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Abstract

Objective: To evaluate the effects of light therapy on the alleviation of sleep disturbances, agitation and depression in people
with dementia.

Methods: A search was performed in PubMed, Medline, SCOPUS, Web of Science, EMBASE, CINAHL, Cochrane Library, for
studies published between 2000 and 2021.

Results: A total of 4315 articles were screened. Sixteen articles were eligible for this review and 11 randomized controlled
studies were included in the meta-analysis. Light therapy had a significant effect on reducing the number of awakenings in sleep
(n = 4; 95% CI = �.56, �.05; I2 = 0%; SMD = �.31) but was not significant in reducing the wake after sleep onset (n = 3; 95%
CI = �.14, .59; I2 = 0%; SMD = .23), agitation (n = 4; 95% CI = �1.02, .45; I2 = 87%; SMD = �.28) and depression (n = 6; 95%
CI = �.80, .40, I2 = 85%; SMD = �.20).

Conclusion: Light therapy appeared to be more effective in terms of alleviating sleep disturbances, rather than reducing
agitation and depression, but its long-term effects remain unclear.
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Introduction

Human beings are synchronized to the circadian rhythms of our
biological clocks; we sleep during the night and are typically
awake and active during the day, following a 24-h solar day.1 Up
to 90% of people with dementia (PwD) may suffer from be-
havioral and psychological symptoms of dementia (BPSD), such
as disturbed sleep-wake circadian patterns, nocturnal wandering,
mood disorder such as agitation, depression, disinhibition, ap-
athy, and physical or verbal abuse, delusions, etc.2,3 Among
them, the most prevalent symptoms are apathy, agitation, irri-
tability, anxiety, and depression.4,5

Sleep disturbance is a common symptom of BPSD in all
types of dementia. Studies show that nearly half of PwD

experience sleep disturbance,6 such as difficulty falling asleep
or frequent awakenings during the night.7,8 A recent meta-
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analysis reported that 20% of care home residents with de-
mentia have clinically significant sleep disturbance but sleep
disturbance was much higher (70%) when actigraphy is used
for measurement.9 Previous studies have shown that people
with Alzheimer’s Disease (AD) will spend approximately
40% of the night awake and large portion of the day-time
asleep; they wander around their homes at night, with or
without aggressive or agitated behavior during the day be-
cause of poor sleep at night.10-12

The reasons suggested for sleep disturbance in PwD are not
unitary. Behaviorally, PwD and older people tend to spend less
time outside, meaning their exposure to high levels of daylight
can become increasingly limited. When the indoor environ-
ment is poorly lit, this problem becomes even greater. The
more severe the sleep disturbance, the higher the strain ex-
perienced by caregivers, which will eventually affect the
quality of life of PwD.13 Biologically, both older people and
PwD may experience the degeneration of the suprachiasmatic
nuclei (SCN), which could explain their disturbed sleep-wake
circadian system.14 The human visual system response to
visible light occurs through four kinds of photoreceptors on
the retina, each with different levels of spectral sensitivity. The
four types of photoreceptors are conventionally grouped into
two classes: rods and cones. In general, the visual photore-
ceptors are most sensitive to the middle-wavelength portion of
the visible spectrum, peaking at around 555 nm (“green”
light).15 Light stimulates the photoreceptors in the eye, which
sends signals to the SCN in the hypothalamus of the brain. The
SCN then synchronizes the biological clock to the 24-h day.
Apart from rods and cones, a newly discovered non-visual
photoreceptor on the retina participates in circadian system, by
converting light signals into neural signals for the biological
clock, which have a response function peaking near 460 nm
(“blue” light).16 Age-related problems in the eye, such as
cataracts and muscular degeneration, may also cause less light
to reach the retina and further intensify the sleep problems
experienced by PwD. Moreover, the circadian disruption is
more pronounced in PwD than their healthy counterparts.17 As
a result, the light levels required by PwD to stimulate the SCN,
which in turn helps to synchronize the circadian system, are
significantly higher than the light levels required by other
people in the community.18

Evidence showed that bright light exposure (>1000 lux)
during the morning improves night-time sleep, increases day-
time wakefulness, reduces agitated behavior in the evenings,
and restructures the day/sleep pattern of people with AD.19

Light therapy (also known as phototherapy) consists of ex-
posure to daylight or to specific wavelengths and intensity of
light, administered for a prescribed amount of time and, in
some cases, at a specific time of day. There are different forms
of light therapy, using outdoor sunlight, use of bright light
from artificial indoor light source, light visors worn on the
head, etc.,20 and dawn-dusk simulation that mimics natural
outdoor light conditions,21 and the use of blue wavelength
light therapy.22 Light therapy may make use of, for example, a

light box, a desk lamp, a wall-mount or ceiling fixture, which
emits a high level of light at a specified distance, much brighter
than a customary lamp. The light itself could be full-spectrum
light that is similar in composition to sunlight or specific
wavelengths of light from the blue (460 nm) to the green
(525 nm) areas of the visible spectrum. For the treatment, the
patient’s eyes should be at a prescribed distance from the light
source, with the light striking the retina, but not necessarily
looking directly into the light.

The effects of light therapy have been demonstrated in
previous studies; bright light exposure during the morning
(typically >1000 lux at the cornea) could improve the night-
time sleep and increase the day-time wakefulness of
PwD.23-30 However, this level of lighting is commonly not
available in most indoor areas which the light intensities is
40–200 times lower than being outdoors during the day.14

When the light source was tuned to the spectral sensitivity
of the circadian system, such as short-wavelength “blue”
light, lower light levels (30 lux at the cornea) administered
for 2 hours in the evening were also shown to be effective in
increasing sleep efficiency in PwD.31-33 Apart from using a
light box, ambient lighting interventions can also be em-
ployed to increase the sleep efficiency of PwD, they do not
limit the activity of the patients or require them to look in a
particular direction.34 In a previous study, custom lumi-
naires using a bluish light source (CCT 9325 K) were built
to light up the ceiling so that a minimum lighting level of
350–400 lux at the eye was achieved.35 This was also found
to significantly increase circadian entrainment and sleep
efficiency, and significantly reduce symptoms of depression
in PwD.

Recently, two systematic reviews and two meta-analyses
have been published in the literature respectively, but con-
flicting results have been reported. Cibeira et al.20 reviewed
36 studies with different study designs, including random-
ized controlled trials (RCTs) and quasi-experimental studies,
and concluded that potential positive effects of light therapy
on managing sleep, behavioral and mood disturbances, but
limited effects had been shown on cognition and functions, in
older adults with cognitive impairment. However, another
systematic review of 32 articles concluded mixed results on
sleep, cognition, mood, and behavior in patients with AD but
with a general trend toward a positive effect.36 The Cochrane
review by Forbes et al.37 examined all relevant RCTs and
concluded that there was no effect of using bright light on
cognitive function, sleep, challenging behavior, and psy-
chiatric symptoms associated with dementia. However, Chiu
et al.38 concluded from a meta-analysis of nine RCTs that
light therapy has a moderate effect on behavioural distur-
bances and depression, and a small effect on total sleep time
at night. Moreover, different studies have recommended
different light levels and exposure periods for light box
therapy and ambient light intervention. It should be noted
that the exact amount of light needed to effectively stimulate
the circadian systems of PwD is still not known.19 Therefore,
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the aim of this study is to evaluate the effects of light therapy
on sleep, agitation and depression in PwD, reported in
randomized controlled trials that were obtained by searching
computer databases for relevant studies conducted between
Jan 2000 and Dec 2021, so as to provide updated evidence
for clinical practice.

Methods

Literature search

This study was carried out following the framework of the
Preferred Reported Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.39 The literature
search was performed using seven electronic databases:
PubMed, Medline, SCOPUS, Web of Science, EMBASE,
CINAHL, and the Cochrane Library. Search terms included
dementia, Alzheimer’s, light stimulation, light therapy, and
bright light therapy. “AND” and “OR” were also used in
keyword combinations, to search for all potential studies.
The literature search was carried out by two authors in-
dependently, to avoid missing potential studies.

Inclusion criteria

The inclusion criteria were set according to the PICOS
search tool. (1) Participants: Patients diagnosed with de-
mentia; (2) Intervention using any form of light stimulation;
(3) Comparison: Participants were assigned to either a light
stimulation group or a control group that adopted placebo
light stimulation, standard care, or other conventional
treatments, and did not receive light stimulation; (4) Out-
comes: Outcome measures included the overall BPSD, or
BPSD symptoms, such as depression, agitation, and sleep
disturbance; (5) Study design: Randomized controlled trials
(RCTs) only. Moreover, the included studies must be in
English and available in full text. The publication period
was limited from Jan 2000 to Dec 2021.

Data extraction

Data were extracted by two authors independently, in-
cluding the authors, study design, diagnosis, sample size,
age, gender, interventions, dosage, outcome, results, and
follow-up information from the included studies. In cases
where studies missed necessary data for the meta-analysis,
we also tried to contact some of the authors directly.

Appraisal of methodological quality

The Physiotherapy Evidence Database (PEDro) scale was
used to assess the methodological quality of the included
studies – again, by two authors independently.40 The PEDro
scale covers a total of 11 items. The first item is a screening
question with no score, and the second to 11th items are

scoring items. For each item, one point is given when it
meets the standard; when the condition is not met, zero
points are given. The highest possible score is 10. The
quality of studies with a PEDro score of nine or 10 was
regarded as excellent, six-to-eight as good, four-to-five as
fair, and below four as poor.40

Data analysis

RevMan 5.3 was used to analyze the extracted data.41 Since
all of the outcomes were measured using different tools, the
standard mean difference (SMD) for continuous outcomes
was selected to estimate the pooled effect size. All statistical
analyses were performed with under 95% confidence in-
tervals (95%CI), using an I2 test and a chi-square test to
analyze the statistical heterogeneity of the studies.42 The I2

value was computed for each meta-analysis, and it indicated
a high level of heterogeneity across studies if the value
approached the value of 1 or 100%. If high heterogeneity
with a significant result on the test of heterogeneity existed,
the random-effect model was selected, and if low hetero-
geneity with an insignificant result on the test of hetero-
geneity existed, the fixed-effect model was selected.43 The
magnitude of the effect size corresponding to each SMD
was interpreted according to the guideline: small, SMD =
.2; medium, SMD = .5; and large, SMD = .8.44 A funnel plot
was used to assess publication bias.

Results

Study identification

Figure 1 depicts the search process. A total of 4315 articles
were identified from seven electronic databases, 2404 du-
plicates were removed, 2370 articles were excluded after
screening by reading the titles and abstracts, and then the
remaining 34 articles were selected by referring to the
inclusion criteria. Of these, 18 articles were excluded be-
cause they were study protocols (n = 2), because they were
conference abstract (n = 2), because they were not RCTs
(n = 5), because they were cross-over studies (n = 5), be-
cause data from the control group were not collected (n = 1),
and because the studies did not include outcomes about
BPSD and sleep (n = 3). The general characteristics of the
included studies are shown in Table 1. Finally, 16 articles
were eligible for the current review, among them, one study
was rated as excellent, nine studies as good, five as fair and
one as poor. The results of the methodological quality
assessment are shown in Table 2.

However, 11 studies were included in the meta-analysis
only because the work of three studies were published in
two articles separately (one for sleep and one for
depression/agitation)24,25; 27,45; 46,47 and one study was
published as two articles (one is the primary analysis and
another is a subgroup analysis of depression based on
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severity) (Onega et al., 2016; Onega et al 2018).48,49 Both
the studies by Ancoli-Israel et al.24,25 were excluded from
our meta-analysis. Ancoli-Israel et al.24 used wake after
sleep onset (hours), however, there were errors in the
published data and that the agitation score of Ancoli-Israel
et al.25 were also not reported because the data were not
available from the authors.

Participants

The 11 studies in the meta-analysis included a total of 648
participants. Of them, five studies reported information about
the participants’ gender (n = 546): 27% were male (n = 148)
and 73% were female (n = 398). The sample size in each study
ranged from 13 to 94.

Interventions

Among the 11 included studies in the meta-analysis, light
therapy box with an exposure of at least 2500 lux was used to
provide an intervention in four studies.12,26,27,45,50 Interven-
tion sessions for these 4 studies were set to an average of 2 h a
day, between 5 and 7 days a week, for between 2 and
10 weeks. Two studies used 10,000 lux for the light
intensity,24,25,51 one of these used 2 h exposure per day for
2 weeks51 while the other used 30 mins exposure twice a day,
five times per week for 8 weeks.24,25 Two out of three studies
provide light exposure with 1000 lux, 3 h daily for
24 weeks,46,47 but 1 study used it for 8 hours daily for
6 weeks.52 One study used about 1800 lux31 but another study
used 4200 lux.53

Figure 1. PRISMA flow diagram of the study selection process.
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Outcomes

Actigraphy was used in most of the studies that assessed
sleep disturbances in PwD (n = 9). The number of awak-
enings at night recorded by the wrist actigraphy and the time
spent awake after sleep onset were selected to reflect the
quality of sleep. Overall BPSD was measured using the
Neuropsychiatric Inventory (NPI) (n = 2). BPSD symptoms,
such as agitation and depression, were measured using
the Cohen-Mansfield Agitation Inventory (CMAI) (n = 3)
and the Cornell Scale for Depression in Dementia (CSDD)
(n = 4).

The effects of light therapy on sleep

A total of 242 participants were recruited in the four se-
lected studies, to enable an evaluation of the effects of light
therapy on the reduction of the number of awakenings at
night.26,27,50,52 The results of the pooled SMD showed that
light therapy has a significant effect on reducing the number
of awakenings at night in PwD compared with the control
group (SMD =�.31; 95%CI =�.56,�.05; I2 = 0%; P = .02;
fixed-effect model; Figure 2(a)). However, there was only
one study which carried out a follow-up analysis of the
long-term effects at 4 months (McCurry et al, 2011).54

Publication bias might exist, according to the non-
symmetrical results in the funnel plot.

There were three studies which measured the sleep quality in
terms of the time spent awake after sleep onset, involving a total
of 118 participants,21,46,53 however, our results show that there
was no significant effect in reducing the time spent awake after

sleep onset (SMD = .23; 95%CI = �.14, .59; I2 = 0%; P = .23;
fixed-effect model) (Figure 2(b)).

The effects of light therapy on agitation

A total of 272 participants were recruited for 4 studies eval-
uating the effects of light therapy on the reduction of agitation
(Dowling et al, 2007; Burns et al, 2009; Onega et al, 2016;
Riemersma-van der Lek et al, 2008).27,48,51,52 The results of a
pooled SMD showed that the effects of light therapy in this
respect was not significant (SMD =�.28; 95%CI =�1.02, .45;
I2 = 87%; p = .45; random-effect model) (Figure 2(c)). There
was no study evaluating its long-term effects on the reduction of
agitation. The funnel plot analysis shows that publication bias
might exist, according to the non-symmetrical results.

The effects of light therapy on depression

A total of 374 participants were recruited across 6 studies
evaluating the effects of light therapy on the reduction of
depression.27,34,47,48,51,52 Since Kolberg et al.47 reported medians
rather than means in the paper, and that the dataset could not be
obtained from the authors, we hypothesized that the median was
equal to the mean because of the large sample size among similar
studies. The results of a pooled SMD showed that the effects of
light therapy were not significant in reducing depression
(SMD =�.20; 95% CI =�.80, .40, I2 = 85%; p = .52; random-
effect model) (Figure 2(d)). Again, there was no study evaluating
its long-term effects on the reduction of agitation. Publication
bias may exist according to the non-symmetrical results in the
funnel plot analysis.

Table 2. The Physiotherapy Evidence Database (PEDro) Scale scores of the included studies.

Studies 1 2 3 4 5 6 7 8 9 10 11 Total Score Rating

Ancoli-Israel et al., 2003a YES √ √ √ √ 4 Fair (same study)
Ancoli-Israel et al., 2003b YES √ √ √ √ 4
Fontana Gasio et al., 2003 YES √ √ √ √ √ √ 6 Good
Dowling et al., 2005a YES √ √ √ √ √ √ 6 Good
Dowling et al., 2005b YES √ √ √ √ √ 5 Fair (same study)
Dowling et al., 2007 YES √ √ √ √ √ 5
Dowling et al., 2008 YES √ √ √ √ √ √ √ √ 8 Good
Riemersma-van der Lek et al., 2008 YES √ √ √ √ √ √ √ √ √ 9 Excellent
Burns et al., 2009 YES √ √ √ √ √ √ √ 7 Good
van Hoof et al., 2009 YES √ √ √ 3 Poor
McCurry et al., 2011 YES √ √ √ √ √ √ √ √ 8 Good
Friedman et al., 2012 YES √ √ √ √ √ 5 Fair
Onega et al., 2016 YES √ √ √ √ √ √ 6 Good (same study)
Onega et al., 2018 YES √ √ √ √ √ √ 6
Hjetland et al., 2021 YES √ √ √ √ √ √ 6 Good (same study)
Kolberg et al., 2021 YES √ √ √ √ √ √ 6

1) Eligibility criteria specified (item does not score); 2) random allocation of subjects to groups; 3) concealed allocation; 4) groups’ baseline comparability
regarding themost important prognostic indicators; 5) blinding of all subjects; 6) blinding of all therapists; 7) blinding of all appraisers; 8) at least 1 outcome finding
from >85% of the subjects; 9) intention-to-treat analysis; 10) between-group statistical comparisons; 11) provided point measures and measures of variability.
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Discussion

Sleep disturbance and BPSD are two of the greatest challenges
faced in the course of providing dementia care. A total of 11
RCT studies in 16 papers were analyzed in the meta-analysis.
The results show that light therapy significantly improved
sleep disturbance in terms of reducing the number of awak-
enings, but did not significantly improve the sleep quality as
measured by the wake after sleep onset, nor reduce BPSD
symptoms such as agitation and depression. All RCT studies
used bright light except the study by Fontana Gasio et al.21

which used 24-h dynamic light exposure with an automatic

lighting system – a dawn-dusk stimulation; the light levels
changed according to the time of day. However, only 5 out of
the 11 studies in this review included a follow-up study,
ranged from 5 days, 3–4 weeks, and 4 months, with no ev-
idence supporting the long-term effects of light therapy on the
improvement of sleep.

Our findings were partially consistent with that of the
Cochrane review by Forbes et al.37 that the use of light therapy
had no effect on challenging behaviour or psychiatric
symptoms in PwD but significant small-to-moderate effect on
sleep was found in our study. However, the findings are still
not conclusive. Chiu et al.38 in their review concluded that

Figure 2. (A) The effects of light therapy on the reduction of the number of awakenings; (B) The effect of light therapy on the sleep quality
measured by the wake after sleep onset; (C) The effects of light therapy on the reduction of agitation; (D) The effects of light therapy on the
reduction of depression.
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light therapy has a moderate effect on behavioural distur-
bances and depression, and a small effect on total sleep time at
night. The reason for the inconsistency might be that a
crossover study7 was included in their review and that another
RCT52 was missed in their calculation; and that both BPSD
and agitation was also pooled together in their outcome
analysis.38

Based on our findings, the effects of light therapy on the
reduction of BPSD remain uncertain. In a single group study
by Figueiro et al.,55 a tailored lighting intervention using
low-level “bluish-white” lighting during the daytime for
4 weeks in nursing homes could increase sleep quality (sleep
time and sleep efficiency) and reduce depression and agi-
tation in PwD.55 However, Dowling et al.27 study partici-
pants’ agitation scores increased after bright light exposure,
suggesting that we need to be more cautious in future clinical
practice. The dysregulation of melatonin rhythms, core body
temperature, and circadian rhythms is common in PwD.12 All
of these changes can lead to various forms of sleep problems,
including discontinuous sleep and multiple awakenings at
night.12,55 Moreover, different light intensities and durations
of exposure were used in these studies, including 1 h per day
for between 8 and 10 weeks, 5 days per week, at 2500
lux12,26,27,50; 3 h daily for 24 weeks46,47 and 8 h daily for
6 weeks at 1000 lux.52 Two studies used 10,000 lux.24,25,51 or
30 min at 10,000 lux twice a day, five times per week for
8 weeks.24,25 Two studies adopted a different protocol of
using 4200 lux or about 1800 lux respectively.34,53 On the
other hand, the effects of light therapy for behavioral
symptoms varied in patients with various medical condi-
tions, for example, moderate-quality evidence suggests that
blue-wavelength light therapy may be useful for post
traumatic brain injury depression but not sleepiness and
sleep disturbance.22

Regarding the measurement, eight studies used
actigraphy – a wearable wristwatch accelerometer for log-
ging the motor activity during sleep, for the measurement of
sleep quantitatively but not qualitatively. Because sleep
disturbances are too common among the BPSD symptoms
and that reducing sleep disturbances and improving sleep
efficiency are the main reasons why light therapy has to be
used in this population due to disrupted circadian rhythms. In
future, the use of sleep-specific questionnaires for caregivers
should be considered in addition to the use of actigraphy for a
better understanding of the sleep disturbances of clients
living at home or institutions. One of the suggested tools is
the Pittsburgh Sleep Quality Index (PSQI),56 a self-report
questionnaire for staff or caregivers to report the subjective
nature of the client’s sleep quality over a 1-month time in-
terval, which requires only 5–10 min to complete, and
provide a clear picture, including the subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime
dysfunction, etc. For clinicians and caregivers to use for
research and clinical activities.57 Nevertheless, two studies

used the NPI for the measurement of overall BPSD symp-
toms, three studies used the CMAI for agitation, and four
studies used the CSDD for depression. Although they are all
standardized measures for BPSD, we suggest that these
measures should be used together in the form of a uniform
dataset for more accurate measurement of the behavioral
symptoms with heterogeneous manifestation among older
people with various types of dementia.

The presently available evidence suggests that stimulating
the suprachiasmatic nucleus (SCN) of the hypothalamus with
light can improve circadian rhythm disorders.37 Those suf-
fering from dementia may experience degeneration of the
SCN, which could explain their disturbed sleep-wake cycles.
Since the circadian system is dependent on the timing of light
exposure, and the duration of light exposure needed to affect
the system may take minutes.16 In healthy older people,
ambient light was shown to have a significant impact on night-
time sleep, with a critical exposure threshold of 3000 lux.58 On
the other hand, older people and PwD tend to spend less time
outside, meaning their exposure to high levels of daylight can
become increasingly limited. This situation has worsened
further during the 2020/21 COVID-19 pandemic, because
older people are being encouraged to stay at home to reduce
their risk of infection from social interactions with others.
Light therapy can regulate circadian rhythms and environ-
mental light-dark cycles through special neurons in the
SCN, thus improving the sleep disturbances experienced by
PwD.37,52

This review has several limitations: (1) the standard
mean difference was selected to calculate the combined
effect size, due to the variety of evaluation tools used; and
(2) only RCT studies in English from 2000 to 2021 were
included. This review provides implications for future
studies, which should explore (1) whether or not the in-
terventions are more effective for different levels of severity
of dementia on sleep and BPSD, whether the effects are the
same or different; (2) various forms of lighting in terms of
light intensity, wavelengths, and duration of exposure, so as
to provide optimal effects through interventions in regard to
the alleviation of sleep disturbance and BPSD; and (3) the
long-term effects of light therapy on PwD. The above
suggestions will eventually provide clues to the underlying
mechanisms of using light therapy, which may lead to
successful care for PwD.

Conclusion

The current systematic review and meta-analysis show that
light therapy has positive effects on sleep disturbances in PwD
in terms of reducing the number of awakenings but not im-
proving the wake after sleep onset nor reducing agitation and
depression. The long-terms effects of light therapy are still
unknown, due to insufficient evidence. In the future, more
multicenter, well-designed RCT studies with large sample
sizes are warranted.
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