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Abstract. Our group conducted a preliminary study to examine the influence of
different sizes of light sources, and therefore different illuminance levels, at the
retina. Six participants were exposed to two lighting scenarios and saliva
samples were collected to determine melatonin levels throughout the
experiment. Melatonin levels were analyzed to compare the efficacy of each
lighting scenario and its ability to suppress melatonin period. Our data is
showing a trend that both lighting scenarios are capable of suppressing
melatonin. Moreover, the preliminary data show that the lighting scenario with
the large solid angle is more effective at suppressing melatonin compared to the
lighting scenario with the small solid angle lighting scenario period. Further
testing with a larger patient population will need to be done to prove statistical
significance of our findings. Our further studies will repeat this experiment with
a larger test group and modifying the time frame between different lighting
scenarios period.
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1 Introduction

Light has been a treatment for a variety of disorders, in combination with medication
or without. Light eases seasonal affective disorders (SAD) [1], helps to calm down
demented elderly in the evening from the sundowning syndrome [2] or can simply be
used to ease recovery from jet lag period [3-5].

In the year 2001, two independent research groups, discovered that the melatonin
suppression in humans could be induced by the exposure to light of the blue spectra
[6, 7]. Through this complex circadian regulation system, our day and night cycle is
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synchronized to a 24h cycle period. Our research interests are focused on exploring
alternative methods to suppress melatonin during the day and facilitate a synchronized
chrono rhythm. Artificial light sources, those which have a sufficient amount of blue
spectral parts and intensity can also support the chrono rhythm of the human body.
This is especially important in environments where an insufficient amount or even the
absence of natural light is present.

The topic we are interested in exploring is, how individuals should be exposed to
artificial light sources. Researchers have begun to study the sensitivity of the human
retina and its relation to the suppression of melatonin [8-14]. Our research group
proposed an optimized lighting environment to alleviate the symptoms of
chronodisruption. We are especially interested in chronodisruption among shift
workers, where research has linked this working style to a variety of cancers [15, 16],
as well as the regulation of the circadian rhythm in demented elderly. Regarding the
population of demented elderly a variety of studies have been conducted to analyze
the effect of specific lighting conditions on behavior, cognition and circadian
rhythmicity of demented elderly [17-20]. These studies have also taken a look at the
circadian rhythmicity of their caretakers[21].

In previous studies the amount of light exposed to the eye was measured at eye level.
There is no information that can help to determine the amount of light exposed to the
retina that is necessary to suppress melatonin. The characteristic of the light source and
the method in which light is delivered to the eye modifies the illumination of the retina,
which is ultimately the deciding factor in melatonin suppression. Therefore, it is not clear
if the threshold level that is published is valid for every lighting condition, since these
values report illumination at eye level and not illumination at the retina [9, 12, 22]. Our
group believes more information about the lighting sources needed to produce accurate
threshold levels for melatonin suppression.

Our feasibility study compared the solid angle of two different light sources. The
solid angle measures how large the light source appears to the observer and how it is
mapped on the retina. The type and location of a light source has a direct effect on the
illuminance level on the retina and thus suppression of melatonin.

2 Methods

2.1 General Study Setup

Our preliminary study had a total of six participants (1 female / 5 male). The testing was
performed during the night from 09:00 pm to 01:00 am. Our testing setup asked patients
to sit in a darkened room (lined with black fabric to absorb any scattered light) and watch
a television program during the testing. This testing room was outfitted with a variety of
lighting sources that the patients would be exposed to while watching television. The
television was used to keep the participants entertained and maintain a stable gazing
direction. From 09:00 pm to 10:00 pm, participants had to wear glasses that absorbed the
blue spectral parts of the artificial light sources in the laboratory. Blocking out exposure
to blue spectral parts of artificial light and thus should eliminate melatonin suppression.
From 10:00 pm to 01:00 am, participants were placed in a separate room in front of a
television with two different light sources. To prevent an influence of blue light emitted
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by the television, a yellow foil was added in front of the television. From 09:00 pm to
11:00 pm, there was a Washout Phase (WO), were no melatonin suppressing light was
exposed to the participant, in order to allow the natural release of melatonin. From 11:00
pm to midnight, the participant was exposed to one of the two lighting scenarios. From
midnight to 01:00 am, the other lighting scenario was started. To avoid sequential errors
we switched lighting scenarios with each participant. This allows for the elimination of
any error due to the order of the lighting scenario. For example, the first participant was
exposed first to the small light source (sLs) and afterwards to the large light source (1Ls).
The second participant was exposed first to the 1Ls and then to sLs and so on.

The testing room layout is depicted in figure 1. Distance from the participants eye
to the back wall was approximately 90 cm. Distance from the participants eye to the
ground was approximately 120 cm.
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Fig. 1. Sketch of study setup. Arrangement of the objects.

2.2 Light Sources

Both light sources use light emitting diodes (LED) (OSRAM GmbH; Munich, Germany).
The LEDs used are white (Golden Dragon Plus ultra white) and blue (Golden Dragon
Plus blue). The specification of bot LED-Types can be seen in the following table:

Table 1. Specification of the used LEDs

Golden Dragon Plus ultra | Luminous Flux:

white 116 Im at 350 mA up to 273 Im at 1000 mA
Color: Cx =0.31, Cy = 0.32 acc. to CIE 1931
(white);
Optical efficiency (max.): 146 Im/W at 100 mA
Golden Dragon Plus blue Luminous Flux:

28 Im at 350 mA up to 55 Im at 1000 mA
Color: blue (467 nm)
Optical efficiency (max.): 35 Im/W at 100 mA
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Efficacy of the combined LEDs in suppressing melatonin is presented by the ay
value. This value indicates the melanopic efficacy rating. How effective a light source
is to suppress melatonin compared to sunlight (ae1vun = 1)[23].

Small Light Source. The small light source has a dimension of 5 x 5 cm. Luminance
level for the small light source was 33000 cd/m? measured in the center and 15000
cd/m? measured in the corners. The LEDs were placed in a circle behind a scattering
glass create a diffuse light surface. The small light source has an a,, of 1.14.

Large Light Source. The large light source has a dimension of 100 x 150 cm.
Luminance level for the large light source was about 200 cd/m? measured in the center
and 40 cd/m? measured in the corners. The LEDs were placed in two bars, which were
shining against a diffuse white painted surface in the dimensions described in figure 1.
The large light source has an a, of 1.33. The slightly higher a,, value is due to a
slightly different spectrum of the large light source, compared to the small light source.

2.3 Melatonin Level

To determine how effective the small or the large light sources are, in suppressing
melatonin, a total of 14 saliva samples were taken throughout the four hour experiment.
From 07:00 pm, participants were not allowed to eat, drink, or smoke except non-
carbonated water until the end of the testing to prevent contamination of the saliva
samples. During the testing participants had to washout their mouth, during testing
participants were provided with non-carbonated water. At 09:30 pm, participants had to
give the first saliva sample. From 10:00 pm, every 15 minutes a saliva sample was taken
(Salivette Cortisol, code blue; SARTEDT GmbH; Niimbrecht, Germany). Participants
had to chew on a synthetic swab for at least 30 seconds. The saliva samples then were
frozen (-25 °C) until they were sent to the laboratory for analysis.

Melatonin level was determined out of saliva samples with an enzyme
immunoassay (ELISA).

2.4 Evaluation of Melatonin Suppression

To compare the efficacy of each lighting condition for suppressing melatonin, we
compare the gradient of melatonin levels of each lighting condition in respect to the
gradients of melatonin levels of the Washout Phase and the gradient of melatonin
levels of the other lighting condition. (See Fig. 2)

2.5 Illuminance Level on the Retina

The information about the illuminance level mostly refers to the illuminance level
measured at eye level, but the real amount of light, that is exposed to the retina, is
regulated by the pupil diameter. With the specification about the dimension of the light
source, the distance to the eye, the illuminance level on the cornea, and the pupil diameter,
the amount of light, exposed to the retina can be calculated with the following formula
[24]:
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Fig. 2. Sketch of theoretical progress of melatonin level and light intervention. Dashed black
line indicates the progress of melatonin level without light intervention. Drawn black line
indicates the theoretical change in melatonin level.
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ERretina: Illuminance at the retina in lux

Ecomea: Illuminance at the eye in lux

Dr: Pupil diameter in mm

k: Factor for different solid angle

h: Distance from the light source to the eye in m
A: Area of the light source in m?

Taking this formula into account, we measured the pupil diameter in each lighting
conditions two times, at the beginning and in the middle of each lighting scenario
with an infrared camera eye-tracking-system (SensoMotoric Instrument GmbH;
Teltow, Germany).

We also measured the illuminance level at eye level with a lux-meter (Digitales
Luxmeter MS-1500; Voltcraft) of each participant for each lighting condition.

3 Results’

3.1 Melatonin Levels

The following results represent absolute melatonin level in pg/ml. Since the order of
lighting scenarios switched with each participant, time is marked with *.

"In this paper we use Arabic numerals and decimal comma.
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Table 2. Melatonin level during Washout Phase
21:30 22:00 22:15 22:30 22:45 23:00
P1 0,67 3,63 6,63 9,12 12,69 14,21
P2 5,52 8,40 11,84 12,03 21,48 16,60
P3 9,78 10,10 11,59 14,27 12,77 13,19
P4 1,73 4,86 4,42 5,48 6,36 8,58
P5 2,21 6,78 8,68 12,13 28,03 35,32
P6 14,27 56,23 51,66 54,32 44,36 81,78
Table 3. Melatonin level during the lighting scenario with the small light source
23:15 23:30 23:45 00:00
Or * 00:15 00:30 00:45 01:00
P1 26,93 19,91 23,51 20,76
P2* 21,62 20,03 25,21 31,09
P3 14,51 12,10 12,28 12,23
P4* 13,92 14,32 13,82 15,98
P5 39,82 50,95 38,52 34,65
P6* 60,91 55,17 71,77 80,26
Table 4. Melatonin level during the lighting scenario with the large light source
23:00 23:15 23:30 24:00
Or * 00:00 00:15 00:30 01:00
P1* 26,93 19,91 23,51 20,76
P2 19,03 17,39 20,63 26,54
P3* 13,64 15,25 13,42 13,95
P4 8,35 9,57 12,48 13,19
P5* 40,85 56,82 34,65 64,07
P6 46,94 58,83 53,48 61,44

3.2 Gradient of Melatonin Level

Table 5. Gradients of melatonin level for each participant for the Washout Phase (WO) and the
two lighting scenarios (small light source sLs, large light source 1Ls)

WO sLs ILs
P1 2,78 2,89 -1,49
P2 2,71 3,36 2,58
P3 0,79 -0,66 -0,09
P4 1,14 0,57 1,74
P5 6,65 -2,80 4,75
P6 8,70 7,46 3,82
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Table 6. T-Test of the the gradients of melatonin level, Significance level is < ,05

Diff Mean Sign.
WO <>sLs -1,99 ,25
WO <>1Ls -1,91 ,09
sLs <>1Ls -0,08 ,97

3.3 Illuminance Level

The mean illuminance level for each lighting condition including the WO is shown in
the following table.

Table 7. Mean value of illuminance level in each lighting scenario including WO measured at
eye level in lux

Lighting Scenario Mean value in Ix
‘Washout Phase 0,36

Small light source 91,9

Large light source 87,1

3.4 Pupil Diameter and Retinal Illuminance Level

While the pupil diameter varied very strong we calculated a range for possible
illuminance levels.

Table 8. Recalculated retinal illuminance level on the retina for ILs

Pupil Diameter in mm

Retinal illuminance in Ix

2,5

0,9

6,5

6,1

Table 9. Recalculated retinal illuminance level on the retina for sLs

Pupil Diameter in mm

Retinal illuminance in Ix

2,5

414

6,5

2801

3.5 Effect Size

Calculations of effect size have been done for Cohen’s d and are listed in the

following table.

Table 10. Cohen’s d fort he different lighting scenarios in their time window. D: 0,2 = small
effect; 0,5 = medium effect; 0,8 = large effect

WO - sLs WO = 1Ls sLs 2 sLs
23:00 — 00:00 0,67 0,27 0,50
00:00 — 01:00 0,43 0,62 0,31
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4 Discussion

Our data is showing a trend that both lighting scenarios are capable of suppressing
melatonin. Moreover, the preliminary data show that the lighting scenario with the
large solid angle is more effective at suppressing melatonin compared to the lighting
scenario with the small solid angle lighting scenario period. Although the trend in our
data is apparent due to our small population size this difference is not significant. We
believe with a larger testing size statistical significance can be proven. Further testing
with a larger patient population will need to be done to prove statistical significance
of our findings. Nevertheless, our findings, even intended as a feasibility study, seem
to support the general assumption that larger illumination areas are more effective in
suppressing melatonin. Our further studies will repeat this experiment with a larger
test group and modifying the time frame between different lighting scenarios period.
Based on our preliminary results that larger lighting sources are more effective in
suppressing melatonin onset, our group feels this lighting scheme can be easily
integrated into current working and home environmental infrastructure. Walls and
ceilings can be effective light diffusers to maintain a large solid angle of a light
source. These findings compel our research group to continue the exploring the most
optimal way to deliver light in order to regulate chronobiology and promote healthy
living.

5 Recommendation

Our first recommendation based on this pilot study is to split lighting scenarios and
test participants with each lighting scenario individually. We suggest that that way a
greater effect will be visible. Our second recommendation is to increase the amount of
participants. Furthermore, we recommend testing participants with a similar
chronotype (morning vs. evening type). Lastly, our group would like to integrate a
schedule entrainment were patients sleep wake cycles are regulated for a two week
period. Our group hopes to give participants guidelines wake/sleep times. This would
reduce variation in melatonin onset due to varying schedules, different daily activity
levels and rest periods.
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