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Summary  

The growing interest in bright light as a remedy for the negative side effects of 
increased mobility (i.e. jetlag) and the expanding 24/7 society (i.e. night- and shiftwork) 
requires a fundamental understanding of the properties and effects of bright light. How 
bright light application affects physiological and psychological states of humans is the 
central question of this thesis. The results of the studies dealing with this question are 
summarized below. 

In chapter 2 we started by investigating the possibility of extraocular 
phototransduction in humans. For that purpose we compared the effects of bright 
ocular light exposure on the whole retina with those of bright extraocular light 
exposure in the bend of the knee (claimed to elicit circadian phase shifts in an earlier 
study) during the nighttime. Our results showed that only bright ocular light is able to 
induce acute (i.e. melatonin suppression, enhanced body temperature, and reduced 
sleepiness) and phase-shifting effects (i.e. delay of core body temperature and 
melatonin rhythm) in human circadian physiology. 

In chapter 3 the sleepiness reducing effects of bright light were studied with 
respect to the wavelength of the light stimulus. We compared the reduction of 
sleepiness and the suppression of melatonin in two groups, staying awake either under 
blue light or under red light during the nighttime. The findings confirm that the extent 
of melatonin suppression and reduction of subjective sleepiness is indeed wavelength 
dependent. Blue light caused the greatest suppression of melatonin and the greatest 
reduction of subjective sleepiness. 

Thus, chapters 2 and 3 showed that nighttime reduction of subjective sleepiness 
was accompanied by the suppression of endogenous melatonin. One might therefore 
expect that the alerting effect of light depends on the presence of melatonin and hence 
on time of day. In chapter 4 the time-of-day-dependence of the alerting effects of 
bright light was studied. The effect of daytime bright light exposure on physiological 
parameters (core body temperature, heart rate, melatonin, and cortisol) and 
psychological parameters (subjective sleepiness, fatigue, and alertness) was compared 
to the effect of nighttime bright light exposure on the same variables. We found that 
bright light exposure at night, but not in daytime, increased heart rate and enhanced 
core body temperature. There was no effect of bright light on cortisol. The effect on the 
psychological variables was not time dependent, since nighttime as well as daytime 
bright light significantly and similarly reduced sleepiness and fatigue. We conclude 



that bright light apparently affects human alertness through another pathway besides 
the mechanisms of melatonin suppression and/or elevation of core body temperature. 

In chapter 5 we further extended the question of time-of-day-dependent effects of 
bright light to the subjective performance and the spectral composition of the wake- 
EEG. Within the same experimental design as in chapter 4, data on the performance of 
subjects and their wake-EEG during daytime and nighttime bright light exposure, were 
collected. The results showed that the overall decrease in performance due to 
prolonged wakefulness is attenuated for the period of bright ocular light exposure, 
independent of the time of day at which the light is applied. In contrast, the effect of 
bright light exposure on the wake-EEG was dependent on the time of day. A negative 
correlation between power density in the α frequency range (ca 10 Hz) and sleepiness 
and a positive correlation between α-power and performance were only found for the 
nighttime bright light exposure, but not in daytime. There was an overall effect of 
bright light exposure on the 3-4.5 Hz frequency bins (slow wave bands). The absence 
of an effect on the theta frequency band (ca 5-5.5 Hz) is not consistent with the 
existing literature.  

Chapter 6 addresses the question if the uneven distribution of the photoreceptive 
sensitivity in the retina – reported earlier for melatonin suppression – also is reflected 
in circadian phase-shifts. Illumination of the nasal part of the retina resulted in the 
greatest suppression of melatonin as well as in a phase shift of the melatonin rhythm, 
whereas illumination of the temporal part did suppress melatonin to a lesser extent 
without inducing a detectable phase-shift. There were no immediate nor phase-shifting 
effects on core body temperature and sleepiness, indicating that 100 lux of bright white 
light is strong enough to affect the photoreceptors responsible for the suppression of 
melatonin, but not strong enough to have a significant effect on sleepiness and CBT, at 
least not in the first cycle following the stimulus. The overall conclusion drawn from 
this study is that the suppression of melatonin does not necessarily result in a reduction 
of subjective sleepiness and an elevation of CBT. 

Taking this finding into account along with the results from chapters 2, 4, and 5 
on melatonin and sleepiness, chapter 7 investigates the question whether there is a 
causal relationship between the reduction of subjective sleepiness and fatigue and the 
suppression of endogenous melatonin. Therefore the datasets on melatonin and 
subjective sleepiness/fatigue from the nighttime/whole retina illumination, the 
nighttime/partial retina illumination, and the daytime/whole retina experiment were 
compared. Our results clearly indicate that the suppression of melatonin is not a 
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necessary prerequisite for light to elicit its alerting influence and that other pathways 
must be involved in this process. 

In conclusion the importance of the objectives of bright light application is 
emphasized by our results, i.e. which aspects of well-being and functioning do we want 
to influence in which group of people and what kind of light do we then have to use? 
Our results demonstrate that bright light exposure can influence psychological states 
without inducing changes in those physiological variables that commonly are supposed 
to be involved in the regulation of those psychological states. Even light stimuli of the 
same intensity are functionally not the same, as they have different effects depending 
on their time of application. This indicates that not all effects of bright light may be 
beneficial and desirable across situations and for all people. 

 



REASSURANCE 
 

  I most love the questions 
  themselves 
  as Rilke said 
  like locked rooms 

full of treasure 
to which my blind 
and groping key 
does not yet fit. 
 
and await the answers 
as unsealed letters 
mailed with dubious intent 
and written in a very foreign  
tongue. 
 
and in the hourly making 
of myself 
no thought of Time 
to force, to squeeze 
the space 
I grow into. 
 

Alice Walker 
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