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Abstract 
The impacts of lighting conditions on human circadian rhythms, sleep quality, and cognitive performance have been extensively 
investigated in the past two decades; however, these studies have yielded inconclusive and variable outcomes. For older adults who are 
at a higher risk of developing serious physiological and mental illnesses, such as Alzheimer’s or dementia, light therapy has emerged as 
a low-risk intervention to improve sleep quality and cognitive function. Nevertheless, the optimal methodology for evaluating the 
efficacy of light therapy in older adults remains unclear. This review has been conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and critically analyzes methodologies in previous studies on lighting's 
impact on sleep and cognitive performance in healthy older adults, focusing on how these approaches affect the findings. The review is 
structured into six domains: study setting and type, participant characteristics, lighting conditions, study design, sleep quality evaluation 
methods, and cognitive performance evaluation methods. Diverse study designs, methods, and population characteristics have influenced 
the outcomes. Bright light, applied from early morning to early evening, has been shown to enhance sleep and cognitive functions, 
notably working memory and concentration. It also benefits from dawn simulation throughout the day, which regulates circadian 
rhythms and improves sleep quality, although the ideal timing is yet to be determined. Intense short-wavelength lights and strong placebo 
conditions can counteract these positive effects, and using bright light in the evening may impair sleep and indirectly worsen cognitive 
performance in older adults. Further real-world experimental studies on this demographic, meticulous study designs, a combination of 
objective and subjective evaluation methods, and comprehensive reporting of lighting interventions are crucial for identifying the 
optimal lighting design approach for this population. 

© 2024 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
As individuals age, attaining quality sleep and maintaining an 
appropriate level of cognitive stimulation becomes increasingly 
crucial to enhancing overall health and well-being. Cognitive 
performance, which encompasses an individual’s capacity to 
interact with (process, retain, and recall) information, make 
decisions, and perform tasks [1,2], is influenced by several factors. 
Notably, emerging research highlights the significant role of sleep 
quality and human circadian rhythm as vital biological 
determinants impacting cognitive performance, memory, and 
processing speed [3–5]. Previous studies have reported reduced 
sleep quality, inefficient cognitive performance, and circadian 
rhythm disruption in the aging population [6–9]. These age-related 

issues increase the risk of serious neurodegenerative diseases, 
such as Alzheimer’s Disease (AD) and Alzheimer’s Disease 
Related Dementia (ADRD) [10], which are growing concerns 
among the older adults. Maintaining a healthy lifestyle, including 
proper sleep hygiene, and circadian lighting, is essential in seeking 
preventive solutions for AD, and ADRD. 

It is important to note that the relationship between sleep and 
cognitive performance is complex and multifactorial. While 
disturbed sleep can have negative impacts on cognitive functions 
and accelerate cognitive declines in older adults, the reverse is also 
true, as cognitive decline can contribute to poor sleep quality. 
Research shows that individuals experiencing cognitive decline 
may have difficulties with memory, attention, and executive 
functions, which can disrupt their ability to initiate and maintain 
sleep [11,12]. Moreover, behavioral and psychological changes 
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associated with cognitive decline, such as anxiety, depression, and 
agitation, can also contribute to sleep disturbances [4,13,14]. 

Given the rapidly growing aging populations in most countries, 
the world population is becoming proportionally older [15]. This 
ongoing demographic shift in developed countries like the United 
States is increasingly challenging their health infrastructures and 
highlights the urgent need to adapt and ensure supportive living 
environments for the growing older adult population [16]. The 
World Health Organization (WHO) estimates that the number of 
older adults diagnosed with dementia will triple from around 55 
million worldwide in 2023 to 160 million by 2050 [17,18]. This 
surge in dementia and Alzheimer’s disease rates highlights the 
need for further research and exploration, emphasizing the 
importance of preventative and effective solutions.  

Recent research indicates that well-designed lighting can 
significantly influence sleep and cognitive performance in healthy 
older adults, potentially reducing the risk of age-related illnesses, 
including Alzheimer’s and dementia [18–20]. Appropriate 

lighting plays an essential role in the health and well-being of 
individuals [21–24] by regulating bodily functions and the 
secretions of hormones, such as melatonin [25,26]. Melatonin 
hormone is released in a 24-hour cycle depending on the amount 
of light received by the human eye [27–30]. In regular sleep-wake 
cycles, the melatonin hormone level is at its highest during 
darkness in order to promote healthy sleep and is at its lowest level 
during daylight in order to increase alertness [28]. Disruptions of 
these rhythms, caused by aberrant light exposure that doesn’t 
follow the natural light/ dark cycle, affects human sleep, cognition, 
and alertness [21,27,31]. 

Recent research indicates that well-designed lighting can 
significantly influence sleep and cognitive performance in healthy 
older adults, potentially reducing the risk of age-related illnesses, 
including Alzheimer’s and dementia [18–20]. Appropriate 
lighting plays an essential role in the health and well-being of 
individuals [21–24] by regulating bodily functions and the 
secretions of hormones, such as melatonin [25,26]. Melatonin 
hormone is released in a 24-hour cycle depending on the amount 
of light received by the human eye [27–30]. In regular sleep-wake 
cycles, the melatonin hormone level is at its highest during 
darkness in order to promote healthy sleep and is at its lowest level 
during daylight in order to increase alertness [28]. Disruptions of 
these rhythms, caused by aberrant light exposure that doesn’t 
follow the natural light/ dark cycle, affects human sleep, cognition, 
and alertness [21,27,31]. 

Recent scientific discoveries have identified intrinsically 
photosensitive retinal ganglion cells (ipRGCs) as a novel 
photoreceptor that plays a critical role in regulating blood 
circulation, sleep quality, alertness, and circadian rhythms, which, 
in turn, affects various cognitive processes, such as memory and 
attention [6,32,33]. Aging is associated with physiological and 
psychological changes that disrupt the body’s response to light 
cues, making it more difficult for older adults to maintain a healthy 
circadian rhythm [34]. These age-related changes can negatively 
affect visual functions and the optical system, bringing about 
yellowing lenses’ pigmentation, reducing pupil diameter and 
night-dark cycle adaptation, and damaging contrast sensitivity 
[35,36]. The negative implications of this reduced ability for older 
adults to absorb light is compounded by the fact that the amount 
of light a 20-year-old individual receives is three times higher than 
a 60-year-old individual [37]. This reduced sensitivity to light cues 
makes older adults more vulnerable to the effects of lighting on 
their cognitive performance and sleep quality.  

Different characteristics of light, including intensity, spectrum 
(often indicated as Correlated Color Temperature [CCT]), and 
duration and timing of exposure, cause significant influences on 
human sleep, and cognitive performance [33,38–42]. The ipRGCs 
are more sensitive to the blue part of the light spectrum, which is 
in short wavelengths. The highest sensitivity has been reported for 
470-480 nm wavelength [43,44]. Light exposure, particularly in 
the blue spectrum, can suppress the production of the hormone 
melatonin, potentially disturbing sleep initiation and quality, 
which in turn may impair cognitive functions such as attention, 
memory, and executive abilities [45]. 

Previous studies demonstrated the therapeutic benefits of 
lighting in improving the psychophysiological health and 
regulating the rhythmicity of older adults, who are among the 
vulnerable population [45–49]. Promising evidence suggests that 
lighting interventions can delay or prevent the onset of dementia 

Nomenclature 
AD Alzheimer’s Disease 
ADRD Alzheimer’s Disease Related Dementia 
WHO World Health Organization 
ipRGCs Intrinsically photosensitive retinal 

ganglion cells 
CCT Correlated Color Temperature 
PRISMA Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses 
EXP Experimental Study 
OBS Observational Study 
COR Correlational Study 
RCT Randomized controlled trial 
EEG Electroencephalogram 
ECG Electrocardiogram 
PGS Polysomnography 
KSS Karolinska Sleepiness Scale 
KDT Karolinska Drowsiness Tests 
SSS Stanford Sleepiness Scale 
KLT-R Konzentrations-Leistungs -Test 
PVT Psychomotor Vigilance Task 
KSSCLE Karolinska Sleepiness Scale, Core Level 

Effort 
MMSE Mini mental state exam 
PSQI Pittsburgh sleep quality index 
MEQ Morningness- Eveningness questionnaire 
SAQ Sleep Assessment Questionnaire 
ESS Epworth Sleepiness Scale 
VAS Visual Analogue Scale 
NPCRA Non-parametric circadian rhythm 
OSQ  Oviedo Sleep Questionnaire 
PROMIS_SD PROMIS Sleep Disturbance 
PROMIS_SR PROMIS Sleep- Related Impairments 
DSST  Digit Symbol Substitution Test 
TMT-A, TMT-B Trail-Making Tests 
EML Equivalent Melanopic Lux 
MEDI Minimum Melanopic EDI 
CS Circadian Stimulus 
SPD Spectral Power Distribution 
SWA, SWS Slow wave activity/ sleep 
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and Alzheimer’s disease and promote healthy aging [48,50,51]. 
However, further research is required to identify the optimal 
lighting interventions for improving sleep and cognitive 
performance in older adults. 

Previous reviews explored the effects of light interventions on 
sleep, circadian rhythms, behavioral and psychological issues in 
older adults’ populations, revealing inconsistencies in study 
outcomes. However, most of these reviews are focused on older 
adults with dementia or Alzheimer [18,52–54].  This gap in 
research is critical for developing preventive strategies aimed at 
preserving cognitive health in the aging population, thereby 
delaying or preventing the onset of Mild Cognitive Impairment 
(MCI), Alzheimer or dementia. Such measures are essential for 
promoting healthy aging and reducing the societal burden 
associated with these conditions. This review aims to provide a 
comprehensive understanding of the role of lighting in healthy 
aging. It will specifically assess how various studies have 
administered lighting exposure, including aspects such as timing, 
duration, correlated color temperature (CCT), and intensity. 
Additionally, it will examine study designs, participant 
characteristics, and methods of sleep and cognition evaluation, 
focusing on how these methodological aspects influence the 
outcomes of the studies (Fig. 1). The ultimate goal is to build a 
comprehensive foundation for future lighting research that 
contributes to the promotion of healthy aging strategies. 
 
2. Methods 
This review has been conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [55], which includes recent advancements 
in methodologies for identifying, selecting, evaluating, and 
synthesizing studies.  

Multiple databases were comprehensively searched for relevant 
topics on the research area. Four main databases—including 
Science direct, PubMed, and Scopus were searched for published 
papers after 2010 to ensure that the selected research encompasses 
the latest technological advancements and developments in the 
field, providing a comprehensive and up-to-date understanding of 
the topic. Additionally, Google Scholar was specifically queried 
for the first 100 results to ensure comprehensive coverage of all 
pertinent literature. An advanced search was employed within 
these databases using the keyword reported in Table 1. Only 
papers written in English were considered. The keywords have 
been categorized in four-word groups: study population, lighting 

condition, target variables, and target population health and well-
being condition. The studies had to investigate the influence of 
either daylight or artificial light on healthy older adults’ sleep, and 
cognitive performances, or a combination of these parameters. The 
searching and screening strategies were divided into four parts: 
identification, screening, eligibility, and inclusion. The following 
information was extracted from the reviewed papers: number and 
characteristics of participants and the considered 
inclusion/exclusion criteria, study design, different types of 
lighting condition, including intervention and control condition, 
study setting, measurement methods, and reported study findings. 

A detailed overview of the screening process and the number of 
initial hits and identified papers from each database is reported in 
the PRISMA Flow diagram in Fig. 2. At the first stage, the 
keywords were connected to each other using the Boolean 
operators “AND” and “OR” to search each database and find the 
most relevant targeted papers for review. A total of 1,495 papers 
were reached during the initial search according to the keywords 
and the removal of duplicate studies; then, the number of papers 
was reduced to 148 papers after the title and keyword screening 
step. As the focus of this literature review is on the effectiveness 
of lighting conditions in preventing serious health issues from 
developing in healthy older adults, studies that included 
participants with Alzheimer’s, dementia, MCI, or any mental or 
physiological health issues, such as visual impairment (cataract) 
have been excluded. Our search strategy was specifically designed 
to focus on studies involving older adults. We included papers that 
explicitly mentioned older adults in their research scope. If studies 
included both adults and older adults, we only considered and 
reported the findings related to the older adult population.  

 In the next step, abstracts of the selected papers were screened. 
Studies not including lighting aspects and only covering aging, 
sleep, cognition, and circadian rhythms of older adults were 
excluded. Observational and interventional studies were included 
while review studies were excluded. Studies not conducting data 
collection, either through field measurement or from a lab 
experiment, and only covering the theoretical aspects of lighting 
and daylighting and its influence on older adults sleep quality and 
cognitive performance were excluded. A list of references of the 
included studies that were conducted after 2010 was also screened 
and resulted in 7 additional studies being added to the literature 
review. Finally, after the full process of screening, 33 papers were 
selected and reported in the current literature review. 

 
Fig. 1. Study aims and procedure. 
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3. Results 
This review critically assesses the existing scientific literature on 
how different lighting conditions affect the sleep patterns and 
cognitive abilities of healthy older adults. It includes an extensive 
range of studies, covering both experimental interventions in 
lighting and observational studies that examine baseline lighting 
conditions without any modifications. The studies included in this 

review are divided into two primary categories: those conducted 
in controlled laboratory settings and those carried out in real-world, 
field-based environments. For a detailed analysis, participant 
demographics, study designs, specific lighting conditions, and 
evaluation methods are summarized in Tables 2 and 3. This 
classification forms the initial approach to the methods utilized in 
the studies. 

Table 1. Searched keywords and associated groups. 
People/ Population Lighting Condition Target Variables Health 

condition 
Older adults/ Older Daylight, Light, Lighting Sleep, Insomnia  

 
Healthy Aging Brightness Circadian Rhythm 

Elderly Illuminance Cognitive Performance, Cognitive, Cognition, Memory 

Senior Circadian Lighting, Artificial lighting, human-centric lighting 

 

 
Fig. 2. PRISMA Flow diagram, Summary of advanced search in different databases. 
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Table 2. Reviewed lab-based studies. 

Ref Year Number of 
participants 
(female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study design Light 
condition 

Sleep/  
alertness 
(objective) 
assessments 

Sleep/ 
alertness 
 
(subjective) 
assessments 

Cognition  
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on 
sleep 
patterns 

Impacts on 
alertness 
and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

[56] 2011 10 (6) 63.3 13 days EXP Within-
subject 
Balanced 
crossover 

Evening 
exposure: 
2 different 
light sources: 
polychromati
c blue-
enriched 
white light or 
standard 
white 
fluorescent 
light 

Wake EEG 
recording 

Karolinska 
Sleepiness 
Scale (KSS) 
 
Karolinska 
Drowsiness 
Tests (KDT) 

N/A Blood 
sampling 

Evening light 
exposures can 
benefit older 
adults with early 
evening 
sleepiness 
without 
negatively 
impacting the 
subsequent sleep 
episode 

Evening 
light 
exposures 
can acutely 
increase 
subjective 
and 
objective 
alertness 

N/A 

[57] 2011 32 (16) 48-64 3 days in 
winter 

EXP Randomized 
controlled 
trial 
(RCT) 

Four hours 
light exposure 
(10 pm to 2 
am) 
 
BL (Bright 
light): 
3000 lux  
RL (Room 
light): 300 lux  

N/A N/A Selective and 
Divided 
attention 
tests 
Attention test 
battery 
(Go/ No-Go 
test) 
 
Cognitive 
performance 
tests 

N/A N/A N/A  
Exposure to 
bright light at 
night reduced 
error rates for a 
divided 
attention task 
but 
performance on 
a selective 
attention task 
was unaffected 

[58] 2013 32 (16) 58.5 3 nights EXP Between-
subjects 
design 
(RCT) 

Night shift 
 (10 pm- 6 
am) 
 
Bright light 
 (3000 LUX) 
 
 room light  
(300 lux) 

N/A Stanford 
Sleepiness 
Scale 
 (SSS) 

Concentratio
n: 
Konzentratio
ns-Leistungs 
-Test (KLT-
R) 
 
Working 
memory: 
(level 3) of 
the test 
battery for 
attentional 
performance 
 
Divided 
attention: 
a subtest of 
the Attention 
Test Battery 

N/A Not a significant 
impact 

Not a 
significant 
impact 

Bright light has 
a strong direct 
and 
independent 
effect on 
cognitive 
performance, 
particularly on 
working 
memory and 
concentration 
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Ref Year Number of 
participants 
(female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study design Light 
condition 

Sleep/  
alertness 
(objective) 
assessments 

Sleep/ 
alertness 
 
(subjective) 
assessments 

Cognition  
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on 
sleep 
patterns 

Impacts on 
alertness 
and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

[59] 2014 29 Young 
adult 
16 Older 
adult 

66.5 4 nights 
& 3 days 
separated 
by 3 
weeks 

EXP (RCT)  (2 hours light 
exposure at 
night) 
 
Lower 
intensity 
(2000 lux) 
 Higher 
intensity 
(8000 lux) 

Actigraphy N/A N/A Blood 
sampling 

Not a significant 
impact 

N/A N/A 

[60] 2015 24 Young 
adult 
24 Older 
adult 

30 yrs 
60 yrs 

6 weeks EXP Within 
subject  
Balanced 
Crossover  

Four lighting 
condition: 
 
300-2700 lux  

N/A (KSS) Cognitive 
performance: 
Test- battery: 
1- visual 
acuity test 
2- 
Psychomotor 
Vigilance 
Task (PVT) 
3- cognitive 
tasks: typing 
task/ 
executive 
function 
(GoNoGo, 
Stroop, 
typing) 
 

N/A N/A No 
convincing 
and 
statistically 
significant 
effects of 
light on 
subjective 
alertness 
(KSS) 

No convincing 
and statistically 
significant 
effects of light 
on reaction 
times of 
various 
cognitive tasks  

[61] 2017 26 Young 
adult 
12 Older 
adult 

25 yrs 
63.6 yrs 

3 
segments 
each 56 
hours 
(seperate
d by 3 
weeks) 

EXP Within-
subject 
Balanced 
cross over 
design 

Three light 
condition: 
dim light 
(DL) 
 8 Lux 
white light 
(WL) 
(250 lx, 2,800 
K) 
blue-enriched 
white light 
(BL) 
 (250 lx, 
9,000 K) 

Actigraphy  (KSS) N/A Salivary 
sample 

Evening rise in 
melatonin was 
attenuated under 
both WL and BL 
only in the 
young group 
 
Activity levels 
decreased in the 
older compared 
to the young 
only under BL 

WL and BL 
induced an 
alerting 
response  

N/A 
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Ref Year Number of 
participants 
(female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study design Light 
condition 

Sleep/  
alertness 
(objective) 
assessments 

Sleep/ 
alertness 
 
(subjective) 
assessments 

Cognition  
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on 
sleep 
patterns 

Impacts on 
alertness 
and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

[62] 2018 17 (12) 81.5 5 days EXP Randomized, 
placebo-
controlled, 
mixed- study 
design 
(Within+ 
between 
subject) 

Two hours 
morning light 
exposure  
(9 am to 11 
am)  
 
Lighting 
treatment: 
T: (3000-
5000lux) 
  
control 
condition:  
C: (500-
1000lux) 

Actigraphy N/A Cognitive 
performance: 
Digitized 
neuro 
psychologica
l test battery 

N/A Morning bright 
light exposure 
improved sleep 
initiation 

N/A Morning bright 
light exposure 
improved 
cognitive 
ability scores, 
and specifically 
improved 
memory 
capacity 

 
[7] 
 

2018 10 (6) 63.3 13 days EXP Between-
subjects 
design 
(RCT) 

Two hours 
evening light 
exposure: 
 
blue-enriched 
polychromati
c white (BEL) 
vs. 
polychromati
c white light 
(WL) 

Wake EEG 
recording 

N/A Wake EEG 
recording 
 
Work 
memory: 
90-s digit-
symbol 
substitution 
test (DSST) 

N/A  
 
No impact on 
sleep or 
circadian timing 

Higher 
alertness  
on 
objective 
wake EEG 

 
Exposure to 
BEL in the 
evening 
significantly 
improved 
DSST 
performance 
the following 
morning in 
comparison to 
WL 

 
 
[63] 

2019 12 (5) 58.3 8 days EXP Within-
subject 
Crossover 
study 

1 light 
condition 
6.5-h 
polychromati
c white light 
exposure with 
270 lux 

N/A N/A N/A Blood 
sampling 

Circadian system of healthy older adults is sensitive 
to the phase-delaying effects of a moderate intensity 
light stimulus 

 
 
[64] 

2019 26 Young 
adult 
12 (3) Older 
adult 

63.5 62 hours EXP Randomized, 
placebo-
controlled, 
mixed- study 
design  
(Within+ 
between 
subject) 

 
Dim light 
(DL) 
 (8 lux, 2800 
K)  
 
White light 
(WL)  
(250 lux, 
2800 K) 
 
 Blue-
enriched 
white light 
(BL) 
 (250 lux, 
9000 K)  

Slow wave 
activity  
(SWA, SWS) 
 
Polysomnogr
aphy (PGS) 
 
EEG 
recordings 

 
 Karolinska 
Sleepiness 
Scale, 
 Core Level 
Effort 
(KSSCLE) 

N/A N/A Higher 
homeostatic 
sleep response 
after WL and BL 
than after DL. 
However, 
No significant 
differences were 
observed 
between the WL 
and BL 
condition for 
SWS and SWA 
measure 

N/A N/A 
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Ref Year Number of 
participants 
(female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study design Light 
condition 

Sleep/  
alertness 
(objective) 
assessments 

Sleep/ 
alertness 
 
(subjective) 
assessments 

Cognition  
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on 
sleep 
patterns 

Impacts on 
alertness 
and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

 
 
[65] 

2020 16 (6) 76.1 N/ A EXP Within-subj  
crossover 
study 

20 minutes 
light exposure 
15 different 
lighting 
conditions:  
(300 lx, 500 
lx, 750 lx, 
1000 lx and 
1500 lx) and 
CCT (3000 
K, 5000 K 
and 6500 K) 

Electrocardio
gram (ECG) 
MP150, a 
physiological 
tester 

N/A Visual 
performance 
& subjective 
appraisals: 
Three visual 
tasks 
(Alphabet 
test, Arabic 
numerals test 
and landolt 
rings test) 

N/A The findings 
revealed that the 
ECG indicators 
of the elderly did 
not change 
significantly 
under most 
lighting 
conditions 

N/A An increase in 
CCT showed 
improvement 
on task 
performance, 
however, LUX 
level was 
insignificant 

[66] 2020 23 67.3 2 
overnight 
stay 

EXP Within 
subject  
Balanced 
Crossover  

30 minutes 
one -night 
exposure 
 
Dawn 
simulation 
ranging from  
0-250 lux 
(250 lux/150 
lux/ 
15> lux) 
 
Complete 
darkness 
(0.05> lux) 

Actigraphy 
 
 
PSG 

(SSS)  (PVT) 
Auditory 
version 

Blood 
sample + 
salivary 
sample 

Dawn simulation 
light exposure 
does not improve 
morning balance 
in older 
individuals but 
increases the 
likelihood of 
waking up at the 
end of the sleep 
episode an 
improve sleep 
quality 

There was 
also no 
significant 
impact of 
dawn 
simulation 
on 
subjective 
or objective 
alertness  

There was no 
significant 
impact of dawn 
simulation on 
cognitive 
performance 

 
 
[67] 

2021 31 (15) 
Young adult 
16 (8) Older 
adult 

55-80 yrs 6 weeks EXP  Within-
subject 
crossover 
design 
(Counter 
balanced 
controlled) 

Two hours 
evening light 
exposure: 
Blue-enriched 
polychromati
c light (6500 
K) 
Non-blue-
enriched light 
(3000 K- 
2500 K)  
at low levels 
(~ 40 lux, 
habitual in 
evening 
indoor 
settings) 

 (SWA) by 
EEG 

(KSS)  (SWA) by 
EEG 
 
Sustained 
attention: 
PVT 

Salivary 
sample 

Aging leads to decreased light sensitivity, which 
has implications for older people's sleep, cognition, 
and circadian health. 
 
 
Blue-enriched light significantly reduced the rise in 
melatonin levels, enhanced subjective sleepiness, 
and sustained attention performance, and reduced 
SWA at the beginning of sleep in young 
individuals. 
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Table 3. Reviewed field-based studies 
Ref Year Number of 

participant
s (female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study 
design 

Light condition Sleep/  
alertness 
(objective) 
assessments 

Sleep/ alertness 
 (subjective) 
assessments 

Cognition 
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on sleep 
patterns 

Impacts on 
alertness and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

[68] 2010 48 above 70 N/A OBS + 
COR 

OBS + 
COR 

Baseline 
daylight exposure 
observation 
 

Actigraphy N/A N/A N/A Not a significant 
impact 

N/A N/A 

[69] 2010 22 Young 
adult 
22 Older 
adult 

66.01 3 to 8 days EXP Between 
subject  
RCT 

Four different light 
levels (from very 
dim to very bright) 
100-1000 lux 

Actigraphy Sleep diary N/A N/A Older adults spend more time under bright light than young 
adults 

[70] 2012 15 Young 
adults 
13 older 
adults 

N/A 4 weeks EXP A double-
blind, 
placebo-
controlled 
trial 
(RCT) 

400 lux of blue 
light  
 
Placebo: 75 lux 

N/A N/A Micro Cog 
Assessment of 
Cognitive 
Functioning 

N/A N/A N/A Exposure to 
bright 
light during 
morning 
 significantly 
improves 
Cognitive 
Performance 

[71] 2012 192 69.9 Two 48 hours 
sessions 

OBS Cross- 
sectional 

Baseline Actigraphy N/A N/A Blood sample Daylight exposure 
improves sleep 
quality 

N/A N/A 

[72] 2012 9 above 50 7 nights OBS Cross- 
sectional 

90 minutes light 
exposure  
short-wavelength 
(blue) light  

Dimesimeter N/A Mini mental state 
exam (MMSE) 

saliva and 
blood 
samples 

Comfortable, precise, 
and effective doses of 
light can improve 
sleep 

Comfortable, 
precise, and 
effective doses of 
light can improve 
alertness 

Not a 
significant 
impact 
 

[73] 2014 857 72.2 4 days OBS Cross- 
sectional 

Evening light 
measurements in 
two 48-h sessions 

Actigraphy Pittsburgh sleep 
quality index 
(PSQI) 

N/A N/A Exposure to light in 
the evening 
prolongs subsequent 
sleep-onset latency  

N/A N/A 

[74] 2015 29 above 65 7 weeks EXP Randomize
d cross-
over design 

Blue-enriched (280 
lux)/ blue-
suppressed (240 
lux) 

Actigraphy  (PSQI) and 
Morningness- 
Eveningness 
questionnaire 
(MEQ) 

N/A Saliva 
samples 

Not a significant 
influence on sleep 
duration and sleep 
quality 

N/A N/A 

[75] 2015 8 64 5 consecutive 
days in 4 
seasons 

OBS Observatio
nal 
longitudina
l study 

Baseline 
daylight exposure 
observation 
 

Actigraphy Sleep diary, 
Sleep 
Assessment 
Questionnaire 
(SAQ), Epworth 
Sleepiness Scale 
(ESS) 

N/A N/A Increased lighting 
levels before sleep 
can delay the onset of 
sleep, increase wake 
time after sleep onset, 
and cause earlier 
wake-up times. 
 
Not a significant 
difference between 
seasons 

N/A N/A 

 
[76] 

2015 44 (36) 82.8 3 days in 
winter 

COR Cross- 
sectional 

Baseline 
daylight exposure 
observation 
 

N/A  (PSQI) N/A N/A Not a significant 
influence on sleep 

N/A N/A 

[77] 2016 19 (12) 80 6 weeks OBS Before- 
after 
clinical 
trial study  
(Not cross 
sectional) 

exposure to 
baseline daylight 
 (9-10 am/ 4-5 pm) 

N/A (KSS) Visual Analogue 
Scale (VAS) 

Blood sample Daylight exposure 
could delay sleep 
phase and correction 
of circadian rhythm 
in elderly 

N/A Positive 
correlation 
between 
daylight 
exposure and 
improvements 
in cognitive 
performance 
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Ref Year Number of 
participant
s (female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study 
design 

Light condition Sleep/  
alertness 
(objective) 
assessments 

Sleep/ alertness 
 (subjective) 
assessments 

Cognition 
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on sleep 
patterns 

Impacts on 
alertness and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

[78] 2017 16 (13) 72-99 4 days OBS Repeated 
measure 
design 
study 

Two season 
baseline light 
measurement 
(summer/ winter) 

Actigraphy  (PSQI)  
 
(MMSE) 

N/A Higher daytime 
activity levels and 
increase in sleep 
proficiency. 
 
No statistical 
difference among 
seasons 

N/A Positive 
correlation 
between 
daylight 
exposure and 
improvements 
in cognitive 
performance 

[79] 2017 37 78.5 2 weeks OBS Cross- 
sectional 

1000 lux daylight 
in the morning 
(60 minutes 
exposure) 

N/A N/A MMSE N/A N/A N/A Exposure to 
bright 
light during 
morning 
 significantly 
improves 
Cognitive 
Performance 

[80] 2017 80 (69) 80 8 weeks EXP Between 
subject  
(RCT) 

Four weeks: 
blue-enriched 
white lighting 
(17000 K ≅ 900 
lux) 
 
Four weeks: 
control white 
lighting 
 (4000 K ≅ 200 
lux) 

Actigraphy PSQI  PVT  
 
MMSE 

Non-
parametric 
circadian 
rhythm 
(NPCRA) 

Blue-enriched 
lighting increased 
night-time activity, 
reduced sleep 
efficiency and quality 

There was no 
difference between 
the two light 
conditions in 
daytime alertness  

Blue-enriched 
lighting reduced 
anxiety but 
didn’t affect 
cognitive 
performance 

[81] 2018 14 (9) 67  5 days winter 
And 5 days in 
summer 

OBS OBS + 
COR 

Daylight exposure 
observation 

Actigraphy  PSQI N/A N/A Sleep quality 
improved with 
increase in exposure 
to high illuminance 
daylight  

N/A N/A 

[82] 2020 37 (33) 79.9 3 weeks  
(5 days a 
week) 

EXP Quasi-
experiment
al  
design with 
pre-test 
and post-
test 
measures 

5 days (90 min) 
morning 
BLT (7000–10,000 
lux at eye level)  

Actigraphy Oviedo Sleep 
Questionnaire 
(OSQ) 

MMSE Spanish 
validation 

N/A 90 minutes of BLT 
for five consecutive 
days can significantly 
improve circadian 
and sleep-related 
functions 

N/A 90 minutes of 
BLT for five 
consecutive 
days can 
significantly 
improve in 
cognitive 
factors 

 
[83] 

2020 14 (12) 
Primarily 
Asian 

82.6 10 weeks (75 
days) 

EXP Within-
subject 
study, 
randomly 
assigned 

Conventional 
lighting, placebo: 
(control condition, 
~320 photopic lux 
and ~3500 K)/ 
circadian lighting: 
(experimental 
condition) 
80-100 lux 
2700 K-5000 K 

N/A PSQI Cognition batteries 
test: 
1. Pattern 
Comparison and 
Processing Speed 
Test 
2. Flanker 
Inhibitory Control 
3. Attention Test 
and Dimensional 
Change Card Sort 
Test 

N/A Not a significant 
impact on sleep 
latency, sleep 
efficiency, and 
stability (No 
difference between 
two light conditions) 

Not a significant 
impact on alertness 

Not a 
significant 
impact on older 
adults’ 
cognitive 
performance 
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Ref Year Number of 
participant
s (female) 

Participants 
 age range 

Study 
duration 

Study 
type 

Study 
design 

Light condition Sleep/  
alertness 
(objective) 
assessments 

Sleep/ alertness 
 (subjective) 
assessments 

Cognition 
assessments 

Circadian 
rhythm 
(melatonin 
levels) 

Impacts on sleep 
patterns 

Impacts on 
alertness and 
sleepiness 

Impacts on  
various 
domains of 
cognition 

 
 
[37] 
 
 

2021 21 (16) 78.8 41 days EXP Counterbal
anced 
crossover 
design 

High illumination 
in the morning 
Light intervention 
changing from: 
Lux: 500-100 
CCT: 2700- 6500 
 
L1: constant 
L2: gradually 
changing 

Actigraphy  (PSQI), 
PROMIS Sleep 
Disturbance 
(PROMIS_SD) 
PROMIS Sleep- 
Related 
Impairments 
(PROMIS_SR) 
(ESS) 

N/A N/A L2 intervention 
significantly 
improved sleep 
efficiency and sleep 
quality and decreased 
sleep disturbance, 
sleep-related 
impairment, and 
sleep onset latency 
compared to Baseline 
and L1 

Both interventions 
improve alertness 
in comparison to 
the baseline 
condition 

N/A 

 
[31] 
 

2022 21 (16) 76.81 20 days EXP Counter 
balanced 
crossover  

High illumination 
in the morning 
Light intervention 
changing from: 
Lux: 500-100 
CCT: 2700- 6500 
 
L1: constant 
L2: gradually 
changing 

N/A N/A Cognition: 
Trail-Making Tests 
(TMT-A and 
TMT-B) and Digit 
Symbol 
Substitution Test 
(DSST) 

N/A N/A N/A  High-intensity 
lighting during 
the daytime and 
dimmed 
lighting at 
night, enhances 
performance  

[84] 2022 3 N/A 12 months EXP single-arm 
open-label 
longitudina
l design  

Interventional: 
dynamic, 
automated tunable 
lighting fixtures 
following human 
circadian 
rhythm2200-6500k 

Actigraphy 
Emfit 
bedmats 

N/A N/A N/A This pilot study informs the implementation of future clinical 
intervention trials using new methods of light therapy as a 
promising method to improve sleep and cognition for older 
adults. 
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The structure of the results section is meticulously organized to 
facilitate a comprehensive review. It includes details on study 
settings, types, participant characteristics, study designs, and 
lighting conditions. Furthermore, the impact of these lighting 
conditions on sleep quality, including the sleep assessment 
methods used, is extensively reviewed. Additionally, the influence 
of lighting on cognitive performance is examined, with various 
tests employed to assess different cognitive domains. The findings 
are systematically reported under two subsections: lab-based 
studies and field-based studies. 
 
3.1. Setting and study type 
Studies are organized in two categories: lab-based and field-based. 
While lab-based studies provide a controlled environment with 
standardized conditions, they lack the ability to investigate the 
impact of lighting design in real-world settings. Experimental 
(EXP) studies manipulate independent variables to observe their 
effects on a dependent variable, while observational (OBS) and 
correlational (COR) studies measure variables without 
manipulating them to describe natural phenomena and examine 
relationships between variables. As reported in Tables 2 and 3, 
among the 33 studies reviewed, 13 were lab-based, 19 were field-
based, and 1 study was conducted in both settings. All of the lab-
based studies reviewed in this research paper were experimental. 
Among the 20 field studies, 11 of them were observational and 
correlational and nine of them were experimental and examined 
participants in their natural living environment. However, these 
studies were subject to limitations, such as the lack of control for 
variables (e.g., humidity, temperature, and interior design 
parameters affecting circadian lighting within the space). Field-
based experimental studies also mentioned limitations, such as 
small sample size [7,66,82,85], gender [75] , living status of the 
participants [31], and seasonal differences during the period of the 
data collection [31,81]. Some of the experimental field-based 
studies also acknowledged potential biases in their results due to 
older adult enthusiasm for the new lighting system in their living 
environment, their participation in scientific research, or 
compensation [31,37]. As the focus of this study is on healthy 
older adults, most of the field studies were conducted in residential 
spaces [74,81,86] or health care facilities [77,78]. 
 
3.2. Participants characteristics 
This section provided a review of the study participants’ 
characteristics and the inclusion/exclusion criteria being used in 
the literature. Taking all the reviewed studies into account, the 
participants average age was 69.9 years, with three studies not 
mentioning the mean age of the participants. Two of the studies 
did not mention the participants age and only mentioned the older 
adult population [70,84]. Three of the studies, although, did not 
mention the average age, they did mention that participants’ ages 
were above 50 [72], 65[74], and 70 [68] years old, respectively. 
Majority of the studies had 10 to 30 participants and there are a 
few studies that had a very short sample sizes of less than 10 
participants [72,75,84]. 

The inclusion and exclusion criteria for the study participants 
varied across different studies. However, many common themes 
can be identified. In general, the inclusion criteria across the 
studies involved assessing participant medical and psychological 
health, sleep quality, and cognitive performance. Most studies 

screened participants for medical, psychological, and 
ophthalmological disorders, using questionnaires, physical 
examinations, and structured interviews with health-care 
professionals (see Tables 2 and 3). In two studies an overnight 
polysomnography was performed to screen participants for sleep 
apnea and periodic limb movement disorder before the actual 
study started [7,67]. The participant sleep quality was evaluated 
using different questionnaires, such as the Epworth Sleepiness 
Scale (ESS), Morningness- Eveningness Questionnaire (MEQ), 
and the Pittsburgh Sleep Quality Index (PSQI) [61,64,66]. 
Participants were also required to maintain a regular sleep-wake 
schedule for a specified period before the study to ensure stable 
circadian entrainment. In some of the studies they were requested 
to abstain from excessive alcohol and caffeine consumption to 
maintain a regular sleep-wake cycle for at least one week before 
the study start time [62,74,77]. Compliance was monitored 
through self-reported sleep logs and wrist actigraphs. One study 
also conducted the Alcohol Use Disorders Identification Test 
(AUDIT) [66]. Additionally, some research studies required 
participants to be English-speaking older adults. Only one study 
had inclusion criteria of at least 12 years of education for 
participants [62]. The majority of the studies did not specify the 
participants' nationalities, leaving a gap in demographic 
information. 

The exclusion criteria for the studies were mainly aimed at 
controlling for variables that could impact sleep quality. For 
example, some studies excluded participants with sleep-related 
breathing disorders, restless leg syndrome, psychiatric illness, 
substance abuse, high BMI (body mass index > 25), color 
blindness, and ocular conditions that could interfere with bright 
light exposure [62,65]. Researchers also mentioned that 
participants with visual impairments had been excluded except for 
those with myopia or hyperopia [65], which could be corrected by 
wearing contact lenses. One study excluded participants who 
reported a history of head or eye injury [74]. Although most of the 
studies evaluated the sleep parameters to ensure the participant 
sleep quality met the requirements for eligibility, some did not 
have any inclusion/exclusion criteria based on sleep [37]. 
Moreover, two studies included only participants with a sleep 
complaint—meaning those waking up too early or having frequent 
nighttime awakenings [7]. 

A few studies mentioned the use of light therapy as exclusion 
criteria for selecting the target participants. These studies also 
mentioned the importance of not spending more than five hours of 
waking time per day outside the interior spaces for participants 
[31,37]. One study highlighted how it considered the records of 
evening light measurements in two 48-hour sessions as an 
inclusion criterion for participants [73]. 

Finally, most studies included participants who were in good 
physical and psychological health, had normal visual acuity, and 
had no history of substance abuse or medication use that would 
affect sleep. Overall, the studies’ inclusion and exclusion criteria 
appear to be designed to control for variables that could impact 
sleep quality, cognitive performance, and other factors that could 
influence the results. The studies’ specific requirements, however, 
varied somewhat based on the research question and objectives. 
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3.3. Study design 
The study design is the most important component of any research 
study, as it establishes the validity and reliability of the findings. 
Tables 2 and 3 present the findings of a comprehensive review of 
33 studies, revealing that 21 of them were experimental. However, 
a considerable number of these studies were conducted in 
laboratory settings and failed to account for the impact of real-
world environments on the generalizability of their findings.  
Among 13 lab-based studies—all of them experimental—six of 
them employed a within-subject crossover study design to 
evaluate the effects of the different light conditions for each 
participant [60,61,63,65–67]. These studies applied either a 
counterbalancing technique to control for order effects or random 
assigning technique to control for individual differences. The rest 
of the lab-based studies had randomized controlled trial study 
design, which aimed to determine the effectiveness of a particular 
lighting condition by comparing findings between the intervention 
group and the control group—which received either no treatment 
or a placebo. It is important to note that because of the limitations 
of the lab-based studies, most of the them applied short durations 
of light exposure. For example, as shown in Table 2, in studies [58] 
and [66], participants underwent three and two nights of lighting 
exposure, respectively. Therefore, these studies lack the long-term 
influence of lighting on the tested variables.  

Among 20 field-based studies, nine of the studies were 
experimental. Six of the studies employed randomized controlled 
trial study design [69,70,74,80,83]. One study had a quasi-
experimental design with pretest and posttest measures where 
participants were not randomly assigned to different groups. 
Instead, researchers compared the dependent variables before and 
after the intervention and compare these to measurements from a 
control group [82]. This method allows researchers to infer 
changes potentially caused by the intervention, though it may be 
more susceptible to confounding variables than a randomized 
controlled trial. One experimental pilot study employed a single-
arm, open-label longitudinal design in which participants were 
aware of the treatment being given [84]. Most of the correlational 
and observational studies conducted in the field were cross 
sectional studies and collected data at a single point in time to find 
the correlations among variables [68,71,72,75,76,79,87]; some 
had repeated measures and before-after trials to measure the 
changes in variables over time [77,78,87]. Overall, experimental, 
observational, and correlational studies have their strengths and 
limitations in studying the appropriate lighting exposure and its 
impacts on health and well-being. The reviewed literature 
indicates that studies incorporating randomized trials reported 
more significant outcomes compared to those employing different 
methodologies. Additionally, it was observed that the majority of 
experimental design studies were conducted within laboratory 
settings. In contrast, field studies predominantly adopted 
observational or correlational approaches, focusing on baseline 
lighting conditions without any lighting interventions. 
 
3.4. Lighting condition 
Lighting conditions play a crucial role in determining the 
physiological and psychological responses of individuals. 
Experimental studies consider various lighting conditions, 
including both a baseline lighting condition and an interventional 
lighting condition and involve assigning participants (randomly or 

not randomly based on the study design) to different lighting 
conditions and measure their sleep and cognitive performance. On 
the other hand, observational studies involve observing and 
measuring variables without manipulating them, such as observing 
the ambient lighting condition in the space and measuring the 
sleep and cognitive performance of individuals who spend time in 
that environment. Correlational studies also involve measuring the 
significance and the relationship between the variables, including 
lighting and sleep/cognitive performance without manipulating 
them. 

As shown in Tables 2 and 3, among the 33 selected studies, 24 
studied focused on the influence of different interventional 
lighting conditions on sleep or/and cognitive performance. The 
remaining nine studies observed the baseline illumination 
condition. Different studies considered various aspects of lighting 
conditions. These aspects include the timing and duration of light 
exposure, light intensity, and CCT, which are detailed below. 
Subsequent sections of this paper will further explore the impact 
of these lighting conditions on sleep and cognitive performance of 
healthy older adults. 
 
3.4.1. Timing and duration 
Timing of light exposure is an important aspect of lighting 
conditions [38]. Researchers have found that exposure to light 
during certain times of the day can have different effects on human 
physiological and psychological responses. Among the 
experimental studies that explored various interventional lighting 
conditions, variations can be seen in terms of lighting exposure 
duration and timing. Four of the reviewed studies applied the 
interventional lighting condition during morning time 
[62,70,79,82], three during evening time [7,56,73], and five 
studies applied the interventional lighting condition during the 
night and midnight [57–59,66,87]. The duration of the light 
exposure intervention also varied widely across studies, ranging 
from 30 minutes to several hours during day and night. For 
example, while [66] considered the influence of 30 minutes of 
light exposure at night on older adults, another study investigated 
longer lighting exposure from morning to the evening time for 
around 6 hours [83]. 

Two different interventional lighting conditions were explored 
by researchers in a study conducted over an eight-hour exposure 
period from 10 p.m. to 6 a.m. [58]. Additionally, another study [57]  
examined both a controlled condition and an intervention lighting 
condition for a four-hour duration from 10 p.m. to 2 a.m. One 
study also considered 40 hours of wakefulness while participants 
underwent three lighting treatment conditions [64].  
 
3.4.2. Intensity and CCT 
Indoor artificial lighting conditions considered in the reviewed 
studies varied widely, including bright light, dim light, 
polychromatic white light, standard white fluorescent light, blue-
enriched and blue suppressed light, dawn simulation lighting 
condition, complete darkness, and various other interventional and 
baseline lighting conditions. Researchers have found that light 
intensity levels and different color temperatures can affect 
physiological and psychological responses and impact sleep and 
cognitive performance. In defining various interventional lighting 
conditions, 11 out of the 33 reviewed studies considered both 
intensity and color temperature [37,64,65,83]. The remaining 
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studies considered either a baseline condition [75–77] or an 
interventional lighting condition with variations in light intensity 
only [62,74,82,85], without examining the effects of CCT.  

Studies considered various lighting intensities ranging from 
complete darkness (lux< 0.05) to bright light with 10,000 lux. 
These studies defined typical lighting and bright lighting 
conditions differently based on the context of the study. For 
example, [82] examined the influence of 90 minutes of light 
exposure at 100 lux (typical lighting condition) to 1,000 lux 
(bright lighting condition) in the morning. Another study 
investigated a dawn simulation with a range of 0 to 250 lux in the 
morning [66], while in [60], researchers examined four lighting 
conditions ranging from 300 to 2,700 lux as a bright light 
condition. Additionally, a different study defined their typical 
lighting condition as 500 lux to 1,000 lux and their bright light 
condition as 3,000 lux to 5,000 lux [62].  
Among the studies that considered CCT of the light in 
combination with various light intensities, the typical CCT level 
was between 2,700 K to 17,000 K. For example, [37] considered 
the interventional condition with a high lighting illumination of 
500 lux in the morning with CCT of 6,500 K (blue-enriched) in 
the morning followed by gradually lower illuminance levels and 
CCT throughout the day, reaching 100 lux and 2,700 K in the 
evening. This study defined the control lighting condition with the 
same range of illuminance levels and constant CCT of 2,700 K 
during the day. However, another study conducted by [83] 
considered the placebo condition with 300 lux and CCT of 3,500 
K and the interventional condition with light intensity ranging 
from 80 lux to 1,000 lux and CCT ranging from 2,700 K to 5,000 
K. 

While multiple studies have highlighted the beneficial effects of 
lighting exposure on sleep and cognitive performance, this review 
indicates a lack of consistent patterns among the previous studies. 
The characteristics of lighting conditions varied across studies, 
with differences in exposure times, durations, intensity levels, and 
correlated color temperatures (CCT). These variations led to 
inconsistent results regarding their effects on both sleep and 
cognitive performance. 

 
3.5. Lighting, sleep, and evaluation methods 
Among the reviewed studies, 29 of them assessed the effects of 
either baseline lighting exposure, or examined the influence of 
interventional lighting schemes with varying illumination levels, 
CCT, and the timing of exposure on sleep patterns in healthy older 
adults. While the primary focus of the search was on sleep-related 
parameters, studies that also assessed variables, such as alertness, 
sleepiness, and circadian rhythm, were included as they are closely 
related to sleep. 

The studies utilized various subjective measurement methods to 
assess sleep and alertness, including the Pittsburgh Sleep Quality 
Index (PSQI) for sleep quality and patterns evaluations, 
Karolinska Sleepiness Scale (KSS) and Stanford Sleepiness Scale 
(SSS) for degree of sleepiness, and Morningness- Eveningness 
Questionnaire (MEQ) for individuals’ circadian preference. Other 
less commonly used subjective measures included Epworth 
Sleepiness Scale (ESS) for daytime sleepiness, Karolinska 
Drowsiness Test (KDT) for drowsiness levels, Karolinska Sleep 
Diary (KSD), Oviedo Sleep Questionnaire (OSQ), and Sleep 
Assessment Questionnaire (SAQ) for sleep habits and disorders, 
Slow wave activity/sleep (SWA, SWS), KSSCLE (Karolinska 
Sleepiness Scale, Core Level Effort), PROMIS Sleep Disturbance 
(PROMIS_SD), and PROMIS Sleep- Related Impairments 
(PROMIS_SRI). These mentioned methods of measurement were 
applied either before, during, or after the lighting intervention, 
when participants were exposed to light. Objective measurements 
of sleep and alertness were also employed in several studies, both 
in laboratory and field settings. Polysomnography (PSG), 
including electroencephalography (EEG), was used in laboratory 
settings, while actigraphy was the most commonly used field 
measurement method. Melatonin levels were assessed through 
saliva and blood sampling in some studies to assess circadian 
rhythm. Only a few studies used alternative objective 
measurement devices, such as Emfit bed mat sensors [84] or 
Dimesimeters [72]. Table 4 presents a summary of the most 
commonly used subjective and objective methods for evaluating 
sleep. These studies are divided in two categories of laboratory-

Table 4. Summary of sleep evaluation methods used in the studies. 
Objective Methods Description 

Polysomnography (PSG) Includes electroencephalography (EEG) for detailed sleep stage analysis. 
Actigraphy Commonly used in field studies to measure sleep and wake patterns. 
Melatonin Levels Assessed through saliva and blood sampling, used to evaluate circadian rhythm that affects sleep quality. 
Emfit Bed Mat Sensors Alternative device used for assessing sleep parameters. 
Dimesimeters Used for recording light exposure as well as activity levels to correlate with sleep patterns. 
Subjective Methods Description 
(PSQI) Assesses sleep quality and patterns. 
(KSS), and (SSS) Evaluate degree of sleepiness. 
(MEQ) Determines individual circadian preferences. 
(ESS) Measures daytime sleepiness. 
(KDT) Assesses levels of drowsiness. 
(KSD), (OSQ), and (SAQ) Gather data on sleep habits and disorders. 
(SWA, SWS) Investigated primarily in lab settings through EEG. 
(KSSCLE) Another variant of KSS assessing sleep effort. 
(PROMIS_SD) (PROMIS_SRI) Evaluate sleep disturbances and their impacts. 
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based and field-based studies which are explained in detail in the 
following sections. 
 
3.5.1. Lab-based studies 
Among the 33 studies reviewed, 13 were conducted within a 
controlled laboratory environment. A majority of the studies (11 
out of 13) were experimental and considered interventional 
lighting impacts. The two other papers were observational and 
correlational and considered the baseline lighting condition and 
the correlations between light, sleep, and alertness.  

Different methods of evaluation, including objective and 
subjective techniques, were employed to study the impact of 
lighting on sleep parameters and alertness. This review revealed 
that most of the studies that only employed subjective techniques 
for assessing sleep quality parameters, such as questionnaires and 
surveys, found no influence of lighting on improving sleep quality 
and alertness among healthy older adults. One within-subject 
balanced crossover study conducted by [60], investigated the 
effects of four different lighting conditions, ranging from 300 lux 
to 2700 lux, on two groups of young and older adults during four 
laboratory visits. Sleep quality was assessed by KSS and results 
indicated no impact of the lighting conditions on sleep and 
subjective alertness. In another between-subject randomized 
controlled study by [58], the influence on sleep quality caused by 
exposure to a bright night light of 3000 lux was compared to that 
caused by a room light exposure of 300 lux from 10 p.m. to 6 a.m. 
The SSS was used and the results indicated no difference in older 
adults’ sleep quality when being exposed to different lighting 
conditions at night. 

On the other hand, studies that used a combination of objective 
methods—including actigraphy and polysomnography—and 
subjective methods, such as SSS and KSS (two of the most 
common methods in lab-based studies) found more significant 
influence of appropriate lighting design on improving sleep 
quality and alertness. For example, in an experimental balanced 
crossover study conducted by [56], the influence of two different 
evening light exposures, including polychromatic blue-enriched 
white light or standard white fluorescent light were studied. 
Researcher analyzed data collected by KSS, KDT, and wake and 
sleep EEG data for sleep quality and evening alertness. They 
found that evening light exposure can improve subjective and 
objective alertness and shift the timing of circadian rhythm among 
older adults. It could also benefit older adults’ early evening 
sleepiness without negatively impacting the subsequent sleep 
episode. Another study was conducted to examine the impact of 
different light interventions on sleep deprivation [61] on two 
groups of participants, consisting of 26 young adults and 12 older 
adults. Over a period of 40 hours, the participants experienced 
three balanced crossover segments, each with a different light 
condition: dim light (DL: 8 lux, 2800 K), white light (WL: 250 lux, 
2800 K), and blue-enriched white light (BL: 250 lux, 9000 K). 
This study used the KSS, actigraphy, and blood sampling for 
melatonin measurements to assess sleep, alertness, and circadian 
rhythm. The results showed that both WL and BL improved 
alertness and sleep quality in both age groups, but an evening rise 
in blood melatonin levels was only observed in young subjects 
under WL and BL. 

An experimental randomized controlled trial was conducted 
utilizing identical light interventions and sustained wakefulness 

duration [64]. Slow wave activity/sleep (SWA, SWS), 
polysomnography, EEG recordings, and KSSCLE (Karolinska 
Sleepiness Scale, Core Level Effort) were employed. Researchers 
found similar results regarding the improvement in homeostatic 
sleep response after WL and BL compared to DL but no impact on 
SWS and SWA. Another lab-based study compared two hours of 
exposure to blue-enriched polychromatic light (6,500 K) and non-
blue-enriched light (3,000 K or 2,500 K) at low levels of 40 lux in 
the evening on two groups of young and older adults in an 
observational counter- balanced within-subject crossover design 
study [67]. The KSS, Frontal slow-wave activity (SWA) by EEG 
and saliva sampling were used for assessments. The findings 
indicated reduced light sensitivity in older adults compared to 
younger adults, with implications for sleep and circadian rhythms 
in older adults. Improved alertness and sleep quality were 
observed in young subjects, but not in older adults.  

In a balanced crossover study conducted by [66], the influence 
of 30 minutes exposure to light at night on 23 healthy older adults 
was studied through two overnight stays in the lab separated by 
one week. Participants were asked to sleep in complete darkness 
except for the last 30 minutes before wake-up time for one of the 
nights, during which a dawn simulation lighting condition ranging 
0 to 250 lux was used to examine its impact on older adults’ 
alertness, circadian rhythm, and sleep quality. The results 
indicated that dawn simulation lighting increases the likelihood of 
waking at the end of the sleep period and improves overall sleep 
quality among the older population measured by actigraphy, PSG 
and SSS. However, no significant influence was found on 
alertness.  

There are also studies that only considered objective 
measurements for sleep without considering subjective techniques 
and found significant results. This includes a randomized, 
placebo-controlled, mixed-study design by [62], which involved 
17 older adults being exposed to two hours of morning typical 
light exposure of 500–1000 lux as a control group for five 
consecutive days. They then underwent two light conditions of 
3000–5000 lux and 500–1000 lux as lighting intervention 
conditions. Actigraphy was the only used method and results 
indicated significant improvement of sleep initiation with morning 
bright light exposure. Another randomized lab experimental study 
utilized EEG for objective measurements and reported no changes 
in sleep duration or circadian timing in response to blue-enriched 
or blue-suppressed lighting conditions in older adults [7]. 

All in all, studies employing subjective techniques alone, such 
as questionnaires, generally found no significant impact of 
lighting on sleep quality and alertness in healthy older adults. 
However, studies combining objective measures, such as 
actigraphy and polysomnography, with subjective scales (e.g., 
SSS, KSS) consistently demonstrated the positive influence of 
appropriate lighting design. Interventions, such as blue-enriched 
white light and bright light exposure, improved both subjective 
and objective measures of sleep quality and alertness. These 
interventions also affected circadian rhythm, reduced sleepiness, 
and enhanced early evening sleep without compromising 
subsequent sleep. Therefore, this review reveals that to 
comprehensively understand lighting’s impact on sleep, a 
combination of objective and subjective assessment methods is 
recommended. 
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3.5.2. Field-based studies 
Similar to lab-based studies, the results of the reviewed studies 
conducted in the field also showed that studies that employed both 
objective and subjective evaluation methods or only objective 
methods of assessments for sleep quality, alertness, and circadian 
rhythm had more significant results in comparison to the studies 
that only considered subjective surveys and questionnaires. 
An experimental within-subject study conducted by [83] randomly 
assigned 14 older adults to different lighting conditions, including 
80 to 100 lux with 2,700 K to 5,000 K as circadian lighting 
conditions for five weeks followed by 320 lux and 3500K as the 
placebo condition for another five weeks. This study employed 
PSQI as a subjective sleep quality assessment and found no 
significant differences between the two light conditions and no 
impact on sleep efficiency, sleep duration, or sleep latency. 
Another study [76] examined the relationship between 
illuminance and subjective sleep quality on a sample of 44 healthy 
older adults. This study concluded that living in environments 
without light and dark cycles could increase depression scores, but 
it did not find a significant correlation between lighting and 
subjective sleep quality measured by PSQI surveys. The authors 
suggested that the use of objective sleep measurements instead of 
subjective ones may explain the lack of significance in the effects 
of lighting conditions on sleep quality. Another observational 
before-after clinical trial study [77], asked older adults to be 
exposed to daylight for one hour in the morning (9:00–10:00 a.m.) 
and one hour in the evening (4:00–5:00 p.m.) and used KSS for 
sleep quality assessments. This study concluded that daylight 
exposure could result in delayed sleep phase and correction of 
circadian rhythm in older adults. 

Studies that employed objective assessment methods or a 
combination of objective and subjective techniques revealed more 
significant results. For example, [82] conducted a quasi-
experimental design study with pre-test and post-test measures in 
the field aimed at investigating the influence of 90 minutes of 
bright light exposure (7,000–10,000 lux) for five days a week, for 
three consecutive weeks, on 37 older adults. The QSQ and 
actigraphy were used for subjective and objective sleep and 
alertness measurements, respectively. The study showed a 
considerable improvement in circadian rhythm, sleep, and health 
outcomes. Another study by [37] also applied two whole-day 
ambient lighting interventions with high illuminance of 500 lux in 
the morning, gradually diminished to 100 lux in the evening. One 
of the lighting conditions had a constant CCT of 2,700 K, while 
the other had an altered CCT from 5,600 K to 2,700 K throughout 
the day. The results indicated that bright light in the morning 
significantly improved sleep, and having a gradually dimming 
lighting illuminance with decreasing CCT level was more 
effective in reducing sleep disturbance and sleep onset latency. 

A field study [57] compared the percentage of waking time 
spent at four different light levels (ranging from 100 lux to 1000 
lux) in older and younger adults, using actigraphy and sleep 
surveys. The results indicated that healthy older adults were 
exposed to higher levels of illuminance compared to younger 
individuals, and that natural light exposure may impact sleep-
wake cycles. Obayashi and colleagues conducted a series of 
observational studies in field settings, examining the influence of 
light on circadian rhythm and sleep quality in older adults 
[71,73,87]. In one of their studies [71], melatonin levels were 

measured through blood sampling and actigraphy was used to 
assess sleep efficiency. The findings revealed a positive 
relationship between increased daylight exposure and better sleep 
quality in older adults. The authors continued their research in this 
field, and two years later assessed the effects of night light 
exposure on sleep quality in a sample of 875 older adults, using 
actigraphy, urinary tests for melatonin levels, and the PSQI 
surveys [87]. The results showed that exposure to high illuminance 
lighting at night was associated with diminished sleep quality. In 
another field study, researchers investigated the relationship 
between sleep onset latency and evening light exposure, using 
wrist-worn light trackers and actiwatches to objectively measure 
light exposure and sleep onset latency, respectively [73]. They 
found that evening light exposure significantly prolonged sleep 
onset latency and decreased sleep efficiency in older adults. 

A few studies have investigated seasonal differences in the 
relationship between lighting conditions, alertness, and sleep in 
older adults. Researchers in [75] conducted a study to assess how 
seasonal variations in natural light exposure impact the sleep 
quality of older adults residing in nursing homes. The study 
utilized actigraphy, SAQ and ESS. The results revealed that higher 
natural light exposure during the summer months was associated 
with better sleep quality and increased alertness in older adults. It 
was also found that increasing the lighting illuminance at night 
weakened the sleep quality through bed-time delays and earlier 
wake-up times the next morning.  

Similar to what have been found in lab-based studies, the 
reviewed field-based studies also show that employing a 
combination of objective and subjective assessment methods is 
crucial for assessing sleep effectively. Studies utilizing objective 
measures, such as actigraphy, melatonin sampling, and EEG, 
along with subjective measures, such as sleep questionnaires, have 
yielded significant results. Our review found only one study using 
mixed methods to evaluate sleep and alertness, with no significant 
findings on sleep duration and efficiency [74]. Additionally, we 
discovered only one study that relied solely on subjective 
evaluation via KSS, which yielded significant outcomes [77]. It is 
worth noting that field-based studies often involve longer 
durations of light exposure for participants, addressing one of the 
limitations observed in lab-based studies where shorter durations 
were applied. However, the implementation of certain objective 
assessment techniques, such as EEG for sleep evaluation, poses 
significant challenges in field settings. Additionally, requiring 
participants to use devices, such as actiwatches, for extended 
periods of time can be troublesome, adding to the complexity of 
conducting field-based studies in this field. 

All in all, the discussed studies above predominantly assessed 
the initiation and quality of sleep, as well as the circadian rhythm 
and sleep phase in response to various lighting conditions. 
Morning bright light exposure consistently improved sleep 
initiation, while evening dimmed light exposures caused earlier 
evening sleepiness for older adults. Bright light therapy in the 
morning and high illuminance daylight exposure were beneficial 
in improving sleep quality and efficiency. While morning light 
exposure and dynamic, circadian-aligned lighting appear to be 
more effective in enhancing sleep quality and efficiency, increased 
light levels before bedtime and evening light exposure may 
adversely affect sleep initiation and efficiency. 
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3.6. Lighting, and cognitive performance 
Among the 33 studies, 17 evaluated various domains of cognitive 
performance using different tests and methods. Seven studies 
assessed general cognitive functioning, primarily employing the 
Mini-Mental State Examination (MMSE) to evaluate awareness of 
time and place, memory and recall abilities, attention and 
concentration, language skills, and visual tasks. Beyond these, 
some studies specifically focused on particular cognitive domains 
rather than general cognitive functions. For instance, four studies 
examined visual tasks, predominantly using the Digit Symbol 
Substitution Test (DSST); three studies explored memory and 
concentration, mainly through test batteries; and seven studies 
investigated attention, with the Psychomotor Vigilance Task (PVT) 
being the most commonly used method. Table 5 provides a 
summary of the most common methods used in the studies to 
assess various domains of cognitive performance.  

These studies are divided in two categories of laboratory-based 
and field-based studies which are explained in detail in the 
following sections. 
 
3.6.1. Lab-based studies 
Eight out of all reviewed studies were conducted in the lab 
environment and six of the studies concluded that there was a 
beneficial influence of lighting on various aspects of cognitive 
performance, including concentration and attention, working 
memory and memory capacity, and reaction time among healthy 
older adults.  

In an experimental randomized controlled trial, the influence of 
bright light at night on cognitive performance and selected and 
divided attention was investigated on 32 healthy older adults [57]. 
Participants were exposed to bright light of 3000 lux from 10 p.m. 
to 2 a.m. for three consecutive nights in a lab visit. The rest of the 
night was spent in a room illumination of 300 lux. The results of 
the Attention test battery (Go/No-Go test) showed that while 
exposure to bright light at night reduced error rates for divided 
attention tasks, selective attention was not affected. In a similar 
study in terms of lighting condition and study design [58], working 
memory was evaluated by the level three test battery for 
attentional performance, concentration was examined by 
Konzentrations-Leistungs Test (KLT-R) and divided attention 
was evaluated by a subtest of the Attention Test Battery. The 
findings of the study indicated a strong correlation between bright 
light exposure at night and improvements in cognitive 
performance, particularly in working memory and concentration. 
In another randomized controlled trial [7], a comparison was made 

between blue-enriched polychromatic white (BEL) and 
polychromatic white light (WL) conditions in 10 healthy older 
adults. Working memory was assessed using the DSST. The 
results showed that exposure to blue-enriched white light in the 
evening had a greater impact on DSST performance the following 
morning compared to polychromatic white light. 

Some studies also highlighted the significance of morning 
bright light and its positive impacts on cognitive performance in 
the laboratory environment. In a randomized, placebo-controlled, 
mixed-study design [62], the control group received two hours of 
morning typical light exposure ranging from 500 to 1,000 lux. The 
lighting intervention conditions included two groups: one exposed 
to 3000-5000 lux and the other to 500-1,000 lux, both from 9:00 
a.m. to 11:00 a.m. This study used Digitized neuro psychological 
test battery for cognitive performance assessments and reported 
the importance of morning bright light exposure to overall 
cognitive ability scores and improved memory capacity. In 
another experimental within-subject study [64], 15 different 
lighting conditions, ranging from 300 to 1,500 lux and 3,000 to 
6,500 K, were applied to 16 older adults to examine their influence 
on visual and cognitive performance. The results showed that 
increasing the CCT improved task performance, while lighting 
intensity had little impact. The authors concluded that short-
duration light exposure may affect visual performance but has 
minimal influence on the physiological rhythm of the older adults.  
This literature review reveals two contradictory studies that 
reported no influence on the working memory, attention, or 
cognitive performance of older adults as a result of being exposed 
to various lighting conditions. One within-subject study [60] 
investigated the effects of different lighting conditions, ranging 
from 300 lux to 2700 lux, on two groups of young and older adults. 
Cognitive performance was assessed using test-battery—
including visual acuity, auditory PVT, and complex cognitive 
tasks involving executive function (Go/NoGo, Stroop, typing). 
The study found no statistically significant effects of light on these 
cognitive measures. Researchers of [66] also found no impact of 
dawn simulation lighting applied the last 30 minutes before the 
wake-up time of older adults on cognitive performance by using 
the Auditory version of the PVT. 

In conclusion, the reviewed studies present conflicting results 
regarding the impact of lighting conditions on cognitive 
performance among older adults in lab-based settings. It seems 
there is no consistency in the recommended lighting conditions—
either a bright light at night or a morning bright light exposure—
to improve attention, cognitive ability scores, and memory 
capacity. These conflicting results indicate the need for further 

Table 5. Summary of cognitive performance evaluation methods. 
Assessment Method Description 

(MMSE) Assesses general cognitive functions including memory, attention, language skills, and visual tasks. 
(DSST) Focuses on processing speed, motor speed, and visual-perceptual abilities. 
(PVT) Measures the speed at which users respond to visual stimuli, testing attention and alertness. 
Go/No-Go Test Tests response inhibition and control, part of attentional processes. 
(KLT-R) Assesses concentration ability and mental performance under timed conditions. 
Attention Test Battery Evaluates different facets of attention, including selective and divided attention. 
MicroCog Assessment of Cognitive Functioning Tests overall cognitive ability including reasoning, memory, and information processing speed. 
(TMT-A and TMT-B) Assess visual attention and task-switching capability; TMT-B adds a component of executive function. 
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research to better understand the relationship between lighting and 
cognitive performance in lab-based settings. 
 
3.6.2. Field-based studies 
Eight of the studies were conducted in the field and six of them 
concluded that there was a beneficial influence of lighting on 
cognitive performance among older adults. Five of these studies 
were experimental and three of the studies observed the baseline 
lighting conditions along with the probable correlations among 
lighting and cognition. 

Researcher in [70] conducted a study where participants were 
exposed to bright blue light of 400 lux for 30 minutes per day for 
four weeks, compared to a placebo red light of 75 lux. The 
researchers used the MicroCog Assessment of Cognitive 
Functioning, and Geriatric Depression Scale, and found that 
morning bright blue light had a significant impact on cognitive 
performance. Another study evaluated cognitive performance in 
older adults using Trail-Making Tests (TMT-A and TMT-B), 
DSST, Geriatric Depression Scale (GDS), and Positive and 
Negative Affect Schedule (PANAS) [31]. Their findings revealed 
that a lighting scheme with higher intensity and blue-enriched 
light with higher CCT in the morning and lower intensity with 
yellowish low CCT at night can improve cognitive performance in 
older adults. Results of [82] also indicate the beneficial impacts of 
morning bright light on improving cognitive performance assessed 
by MMSE Spanish validation. 
Three observational studies [77–79] discovered positive 
correlations between exposure to daylight and cognitive 
performance in older adults. The evaluation methods employed 
were the VAS for study [77] and the MMSE for the two other 
mentioned studies. 

Two studies didn’t find a significant impact of changing the 
intensity and color temperature of light on cognitive performance 
[80,83]. The former was a within-subject study conducted in 
which participants were randomly assigned to different lighting 
conditions and cognitive performance was evaluated by using 
various cognitive batteries tests, including Pattern Comparison 
and Processing Speed Test, Flanker Inhibitory Control, Attention 
Test, and Dimensional Change Card Sort Test. The latter used 
PVT and MMSE for cognition assessments and revealed that 
although blue-enriched lighting reduces anxiety, it has no 
significant impact on cognitive performance among older adults. 
In conclusion, several methods have been identified as effective in 
assessing cognitive performance in field-based studies. The use of 
assessment tools, such as the MicroCog Assessment of Cognitive 
Functioning, TMT-A and TMT-B, DSST, GDS, and MMSE, has 
provided valuable insights into the relationship between lighting 
and cognitive performance among older adults. Experimental 
studies have shown that exposure to bright blue light in the 
morning can significantly improve cognitive performance, while 
observational studies have demonstrated positive correlations 
between exposure to daylight and cognitive performance. 
However, not all studies have found significant impacts, as some 
have reported no significant changes in cognitive performance 
when manipulating lighting conditions. Another critical finding 
from this review is the lack of evaluation on how light indirectly 
affects cognitive functions via improvements in sleep quality, an 
area crucial for future research. 
 

4. Discussion 
The current body of research presents encouraging evidence 
regarding the beneficial impact of lighting exposure on enhancing 
the sleep quality and cognitive performance of healthy older adults. 
Optimal lighting conditions, particularly bright light with higher 
CCT and LUX values in the morning are poised to enhance sleep 
quality by improving sleep initiation, efficiency, and by 
minimizing sleep disturbances and latency. They also play a role 
in regulating the circadian rhythm and adjusting sleep phases. In 
terms of cognitive effects, lighting is particularly influential on 
working memory, concentration, and aspects of attention. 
However, the current literature lacks a comprehensive exploration 
of how lighting influences cognitive functions indirectly through 
its impact on sleep.  

This field of study is marked by a considerable variation in 
lighting intervention methods, study designs, and participant 
demographics. This diversity complicates the process of drawing 
solid conclusions. As we delve deeper, we encounter a range of 
potential factors that could influence the findings, contributing to 
their inconsistency. It is important to note that these inconsistent 
outcomes should not be interpreted as a lack of effectiveness of 
lighting exposure. Instead, they more likely reflect the varied 
nature of the research conducted in this area.  

Other review studies in this field have provided valuable 
insights aligned with this study's findings [15,34,88], yet none 
specifically focus on the methodologies, study setting and designs, 
evaluation methods and techniques, and characteristics of 
administered lighting conditions affecting sleep and cognitive 
performance. Moreover, they do not address the specific effects of 
lighting exposure on sleep and cognitive factors or discuss the 
broader non-visual impacts of light on human health [27, 89, 90]. 
While some reviews offer significant insights, they do not 
concentrate on the demographic of healthy older adults [18,91–93]. 
To date, there has been a notable absence of thorough reviews that 
explore these methodological aspects, study designs, lighting 
conditions, and evaluation tools, and how these aspects influence 
study outcomes, particularly on healthy older adults’ population.  

We discussed our findings in the following paragraphs in more 
detail. 
 
4.1. Study setting and design 
The review included both lab-based and field measurement studies, 
and the results indicate that most of the experimental studies were 
conducted in the lab environment, whereas a large number of the 
field studies were based on observations of the participants’ 
baseline lighting exposure, without applying lighting intervention.  

Conducted experimental lab-based studies found significant 
results, although they lack the ability to investigate the impact of 
lighting design in real-world settings. There is a need for further 
experimental field-based studies that are more representative of 
the everyday environment of older adults. Also, older adults may 
find it more difficult to adhere to a strict lab-based study protocol, 
and studying the influence of lighting in their natural living 
condition seems to provide more naturalistic results. Studies that 
apply participants randomly to different lighting conditions and 
have control over the order of lighting treatments being given to 
different individuals result in more significant outcomes. 
Moreover, the findings indicate that studies employing a 
combination of within-subject and between-subject designs with a 
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crossover approach provide better control over variables and yield 
more reliable results compared to between-subject studies where 
participants are randomly assigned to only one of the experimental 
lighting conditions. A crossover study offers the advantage of 
minimizing potential confounding personality variables by using 
each participant as their own control. This approach effectively 
decreases variability, resulting in an enhanced statistical power 
[58].  

The majority of the studies involved participants who exhibited 
good physical and psychological health, normal visual acuity, and 
no previous record of substance abuse or medication usage that 
could potentially influence sleep and cognition. However, there is 
an important gap in the inclusion criteria of the studies regarding 
the record of daily light exposure of the selected participants, 
which has been only considered in one of the reviewed studies [87]. 
This is an important inclusion criterion as being outside and 
exposed to daylight even for a few hours has a light entrainment 
effect that last several hours [94] and may affect the results. Other 
study limitations include small sample sizes, limited participant 
demographic diversity, including race, and study location, which 
constrain the findings' generalizability. Moreover, there's a notable 
lack of reporting on statistical test assumptions and effect sizes. 
Determination and justification of sample sizes, reporting effect 
sizes and test assumptions are crucial to reduce errors and enhance 
the validity of the results [95]. 
 
4.2. Lighting condition and implementation in practice settings 
Initially, white light sources were commonly used as a light 
therapy method, but studies later revealed the impact of short-
wavelength light on melatonin suppression and circadian rhythm 
in humans. Some of the studies only considered the light intensity 
by assessing the impact of bright light in comparison to a dimmed 
light condition.  

The application of bright light with higher lux and CCT values 
at various times from early morning to early evening has been 
shown to yield beneficial effects on sleep and cognitive functions, 
particularly working memory and concentration domains, though 
the optimal timing for such treatments remains elusive. However, 
complications arise with the use of light featuring high amounts of 
short wavelengths and the deployment of overly intense placebo 
lights, which have sometimes negated the benefits of bright light. 
These issues underscore the necessity for meticulous 
consideration in choosing placebo conditions, as even moderate 
levels of light can substantially influence sleep patterns, circadian 
rhythms, and cognitive functions. Although some studies highlight 
the benefits of using bright light at night or late evening to enhance 
cognitive functions and reduce error rates among older adults, this 
review reveals that this practice can negatively impact sleep 
quality. Furthermore, the mediated effects of disrupted sleep must 
be considered, as they could indirectly compromise cognitive 
functions. 

This review found that studies that considered both light 
intensity and correlated color temperature of light found more 
promising and significant results. The reviewed studies present a 
lack of consistency in applied lighting conditions. The studies also 
used different values considered as bright light, placebo, blue-
enriched, and blue-suppressed lighting conditions in terms of lux 
level and CCT [31,70,74,82,84], which further complicate the 
interpretation of the results. Melatonin levels are suppressed 

during the day as light enters the eye and the spectral response of 
this process peaks at blue light of around 470-480 nm [32]. While 
a previous lab-based study conducted by [82] mentioned that 
melatonin levels are increased by eye illuminance as low as 50 lux, 
this review shows that several studies reported improvements in 
sleep and cognition for test subjects being exposed to higher 
amount of light during the study [31,37,64]. Only a limited 
number of studies provided information regarding the Spectral 
Power Distribution (SPD) of the interventional lighting conditions 
implemented in their experiments [31,37,61,74]. This shows a 
significant limitation within these studies, as CCT alone does not 
sufficiently capture the complexity of SPD, which is a crucial 
factor in understanding the circadian effects of light. While a 
number of studies provided detailed descriptions of lighting 
interventions, specifying measurement directions (e.g., vertically 
at the participants' eye level) and quantifying circadian lighting 
variables such as Equivalent Melanopic Lux (EML), Minimum 
Melanopic EDI (MEDI), and Circadian Stimulus (CS) [31,37,64], 
the vast majority did not offer comprehensive details on the 
lighting interventions. Thus, it is imperative to consider all 
lighting factors when investigating the impact of lighting on 
circadian rhythms, ensuring a comprehensive assessment of the 
light’s characteristics and their potential physiological 
implications. Furthermore, many studies neglected to provide 
detailed information on measurement direction (e.g., vertically at 
the participants' eye level). Another notable research gap 
identified in the reviewed studies is the insufficient information 
regarding the specifics of the implemented lighting interventions, 
particularly the types of luminaires used. This detail is of 
significant importance [80] yet often overlooked in the 
documentation of these studies.   

Light exposure duration is another factor that should be 
considered in the studies. Short duration of light exposure cannot 
show the optimal impact of lighting and may result in insignificant 
research findings.  

Partly, this can be attributed to the absence of a robust 
theoretical model that guides research in this field as study 
duration varies between a few minutes of light exposure [61] to 
several weeks and months [74,77,83]. For accurate assessment of 
light exposure, it's essential to measure light levels at eye level, 
rather than using indirect methods like wrist-level actigraphs [81]. 
Another limitation is the imprecise tracking of participants' 
exposure time to light interventions, particularly in field studies as 
well as the amount of time participants spend outdoors during the 
day and therefore different daylight exposure, which is an 
important factor affecting sleep and cognition. The adoption of 
objective measurement tools, like light trackers, could offer more 
control and accuracy in quantifying this exposure. Additionally, 
it's important to ensure that lighting is not only effective but also 
comfortable and aesthetically pleasing, maintaining levels that are 
both acceptable and conducive to well-being. 
 
4.3. Methods of assessment 
The assessment of sleep quality and cognitive performance in 
older adults has evolved in fresearch studies, with changes in 
methodologies and tools over time. The studies reviewed used 
various surveys, questionnaires, and objective or subjective 
measurement techniques to assess sleep, alertness, and cognitive 
performance. The results of this review revealed that studies that 
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only considered subjective evaluations, such as surveys and 
questionnaires, did not find significant results, and studies that 
employed both objective and subjective techniques found more 
promising findings [37,56,82]. Some studies had limitations, such 
as a lower number of participants who accept to enroll in objective, 
measurements, such as actigraphy or saliva and blood sampling 
for evaluating sleep and melatonin levels, and therefore obtained 
subjective questionnaires for their evaluations. Also, regarding the 
objective methods, polysomnography and EEG are more feasible 
in the lab environment and not in the natural settings of the field, 
such as residential units of the older adults, and actigraphy has 
been used as the most common technique that revealed significant 
results to assess sleep objectively in the field. Studies that 
employed frontal slow wave activity by EEG and Digitized neuro 
psychological test battery, Micro Cog Assessment of Cognitive 
Functioning, MMSE, PVT, DSST, and test batteries for cognition, 
working memory, and selective and divided attention draw more 
significant results [7,31,58,62]. 
 
5. Conclusions and recommendations for future studies 
To summarize, this review underscores the necessity for further 
research to establish a correlation between lighting conditions and 
the sleep quality, and cognitive performance of healthy older 
adults. The aforementioned findings are derived from the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. It exclusively encompasses 
studies focused on healthy older adults, aiming to find research 
gaps in methodology and lighting design solutions for mitigating 
the risk of Alzheimer’s and dementia. Future research should 
meticulously evaluate various aspects of lighting, including 
spectral power distribution (SPD), correlated color temperature 
(CCT), intensity, and duration of exposure and quantify circadian 
lighting variables, including EML, MEDI, or CS values. This will 
enable a more precise and comprehensive understanding of how 
lighting impacts sleep and cognitive functions in this demographic. 
Bright light, applied from early morning to early evening, has 
shown to improve sleep and cognitive functions, especially 
working memory and concentration, though the best timing 
remains unclear. However, complications like the use of intense 
short-wavelength lights and intense placebo conditions can negate 
these benefits, and evening applications may disrupt sleep and 
indirectly affect cognitive performance in older adults. Notably, 
the dominance of lab-based studies in this field calls for an 
increased focus on field-based experimental studies that blend 
both objective and subjective methods for more solid outcomes. 
Well-designed Randomized Controlled Trials (RCTs) are 
essential to advance our understanding of light interventions. 
Future studies must be carefully planned to control for potential 
confounding variables and individual differences, ensuring 
standardized and balanced light exposure conditions. 
Implementing blinded studies can significantly reduce biases, 
whether from researchers or participants. Moreover, addressing 
issues such as small sample sizes, statistical test assumptions, and 
reporting of effect sizes can significantly enhance the quality and 
evidential value of lighting research. All in all, the inconsistent 
results in lighting studies should not be considered as a lack of 
effectiveness. Rather, they likely indicate the diverse approaches 
and methodologies used in this research area and It's crucial to 
employ rigorous study designs and thorough assessment methods 

to accurately determine the optimal lighting treatment approach 
for this population. 
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