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Light Therapy for Seasonal

Affective Disorder
A Review of Efficacy

Michael Terman, Ph.D., Jiuan S. Terman, Ph.D., Frederic M. Qz)itkin, M.D.,
Patrick ]. McGrath, M.D., Jonathan W. Stewart, M.D., and Brian Rafferty, A.B.

Bright artificial light has been found effective in reducing
winter depressive symptoms of Seasonal Affective
Disorder, although conclusions about the true magnitude
of treatment effect and importance of time of day of light
exposure have been limited by methodologic problems.
Individual subjects’ data from 14 research centers studying
332 patients over 5 years were analyzed with a pooled
clustering technique. Overall, 2500-lux intensity light
exposure for at least 2 hours daily for 1 week resulted in
significantly more remissions—Hamilton Depression
Rating Scale (HAM-D) score reduction of 50% or more to
a level under 8—uwhen administered in the early morning
(563%) than in the evening (38%) or at midday (32%). All
three times were significantly more effective than dim light
controls (11%). Dual daily exposures (morning-plus-
evening light) provided no benefit over morning light
alone. In morning—evening crossovers, remission rates

were 62% under morning light alone, compared with 28%
under evening light alone, with a differential morning—
evening response present in 59% of morning responders
compared with 10% of evening responders (p < 0.001).
Remission rates with morning light were highest given
low severity at baseline (HAM-D score of 10-16: 67%
remission), as compared with moderate-to-severe cases
(HAM-D score above 16: approximately 40% remission)
where no morning—evening differences were found. Firmer
conclusions await treatment studies with larger sample
sizes and full assessment of atypical vegetative symptoms
seen in winter depression but underrepresented in the
Hamilton scale. Longer treatment course and greater light
intensity may help clarify clinical response despite the
impossibility of achieving a conventional blind placebo
control. [Neuropsychopharmacology 2:1-22, 1989]
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A syndrome of annually recurring clinical depres-
sions, which occur in the late fall and winter within
the temperate zones, has recently been identified
and has prompted novel therapgutic experiments in-
volving administration of indoor supplements of arti-
ficial light. Reports during the last 5 years that this
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simple nonpharmacologic intervention can induce
complete clinical remissions within a few days,
matching or surpassing the effects of antidepressant
medications, prompt a critical review at this point.
Seasonal affective disorder (SAD; Rosenthal et al.
1984) is distinguished from other depressive syn-
dromes by clinical course and symptom profile.
Common symptoms include sadness, anxiety, irrita-
bility, premenstrual difficulties, and decreased en-
ergy, activity, and libido. In addition, SAD is marked
by prominent atypical vegetative changes including
hypersomnia, increased appetite (especially for car-
bohydrates) and weight, and difficulties with work
and interpersonal function.

Reports of symptoms increase with distance from
the equator and in climatic conditions of low light
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(Lingjaerde et al. 1986; Potkin et al. 1986). A ques-
tionnaire survey of a New York City random sample
indicated that up to 25% of the population suffers
from this condition, whether at clinical or subsyn-
dromal levels (Terman 1988a). An extension of the
survey to communities spanning the eastern United
States indicated strong latitude dependency, a ten-
fold increase in clinical severity from Sarasota,
Florida, to Nashua, New Hampshire (Rosenthal et al.
1988c). SAD patients often report rapid remission of
symptoms when visiting locations between the
equator and 30°N latitude.

Demographic and clinical features of SAD have
been summarized for large groups of diagnosed pa-
tients in Bethesda, Maryland (n = 246; cf. Hellekson
1989), London (n = 51; Thompson and Isaacs 1988),
New York City (n = 163; Terman et al. 1989a), and
Switzerland (n = 63; cf. Hellekson 1989). Mean age
of onset usually occurs in the early 20s. Female pa-
tients outnumber males by 4:1 or greater. Onset of
depressive symptoms typically occurs after the
equinox in autumn; the most difficult months are
January and February; and spontaneous remissions
typically occur after the vernal equinox. The Re-
search Diagnostic Criteria (Spitzer et al. 1978) shows
SAD patients with Unipolar, Bipolar I and II, and
Minor Depression, with considerable variation in the
proportions across centers. Family history of affec-
tive disorder is common (25% to 58% across centers),
with frequent reports of alcohol abuse or dependence
(8% to 36%) and a SAD symptom pattern (14% to
23%). Many patients never used antidepressant med-
ications (26% to 58%), though 66% of the New York
group, for example, sought psychotherapy.

Since the initial demonstration of antidepressant
effect of bright artificial light with a bipolar SAD pa-
tient (Lewy et al. 1982), many investigators have rep-
licated the finding, based on a procedural framework
developed at the National Institute of Mental Health
(Rosenthal et al. 1984, 1985a). Treatment has gener-
" ally involved daily administration of bright artificial
light indoors, most often at home within outpatient
protocols. Most studies have used full-spectrum fluo-
rescent light of approximately 2500 lux illuminance at
eye-level (at a distance of about 1 m), an intensity
obtained outdoors within a few minutes of sunrise.
Individual reports, however, have also asserted posi-
tive results for incandescent light (Yerevanian et al.
1986) and cool-white fluorescent light (Lewy et al.
1987). Use of dim fluorescent light of 400 lux or lower
(red, yellow, and full-spectrum) generally has been
construed as an inactive control, although several in-
vestigators have suggested that some antidepressant
effect is present (Wirz-Justice et al. 1986; Isaacs et al.
1988). In most studies, patients were exposed to light
for 2 to 6 hours per day, although some patients have
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apparently benefited from durations of 30 minutes to
1 hour. The antidepressant response usually occurs
within 3 to 4 days of treatment, with a similar time
course for relapse during withdrawal. A few studies,
however, have suggested protracted posttreatment
benefit of up to several weeks (Yerevanian et al. 1986;
C. Eastman, personal communication; A. Wirz-Jus-
tice, personal communication).

The specific actions underlying the therapeutic
effects of bright light exposure have not yet been
clarified, and the pathophysiology of SAD is under
active investigation. The NIMH group has performed
extensive studies on possible biologic substrates (for
a review, see Skwerer et al. 1988). Plasma norepi-
nephrine, measured in a challenge test, appears po-
tentiated under light therapy. Immune response of
peripheral blood lymphocytes, stimulated by mi-
togens, is normalized from a high baseline in SAD
patients. Long-latency visual-evoked response, P300,
which reflects attention factors, was magnified under
light therapy in NIMH tests, although work by
Murphy et al. (1989) did not obtain a significant
change. SAD patients showed higher REM density
(but not shorter latency) than normals, with in-
creases in delta sleep and sleep efficiency after light
treatment. A wide range of biochemical factors

" (growth hormone, thyroid-stimulating hormone, and

the thyroid hormones, prolactin, cortisol, and mela-
tonin) have been monitored in patients when de-
pressed and in remission, and in comparison to con-
trols, but SAD-specific functions have been elusive.
Wurtman and Wurtman (1989) have proposed that
serotonin dysregulation in SAD patients may result
in reduced wintertime availability of this neurotrans-
mitter: direct serotoninergic stimulation with d-fen-
fluramine has shown a therapeutic benefit. It re-
mains to be specified how light would act to increase
serotonin availability and whether this would in-
volve circadian specificity. Bright-light supplements
may satisfy a general, magnified light ‘‘need” during
the dark months of the year, as in the photon--
counting hypothesis of Rosenthal et al. (1985b). If so,
light therapy should be effective at any time of day,
though possibly its effectiveness would be modu-
lated by diurnal variation in the eye’s sensitivity (cf.
Terman and Terman 1985; Bassi and Powers 1986).
A major unresolved issue is whether the time of
day of light exposure is critical. Several studies sug-
gest that it is not, on the basis of nondifferential re-
sponses to morning, midday, or evening schedules
(James et al. 1985; Hellekson and Rosenthal 1986;
Hellekson et al. 1986; Wehr et al. 1986a,b; Jacobsen et
al. 1987; Terman et al. 1987; Wirz-Justice et al. 1987).
In other studies, morning light has been effective but
evening light ineffective or less effective (Lewy et al.
1987; Avery et al. 1988; Terman et al. 1989a). The
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question of timing has important theoretical implica-
tions for understanding the specific action of light
underlying the therapeutic effect. A circadian
rhythm mechanism would be implicated if time of
day were critical (Lewy and Sack 1986). Both animal
(e.g., DeCoursey 1960) and human (e.g., Honma et
al. 1987) temporal isolation studies show phase shifts
of circadian rhythms that depend on the timing of
light presentation.

It is possible that the circadian rhythms of SAD
patients are abnormally delayed in winter (Lewy et
al. 1987) and that morning light exposure selectively
provides a corrective phase advance. Indeed, phase
advances of the nocturnal melatonin secretion
rhythm (Lewy et al. 1987; Terman et al. 1988a) and of
body temperature rhythm (Avery et al. 1988) have
been shown to accompany therapeutic responses to
morning light. Normals also show wintertime delays
in circadian rhythms (Bojkowski and Arendt 1988),
although possibly less extreme than those of patients
and with smaller phase responses to light adminis-
tered at a standard morning hour (Lewy et al. 1987).
Subsyndromal SAD is common in the general popu-
lation (Terman 1988a), however, and is responsive to
bright light treatment (Kasper et al. 1989), making it
difficult to construe “normals” as a straightforward
control group for patients.

On the basis of several overnight studies, Wehr
et al. (1986a) concluded that melatonin phase ad-
vances need not occur under effective phototherapy.
Rosenthal et al. (1987) reported no consistent differ-
ences in melatonin patterns under bright light pho-
totherapy and a dim light control. In both cases,
however, the lack of effect could be attributed to the
measurement protocol, in which potentially suppres-
sive bright evening light was presented in close asso-
ciation with expected melatonin onset. Dim light at
normal room levels is generally less active than light
at outdoor daylight levels in suppressing nocturnal
melatonin secretion (Lewy et al. 1980), but there is
wide interindividual variation in sensitivity (Boj-
kowski et al. 1987; Strassman et al. 1987; Brainard et
al. 1989) and a graded dose dependency. Nonsea-
sonal bipolars have shown supersensitivity to light in
this respect (Lewy et al. 1981). SAD patients may not
show such supersensitivity despite their clinical re-
sponse to supplementary bright light in winter
(Murphy et al. 1989; A.]. Lewy, personal communi-
cation). Regardless of whether circadian phase re-
sponses prove to underlie the treatment effect, sup-
pression of melatonin secretion in itself does not ap-
pear to be directly antidepressant (Rosenthal et al.
1985b; Wehr et al. 1986a; Rosenthal et al. 1988a).

Before the issues of timing and mechanism of ac-
tion can be resolved, however, the clinical data col-
lected from individual light therapy studies require
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critical evaluation. Problems include small samples,
unconvincing controls, lack of blind assessment, lack
of corroborative global ratings, variable sleep
schedules, and uncontrolled light exposure of outpa-
tients in their living and working environments. Al-
though intake screening has been modeled on cri-
teria for SAD originally developed by Rosenthal et al.
(1985a), patients have varied with respect to the pres-
ence of atypical vegetative symptoms, concurrent
use of medications, and overall severity of
symptoms. Until procedural discrepancies are re-
solved and the significance of these other issues de-
termined, conclusions derived to date must be con-
sidered tentative.

Light therapy studies have consistently evalu-
ated treatment response in terms of statistically sig-
nificant reductions between pre- and posttreatment
Hamilton Depression Rating Scale (HAM-D) scores,
some allowing reduction of as little as four points as
an indication of response in individual patients (e.g.,
Rosenthal et al. 1985a). Such demonstration of pre-
to posttreatment change is dubious for demonstra-
tions of efficacy because significant score reduction is
common under placebo treatment (Klein et al. 1980;
Fairchild et al. 1986) and in medicated patients
judged clinically to be nonresponders.

The present cross-center analysis of treatment ef-
ficacy considers all formal investigations conducted
from the start of this work in the early 1980s through
the winter 1986-1987 season, involving 332 patients
(Table 1). Contributing centers were located in 11
cornmunities located at 39°N latitude or above
throughout the United States, England, and Switzer-
land. Sample sizes of these studies, many as yet un-
published, have varied between 6 and 25 (median n
= 10), precluding firm conclusions in many cases.
Similarity of screening and assessment criteria, and
of light therapy protocols, however, permits pooling
of the present data, vastly increasing the sample size
and moving toward more statistically confident com-
parisons of various light therapy regimens. To our
knowledge, the data are comprehensive, with no
controlled studies prior to 1988 excluded. We apply a
set of definitions of treatment efficacy, varying in
stringency, to pooled data of individual subjects
under similar light exposure regimens across studies.
The analysis is based on the “clustering approach”
(Cochran 1963; Light and Smith 1971), in which inde-
pendent subsamples are made up of subjects from
separate studies who undergo a common manipula-
tion. The resulting larger samples allow a statistically
more powerful view of the time-of-day effect under
morning, midday, evening, and morning-plus-eve-
ning light. These results were compared with parallel
analyses of two control procedures (dim light and
briefly presented bright light) in order to evaluate rel-
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ative efficacy of presumed active and inactive treat-
ments.

METHODS

Data Survey

We chose 21-item HAM-D scores, and measures de-
rived from them, as dependent variables for analysis
because the HAM-D is the only validated scale that
has been consistently used. However, the scale has
the drawback of underestimating clinical severity
when used without addenda for the atypical vegeta-
tive symptoms of SAD, as incorporated into the
SIGH-SAD (Williams et al. 1988). HAM-D scores
were culled from published tables or figures; unpub-
lished data were supplied by the investigators.

All studies used inclusion criteria for SAD pa-
tients similar to those of Rosenthal et al. (1985a): a
history of major affective disorder as specified by the
Research Diagnostic Criteria (Spitzer et al. 1978); at
least two consecutive years of winter onset and
springtime remission; absence of other (DSM-III Axis
I) psychiatric disorders; and absence of seasonally re-
current psychosocial precipitants. Initial admission
into the studies generally required a score of 14 or
higher on the HAM-D scale, a value that might
change at subsequent pretreatment baseline assess-
ment. Although supplementary scales for atypical
symptom severity were often administered (as-
sessing fatigability, social withdrawal, appetite in-
crease, increased eating, carbohydrate craving,
weight gain, and hypersomnia; cf. Jacobsen and Ro-
senthal 1986), only Wirz-Justice et al. (1986) specifi-
cally required at least three such symptoms for inclu-
sion. At present, investigators are adopting modified
inclusion criteria for subsequent studies based on
DSM-III-R (American Psychiatric Association 1987)
categorization of mood syndromes and diagnosis of
seasonal pattern. Because identification of psychoso-
cial precipitants of winter depression is problematic,
this exclusion criterion is being discontinued. Several
research groups have excluded subjects using antide-
pressant medications, eliminating a potential con-
found with light therapy [though Wirz-Justice (per-
sonal communication) has noted no interaction with
tricyclics]. As a precaution against possible adverse
effects of bright light exposure on the eyes or skin,
our group has also excluded subjects with histories
of retinal disease, glaucoma, cataracts, diabetes, or
skin cancer.

Because duration of light exposure during treat-
ment differed among studies, separate analyses were
performed for those reporting positive treatment ef-
fects with 2 to 6 hours of total daily exposure, and
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those using 1 hour of exposure or less, as a control or
“low-dose” manipulation. The analysis focused on
baseline and posttreatment comparisons, without
consideration of withdrawal effects, due to dissimilar
or absent washout procedures among the protocols.

Data Analysis

Measures of Improvement. Five measures, derived
from the pre- and posttreatment HAM-D scores,
were used to compare results within lighting condi-
tions, by study, and for pooled data across condi-
tions:

1. Effect size (d and h; Cohen 1977)—inferential
statistics used in interpreting significance levels,
and reported without sign. Effect size measures
the influence of the treatment applied, taking
into account the variability of the sample, and
can be thought of as the difference between
means in units of standard deviation. It can be
used either to compare outcome scores between
an “effective” treatment and a control or, as in
Table 2, as a general indicator of the influence of
a treatment on baseline scores. d was calculated
from means and pooled standard deviations of
raw scores using a computer program written by
C. Patrick and ]J. Cohen (personal communica-
tion). h was taken from tables for proportional
outcomes (Cohen 1977).

2. Treatment-to-baseline ratio (“post/pre” in Table
2)—provides a continuous scale of relative im-
provement that compensates for differences in
subjects’ baseline scores (Hamilton 1982).

3. Relative improvement criterion—the proportion
of subjects showing a baseline-to-treatment re-
duction in HAM-D score of at least 50%.

4. Absolute improvement criterion— posttreatment
HAM-D score less than 8. On a fundamental
level, a treatment can be judged effective to the
extent that the patient becomes symptom-free,
regardless of relative improvement. It is our ex-
perience that patients with minimal residual
symptomatology generally have scores below 8
on the HAM-D scale.

5. Joint criteria (relative and absolute)—applying
these relative and absolute criteria, a strict and
reliable gauge of symptom remission is ob-
tained, permitting optimum discrimination
among treatment outcomes. A subject who
shows a 50% reduction in pre- to posttreatment -
HAM-D score, along with a posttreatment score
under 8, can be considered to have shown suffi-
cient magnitude of improvement not to require
supplementary treatment. Ideally, this conclu-
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Table 1. Studies Included in Cross-Center Analysis

Light exposure regimen
Midday Dim Brief

Total Morning Evening Morning

Source Location ” alone alone  plus evening alone  control control

D. Avery (p.c.)b Seattle, WA 7 7 7
Checkley etal. 1986 London, England 11 11 ‘11
R. Depue (p.c.) Minneapolis, MN 15 15 15
J. Docherty (p.c.) Nashua, NH 8 8
K. Doghramji (p.c.) Philadelphia, PA 6 6
C. Eastman (p.c.) Chicago, IL 6 6 6
Hellekson et al., ,

1986 Fairbanks, AK 6 6 6 6
Hellekson and

Rosenthal 1986 7 7 7 7
C. Hellekson (p.c.) 7 7 7
Isaacs et al. 1986 London, England 11 11 11 11
Jacobsen et al. 1987 Bethesda, MD 16 16 16
James et al. 1985 Bethesda, MD 9 9 9
Lewy et al. 1987 Portland, OR 8 8 8 8
A. Lewy (p.c.) 6 6 6
R. McGrath (p.c.) Teaneck, NJ 11 11
Rosenthal et al.

1984 Bethesda, MD 11 11 9
Rosenthal et al.

1985 17 11 17 16
Rosenthal et al.

(p.c.) 16 16
Sack et al. 1987 Portland, OR 10 10 10
Sack et al. (p.c.) 14 14 14
Terman et al. 1987  New York, NY 13 13 10
Terman et al. 1989b 25 17 12 25 21
Wehr et al. 1986a Bethesda, MD 7 7
Webhr et al. 1986b 10 . 10
Wirz-Justice et al.

1986 Switzerland 9 9 6
Wirz-Justice et al.

1987 25 25 23
Wirz-Justice et al.

(p.c.) 17¢ 8 9
Yerevanian et al. '

1986 Rochester, NY 6 6 5
Yerevanian et al.

1987 18 8 10
Totals 332 172 143 136 34 77 65

¢ Number of subjects whose data were considered in the cross-center analysis. n given in publications by the investigators sometimes
differs due to their inclusion of partial data inadequate for present purposes. In the absence of documentation, we have assumed
independent sampling across studies within a research center and believe there are only a few cases in which a subject participated in
more than one experiment or was previously treated openly with light. '

¥ p.c., personal communication. Several of the unpublished studies with n < 10 are accumulating additional subjects as of this writing,
and the investigators do not consider their interim results to be conclusive.

¢ Separate groups design. All other studies with multiple conditions used complete or partial crossovers; in several cases, subjects were
crossed over into conditions not considered in the present analysis.

sion would be supported by consideration of Statistical Tests
atypical vegetative symptoms of SAD, and Clin-
ical Global Impressions. It is our impression that
patients meeting the joint criteria usually exhibit
minimal atypical posttreatment symptomatology

as well.

1. The Wilcoxon signed-ranks test for matched pairs
(two-tailed; Siegel 1956) was used to determine
significance of difference between pre- and post-
treatment HAM-D scores in each lighting condi-
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Table 2. Treatment Outcome Across Light Therapy Studies®
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HAM-D
scale? Proportion showing
HAM-D decrements
Light Pre- Post- Effect Ratio Posmeatment
exposure treat- treat- Wilcoxon size  post/
Study n schedule ment ment T d) pre! —50% <8 —50%, <8
Morning Light
D. Avery (p.c.) 7 0600-0800 183 5.0 * 280 032 071 071 0.71
J. Docherty (p.c.) 8  0600-0800 181 6.5 * 1.88 034 075 0.75 0.75
C. Eastman (p.c.) 6 2hrmorning 12.8 11.3 NS 037 092 017 0.17 0.17
Hellekson et al. 1986 6 2hrmorning 188 5.2 * 267 034 083 067 0.67
Hellekson and Rosenthal
1986 7 2hrmorning 191 10.0 * 143 062 057 041 0.41
C. Hellekson (p.c.) 7 2hrmorning 251 14.7 NS 1.21 0.74 0.57 0.29 0.29
Jacobsen et al. 1987 16 2 hr morning 224 16.3 ** 098 075 031 0 0
Lewy et al. 1987 8  0600-0800 154 6.6 * 150 042 063 0.63 0.63
A. Lewy (p.c.) 6  0600-0800 10.3 1.8 * 209 023 083 100 0.83
Sack et al. 1987 10  0600-0800 11.8 43 - 222 044 070 0.80 0.70
R. Sack (p.c.) 14 0600-0800 183 6.6 bl 1.75 040 086 0.50 0.50
Terman et al. 1987 13 06000800 17.8 4.8 b 281  0.28 077  0.77 0.77
Terman et al. 1989b 17 0600-0800 154 59 o 206 036 071 0.76 0.71
Wirz-Justice et al. 1987 25  0600-0800 204 104 il 1.47  0.51 0.64 048 0.48
A. Wirz-Justice (p.c.) 8  0600-0800 175 6.9 * 254 042 075 0.50 0.50
Yerevanian et al. 1986 6 0530-0730 16.7 4.3 * 2.53 0.31 0.83 0.83 0.83
Yerevanian et al. 1987 8 0530-0730 154 8.6 * 094 052 050 0.63 0.50
POOL- 172 17.8 8.1 bk 1.48 0.46 0.66 0.56 0.53
Midday Light
Hellekson and Rosenthal
1986 7 2hrmidday 203 7.3 * 263 039 071 0.57 0.57
Isaacs et al. 1988 11 1000-1400 162 7.6 ot 1.37 048 055 045 0.45
Jacobsen et al. 1987 16  1200-1400 21.6 14.6 *“ 098 070 031 013 0.13
POOL- 34 21.2 124 b 1.25 0.56 0.50 0.32 0.32
Evening Light
D. Avery (p.c.) 7 2000-2200 194 15.1 NS 08 08 014 014 0.14
K. Doghramiji (p.c.) 6  1800-2000 21.0 9.8 * 201 050 050 050 0.50
6  1800-2200 203 9.3 * 220 0.48 033 033 0.33
C. Eastman (p.c.) 6 2hrevening 12.8 17.0 NS 131 139 0 0 0
Hellekson et al. 1986 6 2hrevening 175 4.7 * 238 030 0.83 0.83 0.67
Hellekson and Rosenthal
1986 7 2hrevening 21.1 123 * .71 0.62 057 0.14 0.14
* James et al. 1985 9 1800-2300 or 24.3 134 * 1.26 056 044 0.33 0.33
1900-2400
Lewy et al. 1987 8  2000-2200 154 153 NS 002 118 013 0.13 0.13
A. Lewy (p.c.) 6  2000-2200 10.3 8.2 NS 041 116 050 0.50 0.33
R. McGrath (p.c.) 11 2hrevening 154 74 * 1.35 057 055 045 0.36
Rosenthal et al. 1985 11 1730-2030 19.6 10.8 h 1.26  0.61 045 0.45 0.27
Sack et al. 1987 10 1900-2100 11.8 79 * 0.8 075 030 0.50 0.30
Terman et al. 1987 10 1900-2100 173 64 - 238 036 0.80 070 0.70
Terman et al. 1989 12 1800-2000 16.8 135 NS 0.64 0.84 0.17 0.17 0.17
Wehr et al. 1986b 10 1830-2230 25.6 10.3 b 1.93 0.41 0.70 0.50 0.50
A. Wirz-Justice (p.c.) 9  2100-2300 16.0 6.7 b 349 041 0.78 0.67 0.67
Yerevanian et al. 1986 5 2000-2200 164 74 NS 1.10  0.39 0.80 0.80 0.80
Yerevanian et al. 1987 10 2000-2200 184 6.7 b 244 037 080 070 0.70
POOL¢ 143 18.0 10.1 kb 1.16  0.62 0.50 0.43 0.38

(continued)
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Table 2. (continued)
HAM-D
scale? Proportion showing
HAM-D decrements
Light Pre- Post- Effect Ratio posttreatment
exposure treat- treat- Wilcoxon size post/
Study n schedule ment ment Tt @ pref —50% <8 —50%, <8
Morning Plus Evening Light
Checkley et al. 1986¢ 11 0700-1000 29.5 151 - 1.18 046 055 045 0.45
2000-2300
10 0700-0800 29.0 21.3 b 079 073 020 O 0
2200~-2300
R. Depue (p.c.) 15 0600-0800 25.6 6.5 b 502 025 1.00 0.73 0.73
1800-2000
Hellekson et al. 1986 6 1hrmorning 168 7.0 ** 292 04 083 067 0.67
1 hr evening
Isaacs et al. 1986 11 0500-0700 139 95 * 069 062 045 0.55 0.45
1700-1900
Lewy et al. 1987 8  0600-0800 154 8.6 NS 09 071 063 0.50 0.50
2000-2200
Rosenthal et al. 1984 11 3 hrmorning 186 7.7 . 215 040 0.64 0.54 0.54
3 hr evening
Rosenthal et al. 1985 17 0500-0800 244 128 i 1.51 054 053 024 0.24
1730-2030
Rosenthal et al. (p.c.) 16 2hrmorning 18.2 10.1 > 1.58 058 056 0.44 0.44
2 hr evening
Terman et al. 1989b 25  0600-0800 16.2 4.7 ek 287 030 080 0.80 0.80
1800-2000
Wehr et al. 1986a" 7 0730-1030 29.1 147 * 1.63 0.62 071 0.14 0.14
2000--2300 :
7 0900-1200 26.0 157 * 1.55 062 043 0.29 0.29
1400-1700
Wirz-Justice et al. 1986 9  0600-0800 30,0 101 » 270 039 067 0.33 0.33
1800-2000 .
POOL 136 21.1 9.2 i 1.53 0.46 0.68 0.52 0.51
Dim Light Control’
Checkley et al. 1986 11 0700-1000 27.4 23.2 NS 0.44 0.82 027 0 0
2000-2300
R. Depue (p.c.) 15 0600-0800 25.6 239 * 039 094 0 0 0
1800-2000
Isaacs et al. 1986 11 0500-0700 163 11.7 NS 0.76 0.75 0.27 0.27 0.18
17001900
James et al. 1985 9 1800-23000or 23.6 18.6 NS 0.60 078 022 022 0.22
1900-2400
Rosenthal et al. 1984 9 3hrmorning 151 13.2 NS 032 0.86 033 0.22 0.22
3 hr evening
Rosenthal et al. 1985/ 10 05000800 20.3 181 NS 032 09 0.20 0.20 0.20
1730-2030 ,
6 253 265 NS 018 111 0 0 0
Wirz-Justice et al. 1986 6 0600-0800 26.3 13.5 * 1.72 054 050 0.16 0.16
1800-2000
POOL- 77 23.4  20.0 b 044 0.8 021 0.3 0.11
Brief Exposure Control—Bright Light*
C. Hellekson (p.c.) 7 0.5hr 279 236 NS 055 08 014 0 0
morning : : o . e
R. Sack (p.c.) 14 0600-0630 183 84 * 1.62 049 057 0.50 0.50
Terman et al. 1989b 21  0730-0800 155 87 hh 148 058 0.33 0.29 0.29
1800-1830
Wirz-Justice et al. 1987 23 0600-0630 199 119 bl 130 059 043 0.30 0.30
POOLe 65 19.0 114 bk 1.08 0.59 0.40 0.32 0.31

(continued)
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Table 2. (continued)
NOTES.

¢ All bright-light studies used full-spectrum fluorescent lamps (Vita-Lite) providing approximately 2500 lux at the level of the eyes,
except for the studies of Yerevanian et al. (1986, 1987), which used incandescent lamps, and Lewy et al. (1987) in which some patients
were given cool-white fluorescent lamps.

» Mean 21-item HAM-D scores are based on computations of individual data shown in published tables or graphics, or from unpub-
lished original data provided by the investigators. [Three studies (Isaacs et al. 1986; Yerevanian et al. 1986; C. Eastman, personal
communication) used the 17-item HAM-D scale. Yerevanian et al. (1987) used a 23-item version that included points for atypical vegeta-
tive symptoms. These data are omitted from tabulations of mean 21-item HAM-D scale scores in the cross-study pools. They are in-
cluded, however, in pooled analyses of proportional improvement.] Whenever possible within a“crossover design, withdrawal scores
immediately preceding a light treatment condition are used as baseline; given successive treatments without withdrawals, the pretreat-
ment score is used. Pooled data for each condition are based on individual subjects’ scores, not on mean scores per study; studies with
larger n therefore contribute more heavily to the pooled results.

¢ Wilcoxon signed rank test for correlated samples (two-tailed): *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

4 Treatment-to-baseline ratios are based on individual subjects’ matched scores.

¢ Pooled n and pooled proportional measures exclude multiple entries for patients who were tested in more than one group at a given
time of day. Pooled means and Wilcoxon tests exclude such multiple entries, as well as studies that did not use the 21-item HAM-D scale
(see note b). :

f Patients tested in a crossover between 2 and 4 hr evening light. Only the 4-hr data are entered into the pooled analyses.

% Patients tested in a crossover between 1 and 3 hr morning-plus-evening light. Only the 3-hr data are entered into the pooled
analyses, given minimal evidence for efficacy at 1 hr among this hospitalized patient group.

* Patients tested in a crossover between “long” and “short” photoperiod conditions. Only the long photoperiod data are entered into
the pooled analyses; these correspond most closely with the morning and evening exposure intervals of the other experiments.

 Dim light parameters: Checkley et al. (1986), 400 lux red incandescent; Depue (personal communication), 300 lux full-spectrum
fluorescent; Isaacs et al. (1988), 300 lux incandescent; James et al. (1985), 300 lux full-spectrum fluorescent; Rosenthal et al. (1984), 100 lux
yellow fluorescent; Rosenthal et al. (1985), 300 lux full-spectrum fluorescent (ten outpatients), 5 lux full-spectrum fluorescent (six inpa-
tients); Wirz-Justice et al. (1986), 250 lux yellow fluorescent.

i This study included subgroups of ten outpatients and six inpatients (results reported separately).

k¥ Thirty-minute sessions using 2500 lux full-spectrum fluorescent light.

tion, by study. This test was chosen rather than
the more powerful Student’s t test because the
nonnormality of several studies’ score distribu-
tions violated the assumptions of parametric
testing. This test was also used to assess signifi-
cant movement between pre- and posttreatment
HAM-D scores among subjects who failed to
achieve clinical remissions in morning-evening
light crossover studies.

tion results in inflated error variance, which acts
to make this a conservative test of significance.

3. The Mann-Whitney U test (Siegel 1956) was
used for significant differences in, separately,
baseline, posttreatment, and relative improve-
ment scores between any pairs of pooled group
lighting conditions, with application of the Bon-
ferroni inequality correction (Wilcox 1987) for
multiple comparisons.

4. McNemar’s test for significance of changes (Siegel
1956) was used among 71 subjects in six studies
receiving both morning light alone and evening
light alone in crossover designs, and for 66 sub-
jects receiving bright and dim light under the
morning-plus-evening schedule. Given. limited
power efficiency of this test, we include effect
size (h) outcomes to assist in interpretation.

5. The binomial test (Siegel 1956) was used for sig-
nificance of changes within crossover proce-

2. The Kruskal-Wallis one-way analysis of variance
(Siegel 1956) was used to test significance of dif-
ference between the six pooled group lighting
conditions (morning, midday, evening, morning
plus evening, dim, and brief) for, separately,
baseline, posttreatment, and relative improve-
ment (“post/pre”’) scores. This nonparametric
procedure was chosen because significant out-
comes of the Bartlett—Box test for homogeneity
of variances between the groups (Bock, 1975) vi-
olated, for both baseline and posttreatment

scores, assumptions of the parametric F test. As
a rule of thumb, in a situation of | groups with
unequal variances and unequal sample sizes, if n
and variances are substantially negatively corre-
lated, use of a parametric test will result in ex-
cessive Type 1 error (J. Cohen, personal commu-
nication). The correlation in the case of the
pooled group posttreatment scores was negative
and large (r = —0.68, NS; significance test limited
by df = 5). The necessary inclusion of subjects
who underwent more than one treatment condi-

dures lacking expected frequencies large enough
to perform McNemar’s test. As with McNemar's
test, we include the h statistic.

6. The hypothesis test of differences in proportions
(Ferguson 1959) was used for subjects who met
the various criteria for clinical improvement and
remission under different lighting regimens.
This test was also used to compare results for
groups that differed in baseline symptom se-
verity.

7. McNemar’s test of symmetry (Bowker 1948) was
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used for comparisons of posttreatment HAM-D
score distribution shapes under morning and
evening light in crossover studies.

8. The Kolmogorov-Smirnov one-sample test (Siegel

1956) was used for significant differences from
normality in distribution shapes for morning
and evening posttreatment scores in crossover
studies.

RESULTS

Statistical Significance and Effect Size of
Posttreatment Score Reductions

Table 2 presents treatment outcome measures across
light therapy studies for the following lighting condi-
tions: morning light (» = 172); midday light (n = 34);
evening light (n = 143); morning-plus-evening light
(n = 136); and two controls, dim light (n = 77) and
briefly presented bright light (n = 65). The pooled
mean HAM-D baseline scores ranged between ap-
proximately 18 and 23, and dropped to approxi-
mately 8 to 12 under the bright light treatments.
These score reductions were highly statistically sig-
nificant (p < 0.0001). Note, however, that only two
of the conditions, morning light alone and morning-
plus-evening light, yielded mean posttreatment
scores under 10. Although the response to dim light
showed a mean score reduction of only approxi-
mately 3 points to a posttreatment level of 20.0, this
was also a highly statistically significant difference
from baseline (p < 0.001). Thus, by the standard of
statistical reduction of scores alone, all the treatment
schedules would be considered effective.

The majority of individual studies comprising the
clusters for all bright light treatments achieved signif-
icant score reductions, though six of the evening
light studies showed no such difference, in compar-
ison with only two under morning light. For dim
light, only two of eight showed significant score re-
ductions under treatment, despite the strong result
using the larger, pooled sample size.

The usefulness of significance levels of score re-
ductions between baseline and posttreatment scores
is limited when considering studies with small
sample sizes—there is insufficient power in a test of
difference between populations to reject the null hy-
pothesis even when the effect associated with the al-
ternative hypothesis is substantial. Consideration of
significance levels along with a measure of effect
size, such as the d statistic (Cohen 1977), gives a truer
picture of outcome and helps avoid mistaken conclu-
sions about relative efficacy.

Across the lighting regimens, effect sizes of indi-
vidual studies show a large range reflecting vari-
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ability of both score reduction and spread of scores.
Effect size outcomes for the pooled data show that
bright light conditions with morning light lead to -
mean posttreatment score reductions of approxi-
mately 1.5 SD units. Midday and evening light show
somewhat smaller effect size (1.25 and 1.16 SD units,
respectively), followed by the brief exposure control
(1.08 SD units). The dim light control lowered scores
less than 0.5 SD unit. In comparing morning and
evening light, with evening as a control, the differ-
ence in effect is d = 0.31. It should be noted that this
normalized difference measure is compromised by
pooling subjects from differing protocols, with a re-
sultant increased score variability. When the
morning-evening difference is examined with sub-
jects receiving both conditions in crossover tests, the
normalized difference is much larger (see results for
matched-pairs subsets, below).

Mean baseline HAM-D scores for the pools did
not differ statistically from one another in most
cases, permitting direct comparisons of posttreat-
ment scores without the confound of variable pre-
treatment severity. A major exception, however, was
the dim light baseline (23.4), which was significantly
higher than baselines of morning alone, evening
alone, and the brief exposure control (Mann-
Whitney U, p < 0.05 with Bonferroni correction). In
addition, both morning alone and evening alone
showed lower baseline scores than morning plus
evening (p < 0.05). In comparisons of mean post-
treatment pooled scores, all of the bright light treat-
ments separately yielded significantly lower values
than that of the dim light control (p < 0.05). In addi-
tion, morning light alone showed a significant ad-
vantage over evening light alone (p < 0.05). If, how-
ever, the magnitude of a treatment effect depends on
baseline severity, as we demonstrate below, direct
comparisons of posttreatment scores would become
problematic.

Ratio Improvement of Posttreatment Scores

Following Hamilton’s (1982) suggestion, baseline
score variations were factored out by computation of
a proportional improvement measure for each indi-
vidual subject, the treatment-to-baseline ratio (“post/
pre” in Table 2), and means were derived for each
experiment and the pooled data. In general, effective
antidepressant treatments are expected to yield ratios
of 0.5 or less. (Hamilton noted that patients are not
fully satisfied with a treatment unless this ratio falls
below 0.33.) Within each light exposure regimen,
variations in this ratio are quite large across studies
(e.g., 0.23 to 0.75 for morning light alone). Yet the
pooled results sustain the impression of greater ben-
efit for morning light alone (0.46) and morning-plus-
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evening light (0.46) in comparison to midday light
(0.56) and evening light (0.62). In Mann—Whitney
tests, the “post/pre” ratio showed a significant ad-
vantage of morning over evening light, morning-
plus-evening light over evening light, and all of the
bright light conditions, separately, over the dim light
control (p < 0.05 with Bonferroni correction).

Proportion of Patients Meeting
“Remission” Criteria

The data were further analyzed by setting three oper-
ational definitions of clinical remission, with in-
creasing strictness, for determining the proportion of
patients experiencing successful treatment under the
various lighting regimens. The laxest criterion—the
proportion showing at least 50% reduction in
HAM-D score between baseline and posttreatment
assessments—was derived from individual subjects’
“post/pre” ratios. Next, an absolute criterion for re-
mission was applied by determining the proportion
achieving a posttreatment score under 8, considered
to be within the range for normals. Finally, joint cri-
teria were applied requiring that a patient show
both 50% score reduction and a posttreatment score
under 8 to be considered remitted. This most conser-
vative measure rejects both severe cases, in which
symptoms remained despite large proportional im-
provement (e.g., score reduction from 33 to 15), and
mild cases, in which few symptoms remained after
the therapy but in which proportional improvement
was relatively small (e.g., score reduction from 12 to
7). In either situation, we argue, a strong case for an-
tidepressant efficacy cannot be made.

Relative Improvement Criterion. Across studies
and across light exposure conditions the proportion
of patients with HAM-D score reductions of 50% or
greater shows a wide range (e.g., 0.17 to 0.86 within
the 17 morning light studies). Small sample sizes are
at least partly responsible for such wide variability.
Yet orderliness is obtained by clustering. Morning-
plus-evening light and morning light alone showed
remission proportions of 0.68 and 0.66, respectively.
Midday light alone and evening light alone both
yielded 0.50, the brief exposure control 0.40, and the
dim light control 0.21. Hypothesis tests for propor-
tions showed statistically significant variations
within this graded range. Prominently, morning
light showed a significant advantage over both
midday (p < 0.02) and evening (p < 0.002) light,
which did not differ from each other, and bright light
conditions were all more effective than the dim light
control (p < 0.0001).

Absolute Posttreatment Criterion. Mean pooled
posttreatment HAM-D scores showed a fairly small
range across the bright light treatments (morning
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light, 8.1; midday light, 12.4; evening light, 10.1;
morning-plus-evening light, 9.2). All of these values
border on the mildly symptomatic range, however,
suggesting that half or more of any treatment group
failed to achieve unambiguous remissions. The abso-
lute remission criterion (posttreatment score under 8)
was met by 0.56 of subjects under morning light
alone, 0.52 under morning-plus-evening light, 0.32
under midday light, 0.43 under evening light, and
0.13 under dim light. Within this graded range,
morning light alone did not differ significantly, in
hypothesis tests of proportions, from morning-plus-
evening light, and although morning light exceeded
both midday (p < 0.01) and evening (p < 0.05) light,
midday and evening light did not differ. Again, all
bright light conditions, separately, exceeded the dim
light control (p < 0.0001). It should be noted that the
HAM-D score cutoff of 8, chosen for reasons of clin-
ical utility, does not determine the effects noted here
—when the cutoff was scaled upward, as high as 12,
the results of these treatment comparisons were the
same.

Joint Criteria (Relative and Absolute). The esti-
mated success rates are, of course, lowest, and most
conservative, when both relative (50% reduction in
HAM-D score) and absolute (HAM-D <8) remission
criteria are jointly applied. A proportion of 0.53 of
subjects who received morning light alone achieved
remissions by this standard, with 0.51 under
morning-plus-evening light. By comparison, the cri-

-teria were met by only 0.32 of subjects under midday

light, and 0.38 of subjects under evening light. Table
3 summarizes the results of hypothesis tests for pro-
portions across the treatment conditions. The two
regimens with morning light exposures were equally
effective and were superior to both midday and eve-
ning light. The most statistically significant differ-
ence was between bright light conditions, regardless
of time of day, and the dim light control. With fewer
than 40% remissions under midday and evening
light (within the placebo range established for de-
pressed patients in medication studies), an active an-
tidepressant effect of light would seem questionable
on average, whereas the morning procedures yield a
moderately convincing result. The global results
argue against an antagonistic effect of combined
morning and evening exposures (cf. Lewy and Sack
1986); rather, when all studies are taken into account,
the addition of evening light appears irrelevant to the
treatment effect. The data clustering does not permit
a contrast of early or late evening light, and phase
delays in the latter case might prove selectively
countertherapeutic. Results of individual evening
light studies (Table 2), however, are not explained by
the timing of light exposure in hours of dusk or later:
The relatively effective evening treatments span the
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Table 3. Proportion of “Complete Remissions’’® Across
Treatment Conditions

- Morning + evening -
(51% remissi(ins, n = 136)

NS

Morning Alone -
(53% remissons, n = 172)

p < 0.05° -

p <0.05 p < 0.01

5 p < 0.01 Midday Alone

(32% remissions, n = 34)

NS

Evening Alone J
(38% remissions, n = 143)

NS

p < 0.0001 Brief Exposure Control

(31% remissions, n = 65)

p < 0.01

5 Dim Light Control
(11% remissions, n = 77)

@ Strict joint remission criteria: pre- to posttreatment reduction
of Hamilton Depression Rating Scale score of at least 50% to a level
under 8.

b Hypothesis test of differences in proportions.

same range of exposure times as those failing to dem-
onstrate improvement.

Data of the individual studies largely corroborate
the conclusions from the pooled results, with some
exceptions. Of the 17 studies using morning light
alone, 14 yielded a proportion above 0.40 of subjects
meeting our joint criteria. One exception was the
study of Jacobsen et al. (1987), in which no subject
showed major improvement; the mean posttreat-

~ment score was 16.3, the highest of any morning-
light study, a value that in fact exceeds the pretreat-
ment baseline scores of six morning-light studies.
The other exceptions (C. Eastman, personal commu-
nication, n = 6; C. Hellekson, personal communica-
tion, n = 7) were subject to small sample sizes. Of
the 17 studies that presented evening light alone, 11
failed to produce a proportion of subjects responding
greater than 0.40. The six studies that did exceed
proportions above 0.40 included three with n < 6
(Hellekson et al. 1986; Yerevanian et al. 1986; K.
Doghramji, personal communication).

Subjects Within Crossover Designs

Morning Versus Evening Light. One might wonder
if the differential efficacy of morning versus evening
light is due to protocol discrepancies across the indi-
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vidual studies. We therefore compared ten experi-
ments from six centers that crossed subjects over be-
tween morning light alone and evening light alone
(n = 71), permitting a matched-pairs analysis. The
scatter plot in Figure la correlates individual post-
treatment HAM-D scores. If morning light and eve-
ning light yielded equivalent effects, data points
would cluster about the major diagonal. Instead,
most points fall above this line, indicating generally
higher posttreatment scores following evening light
treatment.

The dashed lines in the plot demarcate the abso-
lute criterion of HAM-D score under 8, separating
scores considered to represent a symptomatology in
the “normal” range from those above. Thirty-one
percent of cases (22 of 71) meet this criterion, or re-
mitted, after either morning or evening light treat-
ment. Thirty-seven percent (26 of 71) show HAM-D
scores under 8 after morning light, but have scores of
8 or higher after evening light. In contrast, only 6% (4
of 71) show a preferential response to evening light.
Of this small group, only two of the patients, one
from Oregon and one from Rochester, showed a
strong evening-light bias and might be considered to
belong to a small minority of ““phase-advanced”” SAD
patients requiring evening light exposure for a nor-
malizing delay (cf. Lewy et al. 1988). For the 27% of
cases (19 of 71) with posttreatment HAM-D scores of
8 or higher under both treatments, the tendency to-
ward stronger response to morning light is main-
tained, and it is apparent that the effect would be
sustained if the absolute cutoff score of 8 were
shifted upward.

The morning-evening difference was verified
statistically for these matched pairs by comparing the
proportion of subjects satisfying our joint criteria for
remission—HAM-D score reduction of 50% or more
to a level under 8—under morning light alone and
evening light alone (McNemar’s x? = 18.89, df = 1,
p < 0.001). Overall, 62% (44 of 71) of these crossover
patients showed remissions under morning light
alone, in contrast to 28% (20 of 71) under evening
light alone, magnifying the difference in proportions
found in Table 2 for the total pool (53% and 38%,
respectively). Fifty-nine percent (26 of 44) of morning
light responders failed to respond to evening light.
In comparison, only 10% (2 of 20) of evening-light
responders failed to respond also to morning light.
If, in future research, the therapeutic effect of light
proves to be conditional on morning or evening ex-
posure in phase-delayed and phase-advanced pa-
tients, respectively, nondifferential positive re-
sponders in morning-evening crossover studies,
25%, might be taken reasonably to be placebo re-
sponders.

When one considers the effect size measures for
the matched pair subjects in comparison to those for
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Figure 1.

(a) Correlation of posttreatment Hamilton Depression Rating Scale (HAM-D) scores for individual patients at

six research centers given morning light and evening light treatment in crossover protocols. Points falling above the major
diagonal indicate a preponderance of differentially positive responses to morning light. Points falling below the criterion
cutoff score of 8 (dashed lines) serve to estimate remission rate to morning light alone, evening light alone, or both (over-
lapping quadrant at lower left). (b) Frequency distributions of posttreatment HAM-D scores for subjects crossed over

between morning and evening light regimens.

the total pool, the decrease in variability leads to an
even more striking display of differential efficacy be-
tween morning and evening light: difference in
means leads to a d of 0.87. When scores are filtered
by the joint criteria for complete remissions, the dif-
ference is still substantial (¢ = 0.70).

The shape of morning and evening posttreat-
ment HAM-D score distributions (Fig. 1b) also
differs, as shown by relative frequencies categorized
according to severity level: low, 0-9; moderate,
10-16; and high, 17 or above (McNemar’s test of
symmetry, p < 0.0001). Furthermore, the evening
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score distribution is not normal (Kolmogorov-
Smirnov one sample goodness of fit test, p < 0.05).
Evening scores are made up of two distinct subsets:
one third of cases falling at the low end of the post-
treatment severity range (HAM-D score under 8),
and two thirds spread with essentially equal proba-
bility across the symptomatic range (HAM-D score 8
or higher). The fact that the latter subset shows no
significant movement of HAM-D scores after treat-
ment (Wilcoxon signed ranks test, NS) suggests that
these patients were “complete nonresponders” to
evening light. This stands in contrast with the
morning-light distribution, with approximately two
thirds of cases showing posttreatment HAM-D
scores under 8, and where, among those who still fall
within the symptomatic range there is, however, a
significant decrease in HAM-D scores after treatment
(p < 0.01). The improvement seen in morning-light
nonresponders suggests dose dependency for
morning light exposure: had this light been more in-
tense or presented for sufficient duration, the
morning nonresponders might have shown remis-
sions.

Given between-subject variability in the data for
all studies, in contrast to the crossovers, one should
not test for corresponding effects using pooled raw
scores. However, using the joint criteria for remis-
sion (pre- to posttreatment HAM-D score reduction
of 50% or above to a level under 8), which help con-
trol for such variability, the distinction between
morning and evening posttreatment distribution
shapes is similar to that seen for the matched pairs.
The evening light distribution shows a broad spread
of proportions, with only 39% of studies resulting in
a majority of patients meeting the joint criteria. This
contrasts with a normal distribution of morning-light
proportions wherein 71% of studies yield a majority
showing remissions.

Other Matched-Pairs Comparisons. By similar as-
sessment of 28 patients who received both morning
light alone and morning-plus-evening light in cross-
over tests (Table 1), there was no evidence of a dif-
ferential effect (h = 0.09, binomial test for small
samples, NS). Sixty-six subjects who were treated
with both bright and dim light under the morning-
plus-evening schedule showed a strong bright-light
benefit (h = 0.84, x> = 19.53, df = 1, p < 0.001). In
contrast, 18 subjects who were treated with both
bright and dim light in the evening alone failed to
show a statistically differentiated response (h = 0.50,
binomial test, NS), albeit moderate effect size.

In general, these matched-pairs comparisons, al-
though vulnerable to small sample sizes, sustain and
amplify trends observed within the total pool (Table
2) by reducing subject variance inherent to the inde-
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pendent-groups analysis. The data indicate (1) the
superiority of morning over evening light, (2) the
lack of consequence—positive or negative—of
adding evening to morning exposures, and (3) the
superiority of bright light over the dim light control,
given morning exposures, but no such clear-cut su-
periority given evening exposures.

Treatment Response As a Function of
Baseline Severity

The covariation of individual subjects’ pre- and post-
treatment scores is illustrated in the scatter plots of
Figures 2a and 2b for the three presumed active
treatment conditions that have been investigated
most thoroughly—morning-plus-evening light (n =
136), morning light alone (n = 172), and evening
light alone (n = 143)—and for the dim light control
(n = 77). This display reveals considerable variation

‘within and across light therapy studies, and system-

atic aggregation of points for a given research center
or geographic area can be directly detected. The raw
data display permits one to “cut the cake” by rules
different from ours. Dividing lines demarcate our re-
sponse criteria applied across the range of symptom
severity.

The data are scattered widely throughout the
space encompassing pre- to posttreatment score re-
ductions. Under morning light alone the points ap-
pear to aggregate at relatively low pre- and posttreat-
ment scores. This could result from a selection bias
toward milder cases. The highest baseline scorers in
evening-alone studies have been entirely from Be-
thesda, and the lowest scorers—several of whom
showed symptom exacerbation under evening light
—have been predominantly from Portland. In the
main, however, there is a broad overlap of data
points across the research centers, which supports
the legitimacy of the clustering approach. The wide
range of baseline HAM-D scores found within and
across light therapy studies may cause concern' that
the subject population is nonhomogeneous. A high
baseline score requires a larger response, both rela-
tively and absolutely, for obtaining a remission. In
order to ascertain whether our global conclusions
about differential treatment efficacy describe the
SAD population as a whole, we have further ana-
lyzed treatment outcome for morning-plus-evening
light, morning light alone, evening light alone, and
the dim light control with baseline symptom severity
split into two groups: clinically mild cases (HAM-D
score between 10 and 16) and moderate-to-severe
cases (>16). Subjects with baseline scores under 10
were omitted from this analysis on the grounds that
their low severity level would tend to confound as-
sessment of antidepressant efficacy. (For the pooled
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Figure 2a.

Pre—treatment HAM-D score

Scatter plot of pre- and posttreatment HAM-D scores for individual patients treated with morning light alone

and evening light alone. Points clustered about the major diagonal indicate no posttreatment reduction in symptom
severity. Points near the 1:2 contour indicate relative posttreatment score reductions of approximately 50%. Points below
8 on the ordinate indicate posttreatment symptom severity within a normal, or subclinical range.
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results in Table 2, however, results did not differ sta-
tistically whether or not such subjects were included.
Despite higher baseline HAM-D requirements at ini-
tial entry, several studies found occasional substan-
tial pretreatment score reductions, or failures to re-
lapse during withdrawals separating crossovers, and
yet proceeded with treatment, factors that could fa-
vorably bias the group-average response.)

Figure 3 plots the proportion of subjects meeting
the joint criteria in four treatment conditions—
morning-plus-evening, morning alone, evening
alone, and the dim control—as a function of baseline
severity. When mild and moderate-to-severe baseline
ranges are pooled, evening light alone is observed to
be significantly less effective than morning-plus-eve-
ning light and morning light alone (hypothesis tests
of proportions, p < 0.05), and the dim light control is
even less effective (p < 0.0001). When subjects in the
mild baseline range are considered separately, the
greater efficacy of morning over evening is consider-
ably magnified, with 0.67 of subjects meeting the
joint criteria under morning light alone, compared
with 0.39 for evening light alone (p < 0.01). This
morning-evening difference vanishes for the more
severe baseline cases, and the efficacy of morning-
plus-evening light and morning light alone fall signif-
icantly below that of the mild baseline cluster (p <
0.05 and p < 0.01, respectively). Thus, at the higher
level of baseline severity, time of day of treatment
has little effect on rate of remission. Both evening
light and dim light response rates remain approxi-
mately equal (0.39 and 0.11, respectively) across
baseline severity ranges. This analysis localizes the
differential treatment effect of morning light to mild
SAD cases. That the clinical effect of evening light
and dim light does not vary with baseline severity
further suggests that they are nonspecific or inactive
treatments, despite the statistically significant reduc-
tions seen in the mean HAM-D scores (Table 2).

It might be argued that bisecting the level of
. baseline symptom severity at another HAM-D score
cutoff would reveal an apparent baseline effect not
seen with a cutoff of 16. When the analysis is applied
to cutoffs up to 20, however, the lower efficacy of
treatment in the more severe cases, and lack of sig-
nificant difference in remission rates as a function of
time of day, is maintained.

One might reasonably suspect that use of the
joint remission criteria, which includes the require-
ment of posttreatment HAM-D score under 8, would
bias conclusions in favor of mild cases in which base-
line scores are already low. In contrast, use of a rela-
tive improvement criterion, such as the proportion of
patients achieving a 50% reduction in HAM-D score,
might obviate the baseline effect. We tested the dif-
ferences between “mild” and ““moderate-to-severe”
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subgroups for relative improvement and still found a
significant advantage of morning over evening light
given low baseline severity (0.67 vs. 0.43 proportions
of patients with 50% score reduction, p < 0.01), an
effect that decreased or vanished at moderate-to-high
severity (0.66 vs. 0.57, NS).

Examination of Figure la discloses some evi-
dence of this baseline effect for the matched-pairs
data set, though limited by small sample sizes within
studies and perhaps also (with the pooled mean
HAM-D baseline scores under 16) an inclusion bias
toward milder cases. Given undifferentiated efficacy
for morning and evening light at moderate-to-high
severity, shown in Figure 3, one would expect to find
the more severe cases clustering around the diagonal
and, given the marked difference at low severity,
milder cases clustering to the left of the vertical cutoff
line (posttreatment HAM-D score under 8). This
seems to be the pattern for, most notably, the results
of Fairbanks and Portland. The Alaskan HAM-D
baselines, at 19 or above, are significantly higher
than the Oregon baselines for both morning and eve-
ning (both p < 0.05, Mann-Whitney U test) and
higher than the rest of the data set in the case of eve-
ning (p < 0.05). Considering then the Alaskan data
(n = 13) to constitute a “high severity” sample, data
points appear grouped relatively close to the diag-
onal and do not show a significant morning-evening
difference in proportions meeting the joint criteria for
remission, despite an apparent trend (0.58, morning;
0.38, evening). In contrast, the “low severity” Or-
egon subjects (n = 21, mean HAM-D baseline
score = 13.2) showed significantly more remissions
under morning than evening treatment (0.64 vs.
0.21, p < 0.05).

DISCUSSION

The aggregate of analyses in this cross-center study -
show clearly that the clinical efficacy of light treat-
ment varies significantly with time of day of expo-
sure as well as intensity and baseline severity. Given
the particulars of the most effective treatment combi-
nation—high-intensity light, early-morning expo-
sure, mildly depressed cases—the argument for spe-
cific clinical efficacy is sustained.

Is evening light effective? Its average efficacy
falls within the upper range of placebo response es-
tablished for antidepressant medication studies, but
those were not studies of SAD, so that a strict com-
parison would be false. Pooled crossover results for
bright evening light vs. dim light controls (either eve-
ning alone or morning plus evening) show a mod-
erate bright-evening differential effect. Several indi-
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Figure 3. Proportion of patients achieving clinical remissions under light therapy, defined as a pre- to posttreatment
HAM-D score reduction of at least 50% to a level below 8, as a function of baseline symptom severity. Pool of patients
with baseline scores of 10 or higher is shown at left. Middle and right-hand sets of histograms divide the pool into mildly
depressed (pretreatment HAM-D score of 10-16) and moderately-to-severely depressed (>16) subsets. Significant varia-
tions across groups were determined by hypothesis tests of differences in proportions.

vidual crossover studies have found no reliable
morning-evening bright-light difference but did find
quite respectable rates of remission for evening treat-
ment (e.g., Terman et al. 1987, A. Wirz-Justice, per-
sonal communication). Still, we have argued that
since exclusive morning responders far outnumber
exclusive evening responders, nondifferential re-
sponders might be sensitive to some other aspect of
the therapy. Lewy and Sack (1986) postulated a non-
- specific energizing effect apart from specific thera-
peutic circadian phase advances obtained only in
early morning. Light therapy studies have unfortu-
nately not used a placebo washout prior to the acute
treatment phase, and high initial expectations for im-
provement are likely to color the treatment response
for the first several weeks. We have observed eve-
ning light to be markedly less effective than morning
light when tested in subjects with substantial prior
experience, whereas new subjects appear much more
responsive. Testing the persistence of the evening
treatment response in comparison to that of morning
response would be an important step toward clari-
fying this issue. Benefits of a nonspecific treatment
—in this situation, one that shows no dose depen-
dency, no differential time-of-day effect, and low ef-
ficacy across the patient population—might wane.

Studies varying the circadian phase of evening light,
early or late, are also needed to establish whether
later exposures are consistently countertherapeutic
by virtue of phase delays.

Consideration of the midday results is limited by
the number of subjects studied (n = 34); it is notable,
however, that two of three studies that used this reg-
imen did achieve a level of efficacy approaching that
of morning light. This may indicate that the midday
responders were dose dependent and insensitive to
time-of-day effects. Alternately, it may support the
hypothesis of a delayed phase-response curve in
SAD patients (Lewy et al. 1987), wherein a midday
light exposure given early enough to cause a phase
advance could induce a clinical change similar to that
of morning light. If so, morning and midday proce-
dures are thus not functionally distinct. However, it
is also true that midday light yields a global propor-
tion of remissions of 0.32, by the joint criteria, which
might be considered to fall within a placebo response
range, without significant difference from evening
light in effectiveness.

For documented cases of phase advance at base-
line, with early melatonin onset or early sleep phase
(Lewy et al. 1987), however rare, evening light expo-
sure would be expected to be therapeutically active
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in long-term treatment and morning light ineffective.
The clinician must face the difficulties of attempting a
diagnosis of circadian phase—e.g., through analyses
of melatonin, temperature, activity, and sleep pat-
terns—before recommending a time of day for light
treatment, or simply try both times to determine
which is best in individual cases. Lewy (1987) and
Terman (1988b) outlined various clinical strategies for
administration of light therapy as related to putative
circadian system interactions.

Control Procedures

Estimation of a Placebo Response Rate. Develop-
ment of convincing placebo controls for this research
presents a formidable problem. The active treatment
cannot be administered blind, and dim or brief light
exposure controls are not necessarily convincing to
the patient as treatment alternatives. Nonetheless,
even without direct estimation of a nonspecific effect,
demonstration of differential response among light
treatments can provide convincing evidence of effi-
cacy. A placebo response rate has not been directly
established for the SAD population. Ideally, we
would like to see a light-treatment effect exceed 20%
to 40% placebo response rates commonly obtained in
medication studies. Our group has, however,
studied nonseasonal depressives under placebo-con-
trolled trials of tricyclic, tetracyclic, and monoamine
oxidase inhibiting antidepressant medications. Many
of these patients have shown atypical vegetative
symptoms similar to those found in SAD. Across
several studies (cf. Rabkin et al. 1987) we have found
10-day placebo response rates of approximately 20%,
‘and 6-week rates of approximately 30%. Interest-
ingly, 10-day placebo responders tended to have
milder symptoms than 6-week responders and to
show decreased response in the winter months (cf.
Terman 1988a). Although the 10-day estimate pro-
vides a close match to the 1-week treatment duration
. of most light therapy studies, antidepressant medica-
tion response ordinarily takes much longer. The op-
timum treatment duration for lights has yet to be es-
tablished.

Previous studies suggest that placebo responses
in depressed patients occur more frequently among
milder cases (Rabkin et al. 1987). Fairchild et al.
(1986) found such a trend in Beck and Carroll self-
rating scales, although not in the HAM-D scale. If the

general finding also applied to SAD patients, one

would expect to find higher response rates for all
lighting conditions within the “mild” subset of
Figure 3 than within the “moderate-to-severe”
subset. Instead, there is a striking equivalence of re-
sponse rates for evening light and for dim light (two
ostensible placebo conditions) across severity ranges,
with stronger clinical response restricted to mild
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cases treated with morning light. There may have
been an interaction between season and baseline se-
verity underlying heightened placebo response in
earlier studies, given significantly higher summer-
time placebo rates (Rabkin et al. 1987) that, perforce,
are absent among winter depressives. The selective
advantage of morning light among mild SAD cases,
rather than reflecting a placebo response, is more
plausibly interpreted as a dose dependency: the
standard intensity of morning light (2500 lux) may
constitute a low treatment dose that offers specific
clinical benefit mainly in milder cases (see Dosing Di-
mensions of Light, below).

A double-blind medication study of winter de-
pression, using a conventional placebo control,
showed a 4-week placebo response rate of 17%, by
our joint criteria, in comparison to 78% response to
d-fenfluramine administered to 18 carbohydrate
cravers with extreme weight gain (D. O'Rourke, per-
sonal communication). Viewed within the context of
our survey, this result suggests that direct serotonin-
ergic stimulation can equal or exceed light therapy in
clinical efficacy. The placebo response rate of 17%
does not differ statistically from the 11% rate ob-
tained for the dim light control but is lower than the
38% rate under evening light (p < 0.05), a result that
argues for partial efficacy of evening light.

Under the phase-shift hypothesis of Lewy et al.
(1988), a given patient should respond selectively to
morning or evening light—to morning if phase
delayed at baseline, to evening if phase advanced.
By implication, patients showing nondifferential re-
missions to morning and evening light might be con-
sidered placebo responders. Morning—evening
crossover studies (Fig. 1a) support this scenario, with
62% of patients showing remissions with morning
light, and 28% showing remissions with evening
light. The overlap of these two groups—those re-
sponding nondifferentially with both morning and
evening light—comprise 25% of patients. Assuming
that these patients are placebo responders, we would
estimate that there were 62% — 25% = 37% true
morning responders and 28% — 25% = 3% true eve-
ning responders in the group. The few true evening
responders would be expected to show abnormally
early nocturnal melatonin onsets and body tempera-
ture declines, accompanied by early bedtimes and
rise times. Indeed, the one exclusive evening-light
responder from Oregon (Fig. 1a) did show a phase-
advanced melatonin onset at baseline (Lewy et al.
1988), and several other such cases have recently
been identified (Avery et al. 1988; A. Lewy, personal
communication). Until the mechanism of therapeutic
action is determined, however, regarding nondiffer-
ential morning—evening response as a placebo effect
must be considered tentative.
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Subtherapeutic Light Exposure. Two major manipu-
lations of light exposure parameters, intensity and
duration, have been studied as ostensible placebo
controls (Table 2) on the premise that the treatment
effect requires bright light (>2000 lux) presented in
long sessions (=2 hours). Six studies have crossed
subjects over between standard bright-light presenta-
tions (2 to 6 hours total exposure per day) and a va-
riety of dim light values (<400 lux), which is within
the normal range of interior room illumination. Al-
though two of these studies obtained statistically sig-
nificant improvement in HAM-D scores after dim
light, the proportion of subjects meeting our joint re-
mission criteria was low (Wirz-Justice et al. 1986,
0.16; R. Depue, personal communication, 0.0). The
proportion of dim-light remissions for the pooled
group, 0.11, falls significantly below the proportion
under evening bright light, 0.38 (p < 0.0001). Thus,
evening light appears effective in comparison. One
problem with this conclusion, however, is that pa-
tients” expectations of treatment efficacy have tended
to be lower for dim light (Rosenthal et al. 1984), thus
lessening the likelihood of a placebo response.

Two of the larger studies to date (n = 43) have
presented relatively brief bright-light exposures (30
minutes, morning alone or morning plus evening),
surmising that positive treatment effects require
longer durations. In both cases, reductions in
HAM-D scores were highly significant, and yet the
proportion of subjects meeting our joint criteria for
remission still fell within the 30% range. Several pa-
tients did show convincing responses to brief light
exposure, however, and settled upon the 30-minute
regimen for long-term maintenance therapy. This
suggests that duration is a continuous dimension
under which some supersensitive patients will ben-
efit from brief exposures. For the SAD population as
a whole, however, at levels of illumination in the
2500-lux range, morning exposures of up to several
hours will be required.

Sample Sizes for Future Research

The variability of outcomes across light therapy
studies is substantial and is probably attributable to
small sample sizes, beyond any procedural differ-
ences and variations in clinical profiles and assess-
ment methods. With 62% of subjects achieving es-
sentially complete clinical remissions under morning
light in comparison to 28% under evening light (see
morning versus evening crossover analysis above),
the expected effect size (h = 0.70, computed from
differences in proportions meeting the joint remis-
sion criteria) would require samples of 25 in experi-
mental and control groups in order to achieve a
power of 0.80 at the p < 0.05 level. This meets the
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level of power usually recommended (Cohen 1977).
The power analysis strongly argues that sample sizes
of light therapy studies to date have been too small to
permit demonstration of statistical differences be-
tween morning and evening light, if in fact they do
exist.

Treatment Assessment

Subjects’ baseline symptom severity has varied
widely both within and between light therapy
studies. Indeed, mean pretreatment Hamilton de-
pression scores have ranged between 13.0 and 30.0.
Although subjects have all met standard criteria for
seasonal recurrence of depressive symptoms (Ro-
senthal et al. 1984), this wide baseline range makes it
unlikely that any single treatment regimen would
suffice for the entire population. One source of base-
line variability may lie in rating criteria for the Ham-
ilton interview, as applied by different groups.
Though the HAM-D scale has apparently worked
well across a wide range of studies, comparability of
results would be improved by use of a structured in-
terview guide (Williams 1988). A serious drawback of
the Hamilton instrument for workers in SAD is the
absence of items assessing vegetative symptoms
such as hypersomnia and increased appetite that are
prominent among SAD patients, sometimes even
outweighing the melancholic symptoms. Though the
severity of vegetative symptoms has not been consis-
tently reported by light therapy investigators, a scale
rating these symptoms, devised by N.E. Rosenthal,
has been incorporated into a structured clinical inter-
view for SAD (SIGH-SAD; Williams et al. 1988). Our
own work indicates that differential responses to
various light treatments are accentuated when the
atypical vegetative symptoms are considered
(Terman et al. 1989b).

Although the first large-scale clinical trial (Ro-
senthal et al. 1984) utilized a treatment period of 2
weeks, 1-week assessments of acute treatment have
been more common in these studies. These are brief
in comparison to medication studies, but the re-
sponse to light typically occurs within 3 or 4 days.
The result, however, is that the posttreatment Ham-
ilton interview often assesses only a few days of im-
provement, after which the patient is immediately
withdrawn or crossed over to a new condition. This
restricted time frame for the posttreatment assess-
ment necessarily lowers the confidence with which
symptoms can be scaled in comparison to standard
full week assessments and probably contributes to
the variability of reported scores. Thus, we suggest
extending treatment trials to at least 10 to 14 days to
allow for reliable assessments of treatment re-
sponses, including those of slower responders. Poin-
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tedly, Depue’s (personal communication) study of
morning plus evening light, with evaluation after 2
weeks of light, achieved the highest effect size of any
in the set (d = 5.02).

Dosing Dimensions of Light

This review has concentrated on time-of-day effects
for light administration. There are several lines of ev-
idence, however, that other dimensions of light ex-
posure may determine treatment efficacy. The dura-
tion of the treatment session, for example, as noted
above, may be a dosing variable requiring individual
adjustment for the patient. Checkley et al. (1986)
found that 1-hour sessions in morning and evening
were ineffective in a severely affected group with
mean baseline HAM-D of 29.6, whereas 3-hour ses-
sions yielded remissions in 45% of cases. It is reason-
able to surmise, then, that longer exposures would
be required to accurately assess response in more se-
vere cases.

Increasing the duration of daily light exposure is
perhaps the least attractive alternative, however, be-
cause it ties down the patient. The finding that 1
week of light therapy yields approximately equiva-
lent relative improvement in HAM-D scores across
the range of baseline severity, but brings few se-
verely depressed patients into the asymptomatic
range [i.e., HAM-D scores under 8 (Fig. 3)], suggests
that another alternative would be to extend the
length of treatment. Light exposure for more than 7
to 10 days might increase success rates among pa-
tients whose scores require greater proportional re-
duction to reach the asymptomatic range.

A third dosing strategy would be to increase light
intensity. Our current work indicates that patients
who respond to 2 hours of morning light at 2500 lux
—but relapse at briefer durations—show an imme-
diate positive response when given 10,000 lux for 30
minutes (Terman 1988a,b). The assessment of effi-
cacy necessarily rests on an adequate dosing reg-
imen, and 2500-lux studies may have been at a hand-
icap.

CONCLUSION

A survey of 29 light therapy studies reported be-
tween 1984 and 1987 shows considerable variability
in treatment outcome as a function of time of day and
duration of light administration. Data pooled across
studies indicate a clear positive treatment effect for
early morning bright light exposure and equivocal
results for midday and evening exposures. The
highest remission rates have been obtained for
mildly depressed patients, a group that also shows a
differential response favoring morning over evening
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light. Interpretation of the evening light effect—as
truly antidepressant, transiently energizing, or
within the range of placebo response—remains
problematic. Evaluation of clinical efficacy may be
improved by use of brighter lights, longer courses of
treatment, systematic use of washouts within cross-
over designs, stratification of results on the dimen-
sion of baseline severity, a validated scale for assess-
ment of atypical vegetative symptoms, and substan-
tially larger sample sizes than have been used in
research to date.
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