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1. Introduction

According to the World Health Organization (WHO), 
57 million people were living with dementia globally 
in 2021, with approximately 10 million new cases 
occurring each year (1). As the number of people living 
with dementia continues to increase, dementia care 
increasingly requires attention to psychosocial needs that 
extend beyond cognition, diagnosis, and pharmacological 
symptom management. Loneliness and social isolation 
are particularly relevant because they are associated 
with depressive symptoms, reduced participation, poorer 
mental and physical health, and cognitive decline (2-
5). Loneliness refers to the subjective gap between 
desired and actual relationships, whereas social isolation 
refers to limited social contact, social participation, 
interaction, or networks (3,6). For people with dementia 

or mild cognitive impairment, these experiences may be 
intensified by memory loss, difficulty communicating, 
reduced confidence, stigma, loss of one's previous role, 
and dependence on family members or professional 
caregivers.
	 Although loneliness is subjective, it is not merely 
an individual emotional state. It is also shaped by 
relational and environmental conditions. A person with 
dementia may feel lonely despite living with others 
if communication is difficult or interactions become 
task-focused. Conversely, supportive engagement 
may be possible even in institutional or home-based 
settings when care routines, family involvement, and 
activity opportunities facilitate connection. This means 
that loneliness-related support is a practical issue for 
dementia care systems to address: it requires sustained 
recognition of changing emotional responses and not 
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merely the provision of occasional social contact.
	 Companion technologies have attracted attention as 
possible non-pharmacological approaches to address 
that issue. These include animal-like socially assistive 
robots, humanoid robots, conversational robots, artificial 
intelligence (AI)-enabled avatars, virtual agents, and other 
digital companions designed to stimulate interaction, 
provide comfort, or encourage participation in activities 
(7,8). Japan provides an important context for examining 
companion technologies in dementia care. In 2023, 
among the 19 OECD countries with available comparable 
data, Japan had the highest estimated prevalence of 
dementia among people age 65 years and over at 122 
cases per 1,000 population, which is equivalent to 
approximately 12.2% of this age group (9). Japan has 
also developed dementia policy initiatives and has a long 
history of care-robot development, including PARO, 
an animal-like socially assistive robot (10,11). These 
conditions make Japan a relevant setting for considering 
how companion technologies can be integrated into 
dementia care systems. And yet the central question is 
not whether a device can alleviate loneliness by itself. A 
more relevant question is how such technologies can be 
embedded within human relationships and care systems 
to address loneliness-related needs safely, ethically, and 
sustainably.
	 This perspective therefore builds on existing 
discussions of assistive technologies, social care, and 
relationship-centered dementia care by considering 
companion technologies not only as devices or 
interventions but also as potential components of social 
care infrastructure. To elucidate this perspective, we 
propose the multi-level care with social technologies 
(MCST) model. The model clarifies how companion 
technologies may contribute to individual engagement, 
relational interaction, and care ecosystem governance, 
while informing research design, institutional decision-
making, and care policy without overstating current 
evidence.

2. Current evidence and its limits in dementia care

When adopting the aforementioned perspective, we 
use a pragmatic functional classification informed 
by existing reviews of socially assistive robots and 
their applications in dementia care (7,8,12). We group 
companion technologies into four broad categories: 
animal-like socially assistive robots, humanoid robots, 
conversational robots, and AI-enabled or large language 
model (LLM)-based companion technologies. These 
categories are not mutually exclusive, as some devices 
combine embodiment, programmed dialogue, and AI-
enabled interaction depending on their functions and 
implementation contexts. Their potential roles, risks, and 
implementation requirements across the three layers of 
the MCST model are summarized in Table 1.
	 Existing evidence suggests that companion 

technologies may help to achieve loneliness-related 
psychosocial outcomes, but it does not indicate that 
they are direct solutions for loneliness in dementia care 
(8,12-14). Among the technologies considered here, 
animal-like socially assistive robots, and PARO in 
particular, currently have the strongest evidence base 
(11-14). Their key mechanism is tactile and non-verbal 
emotional engagement through holding, stroking, sound, 
and responsive behavior (11). Studies and reviews 
have reported possible benefits in terms of anxiety, 
agitation, depressive symptoms, sleep, sociability, and 
the caregiver burden (11-14). However, findings on 
behavioral and psychological symptoms of dementia, 
cognition, quality of life, and loneliness itself remain 
inconsistent. Differences in intervention duration, human 
facilitation, frequency of use, dementia severity, and care 
setting limit generalizability and prevent the reaching of 
definite conclusions about a direct reduction in loneliness 
(12-14).
	 Humanoid robots and communication robots, such 
as Pepper and RoBoHoN, may encourage participation 
in activities, engagement in rehabilitation, conversation, 
and interaction with caregivers or other residents (15-
17). Their value often lies in embodied social cues, 
predictable routines, and the ability to become a 
shared focus of attention (18). Conversational robots 
may also provide games, programmed dialogue, or 
simple cognitive and behavioral stimulation (19,20). 
Nevertheless, these technologies are highly dependent 
on usability, speech recognition, staff support, cost, 
maintenance, and inclusion in daily workflows (17,21). 
If these conditions are not met, the technology may 
be underused or may add a burden rather than provide 
support.
	 AI-enabled companions, including conversational 
agents, avatars, android robotic media, and potential large-
language-model-based systems, create new possibilities 
for more personalized and continuous engagement. They 
could adapt the content of a conversation to the user's life 
history, preferences, emotional state, and response patterns. 
Early exploratory studies suggest possible effects on 
loneliness-related distress, anxiety, depressive symptoms, 
or communication, but the evidence remains preliminary 
and heterogeneous (20,22). Importantly, current dementia-
specific evidence for generative AI and large language 
models is still insufficient. Their potential should therefore 
be presented as a future direction requiring validation, not 
as established effectiveness.
	 Across technology types, the consistent lesson is that 
benefits are unlikely to emerge from the device alone. 
Companion technologies may provide opportunities 
for engagement, but the meaning and safety of that 
engagement depend on human interpretation, facilitation, 
and supervision. They should therefore be evaluated 
beyond device-level outcomes, including their effects 
on relationships, care routines, staff workload, family 
involvement, and long-term sustainability. This supports 
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a shift from a device-centered view to an infrastructure-
centered view.

3. Companion technologies as potential social care 
infrastructure

The concept of social care infrastructure emphasizes 
that companion technologies become meaningful when 
embedded in care relationships and organizational 
routines, where they aid with human care rather 
than replacing it. In dementia care, this may include 
prompts for conversation, opportunities for shared 
activities, comfort during periods of isolation, support 
for reminiscence, or signals that help caregivers notice 
changes in mood, responsiveness, or participation 
(11,19,20,22).
	 This way of viewing companion technologies is useful 
because loneliness-related needs are multidimensional 
(2,3,23-25). On the individual level, a person may need 
emotional reassurance, sensory comfort, or stimulation. 
On the relational level, the person may need mediated 
opportunities to interact with family, staff, or other users. 
On the ecosystem level, the care setting needs workflows, 
supervision, training, and governance to ensure that 
technologies are used appropriately. A companion robot or 
AI avatar cannot deal with these levels automatically. Its 
value depends on whether it is integrated into a broader 
care process.
	 Viewing companion technologies as social care 
infrastructure also prevents overly broad claims. A 
positive short-term response to a robot does not prove 
that loneliness has been reduced. Similarly, increased 
interaction during a session does not necessarily mean 
sustained social connection has taken place. The more 
appropriate claim is that these technologies may create 
entry points for engagement and relationship-building, 
which may in turn contribute to alleviating loneliness-
related psychological distress in some users when 
supported by a responsive care environment.
	 This infrastructure perspective also distinguishes 
expectations among stakeholders: family members may 
seek reassurance, care staff may expect support for 
group activities or management of agitation, and facility 
managers may focus on workload, maintenance, and risk 
management. These expectations correspond to different 
layers of care. If the layer is not made explicit, a correct 
evaluation may be hampered: a technology may be 
judged ineffective because it does not reduce loneliness 
scores even though it improves participation, or it may 
be judged successful because users enjoy it briefly even 
though it is not sustainable in daily care.

4. The MCST model

The MCST model organizes companion technologies 
into three interconnected layers: individual engagement, 
relational interaction, and the care ecosystem (Figure 

1). It draws on social frailty, relationship-centered care, 
and social ecological approaches (23-25) but focuses 
specifically on the role of companion technologies in 
loneliness-related support in dementia care. The model is 
intended to clarify how technology-related benefits may 
arise, where risks occur, and what should be evaluated 
before and during implementation.
	 Layer 1, individual engagement, refers to the direct 
responses of the person with dementia. Companion 
technologies may provide tactile, visual, auditory, or 
conversational stimuli that provide comfort or emotional 
reassurance or encourage participation in activities, 
curiosity, reminiscence, or a sense of security (11-
14,19,20,22). Relevant evaluation domains include 
distress, anxiety, agitation, engagement, acceptance, 
confusion, discomfort, and adverse emotional reactions, 
rather than loneliness scores alone. The central question 
in this layer is whether the technology provides a 
safe and meaningful entry point for engagement for a 
particular person.
	 Layer 2, relational interaction, refers to the way 
technology mediates relationships with caregivers, 
family members, staff, and other users (18,24). A robot, 
avatar, or conversational agent may become a shared 
object of attention, a prompt for reminiscence, a bridge 
for communication, or an activity involving more than 
one person (15-20). In this layer, the technology is 
not a substitute for human contact. Its intended role is 
to make human interaction easier to initiate, sustain, 
or personalize. Evaluation should therefore include 
caregiver-user interaction, family participation, group 
activities, frequency of communication, the caregiver 
burden, staff perceptions, and whether the use of the 
technology enhances or unintentionally reduces human 
contact.
	 Layer 3, the care ecosystem, refers to the operational 
and ethical conditions that make Layers 1 and 2 safe 
and sustainable. These include staff training, workflow 
integration, maintenance, cost, documentation, data 
management, privacy safeguards, consent procedures, 
human supervision, escalation rules, and accountability 
(21). Without this layer, positive responses in Layer 
1 or interactional benefits in Layer 2 may remain 
temporary, fragmented, or dependent on individual staff 
enthusiasm. For AI-enabled technologies, Layer 3 is 
especially important because inaccurate, inconsistent, 
or emotionally inappropriate responses may confuse or 
distress users whose memory, judgment, or ability to 
verify information is impaired (26-29).
	 The MCST model is dynamic rather than static. 
User responses in Layer 1 should be interpreted through 
relational interactions in Layer 2 and then translated into 
operational decisions in Layer 3. Caregivers may adjust 
the frequency, timing, type of activity, conversation 
content, supervision, or discontinuation criteria according 
to observed benefits and risks; Figure 1 represents this 
feedback loop. In this sense, the model shifts the question 
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from 'Does the device reduce loneliness?' to 'How can 
technology, relationships, and care systems work together 
to address loneliness-related needs?'
	 The model also helps identify levels of failure: poor 
personalization in Layer 1, engagement that remains 
disconnected from human contact in Layer 2, or 
unsustainable, unsafe, or burdensome implementation in 
Layer 3. This identification can inform research design, 
implementation planning, and institutional evaluation.
	 The same logic can guide outcome selection. Outcome 
selection should align with each layer: emotional 
response, distress, engagement, and adverse reactions 
for Layer 1, interaction patterns, caregiver involvement, 
shared activities, and human contact for Layer 2, and 
training, workflow, privacy, cost, maintenance, safety 
incidents, and accountability for Layer 3. By aligning 
outcomes with layers, the MCST model can make future 
studies more interpretable and reduce the risk of drawing 
broad conclusions from narrow indicators.

5. Future agenda for AI-enabled companion 
technologies in dementia care

Future research should clarify for whom, when, and for 
what purpose companion technologies are appropriate, 

recognizing differences in the stage of disease, 
communication ability, sensory function, personal 
history, the living environment, and preferences. They 
should also distinguish loneliness, social isolation, 
loneliness-related distress, depression, anxiety, behavioral 
and psychological symptoms, participation in activities, 
quality of life, caregiver burden, staff workload, and 
workflow impact. Longitudinal and real-world designs 
are needed to separate novel effects from sustained 
benefits and to examine discontinuation, maintenance, 
cost, and acceptability.
	 Second, AI-enabled companions require explicit 
human oversight. Personalization may improve 
engagement, but it also increases risks related to privacy, 
consent, emotional dependence, reduced human contact, 
and inappropriate reliance on machine-generated 
responses (26,27). Large language models can generate 
hallucinations or inconsistent statements, which may be 
particularly harmful to people with dementia (28,29). 
Practical safeguards should include audit logs, procedures 
for reviewing conversations, criteria for temporary 
suspension of use, escalation pathways when confusion 
or anxiety occurs, and clear designation of responsibility 
among developers, care facilities, clinicians, caregivers, 
and family members.

www.globalhealthmedicine.com

Figure 1. Concept diagram of the MCST model. Safe and sustainable engagement and interaction in Layers 1 and 2 are supported 
by the stability of Layer 3. The outer circular arrows indicate a feedback loop through which user responses and usage data are 
reviewed by care providers and used to adjust the level of engagement, supervision, and implementation.
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	 Third, implementation and regulatory evaluation 
should be linked to intended use and claimed outcomes. 
Technologies used only for daily engagement may be 
managed as assistive or care technologies. If, however, 
they are marketed, reimbursed, or implemented with 
claims of alleviating loneliness, depressive symptoms, 
or behavioral symptoms, encouraging participation in 
activities, alleviating the caregiver burden, or achieving 
other clinical and psychosocial outcomes, stronger 
evidence may be required under digital health, care-
technology, or software-as-a-medical-device frameworks 
(30,31). The MCST model can help institutions specify 
what should be evaluated at the individual, relational, 
and ecosystem levels before broad implementation.
	 Finally, policy and practice should avoid a false 
choice between technology and human care. The key 
implementation question is not whether AI companions 
can replace caregivers but whether they can support 
caregivers, families, and care teams in recognizing and 
responding to psychosocial needs that are otherwise 
missed. This requires not only technical innovation, but 
also staff education, ethical governance, reimbursement 
discussion, and institutional accountability.
	 For this reason, implementation studies should 
report not only positive user responses but also non-
use, withdrawal, technical failures, staff burden, and 
unintended consequences. Acceptability may vary by 
context, such as mealtimes, nighttime anxiety, or family 
visits; real-world evidence should therefore indicate 
the timing, facilitation, and adaptation of use. Such 
information would help the field move beyond general 
claims that companion technologies are beneficial toward 
a clearer understanding of how, for whom, and under 
what conditions they may help to provide loneliness-
related support.

6. Conclusion

Companion technologies do not cure dementia, replace 
human relationships, or independently resolve loneliness. 
Their potential value lies in encouraging emotional 
engagement, mediating interaction, and improving the 
operational conditions of dementia care. The MCST 
model offers a conceptual framework for considering 
these technologies as potential components of social 
care infrastructure at the individual, relational, and 
ecosystem levels. Empirical validation of the MCST 
model in diverse care contexts and dementia stages, 
with transparent reporting of implementation conditions, 
needs to be done to keep claims in line with evidence. 
Future work should determine whether companion 
technologies, including AI-enabled systems, can address 
loneliness-related needs safely, ethically, and sustainably 
when embedded within human relationships and care 
systems.
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