-based, and compre-
hensive approaches [12,13]. Measures such as the sectorization of the center, the limitation
of spaces, the performance of relatively invasive tests such as taking PCR samples or anti-
gens, the continued use of individual protection equipment, the absence of social contact,
and the alteration of daily routines caused by COVID-19 predictably favored the deteriora-
tion of residents, including an increase in BPSD. In the case study described here, during
the stay of the patient in the psychogeriatric unit, a series of strategies were implemented in
order to minimize the effects of social isolation. In terms of promoting the resident’s social
contact with reference persons, ICTs were the most relevant social resource. The measures
implemented helped reduce, but did not eliminate, cognitive and behavioral deterioration
in the patient.
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