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Abstract
Background
Seasonal affective disorder (SAD) is characterized by recurrent episodes of major de-
pression in a seasonal pattern. The therapy of choice is light therapy (LT). It is suggest-
ed that LT should be administered relative to the chronotype of the patient, with the 
optimal timing earlier for morning than for evening types. This study aims to retrospec-
tively investigate the relation between chronotype and the effect of LT on a fixed time 
in the morning in a population of SAD patients.

Methods
Data from four different studies conducted at the University Center of Psychiatry in 
Groningen, the Netherlands was used. Data from 132 patients was used (103 wom-
en). Depression score was determined by a structured interview (SIGH-SAD) prior to LT 
and after LT. Prior to LT morningness/eveningness preference of the patient was deter-
mined by the ‘Morningness/Eveningness Questionnaire’ (MEQ). All patients received LT 
at 8:00 AM at the clinic, independent of chronotype.

Results
Patients had an average MEQ score of 51.5±8.2. There was no significant relationship 
between MEQ score and therapy success as measured with the SIGH-SAD (F2,129 = 0.05, 
ns). When patients were divided by chronotype (ranging from definite morning to 
moderate evening) no significant relation between MEQ score and therapy success was 
found (F2,129 = 0.02, ns). 

Conclusions
The lack of a significant relationship between chronotype, as measured with the MEQ, 
and therapy success with LT at a fixed timepoint may indicate that the anti-depressive 
effect of morning light in SAD patients is not explained by a phase shift of the biolog-
ical clock.
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Introduction
Seasonal affective disorder (SAD) is a mood disorder characterized by recurrent episodes 
of major depression with a seasonal pattern (1). For winter type SAD, light therapy (LT) is 
the treatment of choice in the Netherlands (2). Although the effectiveness of LT is well es-
tablished and the response rates are high the mechanism underlying the effect is still un-
clear. Since the introduction of SAD and the positive effects of LT in 1984 by Rosenthal and 
colleagues, various theories have been discussed. One of the most prominent hypothe-
ses explaining the success of light therapy is the phase advancing effect of properly timed 
morning light (3). SAD patients are suggested to have a delayed circadian phase underlying 
depressive mood. Morning light is thought to be therapeutic as it causes a corrective phase 
advance. This hypothesis is later specified to the “phase angle difference” hypothesis, 
where it is not just the phase delay in SAD patients, but the internal phase delay compared 
to the mid-point of sleep that is the crucial factor for the therapeutic response (4).

In 2001, Terman et al. showed a correlation between the magnitude of the phase ad-
vance with morning light exposure and therapy success in SAD patients (5). Based on 
this study an optimal timing of light therapy was defined according to an individual’s 
circadian phase (6). This optimum is found to be 8.5 hours after dim light melatonin onset 
(DLMO), a circadian phase marker. Although DLMO is a good phase marker, it is hard to 
obtain in the clinical practice, as the determination is both time consuming and expen-
sive. Instead of measuring DLMO, a reasonable approximation of the timing of DLMO can 
be obtained with collecting a morning-evening score with the morningness-eveningness 
questionnaire (MEQ) developed by Horne and Östberg (7). The rating of this question-
naire is strongly correlated to circadian phase in SAD (8). By making use of an individual’s 
MEQ score, a reasonable estimation of the optimal timing of light can be made.

Aims of the study
At the University Medical Center Groningen (UMCG), light therapy for SAD patients is 
scheduled at a fixed clock time; all patients receive light at 8AM. In the current study we 
aimed to see whether the therapy response at this fixed time point is different for early 
and late chronotypes. To our knowledge, this is the first study to link chronotype with 
therapy success on a fixed LT time. We hypothesize that patients with a lower MEQ score, 
more evening type, show a better therapy outcome than morning types, as LT on 8AM 
would be more optimal for late types.

Methods
Study design and participants
For the analysis, data from four different studies conducted between 2005 and 2011 (9–12) 
are used. The studies have all been performed in the SAD outpatient clinic of the UMCG, the 
Netherlands. For specifications of the different light treatments see table 1. All studies were 
approved by the Medical Ethical Committee of the University Medical Center Groningen.
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A total number of 132 patients have been retrospectively selected based on the 
following criteria: all subjects met the criteria of major depressive disorder with a  
seasonal (winter) pattern according to the DSM-IV-TR and did not suffer from other 
DSM-IV classified psychiatric disorders as assessed by the Mini-International Neuropsy-
chiatric Interview (13). The group consisted of 29 men and 103 women, mean age ± SD 
37.4y ± 11.9 (table 1).

Table 1. Characteristics of subjects, light treatment and results.

 
a All light conditions except the LED Blue light condition: full spectrum light, without UV.

Procedures
The Structured Interview Guide for the Hamilton Depression Rating Scale-Seasonal Af-
fective Disorder 24 item version (SIGH-SAD) was used to assess severity of depression 
(14). Prior to LT the morningness-eveningness questionnaire by Horne and Östberg was 
used to assess morningness-eveningness preference (7).

SIGH-SAD ratings were assessed before LT and one week after the end of LT. In the three 
studies which compared different methods of light therapy no significant differences be-
tween light conditions were observed: study 1, main effect “condition” F(2,49) = 0.73, ns; 
study 2, main effect “condition” F(1,20) = 0.012, ns; study 3, 67% recovery for standard 
treatment and 63% recovery for experimental treatment, ns. The fourth study did not use 
an experimental light therapy, as this study looked at gene expression in SAD patients 
(12). In study 1 and 2, patients received 2 weeks of LT, while in study 3 and 4 patients 
received 1 week of LT. No significant effect of treatment duration was found (15). For the 
current analysis we pooled the data of all studies and all different light conditions.

Chapter 10: The relation between chronotype and treatment outcome with light therapy on a fixed time schedule
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All patients received light therapy at 8 A.M. at the clinic, independent of their chronotype.

Statistical analysis
Therapy outcome is defined as the percentage decrease in SIGH-SAD score comparing 
the rating 1 week after LT with the rating just prior to LT. Responders were calculated as 
patients with a decrease of at least 50% in their depression score.

Under the hypothesis that there is an optimum in the therapeutic response to light for 
a certain chronotype, a quadratic curve fitting was used to correlate MEQ score with 
therapy outcome. In addition, based on the MEQ score the patients have been separat-
ed into 5 chronotype groups (1=definitely evening, 2=moderately evening, 3=interme-
diate, 4=moderately morning, 5=definite morning). Another quadratic curve fit is done, 
correlating chronotype group and therapy outcome. 

Results
Patients had an average MEQ score of 51.5 ± 8.2 (range 32 to 70). There were no defi-
nite evening chronotypes, moderate evening: 12, intermediate: 95, moderate morn-
ing: 23, definite morning: 2. Patients had an average proportional change in depression 
score of 68% ± 29 (range -36% to 100%, a positive change resembles a reduction in 
depression score).  The percentage responders (decrease in depression score of equal 
or more than 50%) amounts to 76% (n=100).

The individual therapy outcome data show a large variation. Most of the patients show a re-
sponse to the therapy, having a therapy outcome between 40-100%. There are 3 patients 
who do not respond to the therapy (therapy success <10%) and two patients show a worse 
depression score after light therapy (therapy success < -10%).  No significant quadratic cor-
relation between MEQ score and therapy outcome was found (F2,129 = 0.05, ns) (figure 1).

Figure 1. Distribution of proportional depression score reduction over different MEQ scores. Lower MEQ 
scores reflect more evening type, higher scores more morning type.

Chapter 10: The relation between chronotype and treatment outcome with light therapy on a fixed time schedule
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When patients were binned by chronotype score, no significant relation between chro-
notype group and therapy outcome was found either (F2,129 = 0.02, ns). The definite 
morning group shows on average the best therapy outcome, but consisted only of two 
patients. Furthermore it should be noted there are no definite evening types.

Discussion
In this study, no significant relationship was found between MEQ score of SAD patients 
and therapy success of light therapy on a fixed time schedule. A better therapy out-
come for evening types was hypothesized, as the timing of 8 AM is the optimal timing 
for evening type patients (MEQ score 27-30), based on a previous paper (6). This hy-
pothesis is not supported by the data of this study.

An often cited hypothesis of the pathophysiology of SAD is the phase shift hypothesis 
(PSH) (3). This hypothesis states that a delayed circadian pacemaker plays a role in the 
complaints of SAD patients. The PSH suggests the benefit of light therapy in the morn-
ing comes from treating the phase delay in patients with SAD, by establishing a phase 
advance. Looking at the phase response curve (PRC), which shows how phase changes 
in response to light applied at different times of the day, properly timed morning light 
has this phase advancing effect (16,17). Therefore patients who are treated with morn-
ing light will most likely be phase advanced, if light is properly timed.

Although there are papers with arguments that confirm the phase shift hypothesis, 
there are also papers who argue against the hypothesis (18). Koorengevel et al. showed 
through a forced desynchrony protocol that there are no abnormalities of circadian 
phase in SAD patients compared to control subjects and no differences between sum-
mer, when subjects were not depressed, and winter, nor in the patients before LT and 
after LT (19). Furthermore Wirz-Justice and colleagues argued against the PSH showing 
there was no beneficiary effect of morning light compared to evening light in a random-
ized controlled trial (20) nor was there a relationship between circadian phase and a 
preferential response to morning or evening light. In a recent study morningness-eve-
ningness preference showed no relation with a predisposition of SAD (21).

Our study shows no correlation between chronotype and therapy success with morn-
ing light, where timing should have been more optimal for late types and suboptimal 
for morning types. Although light in the morning is definitely an effective treatment 
for SAD, the mechanism behind this anti-depressive effect might be different from the 
phase shifting explanation. Some support for other mechanisms is found; in mice light 
has been shown to directly affect mood through melanopsin-expressing photorecep-
tors, without any changes in the circadian system (18,22). Low intensity blue enriched 
light and short durations of blue enriched light exposure have been found to be as 
successful in treating SAD as normal white polychromatic light suggesting the possible 
involvement of melanopsin cells (9,11).
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Limitations
A limitation of this study is the retrospective design. The data are obtained in four dif-
ferent studies, which tested different methods of light therapy, although these differ-
ent methods did not result in different therapy outcomes. 
Although our subjects show a good therapy response, the therapy response may have 
been even larger when we had optimized for chronotype. This should be tested in a 
prospective study, where timing of therapy is optimized to the chronotype of the pa-
tient. In such a study, chronotype should not only be assessed by the MEQ, the DLMO 
should be taken into account as well, as this is the golden standard for assessing chro-
notype. A recent study showed, although questionnaires can be used to predict DLMO, 
there is variation in the correlation between these variables (23).

Another limitation is the lack of extreme chronotypes, our study mostly consisted of 
intermediates or moderate morning/evening types. The current timing is optimized for 
the extreme evening types. As the extreme evening chronotypes are missing we cannot 
say anything about their therapy success.

Conclusions
The current data indicates that SAD patients could be treated with a very good respond-
er rate of 78% with morning light therapy on a fixed time point, independent of their 
chronotype. The results of this study are interesting both from a scientific interest in 
the pathological background of seasonal affective disorder and the mechanism of light 
therapy, but is definitely also of interest for the clinical practice. Being able to admin-
ister light therapy on a fixed clock time in the morning is more convenient for both 
patients and the clinicians.



123

References
1.  Rosenthal NE, Sack DA, Gillin JC, Lewy AJ, Good-

win FK, Davenport Y, et al. Seasonal affective 
disorder: a description of the syndrome and 
preliminary findings with light therapy. Arch 
Gen Psychiatry. 1984;41(1):72. 

2.  Spijker J, Bockting C, Meeuwissen J, van Vliet I, 
Emmelkamp P, Hermens M, et al. Multidisciplinaire 
richtlijn Depressie (Derde revisie). Richtlijn voor 
de diagnostiek, behandeling en begeleiding van 
volwassen patiënten met een depressieve stoor-
nis. Utrecht: Trimbos-instituut; 2013. 

3.  Lewy  a. J, Sack RL, Singer CM, Whate DM, 
Hoban TM. Winter Depression and the Phase-
Shift Hypothesis for Bright Light’s Therapeutic 
Effects: History, Theory, and Experimental Evi-
dence. J Biol Rhythms. 1988 Jan 1;3(2):121–34. 
DOI: 10.1177/074873048800300203

4.  Lewy AJ, Lefler BJ, Emens JS, Bauer VK. The 
circadian basis of winter depression. Proc Natl 
Acad Sci U S A. 2006 May 9;103(19):7414–9. 
DOI: 10.1073/pnas.0602425103

5.  Terman JS, Terman M, Lo ES, Cooper TB. Circa-
dian time of morning light administration and 
therapeutic response in winter depression. 
Arch Gen Psychiatry. 2001 Jan;58(1):69–75. 

6.  Terman M, Terman JS. Light therapy for sea-
sonal and nonseasonal depression: efficacy, 
protocol, safety, and side effects. CNS Spectr. 
2005 Aug;10(8):647–63. 

7.  Horne JA, Ostberg O. A self-assessment 
questionnaire to determine morningness-eve-
ningness in human circadian rhythms. Int J 
Chronobiol. 1976;4(2):97–110. 

8.  Terman M, Terman J. Morningness-evening-
ness, circadian phase and the timing of sleep 
in patients with seasonal affective disorder. 
In: Society of Light Treatment and Biological 
Rhythms. 2001. p. 13. 

9.  Gordijn MCM, ’t Mannetje D, Meesters Y. The 
effects of blue-enriched light treatment 
compared to standard light treatment in 
Seasonal Affective Disorder. J Affect Disord. 
2012 Jan;136(1–2):72–80. DOI: 10.1016/j.
jad.2011.08.016

10.  Meesters Y, Duijzer WH. The effects of low 
intensity monochromatic blue light treatment 
compared to standard light treatment in SAD. 
SLTBR Abstr 2352. 2011; 

11.  Meesters Y, Dekker V, Schlangen LJM, Bos 
EH, Ruiter MJ. Low-intensity blue-enriched 
white light (750 lux) and standard bright 
light (10,000 lux) are equally effective in 
treating SAD. A randomized controlled study. 
BMC Psychiatry. 2011 Jan;11(1):17. DOI: 
10.1186/1471-244X-11-17

12.  Bosker FJ, Terpstra P, Gladkevich A V., Janneke 
Dijck-Brouwer D a., te Meerman G, Nolen W a., 

et al. Changes in winter depression phenotype 
correlate with white blood cell gene expres-
sion profiles: A combined metagene and gene 
ontology approach. Prog Neuro-Psychophar-
macology Biol Psychiatry. 2015;58:8–14. DOI: 
10.1016/j.pnpbp.2014.10.015

13.  Sheehan D V, Lecrubier Y, Sheehan KH, Amorim 
P, Janavs J, Weiller E, et al. The Mini-Interna-
tional Neuropsychiatric Interview (MINI): the 
development and validation of a structured 
diagnostic psychiatric interview for DSM-IV and 
ICD-10. J Clin Psychiatry. 1998;59:22–33. 

14.  Williams JBW, Link MJ, Rosenthal NE, Terman 
M. Structured Interview Guide for the Hamilton 
Depression Rating Scale—Seasonal Affective 
Disorder Version (SIGH-SAD). New York, New 
York State Psychiatr Inst. 1988; 

15.  Knapen SE, van de Werken M, Gordijn MCM, 
Meesters Y. The duration of light treatment and 
therapy outcome in seasonal affective disorder. 
J Affect Disord. 2014 Jun;166:343–6. DOI: 
10.1016/j.jad.2014.05.034

16.  Khalsa SBS, Jewett ME, Cajochen C, Czeisler C 
a. A phase response curve to single bright light 
pulses in human subjects. J Physiol. 2003 Jun 
15;549(Pt 3):945–52. DOI: 10.1113/jphysi-
ol.2003.040477

17.  Gordijn MC, Beersma DG, Korte HJ, van den 
Hoofdakker RH. Effects of light exposure and 
sleep displacement on dim light melatonin 
onset. J Sleep Res. 1999 Sep;8(3):163–74. 

18.  LeGates T a, Fernandez DC, Hattar S. 
Light as a central modulator of circadian 
rhythms, sleep and affect. Nat Rev Neurosci. 
2014;15(June):443–54. DOI: 10.1038/nrn3743

19.  Koorengevel KM, Beersma DGM, den Boer JA, 
van den Hoofdakker RH. A Forced Desynchrony 
Study of Circadian Pacemaker Characteristics 
in Seasonal Affective Disorder. J Biol Rhythms. 
2002 Oct 1;17(5):463–75. 

20.  Wirz-Justice A, Graw P, Krauchi K, Gisin B, 
Jochum A, Arendt J, et al. Light Therapy in 
Seasonal Affective Disorder Is Independent 
of Time of Day or Circadian Phase. Arch Gen 
Psychiatry. 1993 Dec 1;50(12):929–37. 

21.  Oginska H, Oginska-Bruchal K. Chronotype and 
personality factors of predisposition to season-
al affective disorder. Chronobiol Int. 2014 Jan 
7;1–9. DOI: 10.3109/07420528.2013.874355

22.  LeGates T a, Altimus CM, Wang H, Lee H-K, 
Yang S, Zhao H, et al. Aberrant light di-
rectly impairs mood and learning through 
melanopsin-expressing neurons. Nature. 
2012;491(7425):594–8. DOI: 10.1038/na-
ture11673

23.  Kantermann T, Sung H, Burgess HJ. Comparing 
the Morningness-Eveningness Questionnaire 
and Munich ChronoType Questionnaire to the 
Dim Light Melatonin Onset. 2015;30(5):449–53. 


	Chapter 10

