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s u m m a r y

Although bright light therapy seems a promising treatment for sleep problems, research shows incon-
clusive results. This meta-analysis is the first to systematically review the effect of light therapy on sleep
problems in general and on specific types of sleep problems inparticular (circadian rhythm sleep disorders,
insomnia, sleep problems related to Alzheimer's disease and dementia). Fifty-three studies with a total of
1154 participants were included. Overall effects and effects on separate circadian and sleep outcomeswere
examined. We calculated Hedges' g effect sizes and we investigated the effects of twelve moderators
(design-related, treatment-related, participant-related). Light therapywas found effective in the treatment
of sleep problems in general (g ¼ 0.39), and for circadian rhythm sleep disorders (g ¼ 0.41), insomnia
(g¼ 0.47), and sleep problems related to Alzheimer's disease/dementia (g¼ 0.30) specifically. For circadian
rhythm sleep disorders, effects were smaller for randomised controlled trials. For insomnia, we found
larger effects for studies using a higher light intensity, and for sleep problems related to Alzheimer's dis-
ease/dementia larger effects were found for studies withmore female participants. Therewas indication of
publication bias. To conclude, light therapy is effective for sleep problems in general, particularly for
circadian outcomes and insomnia symptoms. However, most effect sizes are small to medium.

© 2015 Elsevier Ltd. All rights reserved.
Introduction

Light has an important influence on sleep and wakefulness.
First, light influences the suprachiasmatic nucleus (SCN), a region in
the hypothalamus that controls circadian rhythms, through the eye
and the retinohypothalamic tract. Second, light inhibits the secre-
tion of melatonin. Third, light is found to have alerting effects
through indirect projections on the ascending arousal system,
which in turn facilitates thalamic and cortical connections [1,2].

Because light is such an important factor in the regulation of
sleep and wakefulness, light has been applied therapeutically as a
treatment for sleep disorders. Bright light therapy is a natural,
rome; CBT, cognitive behav-
order; DSM, diagnostic and
sleep phase syndrome; ICSD,
randomised controlled trial;
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simple form of treatment that has relatively low costs. Moreover,
light therapy does not lead to residual effects and tolerance, which
are often associated with medication use (e.g., [3,4]), although light
therapy also can have side effects such as headache, eye strain,
autonomic hyperactivation, and can possibly induce hypomania [5].

Research on light therapy effectiveness has shown inconclusive
results, with some studies reporting positive effects whereas others
found minor or no effects [6e9]. The reasons for these in-
consistencies are not yet clear. To some extent, they might be
explained by the large variety in sleep problems targeted with light
therapy, large variety in studied groups (regarding age, comorbid-
ity), or differences in study design and treatment characteristics
(e.g., treatment duration, light intensity etc.).

Considering the high potential of light therapy for sleep disor-
ders, it is important to gain insight in the general and specific ef-
fects of light therapy on different sleep problems, and to identify
factors that influence its effectiveness. Therefore, in this meta-
analysis we will investigate the effect of light therapy on sleep
problems in general and specific sleep problems in particular.
Furthermore, we aim to identify possible influences (moderators)
on the effects of light therapy.

mailto:A.vanMaanen@uva.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.smrv.2015.08.009&domain=pdf
www.sciencedirect.com/science/journal/10870792
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http://dx.doi.org/10.1016/j.smrv.2015.08.009
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http://dx.doi.org/10.1016/j.smrv.2015.08.009
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Current state of knowledge

In the early 1980s, Czeisler et al. [10] first showed that the phase
of the circadian rhythm in humans could be influenced by modi-
fying the lightedark cycle. Lewy and colleagues found that
nocturnal melatonin secretion could be suppressed by bright light
[11]. Rosenthal et al. [12] first applied this principle to patients with
delayed sleep phase syndrome (DSPS), a circadian rhythm sleep
disorder (CRSD) in which the endogenous circadian rhythm is
delayed with regard to what is desired. They found that the circa-
dian rhythm of core body temperature and the sleep-wake rhythm
of DSPS patients could be shifted by 2 h of bright light exposure in
the morning and restriction of light in the evening.

After the first studies conducted in the 1980s, the research on
light therapy has been extended to other sleep disorders, with
different light characteristics and varying treatment durations. In
1995, several consensus reports of the task force on light treatment
for sleep disorders have been published, summarising the research
on light treatment for sleep disorders until then [13e19]. In addi-
tion, several reviews appeared which mainly reported about the
application of light for sleep problems in older, healthy adults [20]
or in elderly with Alzheimer's disease or other types of dementia
[21e23]. A systematic review of different treatment options for
various forms of sleep disturbance (e.g., increased sleep latency,
low sleep efficiency, long daytime sleep duration) in people with
Alzheimer's disease/dementia concluded that of the non-
pharmacological treatments analysed in that study, bright light
was the most effective [24].
Treatment guidelines for the use of light therapy in sleep disorders

To date, there are no clear guidelines available for light therapy
in sleep disorders related to Alzheimer's disease/dementia [21], and
the research on light treatment for other sleep disorders has led to
varying treatment recommendations [25e28]. Although there is no
consensus about the ideal treatment characteristics, there is
agreement about the timing of treatment according to the phase
response curve of light. This implies that exposure to light in the
morning e after the lowest point of body temperature at around
04:00 h e shifts the biological clock rhythm to an earlier point in
time, whereas light in the evening (before the nightly nadir in
temperature) shifts it to a later time. Immediately before or after
the temperature nadir, light exposure has its greatest phase-
advancing effect, with diminishing effects further away from the
temperature nadir. This implies that light therapy in the morning
should occur as early as possible, however, without forcing in-
dividuals waking up too early, preventing sleepiness during the day
[25,29,30].
Important factors to consider in studies of light treatment
effectiveness

Although light therapy is nowadays applied to different types of
sleep disorders, it was originally applied to CRSD [12]. The core
problem of CRSD lies in the misalignment between the endogenous
rhythm and the environment, or in the lack of an endogenous
rhythm. As light therapy directly affects the circadian rhythm by its
influence on the SCN [11], it might be expected that light therapy
would have stronger effects on CRSD than on other types of sleep
disorders. We therefore hypothesised that the type of sleep prob-
lem targeted would be an important factor to consider when
investigating light therapy effectiveness (Moderators 1e4).

Another factor that could be of influence is the quality of the
study design. Studies without a control group might find larger
effects than randomised controlled trials (RCTs), as the latter con-
trol for placebo effects (Moderator 5).

Also, effects could be different for subjective and objective
outcome measures of sleep (Moderator 6). Both measures have
their own disadvantages, as people often have difficulty assessing
their sleep and actigraphs cannot always reliably distinguish be-
tween inactivity and sleep or between restlessness during sleep
and night-time awakenings. The latter is even more problematic in
people experiencing sleep problems [31,32].

As mentioned earlier, there are several treatment characteristics
that could impact treatment effects. Number of treatment days
(Moderator 7), daily treatment duration (Moderator 8), and in-
tensity and spectral characteristics of light (Moderator 9) seem
important factors to take into account [25e28]. Another factor to
consider is whether additional instructions regarding sleep hygiene
or bedtimes are provided (Moderator 10). Good sleep hygiene and
regular bedtimes are important factors that can influence treat-
ment effectiveness [26,27].

Sleep does not remain stable over the life course. The proportion
of time spent in different sleep stages changes with age [33], and in
general older people have less consolidated sleep and theywake up
earlier [34]. Moreover, age differences in effects of sleep treatment
are found, e.g., melatonin treatment has larger effects in children
than in adults [35], although prolonged-releasemelatonin has been
found effective for older adults [36]. Light treatment might have
smaller effects in older people due to age-related changes in lens
density [37]. We therefore expect age to be a moderator of light
therapy effectiveness (Moderator 11).

Although little is known about differential effects of light ther-
apy for men and women, Cajochen [38] recently showed that there
are some gender differences in response to light. Women were
found to prefer warmer light whereas this was not found for men.
In addition, women more often have sleep complaints [39,40].
Therefore, it might be expected that treatment effects vary between
men and women (Moderator 12).
Present meta-analysis

The present meta-analysis is the first to systematically review
the effect of light therapy on sleep problems in general and on
specific types of sleep problems in particular. In the analyses we
will not only examine the overall effect of light therapy on sleep,
but also on the different circadian and sleep outcomes separately. In
addition, we will take into account whether specific study charac-
teristics, treatment characteristics, and sample characteristics act as
moderators.
Method

Selection of studies

As a primary search method, we did an extensive literature
search using the databases of PsycINFO, Medline, Cinahl, Embase,
and the Cochrane Library. We used the following keywords in our
search: phototherapy, phototherap*, heliotherapy, heliotherap*,
light treatment, light exposure, bright light, sunlight, artificial light,
combined with sleep disorders, sleep*, insomnia*, dyssomnia*,
somnolence, circadian rhythm, jet lag syndrome, jet lag*, night
shift*. We excluded animal studies. Furthermore, an RCT filter was
applied to make a selection of papers reporting on randomised
controlled trials, to ease the screening process. The search was
carried out in two phases. The initial search was carried out in
November 2012. An update was done in March 2015. For an
example of the full electronic search strategy, see Appendix S1.
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In addition, we searched online thesis databases, we checked
reference lists of relevant reviews and papers that we already
included in our meta-analysis, and we searched proceedings of the
last two editions of the most important sleep conferences (con-
ferences of the World Sleep Federation, European Sleep Research
Society, Associated Professional Sleep Societies, World Association
of Sleep Medicine, Society of Light Treatment and Biological
Rhythms). Finally, we contacted experts in the field to enquire
about unpublished papers.

Studies were included in the present meta-analysis according to
the following criteria: 1) participants were included in the study
(amongst others) on the basis of a sleep disorder or sleep complaint
(e.g., low sleep quality, disturbed sleep); 2) the study reported on a
light intervention intended to diminish the sleep complaints (at
least one sleep outcome had to be reported); 3) the study reported
on a minimum of five participants (case study reports were
excluded); 4) the paper was written in English. Studies reporting on
light therapy for (seasonal) depression or other complaints than
sleep were excluded. Studies reporting on shift work were only
included if participants had a shift work disorder or had expressed
complaints about their sleep. Studies investigating effects of light
therapy on elderly persons in a home for the elderly, regardless of
whether the individual participants expressed sleep complaints, or
on healthy subjects who did not experience sleep problems, were
not included. No restrictions with regard to publication date,
publication status, type of sleep disorder, age of participants, or
study design were imposed.

The first phase of the literature search in the electronic data-
bases yielded 3,159 unique results. The studies that were found
with the RCT filter were screened by at least two authors (AvM and
AMM or KBvdH) independently. The studies that were not included
with the RCT filter were screened by one author (AvM). After
screening titles and abstracts, 3,048 titles were excluded. The
remaining 111 titles were evaluated in more detail. Disagreements
about inclusion of studies were discussed until consensus was
reached. Eventually, 41 studies obtained from the electronic data-
base search were included. Nine studies were included with one of
the other search strategies (one through searching reference lists,
three from conference proceedings, five via contacting authors). In
nine cases, we contacted authors because we could not obtain a
copy of a dissertation or article. As in two cases two papers reported
on the same sample but different outcome measures, we combined
these papers and treated them as one study [41e44].

The update of the search resulted in 805 new titles. After
screening titles and abstracts, 777 titles were excluded. The
remaining 28 studies were evaluated in more detail. Eventually, six
new studies were added to the meta-analysis. However, one study
was later excluded from further analyses, as it yielded an effect size
that was considered an extreme outlier [45]. As a consequence, 53
unique studies were included in the present meta-analysis. See
Fig. 1 for a flow diagram of the study selection process, and
Appendix S2 for the references of all included studies.

Coding

All studies were coded by two coders (AvM and AMM or KBvdH)
for type of sleep problem, treatment characteristics (e.g., daily
duration of treatment in hours per day, number of treatment days),
participant characteristics (e.g., mean age, percentage of men in the
sample), and characteristics of methods and results (e.g., type of
design, subjective or objective outcomes). In case of discrepancies
in the coding, the results were discussed until both coders agreed.
See Table 1 for an overview of the studies and their characteristics.

In order to conduct analyses for specific sleep problems sepa-
rately, we divided all studies in categories according to the primary
sleep problem targeted in the study. In this way we found four
categories: circadian rhythm sleep disorders, insomnia, sleep
problems related to Alzheimer's disease/dementia, and other sleep
problems. Papers reporting on participants with CRSD on basis of
International classification of sleep disorders (ICSD) criteria, sleep
logs, or a clinical interview or screening questionnaire were
assigned to the CRSD category. The insomnia category consists of
papers reporting insomnia problems on ICSD criteria, self-reported
insomnia complaints, a sleep diary, Pittsburgh sleep quality index
[46] >5, or a clinical interview. Studies reporting on sleep problems
in patients with Alzheimer or dementia were assigned to the
category Alzheimer/dementia irrespective of the kind of sleep
problem because of the institutionalised treatment of these pa-
tients. After categorising the first three types of sleep problems, a
number of studies remained reporting on more diffuse sleep
complaints, or sleep problems related to somatic complaints (e.g.,
traumatic brain injury, HIV, chronic fatigue syndrome) or mental
disorders (e.g., winter depression). These studies were assigned to
the category ‘Other’.
Calculation of effect sizes

We calculated Hedges' g effect sizes and associated standard
errors using the formula's given by Lipsey andWilson [47]. Hedges'
g effect sizes are similar to Cohen's d, but are corrected for the bias
inherent to Cohen's d that tends to overestimate effect sizes in
small samples [48].

We distinguished the following outcome measures: circadian
outcome (e.g., dim light melatonin onset, core body temperature
rhythm), bedtime (or sleep onset time), get up time (or wake-up
time), sleep onset latency, total sleep time, time in bed, wake af-
ter sleep onset (or number of awakenings), early morning awak-
ening, sleep efficiency, sleepiness (or alertness), sleep quality,
insomnia symptoms, and fatigue. Sleep quality is self-reported
sleep quality (or satisfaction) or the score on a sleep quality ques-
tionnaire (e.g., Pittsburgh sleep quality index [46]). The outcome
variable insomnia symptoms was formed by scores on insomnia
symptoms questionnaires (e.g., insomnia severity index [49], Ber-
gen insomnia scale [50]).

Effect sizes and standard errors were calculated on the basis of
reported means, standard deviations, and p-values or correlations
between pre- and post-measurements. For studies that did not
report the exact p-value or the exact pre-post correlation, we
estimated the effect sizes under the assumption of a 0.5 correlation.
When means and standard deviations were not reported, as was
the case in some of the within-subject designs, effect sizes were
calculated by using the p-value, sample size and correlation. If no
exact p-value was given, we assumed a p-value of 0.5 for non-
significant results and 0.05 for significant results, yielding a con-
servative estimate of the effect size and associated standard error.
For some cases with missing statistics we were able to obtain
additional information from the authors of the original
publications.

Some studies also reported follow-up effects, but those studies
differed in whether the light treatment continued until the follow-
up. Therefore, we decided to calculate effect sizes for the change
from pre-to post-treatment only. For studies with a control group,
we only calculated effect sizes for comparisons with non-effective
treatments such as placebo (dim light); we did not make compar-
isons with alternative treatments such as melatonin treatment. For
studies withmore than two active light conditions, we included the
a-priori determined strongest light therapy condition (i.e., the
condition with the highest light intensity [51,52], or the condition
with the longest treatment duration [53,54]).



Initial phase literature search (November 2012) Update literature search (March 2015)

3,048 excluded after reviewing 
title and abstract

3,159 unique studies found 
with electronic database 
search

111 evaluated in detail

41 included

1 through searching reference 
list

5 received from experts in the 
field

3 through searching conference 
proceedings 

50 included 

48 unique studies 

805 new titles found with update 
electronic database search

28 evaluated in detail

777 excluded after reviewing 
title and abstract

6 included

1 outlier omitted

5 new studies added

53 studies included in final meta-analysis

Fig. 1. Flow chart of study selection process.
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For each study, at least one effect size was calculated by two
independent coders (AvM and AMM or KBvdH). In case of a
discrepancy, this was discussed until agreement was reached. For
studies in which the same outcome variables were measured in
multiple ways (e.g., by sleep diary and actigraphy), separate effect
sizes for subjective and objective measures were calculated and
included in the analyses.

To enable the possibility to conduct anoverall analysis, effect sizes
had to be coded in the same direction. Otherwise, for instance, phase
advances in DSPS and phase delays in advanced sleep phase syn-
drome (ASPS)would level each other out. Therefore, effect sizeswere
given a positive sign if the effect was in the hypothesised direction
(e.g., sleep latency decreasedwith light therapy), and a negative sign
if the effectwas not in the hypothesiseddirection. Thiswas discussed
for each individual study by at least two coders (AvM and AMM or
KBvdH). Time in bed was always given a positive sign when it was
extended and a negative signwhen it was shortened, as it was often
not clear whether the goal of the study was to increase or decrease
time in bed. Time in bed was not included in the overall analysis. As
sleepiness and alertness are opposite outcomes, we coded the effect
sizes so that a positive effect indicates an improvement (i.e., a
decrease in sleepiness or an increase in alertness).

Data analyses

The analyses were conducted with Metafor, a package in the
computer program R (R Core Team. R: A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria 2015. http://www.R-project.org/) that includes
many different functions for conducting meta-analyses [55]. We
carried out a multivariate meta-analysis of all outcome variables
combined (except time in bed) and multiple univariate meta-
analyses of each outcome variable separately. We checked
whether there was variance in effect sizes between studies by
conducting Q-tests for heterogeneity. We also tested moderator
effects. All analyses were conducted once for all sleep problems and
once for each sleep problem category. We took a multilevel
approach to take the dependency between multiple outcomes
within studies into account.

We applied random effects models. The random effects model
assumes that the studies included in the meta-analysis yield a
random sample of effect sizes, and allows for the true effect size to
vary between studies [48]. As we consider the studies in this meta-
analysis as heterogeneous, the random effects model was deemed
applicable.

To investigate whether the studies included in our meta-
analysis are a representative sample of all published and unpub-
lished studies that are conducted in the field, we checked for
publication bias, by adding the standard errors of the effect sizes as
a moderator in the analyses (Egger's test [56]). Significant effects
indicate publication bias.

Results

Overall analyses

Average effect sizes are reported in Table 2. For the multivariate
analyses of all outcome measures, we found significant effects of
light therapy for all sleep problems combined, as well as for CRSD,
insomnia, sleep problems related to Alzheimer's disease/dementia,
and other types of sleep problems. The effects were in the expected
directions, indicating that light therapy was effective in diminish-
ing sleep problems.

In the analyses of separate outcome measures for all sleep
problems combined, we also found significant effect sizes in the
expected directions. Only for early morning awakening no signifi-
cant effect was found. Effect sizes for the sleep time variables were
generally smaller than for sleep complaints, such as sleepiness,

http://www.R-project.org/


Table 1
Overview of the studies included in the present meta-analysis.

Author(s) Type of sleep
problema

Study design Type of
measuresb

Nr. of
treatment days

Daily treatment
duration (h/d)

Nr. or participants
(light condition)b

Mean age
(light condition)

% Men total
(light condition)

Akyar & Akdemir 2013 [1],c Insomnia Within-subjects Subjective 30 0.5 24 (24) 80.0 (80.0) 33.3 (33.3)
Ando et al., 1999 [2] CRSD RCT Objective,

subjective
12 3 10 (5) 33.5 (34.4) 70.0 (80.0)

Avery et al., 1993 [3] Other RCT Subjective 7 2 20 (11) 35.3 (35.0) 29.6 (28.6)
Avery et al., 1994 [4] Other RCT Subjective 7 1.5 19 (10) 37.6 (35.8) 10.5 (10.0)
Avery et al., 2002 [5] Other RCT Subjective 7 1.8 50 (28) 37.3 (36.3) 14.0 (17.9)
Barbero 2013 [6] CRSD Within-subjects Subjective 14 1.3d 23 (23) 15.0 (15.0) 72.0 (72.0)
Bjorvatn et al., 2007 [7] CRSD Randomised

cross-over
Objective,
subjective

4e 0.5 17 (17) 42.0 (42.0) 94.1 (94.1)

Burkhalter et al., 2015 [8] other RCT Objective 21 0.5 28 (14) 59.6 (60.7) 50.0 (53.3)
Burns et al., 2009 [9] Alzheimer/dementia Within-subjectsf Objective,

subjective
14 2 22 (22) 84.5 (84.5) 27.3 (27.3)

Campbell & Dawson 1991 [10] Other Within-subjectsg Objective 8.5h 2 6 (6) 68.4 (68.4) unknown
Campbell et al., 1993 [11] CRSD Controlled trial Objective 12 2 16 (8) 70.4 (unknown) 43.8 (50.0)
Cole et al., 2002 [12] CRSD RCT Objective,

subjective
26 4 54 (28) 25.0 (unknown) 54.2 (unknown)

Colenda et al., 1997 [13] Alzheimer/dementia Within-subjects Objective 10 2 5 (5) 76.4 (76.4) unknown
Cooke et al., 1998 [14] Insomnia Within-subjects Objective 14 0.5 10 (10) 79.4 (79.4) 0 (0)
Danielsson et al., 2012 [15] CRSD Within-subjectsi Subjective 14 unknown 30 (30) 22.0 (22.0) 50.0 (50.0)
Dowling et al., 2008 [16] Alzheimer/dementia RCT Objective 50 1 35 (18) 85.5 (89.0) 14.0 (unknown)
Fetveit et al., 2003 [17] Alzheimer/dementia Within-subjects Objective,

subjective
14 2 11 (11) 86.1 (86.1) 9.1 (9.1)

Figueiro et al., 2014 [18] Alzheimer/dementia Within-subjects Objective,
subjective

28 11 14 (14) 86.9 (86.9) 35.7 (35.7)

Fontana-Gasio et al., 2003 [19] Alzheimer/dementia RCT Objective 21 1 13 (9) 85.6 (86.8) 7.7 (0)
Friedman et al., 2009 [20] Insomnia RCT Objective,

subjective
84 0.8 26 (19)

25 (18)j
63.6 (unknown) 29.4 (unknown)

Geerdink et al., 2012 [21] CRSD Cross-over Objective,
subjective

3 1k 13 (13) 25.0 (25.0)l 53.8 (53.8)

Geerdink et al., 2013 [22] CRSD RCT Objective 9 0.5 42 (21) 21.4 (unknown) 45.2 (unknown)
Gim�enez et al., 2010 [23] CRSD Randomised

cross-over
Objective,
subjective

14 0.5 23 (23) 30.0 (30.0) 45.7 (45.7)

Guilleminault et al., 1995 [24] Insomnia RCTm Objective,
subjective

28 0.8 20 (10) 44.0 (unknown) 43.8 (unknown)

Hajek et al., 1989 [25] Other Within-subjects Objective,
subjective

10 4 7 (7) 55.0 (55.0) 85.7 (85.7)

Hansen et al., 1987 [26]
& Lingjaerde et al., 1985 [37]

Other Within-subjectsn Objective,
subjective

5 0.5 9 (9) 40.7 (40.7) 77.8 (77.8)

Ho 2001 [27] Insomnia Within-subjects Objective,
subjective

2 3 38 (38) 79.8 (79.8) 0 (0)

Kirisoglu & Guilleminault 2004 [28] Insomnia Within-subjects Objective,
subjective

60 0.8o 15 (15) 65.3 (65.3) 26.7 (26.7)

Kobayashi et al., 2001 [29] Alzheimer/dementia Within-subjects Subjective 21 1 10 (10) 81.2 (81.2) 40.0 (40.0)
Lack & Wright 1993 [31] Insomnia Within-subjectsp Objective 2 4 9 (9) 53.4 (53.4) 55.6 (55.6)
Lack et al., 1994 [34] Insomnia Within-subjectsq Objective 2 4 22 (11) unknown unknown
Lack et al., 2005 [32] Insomnia Controlled trial Objective,

subjective
2 4 24 (13) 51.2 (unknown) 48.0 (unknown)

Lack et al., 2007a [30] CRSD RCT Objective,
subjective

7 2 18 (12) 28.2 (unknown) 5.6 (unknown)

Lack et al., 2007b [33] Insomnia RCT Objective,
subjective

7 1 16 (8) 29.0 (unknown) 31.3 (25.0)

Lederle et al., 2010 [35] Insomnia Randomised
cross-over

Objective,
subjective

21 4 33 (33) 66.5 (66.5) 30.3 (30.3)

McCurry et al., 2011 [37] Alzheimer/dementia RCT Objective 49 1 67 (34) 80.9 (80.6) 46.5 (44.0)
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Mishima et al., 1994 [38] Alzheimer/dementia Within-subjectsn Objective,
subjective

28 2 14 (14) 75.0 (75.0) unknown

Münch et al., 2011 [39] Insomnia Within-subjectsr Objective,
subjective

4 2 10 (10) 63.3 (63.3) 40.0 (40.0)

Murphy & Campbell 1996 [40] Insomnia Within-subjects Objective 12 2 16 (16) 73.1 (73.1) 50.0 (50.0)
Pallesen et al., 2005 [41] Insomnia RCT Objective,

subjective
21 0.5 31 (17) 63.1 (unknown) 41.9 (23.5)

Palmer et al., 2003 [42] CRSD RCT Objective,
subjective

28 2.5 47 (24s) 70.0 (unknown) 44.7 (unknown)

Rosenthal et al., 1990 [43] CRSD Randomised
cross-over

Objective,
subjective

14 2 20 (20) unknown unknown

Satlin et al., 1992 [44] Alzheimer/dementia Within-subjects Subjective 7 2 10 (10) 70.1 (70.1) 90.0 (90.0)
Saxvig et al., 2014 [45]

& Wilhelmsen-Langeland
et al., 2013 [54]

CRSD RCT Objective,
subjective

14 0.6t 20 (10) 20.8 (20.7) 25.0 (20.0)

Sciolla et al., 1997 [46] Other RCT Subjective 14 1 6 (4) 36.8 (unknown) 100 (100)
Sharkey et al., 2011 [47] CRSD RCT Objective,

subjective
6 1 25 (12) 21.8 (22.7) 48.0 (50.0)

Sinclair et al., 2014 [48] Other RCT Subjective 28 0.8 20 (10)u 44.9 (47.2) 75.0 (80.0)
Skjerve et al., 2004 [49] Alzheimer/dementia Within-subjects Objective,

subjective
28 0.8 10 (10) 79.4 (79.4) 70.0 (70.0)

Suhner et al., 2002 [50] Insomnia Within-subjects Objective 10v 2 15 (15) 71.5 (71.5) 53.3 (53.3)
Van de Werken et al., 2010 [51] CRSD Randomised cross-over Objective,

subjective
1 0.5 16 (16) 22.8 (22.8) 50.0 (50.0)

Videnovic et al., 2014 [52] Other Within-subjectsw Subjective 14 2 15 (15) 63.1 (unknown) 43.3 (unknown)
Weber et al., 2013 [53] Other RCT Objective,

subjective
42 0.5 25 (13)x 24.3 (unknown) 50.0 (unknown)

Williams et al., 2002 [55] Other Within-subjectsy Objective,
subjective

84 1 30 (30) 44.5 (44.5) 43.3 (43.3)

a According to our classification in four categories.
b For the outcomes analysed in this meta-analysis.
c The reference numbers correspond with the references in Appendix S2.
d 30e120 min, but we took the average for the moderator analysis.
e Participants received light treatment during four days of day shift and four days of night shift. We averaged the effect sizes.
f This study was a RCT, but we did not use the control group data in our analyses.
g This study had a control group, but we did not use the control group data in our analyses.
h 7e10 d, but we took the average for the moderator analysis.
i This study consisted of two groups of which the second group received cognitive behaviour therapy after receiving light therapy. However, we only included the light treatment data in our analyses.
j This study reports effect sizes for both morning light therapy and evening light therapy. They were both included in the analyses.
k There was also a condition with 30 min of light exposure, but we did not use this in our analyses.
l 23-27, but we took the average for the moderator analysis.

m This study had three groups. We calculated the effect size for the comparison between the structured sleep hygiene with early morning light therapy group and the structured sleep hygiene group.
n This study also included a healthy control group, but we did not use these data in our analyses.
o There was also a condition with 20 min of light exposure, but we did not use this in our analyses.
p Two participants of this study also participated in a control condition, but we did not use this in our analyses.
q This study is a RCT, but we did not use the control group in most of our analyses.
r This study is a RCT with two light conditions, but we combined these data in our analyses.
s The sample size of the light group was not reported, but we estimated this at 24.
t 30e45 min, but we took the average for the moderator analysis.
u There was also a third group included in this study, but we did not use these data for our analyses.
v 9e11 d, but we took the average for the moderator analysis.
w This study is a RCT, but we did not use the control group in our analyses.
x There were 18 participants described in the abstract we used, but for two outcome measures we obtained additional information from one of the authors based on 25 participants.
y This study used a cross-over design but we did not use these data in our analyses.
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fatigue or insomnia symptoms. The largest effect sizes were found
for circadian outcomes and insomnia symptoms. See the forest plot
in Fig. 2 for an illustration of the effect sizes for circadian outcomes
for the separate studies.

Whenwe evaluated the average effect sizes per outcome variable
for the four categories of sleep problems separately, we found that
for CRSD 3 out of 12 outcomes were significant, and for insomnia 5
out of 13 outcomeswere significant. Five outof sevenoutcomeswere
significant for sleep problems related to Alzheimer's disease/de-
mentia, and for other sleep problems 3 out of 9 outcomes were
significant. Effect sizes for the sleep outcomes in the different sleep
problemcategories showed an inconsistent pattern. Apart fromnon-
significant outcomes for bedtime (or sleep onset time), wake after
sleep onset, and early morning awakening, for each outcome a sig-
nificant effect size was found in at least one sleep problem category.
Although the overall effect sizes were positive, negative results (i.e.,
negative or opposite effects) for at least one outcome were found in
25% (other category) to 53% (CRSD category) of the studies.

In several cases, the Q-test for heterogeneity showed a signifi-
cant result. This indicated that there was substantial variability in
effect sizes between studies. In subsequent analyses, we investi-
gated whether this variability could be explained by moderator
variables.

Moderator analyses

We first examined moderators for all sleep problems combined,
but none of themoderatorswas found significant (see Table 3 for an
overview). When we examined moderators within the separate
categories of sleep problems we found a moderating effect of study
design for CRSD, which indicates that smaller effects were found for
RCTs than for other types of study design. A subsequent analysis
showed that the overall effect of light therapy in CRSD (g ¼ 0.41,
p < 0.01) became smaller if we only considered the 12 RCTs
(g ¼ 0.27, p ¼ 0.02). A significant positive effect of light intensity
was found for insomnia, indicating that effect sizes were larger in
studies using a stronger light intensity. For studies in the insomnia
category, the mean reported light intensity was 4800 lux, and the
effect size for light therapy was g ¼ 0.47. The moderator effect of
light intensity (b¼ 0.08) indicates that the expected effect size in an
insomnia study using, for example, 6800 lux would be estimated at
0.63. We also found an effect of the number of men in the sample
for studies investigating light therapy in sleep problems related to
Alzheimer's disease/dementia. Studies with a higher percentage of
men reported a smaller effect size.

In most analyses there was still significant residual heteroge-
neity left. However, this was not true for some analyses in the
category sleep problems related to Alzheimer's disease/dementia,
where heterogeneity was sufficiently explained.

Publication bias

To check for publication bias, we conducted Egger's tests. We
found significant effects for the following outcomes: circadian (t
(20) ¼ 3.34, p < 0.01), bedtime (or sleep onset time) (t (22) ¼ 3.04,
p < 0.01), wake after sleep onset (t (23)¼ 2.18, p ¼ 0.04), sleepiness
(t (22) ¼ 2.36, p ¼ 0.03), and sleep quality (t (17) ¼ 2.79, p ¼ 0.01).
These findings imply that for 5 out of 13 outcomes there was an
indication of publication bias.

Discussion

The results of this meta-analysis showed that in general, light
therapy is effective in treating sleep problems. For the overall
analysis in which different sleep problems were combined,



Fig. 2. Forest plot of studies included in the overall analysis with circadian outcome.

Table 3
Moderator analyses for all sleep problems combined and by category of sleep problems.

Moderator All sleep
problems

CRSD Insomnia Alzheimer/
dementia

Other sleep
problems

k est. k est. k est. k k est.

1. CRSD 53 0.01
2. Insomnia 53 0.09
3. Alzheimer/dementia 53 �0.11
4. Other sleep problems 53 �0.03
5. Study designa 53 �0.14 15 �0.68** 15 �0.08 11 0.13 12 �0.07
6. Type of measuresb 53 �0.03 15 0.00 15 �0.04 11 �0.10y 12 0.07
7. Nr. of treatment days 53 0.00 15 �0.01 15 0.01 11 0.00 12 �0.00
8. Daily treatment duration (h/d) 52 �0.02 14 0.02 15 �0.13y 11 0.01 12 �0.01
9. Light intensity (in thousands lux) 48 0.02 12 �0.01 14 0.08* 11 �0.01 11 �0.02
10. Instructions 53 �0.02 15 �0.09 15 0.22 11 0.03 12 �0.43y
11. Mean age (y) 51 �0.00 14 �0.00 14 �0.00 11 0.02 12 0.00
12. % men 48 0.00 14 0.00 14 0.00 9 �0.01* 11 0.01

Note: only one moderator was included in each analysis. CRSD ¼ circadian rhythm sleep disorder; k ¼ number of studies (the total number of outcomes included in the
analyses is larger as most studies report on multiple outcomes); RCT ¼ randomised controlled trial. y ¼ p < 0.10,* ¼ p < 0.05, ** ¼ p < 0.01.

a Coded as: 0) other than RCT and 1) RCT. Two studies [7,66] that assigned participants alternately to the two conditions and randomised cross-over designs were also coded
as RCTs.

b Coded as subjective vs. objective.
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significant effects were found on all outcome variables, except early
morning awakening, and all effects were in the expected directions.
Most effect sizes indicated small to medium effects. The largest
effects were found on circadian outcomes and insomnia symptoms.

In the analyses for the separate categories of sleep problems, we
found significant effect sizes for CRSD, insomnia, sleep problems
related to Alzheimer's disease/dementia, and other types of sleep
problems. Effect sizes for sleep complaints, such as sleepiness, fa-
tigue or insomnia symptoms were generally larger than for sleep
time variables. Within the insomnia category large effects were
found on circadian outcomes, insomnia symptoms, and fatigue.

Although light therapy leads to a shift in the circadian rhythm in
CRSD and has an effect on get-up time, only a small effect on
bedtime was found. This is contrary to results of a meta-analysis
investigating effects of melatonin treatment on DSPS, in which an
effect on sleep onset time but not onwake-up time was found [35].
A possible explanation for the effect on get-up time could be that
light therapy often requires participants to get up early.
The finding that light therapy had larger effects on circadian
outcomes than on sleep times is in accordance with results often
found for melatonin treatment in DSPS [35]. This may not be sur-
prising, as light is considered to exert a direct effect on the circadian
rhythm, and may apart from its direct effect on alertness, more
indirectly influence other aspects of sleep [2]. The absence of an
effect on total sleep time corresponds with the fact that short sleep
duration is not a primary characteristic of CRSD [57]. However, an
effect on sleep onset latency would be expected, but was not
significant.

Surprisingly, for studies investigating light therapy effects on
participants with insomnia, the effect on circadian outcomes was
also larger than on the other sleep outcomes, and this effect was
even larger than in CRSD. However, it must be noted that the ma-
jority of studies investigating circadian outcomes in insomnia used
within-subjects designs, whereas none of the 10 studies for CRSD
was a within-subjects design. So the effect for insomnia was not
placebo-controlled. Similar to the results for CRSD, no significant



Practice points

1. Generally, light therapy is effective for the treatment of

sleep problems such as circadian rhythm sleep disor-

ders, insomnia, and sleep problems related to Alz-

heimer's disease and dementia. However, most effect

sizes indicate only small to medium effects.

2. Light therapy has largest effects on circadian outcomes

and insomnia symptoms.

3. In the treatment of circadian rhythm sleep disorders,

smaller effects of light therapy are found for randomised

controlled trials.

4. In the treatment of insomnia, higher effect sizes were

found for studies using a stronger light intensity.

5. In the treatment of sleep problems related to Alzheimer's
disease/dementia, stronger effects were found for

studies with more female participants.
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effect was found on bedtime, but a borderline significant effect was
found on get-up time.

Amoderating design effect was foundwithin the CRSD category,
which indicated that effect sizes were smaller for RCTs. This result
was according to our expectations, as we expected that studies with
a control group (i.e., a higher quality of study design) would show
smaller effects because of controlling for a placebo effect. It is
surprising that only for CRSD an effect of RCT was found, as we had
expected to find moderating effects of RCT for all sleep problem
categories.

For insomnia we found a significant moderating effect of light
intensity, indicating that studies using a higher light intensity
found larger effects. This effect was according to our expectation,
and we had hypothesised to find this effect for all sleep problem
categories. The fact that we did not find significant effects of light
intensity in the other categories of sleep problems might be
explained by the fact that light intensity in itself is not always
informative, as also wavelength and colour temperature should be
taken into account [58,59]. Possibly, studies with higher light in-
tensity had less optimal other light characteristics. However, it
must also be noted that most studies used 2,000e10,000 lux, which
may not differ that much in effectiveness. Unfortunately we could
not include other light characteristics in our analyses, as this in-
formation was not reported for the majority of studies. To gain
better insight into the effects of light treatment, we recommend
reporting full information on light characteristics in future studies.

For studies investigating light therapy for sleep problems
related to Alzheimer's disease/dementia, we found that larger ef-
fect sizes were reported in studies with more female participants. A
possible explanation may be that women generally report more
sleep complaints than men [39,40], leaving more room for
improvement after therapy.

The present meta-analysis has several limitations. First, as not
all studies diagnosed participants according to the ICSD [57] or
diagnostic and statistical manual of mental disorders (DSM) [60]
criteria, there might be a discrepancy in diagnoses among
studies. However, because the applied criteria are generally used in
clinical practice, we believe that most studies are well categorised.
For future studies, diagnoses according to official criteria would
contribute to the validity of the results.

Second, as we could not find any studies on light therapy in
children that met our inclusion criteria and only one study that
investigated light therapy in adolescents, we could not thoroughly
examine whether light therapy has similar effects across the entire
lifespan. As most studies focussed on (older) adults, more research
should be conducted on light therapy effectiveness in children and
adolescents.

Third, there remained significant residual heterogeneity for the
majority of outcomes, which could not be explained by the mod-
erators included in our study. This can partly be explained by the
fact that we investigated each moderator separately as the number
of studies in the analyses was not large enough to include multiple
moderators in one analysis. In addition, for each moderator there
are many other aspects of the treatment that are co-varying (e.g.,
number of treatment days, daily treatment duration, light intensity
etc.). In our meta-analysis, many studies with a relatively short
daily treatment duration used a stronger light intensity, so that we
could not differentiate between different moderator effects. This
may explain that no significant moderating effects were found for
treatment characteristics such as number of treatment days and
daily treatment duration. In order to isolate the effect of a treat-
ment characteristic, a controlled study would be needed, such as
the study of Dewan et al. [29] that found that increasing light
duration from 1 to 3 h increased the effect of light therapy, whereas
increasing light intensity did not. Another limitation is that we
were not able to investigate additional moderators such as wave-
length and colour temperature of light, socio-economic status, and
psychiatric comorbidity because the number of studies reporting
these aspects was too small. Also, the majority of studies did not
take into account, or did not report that they did, the recommen-
dations provided by Van der Ploeg and O'Connor [61], e.g.,
measuring baseline light levels and ensuring treatment adherence.
For optimal treatment, Eastman suggests to use a large light box, to
try to cover the largest possible part of the visual field and to give
light treatment during the optimal timing of the phase response
curve [62]. In future research, to optimally inform clinicians and
researchers, it is desirable to include information about all these
treatment aspects in research papers.

Finally, we found evidence of publication bias for 5 out of 13
sleep outcomes. This indicates that despite our effort to include
non-published studies by checking conference proceedings, thesis
databases and contacting authors, the studies that were included in
our meta-analysis seem to systematically differ from studies that
have been conducted but have not been reported. Typically, studies
with larger significant effects are more easily published and
therefore overrepresented [48].

The results of this meta-analysis show that overall light therapy
has a small to medium effect. When examining the effect of light
therapy on the different outcome measures and within the
different sleep problem categories, light therapy showed significant
effects on varying outcomes over the sleep problem categories, but
most were small to medium. Considering the relatively small ef-
fects, light therapy does not seem a good alternative for, for
example, cognitive behavioural treatment (CBT) for insomnia, for
which large effects have been found [63,64]. However, light therapy
might be combined with CBT, to see whether there is an additive
treatment effect. Gradisar et al. found positive effects when
combining light therapy and adjusted CBT in DSPS [65].

The present meta-analysis is the first comprehensive review of
the effectiveness of light therapy on different types of sleep prob-
lems. The results showgenerally small to medium treatment effects
on sleep problems in general and on specific sleep problems in
particular. However, we did find positive effect sizes for a large
number of outcome measures. Interestingly and as expected, we
found significant treatment effects for circadian outcomes.
Furthermore, self-report measures such as insomnia symptoms
showed medium to large effect sizes, indicating treatment
improvement according to participants. We recommend therefore
investigating in more detail the optimal use and technical aspects
of light therapy [61,62].



Research agenda

1. Papers reporting on light therapy effectiveness should

include full information on light (intensity, colour tem-

perature, wavelength), treatment (duration, timing), and

sample characteristics.

2. Studies should take baseline light levels into account.

3. Studies should report information on treatment

adherence.

4. Studies should apply RCT designs.

5. More research should be conducted on the effectiveness

of light therapy in children and adolescents.

6. As mostly small effects were found, it may be recom-

mended to further investigate the use of light therapy in

combinationwithother treatments that havebeenproven

effective, such as cognitive behavioural treatment.
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