
1. Current assessment and treatment of sleep and circadian disturbances in dementia are limited by subjective caregiver-reported measures and reliance on medications with 
potential safety concerns, highlighting the need for objective monitoring and non-pharmacological interventions.
2. This project evaluates the feasibility of actigraphy application in Taiwanese patients with Alzheimer's disease (AD) and conduct a double-blind randomised trial to 
determine if wearable transcranial photobiomodulation (tPBM) can improve sleep, circadian rhythms, and other behavioural and psychological symptoms of dementia (BPSD).
3. By integrating wearable-device data, clinical assessments, and blood-based AD biomarkers, the study aims to develop a comprehensive, three-dimensional dementia care 
model and identify digital phenotypes linked to disease progression and circadian dysfunction.
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Taiwan became a super-aged society in 
2025, with more than 20% of its population 
aged over 65 years, leading to a growing 
prevalence of dementia and increasing 
caregiving demands. Behavioural and 
psychological symptoms of dementia 
(BPSD), particularly sleep disturbances 
and circadian rhythm disruption, are major 
contributors to caregiver burden and 
healthcare utilisation. 

Current assessment relies on caregiver-
reported questionnaires, which are 
subjective and often cross-sectional. 
Treatments are also limited, often relying 
on sedative-hypnotics or antipsychotics 
that carry significant safety risks. Wearable 
technologies offer a promising alternative 
by enabling objective, continuous 
monitoring of sleep, activity, and 
environmental factors, while generating 
novel digital phenotypes. Emerging non-
pharmacological interventions, such as 
wearable transcranial photobiomodulation 
(tPBM), may improve circadian regulation 
and sleep. By integrating wearable-device 
data, blood-based Alzheimer’s disease (AD) 
biomarkers, and clinical assessments, this 
study aims to develop more precise, 
personalised, and safer approaches to 
dementia care.

This four-year project investigates the 
feasibility, effectiveness, and clinical utility 
of wearable technologies for assessing 
and managing sleep and circadian rhythm 
disturbances in AD (Figure 1). 

Figure 1. Study objectives by project year.

In Year 1 (feasibility phase), 30 
community-dwelling AD patients in rural 
Taiwan will be recruited and monitored 
using research-grade actigraphy (Figure 2)
over four weeks to assess sleep, activity, 
circadian rhythms, and light exposure. 
Wearable data will be compared with 
questionnaires and biomarkers. Interviews 
will assess usability, with annual follow-
ups and future integration of tPBM 
intervention and digital phenotyping.

In Year 2-3 (RCT phase), this study
employs a double-blind randomised 
controlled trial to evaluate the efficacy and 
feasibility of a home-based wearable near-
infrared transcranial photobiomodulation 
(tPBM, Figure 2) for improving sleep and 
other BPSD in patients with dementia. A 
total of 132 participants will be recruited
and randomly assigned (1:1) to active or 
sham groups. Continuous actigraphy will 
be used over 12 weeks to objectively 
assess sleep, activity, and light exposure.

The intervention consists of daily tPBM 
use (30–90 minutes) over 8 weeks. 
Outcomes include questionnaire-based 
measures (PSQI, NPI) and actigraphy-
derived metrics. Cognitive tests and blood 
biomarkers will be collected. Quantitative 
analyses involve mixed-model ANOVA and 
correlation methods, while qualitative 
interviews explore user experiences. 
Safety monitoring and longitudinal follow-
up are included to assess feasibility, 
acceptability, and long-term effects.

Year 4 examines tPBM effects across 
dementia subgroups using wearable-
derived digital phenotypes and biomarkers, 
extends collaboration with the RADAR-AD 
consortium, integrates ongitudinal data. 

This project is expected to have impact at 
three key levels. First, it addresses a major 
gap in Asia by establishing a research 
platform for dementia using research-grade 
wearable devices. This platform will expand 
both in sample size and longitudinal depth, 
and through collaboration with UK and 
European cohorts, enable cross-cultural 
comparisons of digital phenotypes between 
Asian and Western populations.

Second, the project aims to develop safe, 
home-based, non-pharmacological 
intervention models. By incorporating 
lifestyle and environmental factors such as 
circadian rhythms and light exposure, these 
approaches seek to improve sleep 
disturbances and other BPSD while 
reducing caregiver burden, particularly in 
underserved ageing communities.

Finally, integrating wearable data, clinical 
assessments, and blood-based biomarkers 
will enhance understanding of interactions 
among circadian disruption, cognitive 
decline, and AD pathology, supporting 
personalised therapeutic strategies.
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Figure 2. The study devices. 
Left: Wearable tPBM headband. 
Right: Research-grade actigraphy. 


