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Objective: The purpose of this study was
to assess the evidence base for the efficacy
of light therapy in treating mood disorders.

Method: The authors systematically
searched PubMed ( January 1975 to July
2003) to identify randomized, controlled
trials of light therapy for mood disorders
that fulfilled predefined criteria. These
articles were abstracted, and data were
synthesized by disease and intervention
category.

Results: Only 13% of the studies met the
inclusion criteria. Meta-analyses revealed
that a significant reduction in depression
symptom severity was associated with
bright light treatment (eight studies, having
an effect size of 0.84 and 95% confidence
interval [CI] of 0.60 to 1.08) and dawn sim-
ulation in seasonal affective disorder (five
studies; effect size=0.73, 95% CI=0.37 to
1.08) and with bright light treatment in
nonseasonal depression (three studies; ef-

fect size=0.53, 95% CI=0.18 to 0.89). Bright
light as an adjunct to antidepressant phar-
macotherapy for nonseasonal depression
was not effective (five studies; effect size=
–0.01, 95% CI=–0.36 to 0.34).

Conclusions: Many reports of the efficacy
of light therapy are not based on rigorous
study designs. This analysis of randomized,
controlled trials suggests that bright light
treatment and dawn simulation for sea-
sonal affective disorder and bright light for
nonseasonal depression are efficacious,
with effect sizes equivalent to those in most
antidepressant pharmacotherapy trials.
Adopting standard approaches to light
therapy’s specific issues (e.g., defining pa-
rameters of active versus placebo condi-
tions) and incorporating rigorous designs
(e.g., adequate group sizes, randomized
assignment) are necessary to evaluate light
therapy for mood disorders.

(Am J Psychiatry 2005; 162:656–662)

The development of light therapy in psychiatry is closely
intertwined with the original description of the syndrome
of seasonal affective disorder. Two decades ago, Rosenthal
and colleagues (1) described a series of patients with his-
tories of recurrent depressions that developed in the fall or
winter and spontaneously remitted during the following
spring or summer. Their initial report also included pre-
liminary findings indicating that bright artificial light, ad-
ministered in a manner that would in essence extend the
photoperiod, was more effective than dim light in treating
seasonal affective disorder. The article presented an un-
derlying hypothesis about the pathophysiology of the
syndrome (i.e., depressogenic effects of melatonin), which
in turn shaped the selection of treatment parameters: the
intensity, duration, and timing of bright light exposure
were designed to suppress the release of melatonin and
lengthen the photoperiod.

Both seasonal affective disorder and bright light ther-
apy quickly captured considerable attention, both in the
scientific community and with the general public. Several
research groups launched clinical trial programs, and
soon this experimental treatment was extended to other
conditions, including nonseasonal mood disorders, Alz-
heimer’s disease, circadian-related sleep disorders and jet
lag, eating disorders, and other behavioral syndromes (2,

3). An international organization (the Society for Light
Treatment and Biological Rhythms) was created, and sev-
eral journals that emphasized phototherapy and biologi-
cal rhythms emerged. Despite the growth in clinical and
research programs, there remained an absence of recog-
nition and support for light therapy within many seg-
ments of the psychiatric treatment community. Most in-
surers do not offer reimbursement for this treatment,
most residency training programs do not provide clinical
training in phototherapy, and there is a sense that “the bi-
ological psychiatry establishment has regarded light ther-
apy with a certain disdain and relegated it to the edge of
the paradigm” (4).

The American Psychiatric Association (APA) Council on
Research requested that the APA Committee on Research
on Psychiatric Treatments use the principles of evidence-
based medicine to examine the efficacy of light therapy (J.
Greden, personal communication). A work group was
formed from members of the committee as well as outside
consultants with expertise and experience in relevant dis-
ciplines. The work group completed a comprehensive lit-
erature review and meta-analyses. This report contains
our findings about the efficacy of light therapy in the treat-
ment of mood disorders in adult patients.
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Method

Search Strategy

We searched PubMed for medical literature published from Jan.
1, 1975, to July 25, 2003. The search terms included “phototherapy”
(which was the original term applied to light therapy) and any of
the following terms: 1) “seasonal affective disorder”; 2) “depressive
disorder”; 3) “bipolar disorder”; 4) “sleep” or “sleep disorder”;
5) “circadian rhythm” or “jet lag” or “melatonin”; 6) “Alzheimer’s
disease” or “dementia”; 7) “premenstrual dysphoric disorder” or
“premenstrual syndrome” or “late luteal phase dysphoric disor-
der”; 8) “eating disorder” or “bulimia” or “obesity”; 9) “serotonin”;
and 10) “attention” or “vigilance” or “reaction time.” We limited our
search strategy to clinical trials reported in English. We supple-
mented these sources by using the same search terms in MED-
LINE, searching the Cochrane Collaboration Library, and searching
the bibliographies of prior reviews and relevant original articles. In
this article, we present our findings for studies of light therapy for
mood disorders.

Selection Criteria

Study groups were limited to adults who met a criterion-based
mood disorder diagnosis. We restricted the age range to 18–65
years in an effort to define a standard for adequate treatment. We
recognized that at each end of the age spectrum, the require-
ments for light therapy dosing may differ. For example, children
and adolescents may differ from adults in the needed dose of light
therapy, while elderly patients may require a higher dose of pho-
tons given the normal age-related clouding of the lens and ocular
media, as well as possible reduction in the number of retinal pho-
toceptors in that population. Accepted criterion standards were
DSM-III, DSM-III-R, DSM-IV, the Research Diagnostic Criteria
(5), and the Rosenthal criteria (1). Subsyndromal diagnoses were
excluded.

The included studies were required to be randomized, con-
trolled trials of patients in the acute phase of treatment and to
have a credible placebo control condition. Defining a minimum
treatment dose (lux by time) for the experimental bright light
treatment intervention was complicated by the absence of an ac-
cepted standard definition of adequate dosing. In some studies,
we found that the “placebo condition” consisted of light exposure
that was greater than that for the “active condition” in other stud-
ies. After we reviewed standard textbooks and consulted with ex-
pert clinicians in the field, we arrived at a priori definitions of ad-
equate light therapy dose and duration. For bright light treatment
of seasonal affective disorder, the definition was a minimum of 4
days of at least 3,000 lux-hours (e.g., 1,500 lux for 2 hours or 3,000
lux for 1 hour). We required placebo comparison groups to re-
ceive a maximum of 300 lux. For dawn simulation studies, we re-
quired that the active intervention consist of increasing light
exposure from 0 to 200–300 lux over 1.0–2.5 hours and that the
placebo condition consist of an increase that was less than 5 lux
and/or less than 15 minutes in duration. For studies of bright light
augmentation, we applied the same minimum lux criteria as
those for bright light treatment of seasonal affective disorder and
required that bright light therapy was the primary adjunct to the
standard treatment under investigation.

We required that the outcomes be psychiatric symptom mea-
sures, e.g., Hamilton Depression Rating Scale, Seasonal Affective
Disorders Version (6). Studies were excluded if gross protocol vio-
lations occurred (e.g., the study design was changed during the
course of the trial).

Study Selection Process

Selection of the studies for inclusion involved two steps. First,
two authors (R.N.G. and B.N.G.) independently reviewed the ab-
stracts of all articles identified by the literature searches and ex-

cluded those for which they agreed that the eligibility criteria
were not met. Next, the remaining articles were abstracted in de-
tail (as described in the following) and the two authors made a fi-
nal decision about inclusion or exclusion by consensus.

A total of 173 articles were identified and reviewed according to
the selection criteria. This first step produced potentially relevant
articles reporting 64 randomized, controlled trials (Figure 1). Of
these, 50 involved patients with seasonal affective disorder and 14
involved patients with other depressive illnesses. These 64 trials
received detailed abstraction, including clarification of subject
group and selection, study design characteristics, and interven-
tion parameters, to determine final eligibility. In addition, baseline
demographic information and psychiatric outcome data were col-
lected to allow direct comparisons of the experimental and control
groups.

Data Analysis

All studies meeting the inclusion criteria were grouped by dis-
order and treatment type to produce four categories: bright light
for seasonal affective disorder, bright light for nonseasonal de-
pression, dawn simulation for seasonal affective disorder, and
bright light as adjunctive treatment combined with conventional
antidepressant pharmacotherapy for nonseasonal depression.
The statistical information required for inclusion of a trial con-
sisted of the mean score and standard deviation on a psychiatric
symptom outcome measure and the number of subjects for each
treatment condition; a trial was also included if the report con-
tained sufficient information from which we could calculate the
preceding data. For the articles in which the reported statistical
detail was inadequate to allow meta-analytic procedures, several
attempts were made to contact the corresponding author to gain

FIGURE 1. Selection of Studies for Meta-Analysis of Trials of
Light Therapy for Mood Disorders
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TABLE 1. Randomized, Controlled Trials of Bright Light and Dawn Simulation in the Treatment of Mood Disorders

Treatment, 
Diagnosis, 
and Study

Duration
of Trial 
(days)

Experimental Group Control Group

Effect
SizeCondition

Illuminance
(lux)

Time
(hours/

day)

Number
of 

Patients Condition
Illuminance

(lux)

Time
(hours/

day)

Number
of 

Patients
Bright light

Seasonal affective 
disorder
Avery et al., 2001 

(9)
42 White light 10,000 0.5 33 Red light 0.5 1.5 31 0.09

Eastman et al., 
1998 (10)

24 White light 6,000 1.5 49 Deactivated 
negative air 
ionizer

1.5 22 0.19

Michalon et al., 
1997 (11)

14 White light 2,500 2.0 15 Red light <300 2.0 14 1.53

Rosenthal et al., 
1984 (1)

14 White light 2,500 6.0 9 Yellow light 100 6.0 9 2.08

Rosenthal et al., 
1985 (12)

7 White light 2,500 6.0 13 Yellow light ≤300 6.0 13 1.19

Rosenthal et al., 
1987 (13)

7 White light 2,500 5.0 7 White light ≤300 5.0 7 2.11

Schwartz et al., 
1997 (14)

21 White light 10,000 1.5 17 Active light 
avoidance 
(dark goggles 
outdoors)

17 2.01

Terman et al., 1998 
(15)

10–14 White light 10,000 0.5 85 Negative ion 
density 
(1.0×104 ions/
cm3)

0.5 19 1.05

Nonseasonal 
depression

Baumgartner et al., 
1996 (16)

7 White light 2,500 2.0 19 Red light 50 2.0 15 0.40

Kripke et al., 1992 
(17)

7 White light >2,000 3.0 25 Red light <50 3.0 26 0.78

Volz et al., 1991 (18) 7 White light 2,500 2.0 22 Red light 50 2.0 20 0.35
Dawn simulation for 

seasonal affective 
disorder
Avery et al., 1992 (19) 7 White light 

(“gradual dawn”)
0–275 2.5 9 White light 

(“rapid dawn”)
0–275 0.2 9 0.25

Avery et al., 1993 (20) 7 White light 
(“gradual dawn”)

0–250 2.0 13 White light 
(“rapid dawn”)

0–0.2 0.5 9 1.16

Avery et al., 1994 (21) 7 White light 
(“gradual dawn”)

0–250 1.5 10 Red light 0–2 1.5 9 1.10

Avery et al., 1998 (22) 7 White light 
(“gradual dawn”)

0–250 1.5 6 Red light 0–2 1.5 6 1.33

Avery et al., 2001 (9) 42 White light 
(“gradual dawn”)

0–250 1.5 31 Red light 0–0.5 1.5 31 0.54

Bright light as 
adjunctive
treatment of 
nonseasonal 
depression
Beauchemin and 

Hays, 1997 (23)a
7 White light 10,000 2.0 8 White light 2,500 0.5 11 1.31

Fritzsche et al., 2001 
(24)b

14 White light 2,500 2.0 21 Red light 50 2.0 19 0.09

Holsboer-Trachsler 
et al., 1994 (25)c

16 White light 5,000 2.0 14 No light 
treatment

14 –0.74

Muller et al., 1997 
(26)c

28 White light 5,000 2.0 14 No light 
treatment

14 –0.80

Neumeister et al., 
1996 (27)d

6 White light 3,000 4.0 10 White light 100 4.0 10 0.81

a The other treatments were lithium, valproate, lorazepam, fluoxetine, desipramine, sertraline, clonazepam, haloperidol, benztropine, parox-
etine, flurazepam, temazepam, amitriptyline, venlafaxine, zopiclone, diazepam, and pimozide; one patient received no drugs. The subjects
continued their medications throughout the trial.

b The other treatments were tricyclic antidepressants (N=32), selective serotonin reuptake inhibitors (SSRIs) (N=15), neuroleptics in low doses
(N=15), and lithium or carbamazepine (N=6); 10 of the patients were treated with monotherapy and 30 with combinations. The medications
were started before the light therapy and kept constant during the trial as much as possible.

c All patients received trimipramine beginning 1 week before the light therapy period and continuing throughout the trial.
d The other treatments were monotherapy with tricyclic antidepressants (N=6) or SSRIs (N=11) and combinations of these (N=3). The medica-

tions were started at least 3 weeks before the beginning of the study and kept constant during the trial.



Am J Psychiatry 162:4, April 2005 659

GOLDEN, GAYNES, EKSTROM, ET AL.

http://ajp.psychiatryonline.org

access to the necessary raw data. For articles presenting out-
comes from several treatment or control conditions, we pooled
and analyzed the resulting statistics within conditions in order to
use the largest study group available.

We employed standard meta-analytical methods, as described
by Lipsey and Wilson (7). For each study, the standardized mean
difference effect size and its 95% confidence interval (CI) were
calculated and adjusted with the Hedges correction for small
sample bias (8). For each of the four meta-analyses, the weighted
mean of the component effect sizes and its 95% CI was calculated
with the inverse variance weights from each study. The statistical
significance of each weighted mean effect size was tested nondi-
rectionally at the 0.05 level by using the z test.

If the number of subjects was sufficient, we performed homo-
geneity analyses of our results. If the required data were available,
we calculated odds ratios for the likelihood of remission, defined
a priori as a final score on the Hamilton Depression Rating Scale
of 8 or less. We also applied the Q test, which uses the chi-square
distribution to test the homogeneity of effect sizes across studies.

Results

Only 23 of the 173 studies identified during our litera-
ture search met our selection criteria (Figure 1). Of these,
20 distinct articles had sufficient data to allow inclusion in
our meta-analysis (Table 1). One article (18) appeared to
include a subset of patients who had been the subjects in
a trial reported earlier (28), so the latter paper was ex-
cluded from this analysis. An additional report (9) con-
tained the results of two experiments, one involving light
therapy and another involving dawn simulation. Each was
included in the appropriate, separate meta-analysis.

The results of the meta-analyses are shown in Table 2.
We demonstrated significant effect sizes for bright light
treatment of seasonal affective disorder (Figure 2), dawn
simulation for seasonal affective disorder (Figure 3), and
bright light treatment of nonseasonal depression (Figure
4). The effect size for bright light as an adjunctive treat-
ment for nonseasonal depression was not significant
(Figure 5).

Homogeneity analysis of the eight studies of bright light
treatment of seasonal affective disorder was performed
(for the other three meta-analyses, the number of studies
was not large enough to support a Q test). The Q test indi-
cated significant (p<0.0001) heterogeneity among studies;
however, the effect sizes were consistently positive.

Odds ratios and their 95% CIs were calculated for the
subset of four studies of bright light treatment of seasonal
affective disorder for which the number of subjects who
experienced remission was known. The summary esti-
mate of risk of remission given treatment was an odds ra-
tio of 2.9 (95% CI=1.6 to 5.4). The four study-specific odds
ratios were significantly heterogeneous (p<0.04) but con-
sistently positive.

Discussion

In our literature review, we found that most of the pub-
lished research reports on the effects of light therapy in
mood disorders did not meet recognized criteria for rigor-
ous clinical trial design. There are several potential expla-
nations for this observation. First, there are inherent chal-
lenges in creating an acceptable placebo (or even an active
control) condition for light therapy. While it is relatively
easy to create a placebo pill or capsule that is identical in
appearance to an active medication formulation, it is
more difficult to “blind” a subject when broad-spectrum
intense white light is the active experimental intervention.

TABLE 2. Significance of Effect Sizes for Studies of Bright
Light and Dawn Simulation in the Treatment of Mood
Disorders

Diagnosis 
and Treatment

Number 
of Studies

Effect 
Size 95% CI

p 
(z test)

Seasonal affective
disorder
Bright light 8 0.84 0.60 to 1.08 <0.0001
Dawn simulation 5 0.73 0.37 to 1.08 <0.0001

Nonseasonal 
depression
Bright light 3 0.53 0.18 to 0.89 <0.003
Adjunctive bright 

light 5 –0.01 –0.36 to 0.34 >0.95

FIGURE 2. Effect Sizes in Studies of Treatment of Seasonal
Affective Disorder With Bright Light

FIGURE 3. Effect Sizes in Studies of Treatment of Seasonal
Affective Disorder With Dawn Simulation

E
ff

e
ct

 S
iz

e
 (
±

9
5

%
 C

I)
(>

0
 f

a
vo

rs
 t

re
a
tm

e
n

t)

–2

Av
er

y 
et

 a
l.,

 2
00

1 
(9

)

Ea
st

m
an

 e
t a

l.,
 1

99
8 

(1
0)

Te
rm

an
 e

t a
l.,

 1
99

8 
(1

5)

Ro
se

nt
ha

l e
t a

l.,
 1

98
5 

(1
2)

M
ic

ha
lo

n 
et

 a
l.,

 1
99

7 
(1

1)

Sc
hw

ar
tz

 e
t a

l.,
 1

99
7 

(1
4)

Ro
se

nt
ha

l e
t a

l.,
 1

98
4 

(1
)

Ro
se

nt
ha

l e
t a

l.,
 1

98
7 

(1
3)

O
ve

ra
ll

–1

0

1

2

3

4

E
ff

e
ct

 S
iz

e
 (
±

9
5

%
 C

I)
(>

0
 f

a
vo

rs
 t

re
a
tm

e
n

t)

–2

Av
er

y 
et

 a
l.,

 1
99

2 
(1

9)
Av

er
y 

et
 a

l.,
 2

00
1 

(9
)

Av
er

y 
et

 a
l.,

 1
99

4 
(2

1)
Av

er
y 

et
 a

l.,
 1

99
3 

(2
0)

Av
er

y 
et

 a
l.,

 1
99

8 
(2

2)

O
ve

ra
ll

–1

0

1

2

3



660 Am J Psychiatry 162:4, April 2005

LIGHT THERAPY

http://ajp.psychiatryonline.org

The pharmaceutical industry, which has considerable re-
sources devoted to research and development activities,
funds much of the clinical trial research for potential new
antidepressant pharmacotherapies. In contrast, there has
not been a similarly endowed industry nor as sizable a
market in place to support the development and testing of
light therapy treatments. The history of the development
of light therapy, which is inextricably interwoven with the
development of the concept of seasonal affective disorder,
not surprisingly was dominated in its early stages by a se-
ries of relatively small, investigator-initiated pilot projects.
These researchers did not have access to resources of the
magnitude of those available when pharmaceutical com-
panies seek recognition by the U.S. Food and Drug Admin-
istration of the safety and efficacy of a new medication.
Unfortunately, a consensus about standard approaches to
study design issues (such as lux parameters for the active
treatment, duration of an adequate light therapy trial, and
characteristics of placebo control conditions) was not es-
tablished in the early years of light therapy research. In too
many cases, high standards of research design (such as
random assignment to treatment conditions, adequate re-
porting of results statistics) were not followed. Not surpris-
ingly, these conditions produced inconsistencies in the re-
search literature. We found substantial variability in the
selection of study groups and in the doses of both the ac-
tive and control interventions for those trials meeting our
selection criteria.

All of these factors have limited the conclusions that can
be drawn from light therapy research. Past efforts to syn-
thesize the available body of literature have been as chal-
lenging as the proverbial comparison of apples and or-
anges. More important, the limitations in much of the
literature on light therapy research may have created the
unsubstantiated impression that the treatment itself has
limitations in terms of its efficacy.

When we analyzed the data from all available random-
ized, controlled trials that met our a priori standards, we
demonstrated a significant reduction in depression symp-
tom severity following bright light therapy in seasonal af-
fective disorder and in nonseasonal depression, as well as
a significant effect with dawn simulation in seasonal affec-
tive disorder. In other words, when the “noise” from unre-
liable studies is removed, the effects of light therapy are
comparable to those found in many antidepressant phar-
macotherapy trials (29).

Earlier reviews of light therapy yielded similar findings.
Terman et al. (30) pooled data from 14 research groups
that collectively studied 332 patients who received bright
light therapy for seasonal affective disorder over a 5-year
period, and they applied a pooled clustering technique in
their analysis. Twenty-nine data sets were included. Un-
fortunately, the vast majority were not available for inclu-
sion in our current analysis, because they consisted of per-
sonal communications, unpublished posters presented at
meetings, and book chapters, as well as a few additional
reports that did not meet our inclusion criteria. Thus, only
two of their 29 data sets overlap with the 20 studies in-
cluded in our meta-analyses, i.e., two studies by Rosenthal
et al. (1, 12). Terman et al. (30) found that 2,500-lux light
exposure for at least 2 hours/day for 1 week resulted in sig-
nificantly more remission when administered in the early
morning than in the evening or at midday. Treatments at
each of these three administration times were significantly
more effective than control treatments with dim light. Tam
et al. (31) concluded that bright light therapy that utilized
at least 2,500-lux white light for 2 hours/day and treat-
ment with 10,000 lux for 30 minutes/day had comparable
response rates and that both treatments were efficacious.
They noted that more studies were needed before conclu-
sions could be drawn about the efficacy of dawn simula-

FIGURE 4. Effect Sizes in Studies of Treatment of Non-
seasonal Depression With Bright Light
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FIGURE 5. Effect Sizes in Studies of Treatment of Non-
seasonal Depression With Bright Light as Adjunctive
Treatment
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tion. They highlighted the methodological limitations of
the literature, which included brief treatment periods,
small study groups, and lack of replication.

Several caveats and limitations in our review and analy-
ses should be noted. First, we limited our focus to efficacy
and did not study the other key feature of all treatments,
safety. Very few reports of the controlled studies contained
data on side effects or toxicity. Several side effects of bright
light therapy have been described elsewhere, including
headache, eye strain, nausea, and agitation (32, 33). To our
knowledge, there have been no reports to date of retinal
toxicity in association with bright light treatment, and a 5-
year follow-up study showed no adverse ocular effects
(34). However, some psychotropic medications may in-
crease photosensitivity, and further study of potential ad-
verse effects of combined pharmacotherapy and light
therapy is indicated. Light therapy, like other antidepres-
sants, may be associated with a switch to hypomania or
mania in vulnerable bipolar patients (35). Other rare po-
tential side effects from bright light treatment may emerge
only after the treatment has become more widely applied.
Thus, any potential recommendation of light therapy for
mood disorders, based on findings of efficacy in our meta-
analyses, must be tempered by the acknowledgment that
safety must also be considered. This important aspect of
light therapy merits careful examination with additional
long-term follow-up studies.

Another limitation in this study, as described in our
methods section, is that we restricted our analyses to stud-
ies of a relatively homogeneous, clearly defined popula-
tion (i.e., nongeriatric adult patients). There are published
reports of light therapy for seasonal affective disorder in
children (e.g., references 36 and 37) and for mood disor-
ders in the elderly (38). These important patient popula-
tions merit separate consideration, and there is a need for
a larger evidence base in these areas. An additional poten-
tial application of light therapy lies in the treatment of de-
pression during pregnancy and in the postpartum period,
when safe and effective alternatives to pharmacotherapy
without potential toxicity for the fetus or newborn would
be clearly desirable (39, 40). It should be noted that all of
the studies of dawn simulation in our meta-analysis came
from a single research group, and confirmation of their
findings by others at different locations would be espe-
cially important in determining the generalizability of
their results. Finally, by setting a reasonably high standard
for study inclusion in our meta-analysis, we excluded
many of the published reports in this area. One could ar-
gue, as Smith et al. (41) did in another context, that many
small, “imperfect” studies can “converge on a true con-
clusion.” However, we agree with those who believe that
meta-analyses based on flawed studies are not useful and
that some bodies of data are inadequate for supporting a
proper meta-analysis (42).

This study suggests that certain types of light therapy
are effective in the treatment of seasonal affective disorder

and other forms of depression. Much of the available liter-
ature is limited in terms of study design, and additional
randomized, controlled trials with appropriate numbers
of subjects are needed. Remaining questions of efficacy,
safety, optimum dose, and the proper place of light ther-
apy in the psychiatrist’s toolbox may be answered only af-
ter investigators in the field define and consistently adhere
to standard approaches to essential components, such as
definitions of acceptable parameters for active treatment
and control conditions.
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