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ABSTRACT

Background: Dementia affects more than 57 million people worldwide and remains one of the most disabling and least
treatable syndromes associated with aging. Given the lack of a pharmacological cure, there is significant interest in utilizing
artificial intelligence to improve both the accessibility and quality of care. At present, Al-powered tools are applied in three
main areas: early diagnosis through neuroimaging analysis, non-pharmacological management of behavioral symptoms with
social robots, and continuous safety monitoring using smart home and wearable technologies.

Objective: This review synthesizes peer-reviewed evidence from PubMed published between 2015 and 2025, evaluating
the practical impacts of Al tools in dementia care and examining the moral challenges associated with their use in populations
experiencing progressive cognitive decline.

Key Findings: Deep learning techniques applied to brain MRI have demonstrated diagnostic validity for Alzheimer's disease
that equals or exceeds the performance of specialist clinicians. However, questions remain regarding their effectiveness
across diverse populations. Robotic companions, such as the PARO seal robot, have been shown to reduce agitation and
depression in individuals with dementia and to significantly decrease the use of psychotropic medications. Observation
technologies improve safety and alleviate caregiver anxiety, but they also introduce surveillance practices that may
compromise the individual dignity and autonomy of those they are intended to protect.

Conclusions: Al provides significant clinical benefits in dementia care; however, these advantages are inseparable from the
ethical conditions governing its use.
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1. Introduction

Dementia is a uniquely devastating condition. While most serious illnesses threaten life, dementia
progressively erodes personal identity, beginning with memory, followed by language, the ability to recall
familiar faces, and ultimately, independent thought. Currently, more than 57 million individuals worldwide
are living with dementia, a number projected to rise to 153 million by 2050 as populations age (Livingston et
al., 2024). Economically, the global cost of Alzheimer's disease and related dementias has exceeded one trillion
dollars annually in recent years, mainly due to the extensive hours of unpaid family care required (Nandi et al.,
2022). The human cost, suffered by individuals with dementia and their families, remains incalculable.

Dementia care is defined by high labor demands, significant emotional challenges, and persistent
resource limitations. Behavioral and psychological symptoms of dementia (BPSD), which include agitation,
aggression, depression, anxiety, wandering, hallucinations, and sleep disturbances, affect up to 90% of
individuals with dementia during the course of the illness (Cerejeira et al., 2012; Feast et al., 2025). These
symptoms are the main contributors to caregiver burnout, the leading cause of premature admission to
residential care, and among the most distressing experiences for both individuals with dementia and their
caregivers (Brodaty & Donkin, 2009; Feast et al., 2025). Pharmacological interventions remain limited in
efficacy. Antipsychotic medications, commonly prescribed for agitation, are associated with increased risks of
stroke, heart failure, pneumonia, and accelerated mortality in older adults with dementia. These risks are
sufficiently severe to warrant regulatory warnings in multiple countries (Maust et al., 2023; Tampi etal., 2016).
Although non-pharmacological interventions can be effective, their success depends on trained staff and
consistent implementation, which many care settings are unable to provide reliably (Cerejeira et al., 2012).

Artificial intelligence has emerged in this field with three primary promises. First, machine learning
algorithms can identify Alzheimer's disease in brain scans years before clinical symptoms manifest, thereby
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enabling earlier intervention opportunities. Second, robotic companions are capable of supplying consistent
and emotionally engaging interactions that may reduce agitation and depression without the adverse effects
associated with medication. Third, smart home technologies can continuously monitor the safety of individuals
living alone with dementia by detecting falls, wandering, and changes in functional status in real time. Each
of these progressions has received considerable research attention over the past decade and has yielded
substantive, though not flawless, evidence (Fan et al., 2025; Liu et al., 2022; Schneider et al., 2024).

Carefully interpreting this evidence has significant practical consequences. Clinicians are increasingly
asked to recommend AI monitoring tools to families of patients with mild dementia. Care homes are acquiring
PARO units, and neurologists are encountering Al-generated risk scores within clinical software. The
integration of Al into dementia care is no longer a matter of debate; rather, the critical issue is whether these
technologies will be implemented effectively.

1.1. The Necessity of a Distinct Ethical Framework for Dementia

Most existing ethical models for medical Al were developed with the assumption that patients possess
full cognitive capacity. These frameworks presume that individuals can comprehend technological functions,
evaluate benefits and risks, ask pertinent questions, and provide or withhold informed consent. However,
individuals with dementia progressively and irreversibly challenge each of these assumptions. In the early
stages of dementia, individuals may retain near-complete capacity for intricate decision-making. As the
condition advances to the middle stages, the capacity for certain decisions may persist while others are lost. In
late-stage dementia, individuals may lose the ability to recognize family members, communicate needs, or
understand their environment. This progression is neither linear nor uniform; it differs among individuals,
fluctuates daily, and differs depending on the type of decision (Poth et al., 2023).

Cognitive capacity is inherently decision-specific. An individual who is unable to reliably recall a recent
conversation may nonetheless be fully capable of articulating clear preferences regarding the presence of a
robot in their room or the tracking of their location. Standard institutional practices, which often interpret a
dementia diagnosis as indicative of global incapacity, have been demonstrated to be both ethically flawed and
practically detrimental (Poth et al., 2023; Kohler et al., 2024). Artificial intelligence tools in dementia care
cannot be effectively governed by one-time consent procedures; instead, they require ongoing, relationship-
based assessments of each individual's developing preferences, values, and capacities. This level of
individualized attention is particularly challenging for overburdened care systems to provide.

2. Research materials and methodology

Articles published from 2010 to 2025 were included, with earlier publications reviewed as needed to
establish historical background. Only English-language, peer-reviewed articles with accessible abstracts were
considered. The literature search utilized PubMed, Google Scholar, and ScienceDirect. The following
keywords and combinations were used: “dementia,” “Alzheimer's disease,” “artificial intelligence,” “PARO,”
“social robots.”

A total of 52 studies were selected based on relevance, methodological quality, and recency, with
preference given to high-quality and high-impact research. Study quality and the strength of evidence were
assessed based on study design, sample size, and methodological soundness. The review was conducted as a
narrative synthesis of current evidence.

3. Results

3.1. Al in Dementia Diagnosis

3.1.1. Capabilities of Machine Learning in Brain Imaging Analysis

The most technically advanced results in dementia artificial intelligence research have emerged from
the application of deep learning to brain MRI and PET imaging. Clinically, this is significant because
Alzheimer's disease begins to damage the brain at least a decade before symptoms manifest. By the time
individuals present at memory clinics with noticeable cognitive decline, substantial neuronal loss has already
occurred, and any effective treatment would have needed to begin years earlier (Livingston et al., 2024; Franc
et al., 2025). Al-based neuroimaging enables the detection of subtle, early structural changes that human
radiologists often miss, thereby creating opportunities for preventive intervention (Liu et al., 2022).

Liu et al. (2022) developed a three-dimensional deep learning model trained on brain MRI data to
differentiate early Alzheimer's disease from mild cognitive impairment and normal aging. When evaluated on
an independent dataset from a separate institution, which is essential for assessing real-world generalizability,
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the model achieved accuracy comparable to expert clinician review. Importantly, the model identified
structural changes in the hippocampus, entorhinal cortex, and medial temporal lobe, regions where Alzheimer's
pathology typically begins (Liu et al., 2022; Veneziani et al., 2024). These findings indicate that the model
detected relevant pathological patterns rather than random features.

Building on these findings, more recent work has further improved accuracy by using hybrid
architectures that combine different neural network types, each capturing a distinct aspect of imaging data. For
example, a hybrid model reported by Mmadumbu et al. (2025) that combined recurrent and convolutional
networks on the NACC dataset achieved near-perfect classification accuracy under controlled conditions.
However, this figure demands interpretive caution: benchmark accuracy in research settings routinely
overstates real-world clinical performance, because research datasets are more homogeneous, scans are
acquired under controlled protocols, and the boundary between normal aging, mild cognitive impairment, and
early Alzheimer's disease is far less sharp in clinical practice (Franc et al., 2025; Veneziani et al., 2024).

A systematic review and meta-analysis conducted by the Aging JMIR group (2024) included 24 studies
published between 2010 and 2024 and demonstrated that machine learning classifiers consistently outperform
traditional diagnostic methods when provided with high-quality imaging data. Additionally, a separate
systematic review by Veneziani et al. (2024), which analyzed 37 papers on artificial intelligence in
neuropsychological assessment, found that Al can both accelerate the diagnostic process and predict which
individuals with mild cognitive impairment are likely to progress to dementia. This capability may enable
clinicians to focus intensive monitoring and support on those at the highest risk.

3.1.2. Linking the Gap Between Laboratory Research and Clinical Application

Despite promising results, a translational gap persists between Al's research abilities and its clinical use.
Three practical obstacles determine whether clinicians can reliably use these tools.

The first obstacle is demographic representation. Most models use datasets like ADNI or OASIS, which
include mostly white, highly educated, English-speaking participants from North American centers. These
models may be less accurate with patients from other racial, ethnic, or educational groups (Hinton et al., 2024;
Scerri et al., 2025). Studies show Black and Hispanic older adults have higher dementia rates than white adults,
largely due to cardiovascular and social and economic factors (Mayeda et al., 2016; Arenson et al., 2024). If
Al tools are less accurate for these populations, existing gaps in diagnosis could grow.

The second obstacle is explainability. When a machine learning model flags an MRI as early Alzheimer's,
clinicians need to know the reasoning. This includes the flagged areas, the model's confidence, and its common
errors. Without this, clinical oversight is impossible, and patients cannot be adequately counseled (Franc et al.,
2025). Most top-performing deep neural networks give results without clear explanations.

The third obstacle is workflow integration. Even highly accurate diagnostic Al systems are only
effective if they can be embedded within existing clinical systems, connected to imaging infrastructure, and
positioned to support rather than replace clinical consultations. The literature predominantly describes models
developed in isolation from actual clinical processes, often without input from neurologists, radiologists, or
geriatricians who would ultimately use them (Franc et al., 2025; Veneziani et al., 2024). This challenge extends
beyond technical limitations and shows a fundamental failure to design these systems in genuine collaboration
with clinical communities.

3.2. Social Robots in Dementia Care

3.2.1. PARO: Definition and Significance in Dementia Care

PARO is a soft, fur-covered robotic baby harp seal. It was developed by Japan's National Institute of
Advanced Industrial Science and Technology. The device responds to touch, voice, light, and posture through
movements and sounds that mimic a living animal and adjusts to individual users' preferences over time. The
United States Food and Drug Administration (FDA) cleared PARO as a biofeedback device in 2009. Recent
meta-analyses show that PARO has been evaluated in clinical trials. These trials involved more than one
thousand participants across several countries (Koh et al., 2023; Yu et al., 2022).

The relevance of a robotic seal in dementia care is rooted in the challenges presented by behavioral and
psychological symptoms of dementia (BPSD). These symptoms include agitation, aggression, depression,
anxiety, and wandering. Up to 90% of individuals with dementia will experience BPSD during the disease.
These symptoms are the main contributors to caregiver burnout and premature institutionalization (Cerejeira
et al., 2012; Feast et al., 2025). There is a paramount need for safe and effective non-pharmacological
management strategies. Antipsychotic medications, commonly prescribed for agitation, are associated with
increased risks of stroke, heart failure, pneumonia, acute kidney injury, and excess mortality. These risks have
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led to regulatory warnings in several countries (Maust et al., 2023; Tampi et al., 2016). Although non-
pharmacological interventions such as structured activities, music therapy, and person-centered care can be
effective, their implementation often requires trained staff and consistent delivery. Many care settings are
unable to provide this level of support (Cerejeira et al., 2012).

3.2.2. Summary of Clinical Trial Outcomes

The most comprehensive meta-analysis of PARO in dementia care, conducted by Koh et al. (2023),
synthesized data from 12 clinical trials involving 1,461 participants. Key findings showed that participants in
PARO groups used significantly less psychotropic medication than controls, a reduction with direct patient
safety implications due to the documented harms of these drugs (Maust et al., 2023). PARO groups also
exhibited reductions in agitation, depression, and anxiety, while effects on sleep duration were minimal.
Furthermore, narrative summaries across included trials reported reduced apathy and increased social
engagement with staff and other residents.

An earlier meta-analysis by Pu et al. (2019) examined seven randomized controlled trials (RCTs) of pet-
type robot companions and found consistent reductions in agitation levels with low variation across studies,
signifying robust results. The analysis also identified associations between session length, weekly contact time,
and depression outcomes, suggesting that dosing considerations similar to those in pharmacotherapy or
structured exercise should be applied to robotic interventions (Pu et al., 2019). Brief or infrequent sessions
provided minimal benefit, whereas more sustained contact was necessary to achieve clinical effects.

A recent well-designed randomized controlled trial by Chen et al. (2024) investigated group-based
PARO sessions in participants with mild dementia from day care centers. The trial assessed both physiological
indicators of autonomic stress and psychological outcomes, including depression, loneliness, and overall
psychological well-being. Participants in the PARO groups demonstrated improvements across all measures
compared to controls, with effects maintained at the one-month follow-up. This finding is significant because
most previous trials measured outcomes only immediately after the intervention, leaving the durability of
effects unaddressed (Chen et al., 2024; Fan et al., 2025).

The most comprehensive recent review, conducted by Fan et al. (2025), analyzed 14 randomized
controlled trials of intelligent robot interventions in dementia, comparing pet robots such as PARO with
humanoid robots such as NAO. Both types demonstrated benefits for neuropsychiatric symptoms, though
heterogeneity across individual symptom measures was observed. The review identified the quality of
implementation, including consistency, emotional responsiveness, and integration with trained staff, as an
important moderator of effectiveness (Fan et al., 2025). Robots that are not actively integrated into structured
care programs do not provide the same benefits as those skillfully deployed.

3.2.3. A Critical Perspective on Current Evidence

While the data have generated considerable enthusiasm, a significant finding warrants caution. The
systematic review and meta-analysis by Yu et al. (2022), applied more stringent methodological criteria than
most prior reviews. By limiting the pooled analysis to randomized controlled trial data and excluding
uncontrolled before-and-after studies, which are more prone to bias, the authors did not find statistically
reliable effects of PARO on any individual outcome, including agitation, depression, anxiety, cognition, or
quality of life (Yu et al., 2022).

This finding does not indicate that PARO is ineffective; rather, it highlights that, although promising,
the current evidence base is insufficient to support definitive clinical recommendations. Most published trials
have been small, short-term, used heterogeneous outcome measures, and lacked effective blinding of
participants or caregivers to treatment assignment. These limitations are present across meta-analyses (Yu et
al., 2022; Fan et al., 2025). Clinically, PARO consistently elicits positive emotional responses in individuals
with dementia, reduces psychotropic medication use in certain care settings, and is considered both acceptable
and safe. However, determining whether these effects justify standard-of-care clinical recommendations will
require larger, longer, and better-controlled trials than those conducted to date (Fan et al., 2025).

In practice, many clinicians and care homes are proceeding with implementation based on the available
evidence and the absence of documented harm. This approach is defensible given the severity of the challenges
PARO seeks to address and the unfavorable risk-benefit profile of the medications it may replace (Maust et
al., 2023; Koh et al., 2023).
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3.3. Monitoring Technologies: Benefits and Limitations

Continuous monitoring through smart home sensors, wearable devices, and GPS trackers is a key
artificial intelligence application in dementia care, directly addressing the clinical challenge of maintaining
safety while supporting independence for individuals with dementia living at home. Individuals with dementia
are at increased risk of falls, wandering, medication errors, and domestic accidents. These risks are the leading
factors prompting families to seek residential care placement and are a primary source of caregiver anxiety
(Nandi et al., 2022; Dada et al., 2022).

Evidence from reviews highlights both benefits and limitations of monitoring technologies in dementia
care. A review by Schneider et al. (2024), evaluated the impact of digital assistive technologies on the quality
of life of individuals with dementia across 30 studies. Safety monitoring technologies, including fall detectors,
door sensors, GPS tracking, and bed-exit alarms, were shown to reduce safety-related incidents and caregiver
anxiety (Schneider et al., 2024). However, the direct effects on the subjective quality of life of individuals with
dementia were less consistently positive. Most studies have focused on behavioral competence rather than the
lived experience of the monitored individual, a significant gap given that the primary justification for these
technologies is the well-being of the person with dementia.

The acceptability of monitoring technologies is a central factor influencing their success in dementia
care. A systematic review by Dada et al. (2022) specifically examined the acceptability of monitoring
technologies and found that wearable sensors were consistently the least accepted category. Participants
described these devices as cumbersome, uncomfortable, and incompatible with their self-image. Bed sensors
were reported to disrupt sleep. These findings possess direct clinical implications: a monitoring system that an
individual with dementia removes, hides, or resists will not effectively prevent falls or detect wandering (Dada
et al., 2022; Schneider et al., 2024). Acceptability is therefore a critical factor that determines whether the
technology is functional in practice.

The effects of monitoring technologies often benefit family caregivers most directly by easing their
burden. Multiple studies document that caregivers who know a monitoring system is in place sleep better,
worry less, and report lower levels of psychological distress, effects with downstream consequences for care
quality (Schneider et al., 2024; Loveys et al., 2022). A caregiver who is less exhausted and anxious is more
patient, more attentive, and better able to notice meaningful changes in the person they care for. In this sense,
monitoring can benefit people with dementia indirectly, through the relational channel of family caregiving.

3.4. Ethical Aspects in AI-Assisted Dementia Care

Research on Al in dementia care shows both great potential and notable methodological issues. Ethics
literature shows persistent and urgent tensions that remain unresolved. Unique ethical challenges emerge from
the progressive nature of dementia. The disease weakens cognitive capacities essential to ethical and legal
protections. These include the ability to comprehend information, evaluate alternatives, express preferences,
and give or withhold consent. As dementia advances, individuals become more dependent on others. Family,
clinicians, institutions, and Al systems must often make decisions for them (Poth et al., 2023; K&hler et al.,
2024). The way this association is managed will determine whether Al improves or lessens the quality of life.

3.4.1. Consent in Contexts of Variable Decision-Making Capacity

Informed consent is the ethical and legal foundation of medical care. It requires individuals to understand
the proposed intervention, appreciate its relevance, evaluate options, and communicate a decision. Dementia
gradually and heterogeneously impairs these abilities. Complete loss typically occurs only in advanced stages
(Poth et al., 2023). In clinical settings, management of consent capacity in dementia is often inadequate. Poth
et al. (2023) found that clinicians often assume a categorical lack of decision-making capacity after diagnosis.
They continue without individualized assessment. These practices violate statutory standards in most
jurisdictions. They also disregard clinical evidence showing that beneficial interventions can improve consent
capacity in many who might otherwise be excluded (Poth et al., 2023; K&hler et al., 2024).

Within the context of Al technologies, consent must be addressed at multiple, overlapping levels.
Individuals are required to understand what data the monitoring system collects, whether their movements are
tracked by GPS, that the robot seal is not a living being, and that an Al system generates the risk score
referenced by clinicians. Each of these items may require a distinct capacity assessment, further complicated
by the well-documented phenomenon of variable capacity in dementia. This phenomenon entails considerable
fluctuations in decision-making ability across the day, with effects of fatigue and emotional state (Poth et al.,
2023). A qualitative study by Kohler et al. (2024) demonstrated that people with dementia, caregivers,
clinicians, and technology developers consistently described consent as an ongoing process of verification
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rather than a single event. This perspective is fundamentally at odds with the prevailing consumer technology
model, which typically secures agreement once and then operates without further engagement.

In practice, care settings that implement Al tools require protocols for continuous reassessment. These
protocols should include structured conversations at regular intervals to determine whether the person with
dementia remains comfortable with the technology, what they currently understand about its function, and how
their preferences may have changed as the disease progresses. This approach is not simply bureaucratic
formality; rather, it operationalizes the principle of treating people with dementia as persons rather than as
objects of care (Kdhler et al., 2024; Pageau et al., 2024).

3.4.2. Lifelike Robots: Dignity and Ethical Aspects of Therapeutic Deception

PARO is intentionally designed to appear lifelike, with movements, sounds, and responses that stimulate
emotional engagement and provide therapeutic benefits. Research indicates that many individuals with
moderate-to-severe dementia perceive PARO as a living being. These individuals frequently name the robot,
converse with it, convey concern for its well-being, and display grief when sessions conclude. This
phenomenon raises a central ethical question in dementia care technology: is it ethically permissible to allow
or encourage a false belief if it results in genuine therapeutic benefit (Ruiz-Fernandez et al., 2024)?

The primary argument against therapeutic deception focuses on the preservation of dignity. Dementia
leads to the loss of memory, recognition, language, and independence. Employing technology to create
additional false impressions in cognitively vulnerable individuals, without their knowledge or consent, risks
objectifying them rather than treating them as individuals deserving respect (Pageau et al., 2024). A systematic
review by Ruiz-Fernandez et al. (2024) emphasized human dignity and identified informed consent regarding
the robot's non-living nature as an important unresolved ethical issue. The concern is not that PARO causes
harm, as evidence indicates it does not (Koh et al., 2023), but that employing deception as therapy may
establish a problematic precedent for valuing the perspectives of individuals with cognitive impairment.

The justification for therapeutic deception is grounded in clinical pragmatism. For individuals with
moderate-to-severe Alzheimer's disease who experience significant agitation and distress, the distinction
between a living being and a simulation may become inconsequential. The primary consideration is whether
the interaction promotes calm rather than distress, participation rather than isolation, and comfort rather than
suffering (Ruiz-Fernandez et al., 2024). The 2025 Frontiers in Digital Health analysis of artificial intelligence
in older adult care supports this viewpoint. Given that the alternative frequently involves psychotropic
medication, which carries documented risks of stroke and increased mortality (Maust et al., 2023), a robot that
provides authentic comfort should be regarded as a therapeutic intervention operating through affective
mechanisms, rather than as morally culpable deception.

A slightly more subtle solution, supported by several qualitative studies, claims that the ethical
significance depends on whether PARO use was discussed in advance. It is important to explore care options
while individuals retain the ability to express their preferences for future care. Advance care planning that
explicitly addresses robotic companions by asking individuals, while they have full decision-making capacity,
whether they wish to use such tools as their disease progresses, alters the ethical context. This approach
reframes the situation from potential deception to the honoring of personal preference (Kohler et al., 2024;
Pageau et al., 2024). Consequently, dementia care practices should initiate these conversations early, document
outcomes in accessible formats, and establish procedures to uphold individual preferences as capacity changes.

3.4.3. Monitoring, Safety, and the Risk of Turning Care into Control

Smart home monitoring, GPS tracking, and wearable biosensors provide families and clinicians with
considerable benefits: early detection of adverse events, real-time assurance during stable periods, and the
potential to prolong the time individuals with dementia can safely remain at home (Schneider et al., 2024).
These benefits are meaningful. In contrast, alternatives such as continuous supervision or early residential
placement impose considerable costs on independence, financial resources, and quality of life (Nandi et al.,
2022).

However, observation technologies introduce a form of surveillance that presents ethical issues often
overlooked in clinical discussions. A 2025 analysis in Frontiers in Digital Health identified a specific risk:
when artificial intelligence tools override human decision-making or fail to consider user comfort and consent,
they may transform care into control. The analysis detailed a scenario in which an emotion-recognition system
in a care facility led staff to progressively rely on system outputs rather than direct interaction with residents,
thereby undermining the relational, person-centered care fundamental to individuals with cognitive decline
(Frontiers Digital Health, 2025). Technologies should support, not replace, human contact.
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An ethnographic study by van den Berg et al. investigated how individuals with dementia in residential
care settings experienced surveillance technology. The findings demonstrated a fundamental ambivalence: the
same GPS tracker that enabled a resident to move freely within care home grounds, allowing staff to locate
them if necessary, also resulted in continuous recording and monitoring of every movement (van den Berg et
al., 2014). The experiences of freedom and surveillance were, paradoxically, inseparable. Whether monitoring
technology improves or undermines autonomy depends not on the technology itself, but on the relational
context in which it is implemented, specifically whether data is used to inform care decisions or to justify
behavioral restrictions.

A comprehensive review by Chahine et al. (2025) of ethical dilemmas in dementia care across high-
income and low-income countries identified a pronounced Global North-South divide. In high-income
countries, formal legal frameworks such as advance directives, substituted decision-making legislation, and
institutional ethics oversight provide structured mechanisms for monitoring technology oversight. In contrast,
in low-income countries, care for individuals with dementia is usually managed by family networks with
minimal institutional support. Decisions regarding monitoring are made informally, often without legal
safeguards, and artificial intelligence tools marketed globally but governed by high-income country standards
are introduced into distinct ethical contexts (Chahine et al., 2025). This asymmetry has received insufficient
attention in both technology development and ethics literature.

3.4.4. Algorithmic Bias: Assessing the Beneficiaries of AI Technology

A comprehensive discussion of Al in dementia care must address equity, given its critical clinical and
ethical consequences. Most published Al diagnostic models rely on datasets such as ADNI and OASIS, which
are made up mainly of white, highly educated, English-speaking participants from specialist academic centers.
This reflects enduring patterns of participation in clinical research, specialist service access, and research
funding allocation (Hinton et al., 2024; Scerri et al., 2025).

The clinical consequences of these disparities are considerable. Dementia disproportionately influences
Black and Hispanic older adults in the United States, with Black adults experiencing approximately twice the
incidence of dementia compared to white adults. This difference is driven by differential exposure to
cardiovascular risk factors, structural socioeconomic disadvantage, and unequal access to cognitively
protective elements such as education and healthcare (Mayeda et al., 2016; Arenson et al., 2024). Racial and
ethnic disparities in dementia prevalence persist even after adjusting for known risk factors, pointing to the
cumulative impact of structural inequity (Mayeda et al., 2016; Churchill et al., 2024). When Al diagnostic
models are trained on datasets limited to white, highly educated participants, these tools may not perform as
well for Black patients due to relevant differences, possibly worsening current disparities.

Scerri et al. (2025), in a synthesis of multiple systematic reviews on ethical issues in Al dementia care,
identified a lack of diversity in training data as a major gap. The design phases of these tools regularly lack
representation from varied populations, and cultural retesting prior to international deployment is rarely
conducted. This issue goes beyond race and ethnicity to include language, as most Al dementia care tools are
designed for and validated in English, embedding assumptions about communication styles and help-seeking
behaviors that may not be applicable across various languages and cultures (Scerri et al., 2025; Chahine et al.,
2025).

A scoping review by Hinton et al. (2024), which examined healthcare inequalities among individuals
living with dementia across a decade of PubMed-indexed literature, documented persistent inequities in access
to specialist diagnosis, participation in clinical trials, and the quality of dementia care across racial and ethnic
groups. If Al diagnostic instruments are deployed without equity auditing, they risk not only failing to remedy
these gaps but possibly widening them, as such tools may perform best for populations with the greatest, and
worst for those with the most limited, access to care (Hinton et al., 2024; Scerri et al., 2025).

Ruiz-Fernandez et al. (2024) identified an additional equity concern: Al dementia care tools are
disproportionately available to individuals with higher financial resources. For example, PARO costs several
thousand dollars per unit, and commercial smart home monitoring systems require ongoing subscription fees.
The assumption that these tools will extend care to underserved populations is contradicted by cost frameworks
that restrict access to the most affluent families (Ruiz-Fernandez et al., 2024). Achieving equity in Al dementia
care requires both technically inclusive design and economically accessible deployment.
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3.5. The Role of the Caregiver

A continuing gap in both the effectiveness and ethics literature is the tendency to treat caregivers as
secondary beneficiaries, rather than as individuals whose needs and experiences are independently significant
and who are ethical stakeholders in decisions regarding technology use. Dementia care is fundamentally dyadic;
the person with dementia and their caregiver exist in a system of mutual dependency, and technologies that
affect one will inevitably impact the other (Loveys et al., 2022).

Loveys et al. (2022) examined Al tools in long-term care with respect to both acceptability and
effectiveness. A consistent finding was that caregiver attitudes toward Al tools strongly influenced care
recipient acceptance. For example, when the individual introducing PARO was enthusiastic and warm, the
person with dementia was more likely to respond positively. Conversely, if the caregiver was skeptical or
dismissive, the person with dementia frequently mirrored that attitude (Loveys et al., 2022). The human
relationship remained the primary channel through which technological intervention was experienced.

These data have important practical implications. Al tools in dementia care should not be regarded as
stand-alone interventions. Their effectiveness depends on the active involvement of caregivers, both family
and professional, to function as intended (Loveys et al., 2022; Fan et al., 2025). This necessitates training,
effective communication, and recognizing caregivers as co-implementers rather than bystanders. Furthermore,
benefits experienced by caregivers, such as reduced anxiety, improved sleep, and greater confidence, should
be considered legitimate clinical outcomes rather than peripheral effects, as caregiver well-being directly
influences the quality of care received by individuals with dementia (Schneider et al., 2024; Loveys et al.,
2022).

4. Discussion

4.1. What Clinicians Should Take Away

The reviewed literature supports multiple practical conclusions for clinicians in dementia care. Although
the evidence is complex, these conclusions are actionable.

Regarding diagnosis, Al-assisted neuroimaging analysis is nearing clinical relevance for early
identification of Alzheimer's disease, particularly in specialist settings with access to high-quality MRI (Liu et
al., 2022; Veneziani et al., 2024). Clinicians in these environments should anticipate increased integration of
Al-created risk scores into clinical software in the coming years. Evaluation of these tools should consider not
only the claimed accuracy but also the population in which it was demonstrated, the presence of external
validation, and the availability of explanations for the tool's reasoning. Tools that do not provide explanations
for high-risk classifications lack the transparency required for responsible clinical decision-making (Franc et
al., 2025).

Regarding behavioral symptoms, PARO and similar companion robots currently represent the most
well-supported non-pharmacological interventions for agitation and depression in moderate-to-severe
dementia, as indicated by meta-analytic data, although the evidence is not yet definitive (Koh et al., 2023; Fan
et al., 2025). For patients receiving antipsychotic medication for agitation, or for families considering this
option, a well-implemented robot companion program constitutes a meaningful alternative, especially in light
of the documented risks associated with antipsychotic use in this population, such as increased rates of stroke,
pneumonia, and mortality (Maust et al., 2023; Tampi et al., 2016). Practical considerations include ensuring
adequate contact time, employing trained staff who recognize the robot's relational context, and engaging in
earlier discussions with patients about their values and preferences for this type of intervention.

Regarding monitoring, smart home and wearable technologies should be presented to patients and
families as options for extending safe independence at home. These discussions should explicitly address what
is monitored, who has access to the data, and how the information will be used (Schneider et al., 2024; Dada
et al., 2022). The manner in which monitoring is framed is significant: presenting it as a means to extend
independence (for example, stating that it enables longer residence at home) differs from framing it as risk
management (for example, emphasizing immediate awareness in the event of an incident). Both perspectives
are valid and warrant transparent discussion during clinical consultations.
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4.2. The Dignity-First Framework in Practice

The dignity-first framework for Al in dementia care consists of design and implementation principles,
not prohibitive restrictions. These principles aim to increase the likelihood that Al tools achieve their intended
clinical objectives. Four key principles consistently emerge from the literature reviewed.

Person-centered co-design entails involving individuals with dementia, particularly those in the early
stages who retain decision-making capacity, in the design and evaluation of Al tools before deployment
(Kohler et al., 2024). This approach is substantive rather than merely symbolic. Qualitative studies demonstrate
that technologies developed without meaningful input from people with dementia often fail to reflect the lived
experience of the condition, reducing both acceptability and effectiveness (Kohler et al., 2024; Loveys et al.,
2022). Ethnographic and qualitative research included in this review identifies needs and concerns that would
not have emerged through laboratory-based design processes.

Graduated consent refers to treating the introduction of an Al tool as the start of an ongoing consent
process rather than its conclusion (Poth et al., 2023; Kohler et al., 2024). At each stage of the disease, it is
necessary to actively assess whether the technology remains consistent with the individual's preferences, rather
than relying solely on earlier decisions. This approach requires documentation systems that preserve evolving
preferences as capacity changes, and staff who recognize that behavioral responses to robots or monitoring
devices constitute meaningful communication that warrants attention and respect.

Transparency in clinical use requires clinicians to avoid relying on Al outputs as opaque inputs to
clinical decisions (Franc et al., 2025). Any Al-generated risk score, diagnostic classification, or behavioral
alert should be accompanied by sufficient information to enable critical evaluation, including the underlying
data, the model's known limitations, and its specific implications for the patient. This standard obligates
vendors to provide this information and clinicians to require it as a prerequisite for implementation.

Equity auditing prior to deployment requires determining whether an Al dementia care tool has been
validated in populations comparable to those who will use it (Scerri et al., 2025; Hinton et al., 2024). If the
evidence base is limited to white, English-speaking populations, clinicians should explicitly communicate this
limitation to patients from other backgrounds and advocate for research investments to address these gaps.

4.3. Advanced Dementia: Addressing the Most Challenging Cases

Most studies focus on mild-to-moderate dementia. But the toughest ethical issues are in severe dementia,
where research is limited, and the impact is great. In advanced dementia, people often cannot talk, know their
caregivers, or understand what is around them. Usual care methods, like talking and explaining, no longer
work. Body language, including facial expressions, sounds, posture, and movement, becomes the main way to
understand how someone feels. Al systems that can pick up on these signals might greatly improve care at this
stage, especially for finding pain and making people more comfortable. These people are often left untreated
because they cannot speak for themselves.

Building on challenges in advanced dementia, recent research by Kisvetrova et al. (2024) examining
personal dignity in early-stage dementia found that recognized threats to dignity remained relatively mild and
stable over one year, and were more strongly influenced by the social and relational environment than by
disease severity. This evidence indicates that preserving dignity in dementia, including in its most severe stages,
depends primarily on the quality of surrounding human relationships rather than the sophistication of
technological interventions (Kisvetrova et al., 2024; Pageau et al., 2024). While well-designed Al tools may
support this relational foundation, they cannot replace it.

5. Future Research Priorities

The reviewed evidence identifies five specific priorities. First, there is an urgent need for larger and
longer clinical trials of PARO and other companion robots. These trials should include follow-up periods of at
least six months, standardized outcome measures, and participant samples representative of populations with
the highest dementia burden, such as Black, Hispanic, Indigenous, and low-income communities (Fan et al.,
2025; Yu et al., 2022).

Second, external validation of AI diagnostic models in diverse populations is essential prior to
responsible clinical adoption (Hinton et al., 2024; Franc et al., 2025). While validation in ADNI or OASIS is
necessary, it is not sufficient. The field requires validation in community settings, among non-English-
speaking populations, and within health systems that utilize different imaging protocols and demographic
profiles from those in which the models were originally developed.
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Third, implementation science research is critically needed - examining how Al tools are actually used,
by whom, with what oversight, and with what unintended consequences in real care settings over extended
periods (Loveys et al., 2022; Schneider et al., 2024). What happens to PARO when the research team leaves
and the care home staff are responsible for incorporating it into daily routines without additional support?
These questions have no answers in the current literature.

Fourth, ethics research should transition from normative analysis to empirical investigation (Scerri et
al., 2025). While the current literature effectively identifies ethical challenges and proposes guiding principles,
it lacks evidence of their practical implementation. Prospective studies that examine consent practices, dignity
preservation, and equity outcomes in care settings utilizing Al tools would provide the necessary evidence
base to evaluate ethical performance in real-world contexts.

Fifth, economic analyses of Al dementia care tools are largely absent from the current literature. Tools
that reduce medication use, prevent falls, and decrease caregiver burnout may yield substantial health system
savings (Nandi et al., 2022). Understanding these economic impacts is essential for informed health system
decision-making and for addressing equity concerns. If the costs of these tools are borne by individuals rather
than health systems, they will remain inaccessible to the populations most in need (Ruiz-Fernandez et al.,
2024).

6. Conclusion

Dementia represents a major healthcare challenge of the twenty-first century. It affects tens of millions
of individuals, impairs fundamental cognitive capacities, imposes significant demands on families and health
systems, and provides clinicians with only limited pharmacological interventions (Livingston et al., 2024;
Nandi et al., 2022). The requirement for effective, accessible, and humane care solutions is urgent.

This review identifies three substantive clinical contributions of artificial intelligence to dementia care.
Al-based analysis of brain MRI can detect early Alzheimer's disease with accuracy comparable to that of
specialist clinicians in regulated environments, potentially enabling intervention years before symptom onset
(Liu et al., 2022; Veneziani et al., 2024). Companion robots, particularly PARO, have been shown to reduce
agitation, depression, and psychotropic medication use in individuals with moderate-to-severe dementia,
addressing burdensome behavioral symptoms without the documented harms associated with antipsychotic
therapy (Koh et al., 2023; Maust et al., 2023). Monitoring devices support safe independence at home and
reduce caregiver anxiety, therefore indirectly improving care quality for individuals with dementia (Schneider
et al., 2024; Loveys et al., 2022).

Although these contributions, major challenges remain. The diagnostic Al evidence base relies on
datasets that do not adequately represent populations with the highest dementia burden (Hinton et al., 2024;
Mayeda et al., 2016). Trials of companion robots are limited by small sample sizes and short durations. The
most rigorous meta-analysis reports no statistically reliable effects in randomized controlled trial-only analyses
(Yu et al., 2022). The literature on monitoring technologies demonstrates safety benefits. However, it largely
neglects the surveillance aspect and its consequences for dignity and autonomy (Chahine et al., 2025; van den
Berg et al., 2014). Ethical problems continue. These include unresolved questions regarding meaningful
consent from individuals with diminished capacity (Poth et al., 2023), the defensibility of therapeutic deception
by robots (Ruiz-Fernandez et al., 2024), and the risk that Al surveillance may replace the human relationships
that are fundamental to quality dementia care (Kohler et al., 2024).

Progress in this field requires simultaneous progress in both evidence generation and ethical structures.
Larger, more diverse, and better-controlled trials are necessary to establish the evidence base required for
clinical use. A dignity-first framework is also essential. This ought to prioritize ongoing consent, explainability,
equity auditing, and human relational presence. These measures guarantee that these tools serve individuals
living with dementia, rather than merely supporting institutional management.

Individuals with dementia represent some of the most vulnerable members of any health system. They
possess histories, preferences, relationships, and inner lives. These are altered by disease but not erased. Al
tools introduced into their care should merit the trust that such vulnerability necessitates.
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