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The prevalence of dementia is increasing and poses a health challenge for individuals and society. Despite the desire to know their risks and the importance of initiating early therapeutic options, large parts of the population do not get access to memory clinic-based assessments. Remote memory clinics facilitate low-level access to cognitive assessments by eschewing the need for face-to-face meetings. At the same time, patients with detected impairment or increased risk can receive non-pharmacological treatment remotely. Sensor technology can evaluate the efficiency of this remote treatment and identify cognitive decline. With remote and (partly) automatized technology the process of cognitive decline can be monitored but more importantly also modified by guiding early interventions and a dementia preventative lifestyle. We highlight how sensor technology aids the expansion of assessments beyond cognition and to other domains, e.g., depression. We also illustrate applications for aiding remote treatment and describe how remote tools can facilitate health education which is the cornerstone for long-lasting lifestyle changes. Tools such as transcranial electric stimulation or sleep-based interventions have currently mostly been used in a face-to-face context but have the potential of remote deployment—a step already taken with memory training apps. Many of the presented methods are readily scalable and of low costs and there is a range of target populations, from the worried well to late-stage dementia.
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Introduction

The number of people aged 65 and older is predicted to almost double from ~900 million (12%) to 2 billion (22%) by 2050 (1), accompanied by substantial increases in the prevalence of dementia (2). Although many cognitive functions remain high until well into the sixth decade, age is associated with cognitive and functional decline and is the most important risk factor for dementia. There is strong consensus among experts that the neuropathological processes leading to dementia take decades (3). Importantly, early accurate etiologic diagnosis is also in line with public attitudes. Many people want to know if they have or may develop Alzheimer's disease (AD) so that targeted treatment can be provided as early as possible. While risk assessment typically addresses individuals free of cognitive symptoms, early diagnosis refers to a timely diagnostic work-up when symptoms fulfilling diagnostic criteria of dementia or mild cognitive impairment (MCI) are present.

One metric of dementia diagnosis is the presence of cognitive symptoms impairing daily life. This can formally be measured by defined activities of daily living (ADLs), making them an ideal target for sensor-based assessment. MCI is indicative of risk for future cognitive decline, with up to 15% of those diagnosed with MCI developing dementia yearly (4), most frequently due to AD. Originally, MCI was considered not to affect ADL, but subsequent studies (5, 6) and metanalyses report instrumental ADLs are already impaired in MCI (7, 8).

The COVID-19 pandemic has heightened the need for remote (i.e., virtual) assessments. Advances in healthcare technology, including electronic health records, healthcare platforms and wireless communications, have made the remote collection of clinically relevant data possible. In this context, Remote Measurement Technologies (RMTs), refers to, “any mobile technology that enables monitoring of a person's health status through a remote interface, with the data then either transmitted to a health care provider for review or to be used as a means of education for the users themselves” (9). RMTs may include a variety of sensors that detect changes in health status, offering a unique opportunity to accurately and continuously track and measure changes. RMTs can objectively, actively, and passively collect numerous data points during every-day routines.

The current paper extends related publications (10, 11) by broadening the range of assessments and target groups and by describing treatment options currently being transferred from face-to-face to remote settings. We also highlight the need to assess psychiatric conditions, particularly depressive symptoms to correctly interpret identified cognitive impairment, tailor therapeutic interventions and improve outcome.



Assessment


Remote assessment of ADL

A multitude of tools exists to assess cognition, from computer-based online platforms to mobile (typically smartphone-based) solutions and have been reviewed recently (10). We focus on ADL detection. Functional status, as measured by ADLs, also has prognostic purposes, as those with MCI and mild functional impairments at baseline are more likely to convert to overt dementia. Functional status is also increasingly recognized as a relevant outcome in treatment trials and current treatments. From the point of sensor technology, their strength is to measure ADL directly (12) and in real-world situations. Current measures of ADL functioning are intermittent and subjective, as they are based on a retrospective account of patients and/or relatives. Actual demonstrations of ADL in the clinic are rare, although virtual reality may play a facilitating role in the future (13). Importantly, in current clinical practice, they are neither evaluated in the real-life context of the patient nor measured continuously. As with assessments of cognition, ADL are influenced by somatic and psychiatric comorbidities, which should be evaluated simultaneously.



Broadening the scope of assessments

Cognitive symptoms do not always indicate symptoms of neurodegenerative processes. In addition to other somatic conditions (e.g., stroke, systemic diseases, etc.), depressive symptoms are typically associated with objective cognitive decline (14), and both are frequent in the elderly.

Around 20% of adults aged 60 years and over are afflicted with psychiatric disorders, with dementia (5%) and depression (7%) being the most common and debilitating (https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults). The COVID-19 pandemic has further highlighted the mental health vulnerability of the elderly, including cognitive decline, depression, anxiety and loneliness (15). These psychiatric symptoms are typically measured using self-ratings or clinical assessments. They can, however, also be detected from voice (16, 17). Changes in movements or locations measured using GPS-data as well as changes in the pattern of smartphone use might further indicators of depressive symptoms (18).

It is noteworthy that these assessments can be extended to more severely impaired patients who are unable to use a computer or other digital device independently. Solutions currently under investigation include the installation of computers for cognitive assessments in the practice of GPs or local pharmacies. In those settings, the assessment is guided by a clinician, and patients' responses are monitored by audio and video, negating the use of keyboard or mouse (Figure 1). The concept has recently been extended by installing the assessment computer in a van to reach patients living in remote areas (19).
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FIGURE 1
 Interface for the remote cognitive testing. The patient's screen will typically show examiner (= “Ärztin”) or test material (e.g., objects in a naming task). The examiner sees the patient (= “Patientin”), a duplication of the patient's screen (upper right) and tool lists to conduct and record the testing.




Broadening the target population

In care homes, 70% of residents have dementia or severe memory impairment (20) and 98% of those living with dementia exhibit neuropsychiatric symptoms, such as anxiety, agitation and depression, which again, have been exacerbated by the COVID-19 pandemic and related social distancing measures put in place to minimize infection risk in vulnerable populations (21). Older studies indicate low detection rates for depression and cognitive impairment in care homes due to a lack of valid and reliable assessment measures (22), which remote assessment must address (23).

Where those with severe dementia form one end of the spectrum, older people without cognitive problems or related concerns may form the other. They increasingly like to contribute to science and care as part of the growing trend of “Citizen Science”. While this produces relevant scientific findings, it also empowers participants by giving them an active and informed role in their own healthcare. For example, Join Dementia Research (https://www.joindementiaresearch.nihr.ac.uk/) is a platform where interested volunteers can register to take part in dementia research. Another case in point is the PROTECT study (www.protectstudy.org.uk). This is an online longitudinal study of a healthy aging (>50 years) population funded by the National Institute of Health and Research (NIHR) for 25 years with a recruitment target of 50,000 participants. In a recent study in which gamified brain training tasks were deployed via the PROTECT platform, after 6 months, brain training was associated with significant improvements in ADL scores in end-users aged >60, and significant improvements in reasoning and verbal learning occurred in end-users aged >50 years comparative to those who didn't play the reasoning and problem-solving games. The need for standard clinical practice to be supplemented by participant-led lifestyle behaviors was emphasized by the finding that the brain training games had to be played five times per week to evidence their positive effects. Improved and more frequent diagnostics through RMT allow for better tailored interventions and higher training frequency. Currently, there are not many treatment options available in care homes.




Remote interventions and monitoring

While RMT focuses on measuring cognitive function, it is often closely associated with a training aspect. This is obvious for cognitive assessments when implemented as brain training or serious games, as in the PROTECT study. Here, the gaming element can be the obvious characteristic from the end user's perspective. However, in-game performance could allow deducting cognitive performance in well-established categories such as executive functioning or core sub-functions such as working memory. While these domains are required for most classic computer games, specifically designed games also allow testing and training domains such as episodic memory, naming or spatial rotation which are typically affected by AD. Among the strengths of the PROTECT study are the number of participants and the long duration. A study on serious games for cognitive training currently run in Switzerland is specifically geared toward domains affected by AD (24). The study also seeks to investigate the neuronal correlates of the intervention using functional brain imaging. The aim is to provide insights into the adaption of cognitive networks (working memory, attention span, and episodic memory) as a result of gamified training. These findings could then be the basis for designing more efficient training protocols or providing protocols more geared to the individual.

Challenges for routine implementation of serious game-based training remain low adherence, particularly when elderly participants ought to be playing alone, and the lack of data on long-term benefits, such as functioning in daily life. While serious game-based cognitive training is now a well-established online and remote intervention, its effects may be augmented through non-invasive brain stimulation.

Transcranial electric stimulation (tES) is an example of a remotely applicable device purely geared toward treatment. TES is an umbrella term for methods that apply tiny currents to the brain through skin electrodes. The currents are too low to elicit action potentials but may alter synaptic potentials. For these methods to affect performance, they need to be applied either before or during a specific task. Studies have shown efficacy across a wide range of cognitive, affective, and motor domains (e.g., dexterity, language learning, and memory), but others have challenged the robustness and longevity of these findings. A recent study comparing different protocols of tES (transcranial direct current stimulation against alternating currents or placebo) combined with cognitive training found no additional benefits from tES in elderly healthy participants. Instead, direct current stimulation provided additional benefits for participants performing particularly low at baseline (25). A recent review highlights the need for further investigation of long-term and transfer effects of combined approaches in MCI and dementia (26). TES devices are commercially available and are currently investigated for home use (27, 28).

Notably, remote cognitive training can be combined with tES and other interventions such as physical exercise, dietary measures etc. Multi-domain interventions appear to result in improved cognitive outcomes in populations at risk of cognitive decline [e.g., (29)]. Such multi-domain approaches could be integrated into flexible internet-based platforms from which individualized training plans could be compiled based on individual preferences and needs.

Many studies have highlighted the link between sleep quality and dementia and encouraging basic measures of sleep hygiene are warranted. Of recent interest are methods using closed-loop acoustic stimulation to improve memory consolidation (30). These methods typically detect slow-waves in deep sleep and augment their duration through acoustic entrainment by playing pink noise signals without disrupting the sleep. Similar to tES, more and more devices are currently being developed for home use (dreem.com/science; sleeploop.ch/de/home).



Outlook

The pandemic has accelerated the spread of RMTs, and it is clear that they will play an even more important role in diagnostics and treatments in the future. Virtual reality is already part of the gaming industry and will soon become the standard for assessing fitness to drive (31). Voice features will also gain importance as studies indicate their ability to detect cognitive impairment (32–34).

In the future, we expect a much wider distribution of just-in-time lifestyle interventions (35, 36). They could detect current situations (e.g., GPS to detect somebody approaching an elevator or restaurant) and recommend dementia-preventing behavior (i.e., taking the stairs or eating a healthy diet). Artificial intelligence could learn the most suitable situations and methods of prompting and focus on those. Similarly, the individual pattern of health related behavior could inform oneself about biggest challenges (when the unhealthy behavior prevailed) or where frequently shown beneficial behavior could be further encouraged simply be making it transparent how often desirable behavior is already adopted.

Relatively little attention in the context of RMT went into its potential to improve health literacy. Although many online resources exist, few benefit from the potential of online methods by combining video with text and quizzes (https://www.alzu.org). Health literacy is necessary for oneself to take over responsibility for health behavior and is increasingly requested also be seniors and in the medical context. It is likely that a mixture between individual (remote) counseling and access to Internet resources would provide the best results. The same is likely for knowledge transfer as well as remote treatment options where adherence benefits from interactions with other humans. This would mirror the status in the field of app-supported psychotherapy where blended approaches typically outperform app-only approaches (37–44). In other words, remote approaches are unlikely to replace personal interaction with therapists but offer the opportunity to increase training frequency, precision interventions and monitoring of progress.

Lastly, user-friendliness of the technical solutions requires special attention in cognitively impaired or depressed individuals. Fortunately, the technical infrastructure and skills necessary to build health interventions are now easily available (e.g., www.mobile-coach.eu).

At least when the first cohorts of digital natives age, skills and experience with a broad range of devices are also given. However, eyesight and dexterity will still pose challenges in using devices with a small form factor (e.g., smartphones or smartwatches). Involving seniors in designing the future of RMTs and tailored interventions remains key.
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