
 

Usage of daylight in the built environment

Citation for published version (APA):
Aarts, M. P. J. (2016). Usage of daylight in the built environment: impact on health. Neuropsychobiology, 74(4),
226. [A1]. https://doi.org/10.1159/000477426

DOI:
10.1159/000477426

Document status and date:
Published: 01/01/2016

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1159/000477426
https://doi.org/10.1159/000477426
https://research.tue.nl/en/publications/6e9ff696-236f-43c7-8aa3-e9d372f34ba4


E-Mail karger@karger.com
 www.karger.com/nps 

A1

Usage of Daylight in the Built Environment: 
Impact on Health
Mariëlle P.J. Aarts

Eindhoven University of Technology, Eindhoven, 
The Netherlands

Objectives: When entering a building, the characteristics of 
sunlight alters. How does this impact the users and what measures 
can be taken to overcome this?

Methods: Literature study.
Results: The sun is being acknowledged as the mother of all 

light sources; the source that enables life on earth as we know it. 
It therefore claims to have multiple health advantages. Some of 
these claims are associations, hypotheses or beliefs, while others 
have scientific evidence. The radiation emitted by the sun is fil-
tered by the atmosphere, leaving a solar radiation at the Earth’s 
surface mainly in the wavelength range from 200 to 4000 nm. The 
portion of this range to which the photosensitive sensors in the eye, 
related to vision (rods and cones) are sensitive – referred to as 
light – has a wavelength between 380 nm and 780 nm. Radiation 
with a wavelength between 100 nm and 400 nm is called ultravio-
let (UV) radiation. Radiation with wavelength between 780 nm 
and 1 mm is called infrared (IR) and gives a thermal sensation on 
the skin. 

Humans have evolved under the influence of daylight and the 
light–dark cycle. On the one hand, the human skin provides a lay-
er of pigmentation to protect us from the highest radiation intensi-
ties when exposed to solar radiation. On the other hand, humans 
have developed a variety of physiological responses to the varied 
characteristics of daylight. Daylight was the main light source un-
til electrical light became reliable and affordable. Since the intro-
duction of electrical light, a large part of the Western society 
spends already 80–90% of their time inside buildings. It sometimes 
even appears as if daylight has only an architectural value, and all 
other daylight functions have been replaced by electrical lighting 
solutions.

We currently know that typical daylight exposure has an impact 
on human health via two biological systems:

1. Skin. When considering the health effects of sunlight via the 
skin, the shorter wavelengths of the solar radiation (UVB) seem to 
have the largest impact on health since it triggers the production 
of Vitamin D. Vitamin D deficiency can lead to rickets (children) 
and brittle bones in adults. Furthermore, lack of vitamin D also 
seem to impact certain types of internal cancer.

2. Eyes. Light activating the photosensitive sensors in the eyes 
allows people to perceive the environment. Next to the visual func-
tions, light activates other, non-vision related effects, so called 
non-image forming (NIF) effects

Conclusions: Since the amount, the composition and the di-
rectionality of sunlight alters when entering a building it is to be 

expected that it also influences the well-being and health of people. 
A limited number of studies showed the impact of lack of daylight 
exposure in the built environment on health. What measures can 
be taken to overcome these issues.

Funding/Disclosures: None.

A2

A Single Night Light Exposure Acutely 
Alters Hormonal and Metabolic Responses 
in Healthy Participants
Mohammed AlBreiki, Benita Middleton, Shelagh Hampton

Department of Biochemistry & Physiology, Faculty of 
Health & Medical Science, University of Surrey, UK

Objectives: This study aims to investigate the impact of light 
at night and/or melatonin on plasma hormones and metabolites 
prior to and after a late evening meal in healthy young participants.

Methods: A favourable ethical opinion was obtained from 
the University Ethics Committee (EC/2013/93/FHMS). Seven-
teen healthy participants, 8 females [22.2 ± 2.59 years, body mass 
index (BMI) 23.62 ± 2.3 kg/m2], 9 males [22.8 ± 3.5 years, BMI 
23.8 ± 2.06 kg/m2 (mean ± SD)] were enrolled. We randomized 
participants to dim light condition (<5 lx) and bright light condi-
tion (>500 lx), separated by at least seven days in a two way cross 
over design protocol. Each clinical session commenced at 18:00 
h and finished at 06:00 h the next day. Participants consumed an 
isocaloric and non-carbonated evening meal (1066 Kcal, 38 g 
protein, 104 g CHO, 54 g fat, 7 g fibre). The meal times were in-
dividualised based on dim light melatonin onset (DLMO) esti-
mated from participants’ 48-h sequential urine collection. Pre-
prandial and postprandial plasma samples were collected at spe-
cific time intervals to assess glucose, insulin, triacylglycerol 
(TAG) and non-esterified fatty acids (NEFAs) concentrations. 
Saliva samples were collected every 30 minutes (18:00–06:00 h) 
to assess melatonin levels. Statistical analysis was carried out us-
ing Statsoft STATISTICA with three factor repeated measures 
ANOVA (gender, time, treatment). The significance level was set 
at p < 0.05.

Results: Salivary melatonin levels were significantly higher 
in the dim light condition compared to bright light condition (p = 
0.005). Plasma NEFAs responses were also significantly higher in 
dim light condition (p < 0.01), post hoc tests showed that the sig-
nificant NEFA response was directly prior to the meal (T = 0). In 
contrast, plasma glucose and insulin levels were significantly 
greater in the bright light compared to dim light conditions (p = 
0.02, p = 0.001) respectively. The post hoc test revealed the differ-
ences in glucose levels occurred at the 180 min and 210 min after 
the meal, while insulin response was significantly different at 180, 
210 and 270 min after the meal. No significant difference was seen 
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in plasma TAG. There were significant effects of time in all 5 mea-
sures, whereas no significant effects of gender were seen. TAUC 
and Student’s t-test confirmed the significant differences obtained 
from ANOVA.

Conclusions: Melatonin suppression related to light inten-
sity was expected. Melatonin has been reported to be involved in 
lipid metabolism and this could explain our finding of raised 
NEFA responses associated with melatonin release prior to the 
meal in the dim light condition (Rios-Lugo et al. 2010). Changes 
in insulin sensitivity could explain our finding of postprandial 
plasma glucose levels that were greater in bright light than in dim 
light despite the presence of higher insulin levels in the bright 
light condition. The significant reduction in insulin levels under 
the dim light condition may relate to the release of melatonin 
from dim light exposure (Coomans et al. 2013; McMullan et al. 
2013).

Funding/Disclosures: This project is funded by Abu Dha-
bi Health Services Company (SEHA).

A3

Molecular Markers to Assess Circadian 
Phase
Bharath Ananthasubramaniam1,2*, Nicole Wittenbrink1*, 
Mirjam Münch1,3,4*, Barbara Koller1, Bert Maier1, 
Charlotte Wäschke1, Erik Bes3,4, Jan de Zeeuw3,4, 
Claudia Nowozin3,4, Amely Wahnschaffe3,4, 
Sophia Wisniewski3,4, Mandy Zaleska3, Osnat Bartok5, 
Reut Ashwal5, Hedwig Lammert6, Hanspeter Herzel2, 
Michael Hummel6, Sebastian Kadener5, Dieter Kunz3,4, 
Achim Kramer1

1Charité Universitätsmedizin Berlin, Laboratory 
of Chronobiology, Berlin, Germany; 2Humboldt-
Universität zu Berlin, Institute of Theroretical Biology, 
Berlin, Germany; 3St-Hedwig-Krankenhaus, Clinic for 
Sleep & Chronomedicine, Berlin, Germany; 4Charité 
Universitätsmedizin Berlin, Institute of Physiology, Berlin, 
Germany; 5The Hebrew University, Biological Chemistry 
Department, Jerusalem, Israel; 6Charité Universitätsmedizin 
Berlin, Institute of Pathology, Berlin, Germany; *these 
authors contributed equally

Chronotyping an individual (i.e. assessing the phase of entrain-
ment) is currently done either by questionnaires, such as the Mu-
nich Chronotype Questionnaire (MCTQ) or by determining phys-
iological or behavioral parameters using many repeated measure-
ments. Questionnaires are intrinsically not objective since they 
depend on an individual’s own declarations. Furthermore, they do 
not assess an acute chronobiological state but rather ask for an 
overall preference or description of sleep habits. More objective 
alternatives such as determination of DLMO (dim light melatonin 
onset) are tedious and require special settings.

We present a new diagnostic approach to probe human internal 
time using a single blood sample. The principle of the method is 
based on the fact that about 10% of all genes are rhythmically tran-
scribed in nearly all human cells with their phases being gene-

dependent. The relative levels of oscillating transcripts are there-
fore unique at any given circadian phase. Details will be presented 
at the meeting.

Funding/Disclosure: This study was financially supported 
by the German Federal Ministry of Education and Research (OL-
IVE) and Intellux GmbH (Berlin), Germany.

A4

Delayed Sleep Onset Latency, Poor Sleep 
Quality and Blunted Positive Affect in 
Evening Types: Experimental Findings and 
Implications for Treatment
Niki Antypa, Gudrun Eisele, Dimiliana Nikiforou, 
Willem van der Does

Clinical Psychology, Leiden University, The Netherlands

Objectives: Evening chronotypes have been repeatedly as-
sociated with depression but the mechanisms underlying this as-
sociation remain unclear. Some research has shown that evening 
types suffer from poor sleep quality, but results have been incon-
sistent across studies. Also few studies in small samples have 
shown blunted positive affect levels in evening types. Biases in the 
emotion information processing of evening types have also been 
found. The aim of this study was to further investigate such under-
lying potential mechanisms of the eveningness-depression link by 
assessing differences in these known vulnerability factors of de-
pression, namely low sleep quality, negative biases in emotional 
cognition, and low positive affect, in morning and evening chro-
notypes. This is the first study to investigate such a spectrum of 
vulnerability factors of depression in relation to chronotypes in a 
single design.

Methods: 69 participants (29 morning types and 40 evening 
types) participated in the study. Sleep quality was investigated dur-
ing a 7 day period using actigraphy, a sleep diary, and self-report 
measures [Pittsburgh Sleep Quality Index (PSQI)]. Participants 
also completed an affective go/no-go task (which is a response in-
hibition task for positive and negative words) and the Positive and 
Negative Affect Schedule (PANAS) at two time points (morning 
and evening hours).

Results: Evening types showed significantly longer sleep on-
set latencies than morning types as shown through actigraphy. 
They also reported significantly worse sleep quality, as shown by 
a higher PSQI total score. Evening types also reported lower pos-
itive affect in the morning session compared to morning types. 
There were no differences between chronotypes on other sleep 
parameters and on the affective go/no-go task.

Conclusions: Compared to morning types, evening types 
showed difficulties falling asleep, reported worse sleep quality, 
and had blunted positive affect in the morning hours. All these fac-
tors could make (healthy) evening types more vulnerable to de-
pression. Preventive strategies could entail the regulation of the 
sleep-wake rhythm to improve sleep quality in combination with 
behavioral interventions to improve mood early in the day.

Funding/Disclosures: None.
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A5

Lunar Tidal Cycles in a Rapid Cycling Bipolar 
Patient
David H. Avery1, Thomas A. Wehr2

1Psychiatric Medicine Associates, Department of 
Psychiatry and Behavioral Sciences, University of 
Washington School of Medicine, Seattle, Washington; 
2Intramural Research Program, National Institute of Mental 
Health, Bethesda, MD, USA

Objectives: We examined the relationship between the 
spring-neap tidal cycle and 4 months of sleep log data of a rapid 
cycling bipolar patient. Wehr (Molecular Psychiatry 2017, Jan 24, 
Epub ahead of print) found that in 17 patients with rapid cycling 
bipolar disorder, time-series analyses detected synchronies be-
tween the mood cycles and lunar tidal cycles including the 14.8 
day spring-neap cycle. In 2004, at age 34, this rapid cycling bipo-
lar patient had been hospitalized with insomnia, suicidal ideation, 
and visual and auditory hallucinations. He had noted an episodic 
change in his sleep pattern while living in a very dark bedroom 
over the 1.5 years prior to admission. He had periods of increased 
sleep, up to 12 hours per day, alternating with short sleep periods, 
0–3 hours per day. During the long sleep periods, he was very de-
pressed, lethargic and slowed down. During the short sleep peri-
ods, he was usually not depressed, had rapid thoughts, was easily 
distracted and could not calm down. He was treated with a regular 
light-dark cycle with a 12-hour photoperiod. On follow-up in 
March, 2017, he reported that in January 2005 he had discontinued 
all his psychiatric medications, kept his light-dark cycle regular 
and had been free of both mood and sleep instability since then.

Methods: We plotted the sleep onsets, times of wake onsets, 
and sleep durations for that four-month period in relation to the 
lunar tidal cycle, the spring-neap cycle. A periodogram was per-
formed on the times of awakenings.

Results: The plot of the sleep-wake data showed a clear pe-
riodic fluctuation of the duration of sleep, ranging between 0 and 
12 hours of sleep per 24 hours with no clear change in the timing 
of the midpoint of sleep. The times of sleep-onset and wake-onset 
would alternately advance and delay their phase-positions repeat-
edly, and they did so in anti-phase to each other. The times of wake 
onset had a periodicity of 14.765 days, very similar to the period-
icity of the lunar tidal spring-neap cycle. In addition, the times of 
the new moons and full moons were coincident with the times of 
the short sleep durations.

Conclusions: The lunar tidal spring-neap cycle appeared to 
have a significant impact on the sleep and mood of this bipolar 
patient. The morning and evening oscillators of his circadian sys-
tem appeared split and in anti-phase. Questions remain concerning 
the mechanisms by which the lunar tidal cycles could influence 
sleep-wake cycles and what factors made this patient vulnerable to 
this effect. In light of previous research, the patient’s mood chang-
es could be explained as resulting from the changes in timing and 
duration of sleep that appear to have been caused by the lunar 
cycles.

Funding/Disclosures: DA has written topics for UpTo-
Date.

A6

Proceedings of the Bright Up Study: 
Light Therapy in Antepartum Depression
Babette Bais1, Astrid Kamperman1, 
Marjolein van der Zwaag2, Witte Hoogendijk1, 
Mijke Lambregtse-van den Berg1

1Erasmus University Medical Centre Rotterdam, 
Rotterdam, The Netherlands; 2Philips Lighting Research, 
Eindhoven, The Netherlands

Objectives: In this study, we will primarily study the effects 
of BLT on depression during pregnancy. Second, we will study 
whether this clinical improvement is accompanied by improved 
sleep quality and normalized melatonin and cortisol levels. Third, 
we will study the effects of BLT on gestational age, birth weight, 
infant behavior, infant cortisol stress response and long-term cor-
tisol exposure of the infant. We will present the study protocol and 
preliminary results.

Methods: In this study, we aim to randomly allocate 150 
pregnant women (12–18 weeks pregnant) with a DSM-V diagnosis 
of depressive disorder in a 1:1 ratio to one of the two treatment 
arms: treatment with BLT (9.000 lux) or treatment with dim red 
light therapy (100 lux). Both groups will be treated for 6 weeks at 
home on a daily basis for 30 minutes, within 30 minutes of habit-
ual wake-up time. Follow-up will take place after 6 weeks of ther-
apy, 3 and 10 weeks after end of therapy, at birth and 2, 6 and 18 
months postpartum. Primary outcome will be the average change 
in depressive symptoms between the two groups, as measured by 
the Structured Interview Guide for the Hamilton Depression Scale 
– Seasonal Affective Disorder version and the Edinburgh Postnatal 
Depression Scale (EPDS). Changes in rating scale scores of these 
questionnaires over time will be analysed using generalized linear 
mixed models. Secondary outcomes will be the changes in mater-
nal cortisol and melatonin levels, in maternal sleep quality and 
gestational age, birth weight and infant behaviour, cortisol expo-
sure and cortisol stress response.

Results: We will present data on baseline characteristics, in-
cluding comorbidity, chronotype, and symptom scores. After 5 
months of recruitment, we have included 8 women. In April 2017, 
28 women signed up for participation, of which 10 did not meet 
the inclusion criteria. Ten women refused participation or did not 
respond. Two women dropped out. Comorbidities in this study 
sample are PTSD (2), drug and alcohol abuse (2), panic disorder 
and social phobia (3). Five women experienced depression in the 
past. Three women used antidepressant medication. At inclusion, 
the following chronotypes were scored with the Munich Chrono-
type Questionnaire: moderate early, slight early (2), normal (2), 
slight late and extreme late (2). At inclusion, mean EPDS is 12.9 
and mean 17-item Hamilton score is 11.8.

Conclusions: The Bright Up study is an ongoing study in 
The Netherlands, in which we study the effects of light therapy in 
antepartum depression. This study is the first to study these effects 
in a large study sample and to study these effects in the child.

Funding/Disclosures: The study is funded by The Nether-
lands Organization for Health Research and Development 
(ZonMw), in collaboration with Philips Lighting (grant number 
058-14-003).
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A7

Imaging and Genetic of Response
Francesco Benedetti

Ospedale San Raffaele, Division of Neuroscience, Milano, 
Italy

Exciting new findings link exposure to light and dark, and the 
sleep-wake cycle, with core neurobiological processes of the brain 
which could provide a biological underpinning of the therapeutic 
effects of chronobiological techniques in psychiatry. Neurotrans-
mitter switching is influenced by light, and regulates behavior. 
Cortico-limbic neural responses to emotional stimuli are influ-
enced by the previous exposure to light. Clock gene variants influ-
ence brain function and structure. Sleep and sleep phase are asso-
ciated with neurotransmitter function, synaptic remodeling, water 
homeostasis and the clearance of metabolic byproducts. At the 
behavioral level, the effects reveal as attitudes and cognitive styles 
which bias vulnerability to depression and to suicide.

Investigating the correlates of antidepressant response in pa-
tients treated with chronotherapeutic techniques allowed to iden-
tify changes in brain neurotransmitters and in brain function and 
structure which can be investigated with in vivo neuroimaging 
techniques and which are influenced by genetic variants. In recent 
years, remission after chronotherapeutics has been shown to be as-
sociated with effective connectivity in cortico-limbic circuitries 
during the processing of emotional stimuli, with changes in brain 
imaging markers of neurotransmitter function, with measures of 
cortical synaptic weights. These effects provide intermediate phe-
notypes associated with therapeutic effects of chronobiology, and 
new targets for treatments.

Funding/Disclosures: None.

A8

On the Integration o f Non-Image-Forming 
(NIF) Effects of Light on Venetian Blinds 
and Electric Lighting Control
Marta Benedetti, Ali Motamed, Jean-Louis Scartezzini

Laboratory for Solar Energy and Building Physics, École 
Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Objectives: Lighting has an impact not  only on our visual 
comfort and performance, but also on our behavior and physiolo-
gy: it is shown that exposure to light can directly boost alertness, 
cognitive performance, and improve our mood. These non-visual 
effects of light are also called “Non-Image Forming” (NIF) effects. 
Considering NIF effects in lighting of indoor working environ-
ments can be very important to improve well-being and productiv-
ity of the users. So far, these effects have not been considered in 
building automation due to their unknown and complicated nature, 
as well as lack of proper technology. The objective of this study is 
to introduce and evaluate NIF effects of light on humans in control 
algorithms used for automatic regulation of venetian shadings and 
electric lighting in an office environment, always with an eye on 
energy saving. In other words, the existing scientific knowledge of 

NIF effects of light is introduced into the lighting engineering and 
automation domain.

Methods: A dynamic lighting protocol based on guidelines 
for biologically effective illumination and literature review is cho-
sen as a set point for the integrated daylight and electric lighting 
system. An advanced control system based on room geometry, sun 
profile and fuzzy logic is designed to follow the protocol while 
ensuring the visual comfort of the user by regulating sun shadings 
and artificial lighting. Prioritizing the use of daylight rather than 
electric lighting pursues the objective of energy savings, thus the 
latter is activated only when natural lighting is not sufficient to 
reach the required work-plane illuminance. The assessment of the 
lighting conditions in the room is carried-out using a novel HDR 
vision sensor installed next to the user, which allows for an “on-
the-fly” evaluation of the light flux received by the human eyes 
during daytime. The sensor continuously captures luminance maps 
and extracts the pupillary illuminance and the glare index “Day-
light Glare Probability” (DGP). At the same time a second, identi-
cal sensor placed on the ceiling monitors the average luminance of 
part of the field of view to compute the horizontal work plane il-
luminance. Being integrated in the building control platform, both 
HDR vision sensors offer a personalized, refined control of the 
integrated electric lighting and sun shading system.

Results: A field study with human subjects will be carried out 
in the LESO solar experimental building in order to test the per-
formance of the controller from an energy saving and occupant’s 
visual/cognitive performance perspective. Different aspects like 
visual comfort and performance, neurobehavioral performance, 
alertness and mood are assessed by means of paper- and computer-
based tests, as well as subjective surveys.

Conclusions: With respect to a reference case, the advanced 
control strategy is expected to bring significant energy savings as 
well as improved users’ overall comfort, visual and cognitive per-
formance.

Funding/Disclosures: None.

A9

Sand Rats See the Light: Use of Diurnal 
Rodents for the Study of Depression
Carmel Bilu1,2, Haim Einat3, Noga Kronfeld-Schor1

1School of Zoology, Tel-Aviv University; 2Department 
of Clinical Biochemistry and Pharmacology, Ben-Gurion 
University of the Negev; 3School of Behavioral Sciences, 
Tel Aviv-Yaffo Academic College, Israel

Objectives: Our general objective is using diurnal rodents 
for the study of the interactions between circadian rhythms and 
depression.

Methods: We maintained different diurnal species under short 
photoperiod conditions (SP; 5 hours light/ 19 hours dark) or neutral 
photoperiod conditions (NP; 12 hours light/ 12 hours dark) for 3 
weeks. Species tested included fat sand rat (Psammomis obesus), 
Nile grass rat (Arvicanthis Niloticus), degu (Octodon degus) and 
golden spiny mouse (Acomys russatus). We also treated the animals 
with antidepressants (bupropion and imipramine), tested the effects 
of exercise and bright light treatment (white blue and red).
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Results: Diurnal rodents maintained under SP developed de-
pression- and anxiety-like phenotype which includes reduced ac-
tivity in the forced swim test, reduced preference for sweet solu-
tion, reduced aggression and social interactions, and increased 
anxiety-like behavior in tests such as the elevated plus-maze and 
the open field. Bupropion and imipramine treatments, as well as 
physical exercise resulted in amelioration of the SP-induced be-
havioral changes in the sand rat. When we exposed the sand rats 
to 3 weeks of morning bright (white) light treatment it ameliorated 
the behavioral effects of SP, and morning exposure to bright light 
had a significantly stronger effect than evening exposure to bright 
light. Morning blue, but not red light treatment, resulted in similar 
effect. Although a direct comparison between the bright light ex-
periments and the bupropion experiment is impossible (different 
experiments) we suggest that as in humans, bright light exposure 
is at least as effective as antidepressants in the model.

Conclusions: Wealth of research results now establishes the 
validity of diurnal rodents as a model for studying the interactions 
between circadian rhythms and depression. Diurnal rodents re-
spond to photoperiod manipulation in a similar way to humans, the 
behavioral outcome is directly related to the circadian system, and 
treatments that are effective in patients are also effective in the 
model, whereas less effective treatments in patients are also less 
effective in the model. We suggest that using diurnal animal mod-
els to study circadian rhythms related affective disorders such as 
depression will produce new insights which will eventually lead to 
the development of more effective treatments.

Funding/Disclosures: The National Institute for Psychobi-
ology in Israel, Israel Society for Endocrinology.

A10

Melatonin Production in Essential 
Hypertension Under Common and 
Modified Light Schedules
Mikhail L. Blagonravov1, Anna A. Bryk1, 
Evgenia V. Medvedeva1, Vyacheslav A. Goryachev1, 
Anna Yu. Korshunova1, Madina M. Azova1, 
Sergey M. Chibisov1, Sergey P. Syatkin1, Anna V. Smirnova2, 
Galina G. Varvanina2

1Peoples’ Friendship University of Russia (RUDN 
University); 2Moscow Clinical Research and Practical 
Center of Moscow Healthcare Department, Russia

Objectives: According to numerous data, the pathogenesis 
of cardiovascular diseases is associated with desynchronization of 
biological rhythms. Nowadays many people are exposed to exces-
sive light at night which results in the inhibition of melatonin se-
cretion by the pineal gland. In this study we explored the biosyn-
thesis of epiphyseal melatonin under extended light exposure in 
essential hypertension.

Methods: Experiments were carried out on male rats of SHR 
(hypertensive) and Wistar (normotensive) strains. Two different 
light-dark schedules were modeled: 12 hour light / 12 hour dark-
ness with light on at 7.00 a.m. and off at 7 p.m. (12:12) and 16 hour 
light / 8 hour darkness with light on at 5.00 a.m. and off at 9.00 
p.m. (16:8). Wistar rats were kept under 12:12 light-dark schedule, 

SHR rats were exposed to both 12:12 and 16:8 schedules. Melato-
nin production was assessed by measuring urinary concentrations 
of its stable metabolite – 6-Sulfatoxymelatonin (6-SMT). Urine 
collection was performed in metabolic cages twice for 24 hour pe-
riod – during the daytime and nighttime. It is well known that uri-
nary concentration of 6-SMT correlates with the total melatonin 
blood level [Griefahn et al., 2001; Rapoport S.I. et al., 2009]. Con-
centration of 6-SMT in animal urine was determined using ELISA 
kit for 6-Sulfatoxymelatonin (Buhlmann Laboratories AG, Swit-
zerland).

Results: It was found that daytime urinary concentration of 
6-SMT was significantly lower in comparison with the nighttime 
values in hypertensive rats exposed to both 12:12 and 16:8 light-
dark schedules. Daytime 6-SMT concentration was 25.5 ± 1.49 ng/
ml in normotensive Wistar rats and it was significantly decreased 
to 16.27 ± 1.23 and 14.55 ± 1.32 ng/ml in SHR hypertensive rats 
kept under 12:12 and 16:8 light-dark schedules respectively. There 
was also an increase in the difference between day and night 
6-SOMT in hypertensive rats kept under both light-dark regimens 
compared with controls. Meanwhile no difference in daytime 
6-SMT urine contents was seen under light regimen 12:12 in com-
parison with 16:8 between the two groups of SHR rats. As regards 
nighttime, the values of urinary 6-SMT in Wistar rats, SHR rats 
under 12:12 and 16:8 light-dark regimens were as follows: 32.74 ± 
2.78, 30.37 ± 2.54 and 26.08 ± 2.35 ng/ml with no significant dif-
ferences between animal groups.

Conclusions: The study results suggest the rate of daytime 
epiphyseal melatonin production is markedly lower under in-
creased blood pressure. There was no significant effect of extend-
ing light exposure from 12 to 16 hours within the 24 hour period 
on melatonin biosynthesis by the pineal gland in essential hyper-
tension.

Funding/Disclosures: None.

A11

Photoreception for Circadian, 
Neuroendocrine and Neurobehavioral 
Regulation
George C. Brainard, John P. Hanifin

Department of Neurology, Thomas Jefferson University, 
Philadelphia, PA, USA

Over the past twenty years, there have been fundamental ad-
vances in the understanding of photoreceptive input for physiolog-
ical and behavioral regulation in humans and other mammals. Neu-
ral signals conveying information about environmental light are 
transmitted from the retina through the retinohypothalamic tract to 
the hypothalamic suprachiasmatic nuclei (SCN), master oscillators 
in the circadian system. In turn, the SCN transmit information 
about lighting and circadian time to diverse loci in the nervous 
system, including the pineal gland where the hormone melatonin 
is synthesized. In the early 2000’s, analytical action spectra identi-
fied 446–477 nm as the most potent wavelength region for mela-
tonin suppression in healthy humans. Those data indicated that a 
novel ocular photosensory system, distinct from the canonical vi-
sual rods and cones, is primarily responsible for regulating mela-
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tonin in humans. Other analytical action spectra and studies that 
employed selected wavelength comparisons, further demonstrated 
that circadian phase-shifting, autonomic stimulation, the acute ef-
fects of light on alertness and performance are shifted towards the 
shorter wavelength, or blue-appearing, part of the spectrum (Lucas 
et al., TINS 2014).

Seminal discoveries have elucidated the fundamental anatomy 
and physiology of the photoneural system that supplies input for 
circadian, neuroendocrine and neurobehavioral regulation. It has 
been clearly demonstrated that a small population of widely dis-
persed retinal ganglion cells is directly responsive to light and proj-
ects to the SCN as well as other regulatory nuclei in the central 
nervous system. These intrinsically photosensitive retinal ganglion 
cells (ipRGCs) contain a vitamin A photopigment named mela-
nopsin, that mediates phototransduction. Although melanopsin-
containing ipRGCs are the primary mediators of light detection for 
circadian and neurophysiological responses, numerous studies 
clearly show that the visual rod and cone photoreceptors are ana-
tomically and functionally interconnected with the ipRGCs. These 
synaptic inputs have been shown, in mice, to greatly expand the 
dynamic range and spectrum of the non-image-forming visual 
functions for which ipRGCs provide the principal retinal input 
(Weng et al., PLOS One 2013), contribute to brightness discrimi-
nation (Brown et al., Curr Biol 2012), and participate in discrimi-
native spatial vision (Ecker et al., Neuron 2010). Thus, all photo-
receptor classes contribute to the regulation of biological and be-
havioral responses to light with the relative importance of each 
photoreceptor being highly labile within and between response 
types. Additionally, the spectral sensitivity of this photoreceptive 
system is fundamentally context-dependent. Notably, in addition 
to regulating circadian, neuroendocrine and neurobehavioral re-
sponses, the rod, cone and melanopsin-ipRGC system also regu-
lates elements of vision and image detection. Together, this emer-
gent field of physiology opens the door to major changes in future 
lighting architectural strategies.

Funding/Disclosures: NASA#s NNX09AM68G and 
NNX15AC14G; NSBRI through NASA NCC 9-58; NSF# EEC-
0812056; The Institute of Integrative Health; and the Philadelphia 
Section of the IESNA. Portions of the above text was freely adapt-
ed from Brainard et al., COPM 2016.

A12

A Novel Brain Circuitry Modulates 
Depression Following Aberrant Light 
Exposure
Olivier Brock, Alessio Delogu

Maurice Wohl Neuroscience Institute, Basic and Clinical 
Neuroscience Department, King’s College London, UK

Objectives: Certain types of depression are linked to aber-
rant light exposure. For instance, Seasonal Affective Disorder 
(SAD) is a type of depression caused by reduced exposure to sun-
light during the winter months in Nordic countries. Biological 
clocks have evolved, under strong selective pressure from sun-
light, to anticipate predictable external and internal conditions and 
allocate physiological processes and behaviours to suitable por-

tions of the day. ‘Aberrant light’ indicates the fact that the timing 
of light exposure cannot be predicted by the internal body clock. 
We suggest that a mismatch between the expected timing of light 
and dark, as set by the body’s master clock and the actual presence 
or absence of light, activates the brain circuitry that encodes re-
ward prediction error -the lateral habenula (LHb)- and modulates 
the dopaminergic and serotonergic systems. These neuromodula-
tors in turn have a direct role in motivation, action initiation and 
attention; when chronically suppressed, they may lead to the ap-
pearance of the pathological signs of depression. We recently iden-
tified a poorly described anatomical brain region, which we have 
named ‘peri-lateral habenula (pLHb)’ and have genetically de-
fined by Sox14 expression, as a brain area that could process aber-
rant light to modulate mood and subsequently depression.

Methods: We induced depression-like symptoms in mice by 
exposing them to a non-24 hour light cycle, i.e. 2 weeks housing 
under 3.5 hours of light and 3.5 hours of dark (ultradian or T7 
cycle). By using a Sox14cre mouse line combined to stereotaxic 
injections of cre-dependent adeno-associated virus expressing the 
diphtheria toxin subunit (AAV-Ef1α-DIO-DTA-mCherry), we se-
lectively ablated the Sox14+pLHb neurons and analyzed subse-
quent depressive-like behaviours throughout relevant behavioural 
paradigms such as sucrose preference, novelty-suppressed feeding 
(NSF) and forced swim tests (FST). Finally, using the retrograde 
mono-synaptic restricted rabies system (EnvA, ∆G-RV), we 
mapped the mono-synaptic afferences of Sox14+pLHb neurons.

Results: Animals under depression-inducing T7 showed a 
strong decrease in sucrose preference (30% less) and in time spent 
feeding in the NSF task (60% less) as well as an increase in time 
spent immobile during the FST compared to animals maintained 
under T24, indicating a strong depressive phenotype. Strikingly, 
animals under T7 upon Sox14+pLHb neuron ablation showed sim-
ilar phenotype than T24 subjects in all three tests. Following rabies 
infection of Sox14+pLHb neurons, we specifically mapped trans-
synaptically infected cells in the retina.

Conclusions: Sox14+periLHb neurons are required for the 
appearance of depression-like symptoms after T7 treatment, i.e. 
following aberrant light exposure, indicating that this structure acts 
downstream of the retinal photoreceptors to trigger mood altera-
tions and depression.

Funding/Disclosures: BBSRC – Independent Research 
Award KCL – The Royal Society / Nothing to disclose.

A13

Bright-Study: Light Exposure, Circadian 
Rhythm and Sleep Problems in Elderly 
with Intellectual Disabilities
Mylène N. Böhmer1, Marlies J. Valstar2

1Middin, Rijswijk, The Netherlands; 2Erasmus Medical 
Center, Rotterdam, The Netherlands

Objectives: Sleep problems are prevalent in elderly with in-
tellectual disabilities (Elderly-ID), possibly as a result of the un-
stable and fragmented circadian rhythm found in this population. 
Inadequate light exposure might contribute to the disrupted circa-
dian rhythm and resulting health complaints. Due to mental and 
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physical comorbidities Elderly-ID are thought to be more prone to 
inadequate light exposure. In addition, previous studies showed 
poor illuminance levels in health care facilities for Elderly-ID. The 
current study focusses on the personal light exposure in elderly-ID 
and the association with circadian rhythm and sleep problems. In-
sight into the role of light exposure as cause of sleep problems in 
this population is a first step in the prevention of these problems.

Methods: Cross-sectional study design in 38 elderly-ID liv-
ing in health care facilities in the Netherlands. Light exposure was 
measured using HOBO-data loggers. Circadian rhythm and sleep 
problems were measured using the Actiwatch 2.

Results: Preliminary results show that most of the partici-
pants do not reach the advised 50 minutes of daylight in the morn-
ing. Full results on the association of light exposure, circadian 
rhythm and sleep problems are expected in June 2017.

Conclusions: Given the increased risk for inadequate light 
exposure and forthcoming health risks in Elderly-ID, it is conclud-
ed that adequate lighting in the living areas of health care facilities 
for this population requires more attention. Sufficient illuminance 
levels at health care facilities might prevent the prevalent sleep 
problems in Elderly-ID.

Funding/Disclosures: None.

A14

Spatial Distribution of Lighting Scenes and 
Its Impact on Non-Visual Effects
Kai Broszio, Mathias Niedling, Martine Knoop, 
Stephan Völker

Lighting Technology, Technische Universität Berlin, 
Germany

Objectives: Studies showed that the intrinsically photosensi-
tive Retinal Ganglion Cells (ipRGCs) are not evenly distributed 
throughout the human retina, the density respectively the sensitiv-
ity of the ipRGCs is highest at the lower and nasal part of the ret-
ina. Thus, it can be questioned if the illuminance and the melanopic 
irradiance of the full visual field measured at the eye are the ap-
propriate values to quantify non-visual effects. The aim of this 
study is to determine the range of the, spatially resolved, effective 
radiant flux stimulating the ipRGCs for different distribution of the 
incident light under a constant (full visual field) illuminance level 
at the eye.

Methods: A first estimation of spatial weighting, represent-
ing the retinal areas with higher ipRGC response will be derived 
from literature. This weighting will be used to determine the effec-
tive radiant flux for stimulating the ipRGCs of different spatial 
light distributions that result in the same illuminance at the eye. 
Measurements for this investigation are conducted in a complete 
backlit testing room, which allows setting specific luminance and 
correlated colour temperature for arbitrary fields of walls and ceil-
ing. Therefore, it is possible to create different luminance and CCT 
distributions and to adjust them to the identical illuminance at the 
eye. The measurements are performed with a luminance and colour 
measuring video photometer (LMK) to derive the spatially re-
solved radiant flux (incident of light) for scenes, which in turn can 
be weighted with V(λ), the spectral sensitivity response function 

for melanopsin as well as the spatial weighting for ipRGC position. 
The results from the backlit room will be compared to weighted 
measurements of lighting conditions from typical office scenes.

Results: Expected results in June 2017.
Conclusions: The study will show, that in case of studying 

ipRGC-based non-visual aspects, the full visual field measured il-
luminance and melanopic irradiance are not sufficient for the ac-
curate comparison of lighting conditions. Thus, it is crucial to con-
sider the spatial distribution of the incident light. Further research 
is needed and should, among other things, lead to more effective, 
and thus energy-efficient, lighting planning.

Funding/Disclosures: None.

A15

Light on Human Physiology and Behaviour
Christian Cajochen, Virginie Gabel, Sylvia Frey, 
Vivien Bromundt, Mirjam Münch, Sarah L. Chellappa

Centre for Chronobiology, Psychiatric Hospital of the 
University of Basel, Basel, Switzerland

The sharp delineation between day and night existing through-
out most of our ancestral evolution has changed in industrialized 
society. Electric light has endowed us with a 24-h/7-day society, 
to the extent that more than 90% of individuals in the US and Eu-
rope experience light at night. It is not surprising that such around-
the-clock exposure to light may foster multiple repercussions on 
human physiology and behaviour.

Artificial light striking the retina between dusk and dawn im-
pacts on brain regions regulating sleep-wake cycles. Light inhibits 
sleep-promoting and activates arousal-promoting neurons along 
with a suppressed release of the soporific hormone melatonin at 
night. Importantly, these effects can outlast the duration of light 
exposure. Furthermore, there is a dose- and wavelength depen-
dency with a strong ‘blue-shift’ for these effects most probably 
also involving the novel photoreceptor pigment melanopsin as a 
mediator of the non-image effects of light in humans. Recent evi-
dence points to a potential dichotomy of a blue light-SCN-wake 
and green light-VLPO-sleep axis in a nocturnal species. This offers 
an interesting framework to be tested in clinical human sleep re-
search settings.

Natural sunlight is most often absent in the late evening before 
going to sleep, during a time zone very sensitive to light according 
to the human phase response curve. Furthermore, our contempo-
rary lifestyle in the evening has changed over the past decades. 
Energy efficient LEDs are now widely used in televisions and 
computer screens, laptops, tablets and hand-held devices between 
dusk and dawn. Checking messages etc. on their hand-held de-
vices before going to sleep has become common practice in teen-
agers, but also in adults.

Thus, our research has mainly focused on repercussions of 
such lighting conditions in the evening on circadian physiology 
and sleep humans. We have recent evidence that, beyond melato-
nin suppression, blue-enriched light at 40 lx and light from LED-
backlit computer screens elicit significant alerting responses as 
indexed by subjective and objective (i.e. EEG and EOG) corre-
lates of sleepiness. Furthermore, well-being and cognitive perfor-
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mance in attention, working memory and declarative learning 
tasks were enhanced during a 2-hour evening exposure to these 
light sources as compared to non-blue enriched light or non-LED 
computer screens. Blue-enriched light induced reduced frontal 
NREM slow-wave activity (2.5–4 Hz) during the first sleep cycle, 
as compared to non-blue enriched light. Interestingly, some of 
these responses showed individual trait effects that potentially 
modulate a differential response to light exposure, including sex 
and genetic trait polymorphism. Our recent results on dawn simu-
lations based on LED technology and dynamic LED lighting solu-
tions during 16-hours of scheduled wakefulness under normally 
entrained conditions, clearly point to beneficial effects on well-
being, cognition and sleep when compared to conventional light-
ing conditions.

Collectively, our data indicate that the regulation of human 
alerting, neuroendocrine, and cognitive responses to light are far 
more complex and nuanced than initially thought. In a broader 
perspective, this should increase our awareness of the impact of 
both natural and artificial light for human health with socio-eco-
nomic ramifications.

Funding/Disclosure: Velux Foundation Switzerland; 
Swiss National Science Foundation; Jacobs Foundation; Philips 
Lighting; Toshiba Materials/None.

A16

Chronotype Assessments of Three 
Monozygotic Child Twins
Kateřina Červená1,2, Veronika Spišská2, Zdeňka Bendová1,2

1Department of Sleep Medicine and Chronobiology, 
National Institute of Mental Health, Klecany, Czech 
Republic; 2Faculty of Science, Charles University, Prague, 
Czech Republic

Objectives: In this study, we aimed to find differences in 
circadian phenotype among young monozygotic twins living un-
der the same conditions and in the same environment who are ex-
posed to the same life situations.

Methods: Three pairs of monozygotic twins between 7 and 
10 years old were involved in this study. For morningness-eve-
ningness evaluation we used the Children’s Chronotype Question-
naire (CCTQ). The chronotypes of mothers were assessed with the 
Horne and Östberg Morningness-Eveningness Questionnaire 
(MEQ). Salivary melatonin concentrations were evaluated in all 
pairs of children and their mothers using radioimmunoassay. Sa-
liva samples were collected in June from Friday afternoon to Sat-
urday at different time points: 14:00, 19:00, 21:00, 23:00, 01:00, 
03:00, 06:00, and 09:00. The individual melatonin profiles were 
analysed by cosine analysis. The activity of the children was mon-
itored by wrist actigraphy, with school-day and weekend records 
evaluated separately.

Results: The results suggest that young twins living in a 
shared environment may differ in chronotype, as scored by the 
CCTQ and verified by a phase shift in acrophase of melatonin 
rhythms and the level of weekend morning activity. Our results 
also show that even children with neither chronotype can get up 
for school with melatonin levels higher than 40% of the maximum 

and show significantly lower activity in the morning during week-
ends.

Conclusions: In a sample of three pairs of monozygotic 
twins aged 7–10 years who live together in a shared environment 
and have the same daily routine, we demonstrate that individual 
human chronotype may develop as early as before puberty. The 
data suggest that the environmental or epigenetic factors that con-
tribute to the genetic propensities for certain chronotypes are rath-
er subtle and may have an impact early in life.

Funding/Disclosures: None.

A17

A Double Blind, Placebo Controlled 
Randomized Trial of Light Therapy for 
Non-Seasonal Bipolar vs. Unipolar 
Depression
Magdalena Chojnacka, Łukasz Święcicki, 
Anna Z. Antosik-Wójcińska, Dorota Bzinkowska, 
Agnieszka Borzym, Dorota Antoniak, 
Gabriela Bodzak-Opolska, Marlena Sokół-Szawłowska

Institute of Psychiatry and Neurology, Department of 
Affective Disorders, Sobieskiego 9 02-957 Warsaw, Poland

Objectives: The aim of the study was to examine the effi-
cacy and safety of morning bright light treatment (BLT) in treat-
ment of patients with bipolar or unipolar affective disorder, depres-
sive phase, without seasonal pattern. It was randomized, double-
blind and placebo-controlled trial.

Methods: Adults, ages 18–70 years were randomized to 
treatment either with BLT or with a device called ‘negative ion 
generator’ (as a placebo control). Subjects were required to be on 
stable and therapeutic dose of psychotropic medication for at least 
4 weeks prior to enrollment and the treatment was not sufficiently 
effective. Clinical state was monitored at the baseline and at the 
end of treatment. The HAMD-21, MADRS, BDI, CGI, PGI were 
used.

Results: Ninety-five patients were enrolled (50 with diagno-
sis of bipolar disorder and 45 with unipolar disorder). Fifty-two 
patients were randomized to treatment with BLT and 43 were in 
the placebo group. 83 subjects completed the study. There were 12 
dropouts (5 in the light group and 7 in the placebo group). After 
14 days of treatment a significant improvement was found in all 
groups (p < 0.001). Subjects treated with BLT demonstrated no 
significantly different improvement compared to patients treated 
with placebo (p > 0.25). There was no statistically significant dif-
ference between unipolar and bipolar disorders (p > 0.3).

Conclusion: The presented study did not confirm that light 
therapy is more effective than placebo in the treatment of non-
seasonal depression. But it also has not been demonstrated that 
phototherapy does not work. Further research is needed to deter-
mine efficacy of BLT in this population.

Funding/Disclosures: None.
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A18

Internal Synchrony and Mood: 
A Study of Circadian Misalignment 
in Bipolar Depression
Sara Dallaspezia, Giuliana Pioselli, Cristina Lorenzi, 
Cristina Colombo, Francesco Benedetti

IRCCS Ospedale San Raffaele, Department of Clinical 
Neurosciences, Milan, Italy

Objectives: The synchrony among circadian rhythms, body 
homeostasis and behavior plays a fundamental role for the well-
being of an individual. The individual can experience fatigue, lack 
of motivation and impaired performance when this synchrony 
fails. In recent years, several new developments provide evidence 
which confirms the relationship between biological rhythms and 
mood. However, current knowledge does not allow a complete 
understanding of the biological and psychological correlates of the 
relationship between mood, the circadian timing system and de-
pression. This is of concern especially for bipolar disorder, and 
even for the healthy population.

Methods: We considered 13 patients affected by Bipolar Dis-
order (BP), major depressive episode without psychotic features 
and 13 healthy controls( HC), matched with patients for sex and 
age. All patients were evaluated using 21-item Hamilton Depres-
sion Rating Scale (HDSR). Severity of cognitive distortion was 
quantified by administering the Cognitions Questionnaire (CQ) 
(Fennell and Campbell, 1984) both in BP that in HC. Subjects were 
instructed to wear activity monitors on their non-dominant wrist. 
DLMO (dim light melatonin onset) was calculated with salivary 
sampling during the evening. PAD (phase angle difference be-
tween the DLMO and mid-sleep point) was calculated for each 
subject. Data were analyzed through correlations, homogeneity of 
slopes analysis and logistic linear regression.

Results: Measures of circadian rhythmicity were found to 
correlate with depressive cognitive distortions. PAD inversely cor-
related with the global CQ score (r = –0.60, p = 0.005), and with 
the subscales I-V: I = emotional impact (r = –0.48, p = 0.031); II = 
attribution of causality (r = –0.56, p = 0.010); III=generalization 
across time (r = –0.48, p = 0.032), and V = perceived uncontrol-
lability (r = –0.58, p = 0.007). For the whole model the linear re-
gression of PAD alone on CQ yielded an adjusted R2 = 0.316 (F = 
10.234, p = 0.005), with a significant effect (β = 0.592, p = 0.005) 
for PAD. An effect of diagnosis on PAD was demonstrated, as 
healthy controls showed a larger PAD than patients (F = 5.24; d.f. 
1, 14; p = 0.038). The linear relationship between DLMO and mid-
point of sleep was found only in healthy subjects but not in bipolar 
patients. Testing the homogeneity of slopes yielded significant ef-
fects of diagnosis (W = 3.84, p = 0.049), DLMO (W = 4.74, p = 
0.0295), and of their interaction (W = 4.294, p = 0.0382), on the 
sleep midpoint. The GZLM (Generalized Linear Model) analysis 
of separate-slopes confirmed a significant interaction of diagnosis 
and DLMO (LR χ2 = 8.831, p = 0.012), indicating the relationship 
between DLMO and sleep midpoint did not follow parallel slopes 
in the two diagnostic groups.

Conclusions: The results pointed toward an optimal rela-
tionship between sleep timing and the DLMO as a marker of inter-
nal synchrony and consequent psychological wellness. Further-
more, our data suggest that internal timing could be a general 

mechanism in regulating mood and mood-congruent cognition, not 
limited to pathological conditions such as bipolar disorder, but also 
extended to the general, healthy population.

Funding/Disclosures: None.

A19

Metabolic Effects of Light
Konstantin V. Danilenko

Institute of Physiology and Basic Medicine, Novosibirsk, 
Russia

Objectives: To review studies on the effects of light on body 
mass, appetite and metabolic rate in humans.

Methods: A literature search was done using our own data-
base of publications and the PubMed library. Studies on either im-
mediate or cumulative effects of light in healthy subjects were 
chosen. Analysed indices included: body mass (2 studies), appetite 
(1 study), oxygen consumption (3 studies). Other indices which 
characterise physiological systems determining metabolic rate 
(autonomic nervous system, hormonal system, thermoregulatory 
system) were also taken into consideration: sympathetic nerve ac-
tivity, heart rate, alpha-amylase, noradrenaline, cortisol, thyroid 
hormones, body temperature.

Results: Light decreased body (fat) mass, decreased appetite, 
increased energy expenditure in some studies. Considering the 
acute effects of light, sympathetic nerve activity was found to be 
increased. Heart rate is usually slightly increased by light espe-
cially if the light is presented at night/early morning. An effect of 
light on α-amylase, which is considered to be a marker of sympa-
thetic nervous system activity, has been negative. Noradrenaline 
levels (in blood or urine) were found to be increased following 
light treatment in some studies. Roughly half of previous studies 
measuring cortisol response (within the first 30–45 minutes) to 
light via open eyes – showed (temporal) increase, while the other 
half showed no change in the night/morning. Response of thyroid 
hormones is generally negative. The effects, however, may be dif-
ferent when light is used repeatedly. The factors which may influ-
ence the results, apart from time of day and number of light inter-
ventions, include also intensity and spectrum of light.

Conclusions: The available data indicate that light can in-
crease energy expenditure and metabolism in humans. There is, 
however, no unequivocal physiological measurement that docu-
ments a robust effect. In addition, the pathways mediating meta-
bolic effects of light are to be clarified.

Funding/Disclosures: None.
D

ow
nl

oa
de

d 
by

: 
13

1.
15

5.
15

1.
8 

- 
9/

12
/2

01
7 

10
:0

0:
06

 A
M



Abstracts Neuropsychobiology 2016;74:226–260
 DOI: 10.1159/000477426 

235

A20

6-Day Combined Partial Wake and Light 
Therapy for Depression
Konstantin V. Danilenko, Maria Y. Lebedinskaia, 
Evgenia V. Gadetskaia, Anastasia A. Beklemisheva, 
Ekaterina D. Nikolenko, Lyubomir I. Aftanas

Institute of Physiology and Basic Medicine, Novosibirsk, 
Russia

Objectives: There are a dozen published studies on triple 
chronotherapy in depression (sleep deprivation [wake therapy] + 
light therapy + phase-advanced sleep stabilisation). Whereas its 
effectiveness has been shown for a total night wake therapy and 
for bipolar depression, less evidence exists for partial sleep depri-
vation (more feasible than a full-night awake) and non-bipolar de-
pression. We tested a 6-day treatment protocol of partial sleep de-
privation in combination with the most potent (based on the latest 
knowledge) blue-enhanced bright light (vs. blue-blocked [i.e. or-
ange] light as control) in hospitalised patients with recurrent major 
depression or dysthymia.

Methods: The study was performed in Novosibirsk (55°N) 
from October 2016 to April 2017. Inclusion criteria for the patients 
were: age ≥18 yr; major depressive disorder (MDD), recurrent or 
dysthymia (according to DSM-5 criteria); current depressive epi-
sode; good and stable general health; stable dose of antidepressants 
(if taken) for the last 3 weeks. Exclusion criteria were: bipolar dis-
order; MDD with seasonal pattern, or with anxious distress, mixed 
or psychotic features; suicidal ideations. Partial wake therapy 
(sleep deprivation from 4 to 8 am) was performed in a light thera-
py room (blue-enhanced light [Philips LEDtube 6500 Kelvin] in-
creased hourly 600→1300→2200→2800 lx) and the light treat-
ment was repeated the next morning at 7–8 am. Time for sleep 
after the wake therapy night was 2 hours earlier, after the second 
night, 1 hour earlier. This 2-day cycle was repeated twice (3 cycles 
in total). Patients were randomised to wear no filtering (clear) or 
filtering blue light (orange) Chron-optic glasses during the treat-
ments. The depression was scored blind using HDRS-21 (Hamil-
ton Depression Rating Scale) before and after the 6-day treatment, 
and HDRS-6 was logged by the patient in a protocol every day at 
2 pm. Compliance to the study was controlled by clinic personnel 
and actimetry.

Results: Twenty-two patients (13 males: 9 females, aged 
27–68 y, 13 with MDD recurrent: 9 with dysthymia, 18 
 antidepressants-free) entered and completed the study. Prelimi-
nary analysis showed a significant decrease of depression score 
following the first night (37%) or the entire 6-day treatment 
(33%), with no difference between white and red lights. There 
were 8 responders (36%) to the first night therapy. No fur-
ther  improvement was observed in the responders group whereas 
in non-responders the depression levels continued to decrease 
(p = 0.047), yielding no significant difference between the two 
groups from intervention day 2 onwards. No eye-related adverse 
events were reported; all patients successfully resisted sleep dur-
ing daytime; two patients were hyperthymic following the treat-
ment.

Conclusions: Triple chronotherapy with partial wake + light 
therapy + phase-advanced sleep stabilisation is an effective and fea-
sible-to-use therapy for non-seasonal depression. The degree to 

which light spectrum is important for the effect remains to be 
 clarified.

Funding/Disclosures: Supported by Presidium of the Rus-
sian Academy of Sciences (program IV.12.1, 2015–17).

A21

Differences of the Pupil Response During 
Exposure to Light of Different Spectral 
Compositions and Intensities: Preliminary 
Findings
Jan de Zeeuw1, Claudia Nowozin1,2, Sophia Wisniewski1,2, 
Alexandra Papakonstantinou1,2, Mandy Zaleska3, 
Theresa Fox3, Sven Hädel1, Dieter Kunz1,2, Mirjam Münch1,2

1Sleep Research & Clinical Chronobiology, Institute of 
Physiology, Charité University Medicine Berlin; 2Clinic for 
Sleep & Chronomedicine, St. Hedwig-Krankenhaus, Berlin; 
3Intellux GmbH, Berlin, Germany

Objectives: The pupil response to narrowband-width blue 
light stimuli after light offset has been shown to be a marker of 
intrinsic melanopsin activity (Gamlin et al., 2007; Park et al., 
2011). This study aimed to investigate the pupil light response dur-
ing daytime light exposures with two different polychromatic 
white light sources of similar color temperatures (CCT) but two 
different peaks in the blue light portion (i.e. at 435 nm vs. 480 nm), 
and with different light intensities.

Methods: In a mixed within-between-subject design we in-
cluded 68 healthy participants (out of 72 to be tested; 46 female; 
22 male; 24.4 ± 2.7 yrs; mean ± SD) with normal vision. Par-
ticipants came to the laboratory one hour after habitual wake-up 
times for fours visits. They were exposed for three hours to one 
light condition per visit. Each light exposure was preceded by 
30 min in dim light (DL; <5 lx). The light conditions differed in 
their spectral blue light portion but had similar CCT (= 3500 K; 
polychromatic white light with a peak at 435 nm or at 480 nm) 
and/or differed in illuminance (100 lx, 200 lx, 600 lx, 1200 lx). 
All participants also underwent a DL condition (randomized or-
der of light conditions). During each session, the pupil response 
to two narrow-bandwidth bright blue light pulses of 1s duration 
was measured: once after 10 min of dark adaptation, and three 
times during experimental light exposures (i.e. light-adapted). 
The maximum contraction amplitude to blue light stimuli and 
the post-illumination response (=PIPR; defined as contraction 
amplitude 6 s after light offset) were analyzed, both relative to 
baseline (= 0.25 s before the onset of each blue light stimulus). 
In order to account for inter-individual differences, the outcome 
measures were also expressed relative to dark adaptation for 
each visit.

Results: The dark adapted baseline pupil sizes were similar 
within participants (i.e. across four visits). In response to 1 s blue 
light stimuli there was a significant main effect of light spectrum 
for maximum contraction amplitude (F2,433 = 3.19; p = 0.04) and 
PIPR (F2,309 = 8.87; p < 0.001), with smaller maximum contrac-
tion amplitude and smaller PIPR (= faster re-dilation) to polychro-
matic white light with the blue peak at 480 nm, when compared 
to 435 nm. Illuminance also showed a significant main effect for 
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maximum contraction amplitude (F3,371 = 12.30; p < 0.001) and 
PIPR (F3,259 = 3.05; p = 0.03), with smaller contraction amplitude 
and smaller PIPR at higher illuminance (600 lx, 1200 lx), when 
compared to lower illuminance (100 lx, 200 lx). There was no 
significant interaction between light spectrum and illuminance 
(p > 0.76).

Conclusions: Our preliminary results suggest that the PIPR 
is sensitive to different polychromatic white light conditions and 
could contribute to quantify light-dependent impacts of non-visu-
al functions during daytime.

Funding/Disclosures: Financially supported by the Ger-
man Federal Ministry of Education and Research (BMBF; project 
OLIVE), and Intellux GmbH (Berlin), Germany.

A22

A Pilot Replication Study of Two PER3 
Single Nucleotide Polymorphisms as 
Potential Genetic Markers for Morning and 
Evening Earliness-Lateness
Vladimir B. Dorokhov1, Alexandra N Puchkova1, 
Anton O. Taranov1, Petr A. Slominsky2, Valentin A. Vavilin3, 
Igor D. Ivanov3, Alexey V. Popov3, Victor V. Nechunaev4, 
Roman I. Aǐzman5, Elena V. Budkevich6, 
Roman O. Budkevich6, Olga G. Donskaya3, 
Arcady A. Putilov3

1Institute of Higher Nervous activity and Neurophysiology 
RAS, Moscow, Russia; 2Institute of Molecular Genetics 
RAS, Moscow, Russia; 3Research institute for Molecular 
Biology and Biophysics, Novosibirsk, Russia; 4Novosibirsk 
State University; 5Novosibirsk State Pedagogical University, 
6North-Caucasus Federal University, Stavropol, Russia

Objectives: To test two hypotheses that were formulated in 
accordance with the earlier reported positive findings on the asso-
ciation of single nucleotide polymorphisms (SNPs) with morning-
evening preference. 1) The rare allele of rs2640909 might be 
linked to a higher score on morning earliness–lateness scale. 2) 
The rare allele of rs228729 might be linked to a higher score on 
both morning and evening earliness-lateness scales.

Methods: In total, 397 healthy volunteers participated in this 
study. The first hypothesis was tested on a Moscow group (N = 149), 
male professional bus drivers. The second hypothesis was tested on 
Novosibirsk and Stavropol groups (N = 248), general population. 
DNA was extracted from buccal epithelium swabs and correspond-
ing SNPs were genotyped. A multi-dimensional 72-item question-
naire named ‘Sleep-Wake Pattern Assessment Questionnaire’ (SW-
PAQ) includes two 12-item scales for self-assessment of morning-
evening preference. They were named ‘morning and evening 
lateness’ and abbreviated as M and E, respectively. Only these two 
scales were administered to the residents of Moscow, whereas the 
residents of two other cities completed the whole questionnaire.

Results: The allele frequencies of two potential markers of 
morningness-eveningness (rs2640909 and rs228697) were consis-
tent with those reported for the Caucasian population. The one-
way analysis of variance of the Moscow group representing three 
rs2640909 genotypes revealed a statistically significant main ef-

fect of genotype on morning earliness-lateness score, M [F(2,146) = 
5.591, p = 0.005]. The carriers of two copies of rare alleles be-
longed to the evening type. However, we did not find an associa-
tion of lateness in morning and evening behavior with the rare al-
lele of rs228697.

Conclusions: Several PER3 polymorphisms have been stud-
ied so far as potential genetic markers of self-assessed morning-
ness-eveningness (chronotype). We found that, in accordance with 
the hypothesis based on findings reported by Ojeda et al. (2013), 
homozygotes of the rare variant of rs2640909 had a significantly 
higher score in the morning lateness scale.

Funding/Disclosures: The studies were supported by 
grants from the Russian Foundation for Humanities [grant number 
15-06-10909a], [grant number 14-06-00963a], [grant number 06-
06-00375-a], [grant number 12-06-18001-e], [grant number 15-
06-10403-a]; by grants from the Russian Foundation for Basic Re-
search [grant number 07-06-00263-а, [grant number 
10-06-00114-а], [grant number 13-06-00042-a], [grant number 
16-06-00235-a].

A23

Chronotype as a Predictor of Future 
Status of Depressive and Anxiety 
Disorder Diagnosis
Stella J.M. Druiven1, Stefan E. Knapen1, Harriëtte Riese1, 
Ybe Meesters2

1University of Groningen, University Medical Centre 
Groningen, Department of Psychiatry, Research School 
of Behavioural and Cognitive Neurosciences (BCN), 
Interdisciplinary Centre for Psychopathology and Emotion 
regulation (ICPE); 2University of Groningen, University 
Medical Centre Groningen, Department of Psychiatry, 
Groningen, The Netherlands

Objectives: Depressive and anxiety disorder have a high 
prevalence in society. The role of chronotype, the individual pref-
erence of sleep/activity timing, in these disorders has been of inter-
est. A cross sectional association was already identified between 
evening-type and a diagnosis of depressive and/or anxiety disor-
der. However, a predictive association has not been studied yet.

Methods: A sample of the cohort study Nederland Study of 
Depression and Anxiety (NESDA) was used. Diagnoses of depres-
sive and anxiety disorder were DSM-IV based and determined at 
baseline, two-year follow-up (FU2) and four-year follow-up 
(FU4). Chronotype was assessed with the Munich Chronotype 
Questionnaire at baseline. With a multinomial logistic regression 
the cross-sectional association between chronotype and depressive 
and/or anxiety disorder status (N = 505) compared to healthy con-
trols (N = 426) were analysed. With binomial logistic regression 
analyses the prospective association between chronotype and the 
status of diagnosis at FU2 and FU4 were analysed. The analyses 
were adjusted for relevant sociodemographic and somatic health 
factors.

Results: From the cross-sectional analysis an association be-
tween more evening-type and a current depressive and/or anxiety 
disorder was found [OR (95% CI) = 1.24 (1.05–1.46); p = 0.01]. 
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From the prospective analyses, no association was found between 
more evening-type and status of diagnosis of depressive and/or 
anxiety disorder at FU2 [OR (95% CI) = 0.99 (0.83–1.19); p = 
0.92] or at FU4 [OR (95% CI) = 0.94 (0.77–1.15); p = 0.57].

Conclusions: We confirmed the association between eve-
ning-type and a current depressive and/or anxiety disorder in 
cross-sectional analyses. At follow-up there was no association 
between chronotype and a depressive and/or anxiety disorder di-
agnosis, for patients with a diagnosis of depressive and/or anxiety 
disorder at baseline. These results are contrary to the hypothesis 
that evening-type is a trait, and results in a vulnerability for devel-
oping a disorder. It is likely that chronotype is a characteristic of 
the current state of the disorder, which can be a result of the symp-
toms involved. Chronotype could be more affected by lifestyle 
factors than what is thought, and therefore not be a trait-like but a 
more state-like factor.

Funding/Disclosures: None.

A24

The Effects of Light Exposure on Circadian 
Phase in Seasonal Affective Disorder
Caitlin M. DuPont1, Megan A. Miller1, Brant P. Hasler3, 
Kathryn A. Roecklein1,2

1Department of Psychology, University of Pittsburgh; 2The 
Center for the Neural Basis of Cognition; 3Department of 
Psychiatry, University of Pittsburgh, Pennsylvania, USA

Objectives: Light is recognized as the most prominent cue 
for entraining circadian rhythms. The effect of light on circadian 
phase depends on the intensity, wavelength, and timing of light 
exposure. While blue light is most effective for circadian photore-
ception, there are likely to be individual differences in the effects 
of light exposure on circadian rhythms. For example, reduced re-
sponsivity to light exposure may result in blunted or poorly timed 
circadian rhythms. Individuals with seasonal affective disorder 
(SAD) exhibit reduced responsivity to light, which may impair 
phase-shifting in response to light. However, it is not yet known 
how naturalistic blue light exposure impacts circadian phase in 
individuals with SAD compared to non-depressed controls. It was 
hypothesized that individuals with SAD would exhibit a weaker 
association between light exposure and circadian phase.

Methods: Individuals with SAD (n = 24), subsyndromal 
SAD (S-SAD; n = 5), and non-depressed controls (n = 37) were 
recruited in Pittsburgh (83% female; aged 18–65). Dim light mel-
atonin onset (DLMO) was used as a marker for circadian phase. 
Participants wore an actigraphy watch with a photodiode for one 
week in winter prior to DLMO collection. Blue wavelengths of 
light (400–500 nm; photons/cm2/s) were averaged across a mini-
mum of four days. The mean timing of light above a given inten-
sity (MLiT) was calculated for various intensities of light as well 
as the duration of light exposure (i.e., the standard deviation of 
MLiT). Age and gender were included as covariates and were en-
tered into the model prior to light variables.

Results: Individuals with SAD and S-SAD were combined 
and separate linear regression models were conducted for SAD/S-
SAD and controls. Non-depressed controls did not show a signifi-

cant association between DLMO and the timing of light exposure 
(R2 change = 0.05, β = –0.20, p = 0.144), or the duration of light 
exposure above threshold (R2 change <0.01, β = –0.03, p = 0.807). 
However, in the SAD/S-SAD group, later light exposure was as-
sociated with later DLMO (R2 change = 0.20, β = 0.38, p = 0.018). 
Furthermore, longer duration of light exposure above threshold 
(SD MLiT) was also associated with later DLMO (R2 change = 
0.21, β = 0.38, p = 0.017) in the SAD/S-SAD group. The associa-
tion (β) between DLMO and light exposure duration was stronger 
in SAD/S-SAD compared to controls (p = 0.02). However, the as-
sociation between DLMO and timing of light exposure was not 
stronger in SAD/S-SAD compared to controls (p = 0.06).

Conclusions: Contrary to the hypothesis, we found that the 
duration of blue light exposure is more strongly correlated with 
circadian phase in individuals with SAD or S-SAD compared to 
controls. Future studies will investigate whether the timing of di-
urnal peaks in retinal responsivity to light mediate the association 
between light exposure and circadian phase.

Funding/Disclosures: Supported by R01MH103313 
(K.R.).

A25

The “Life-ON” Project: Chronobiology, 
Sleep-Related Risk Factors and Light 
Therapy In  Perinatal Depression
Corrado Garbazza1,2, Simone Baiardi3, Fabio Cirignotta3, 
Alessandro Cicolin4, Armando D’Agostino5, 
Orsola Gambini5, Alessandra Giordano4, 
Mariapaola Canevini6, Elena Zambrelli6, 
Anna Maria Marconi7, Susanna Mondini3, 
Stefan Borgwardt8, Nicola Rizzo9, Christian Cajochen2, 
Mauro Manconi1

1Sleep and Epilepsy Center, Neurocenter of Southern 
Switzerland, Lugano; 2Centre for Chronobiology, Psychiatric 
Hospital of the University of Basel; 3Department of Head, 
Neck and Sensory System, Neurology Unit, Sant’Orsola-
Malpighi Hospital, University of Bologna; 4Sleep Medicine 
Center, Neuroscience Department, AOU Città della Salute e 
della Scienza - Molinette, University of Turin; 5Department 
of Health Sciences, University of Milan; 6Sleep Medicine 
Center, San Paolo Hospital, Milan; 7Department of 
Obstetrics and Gynaecology, DMSD San Paolo, University 
of Milan; 8Division of Neuropsychiatry and Brain Imaging, 
Department of Psychiatry, University of Basel Switzerland; 
9Department of Obstetrics and Gynecology, Sant’Orsola-
Malpighi Hospital, University of Bologna, Italy

Objectives: Perinatal depression (PND) has an overall esti-
mated prevalence of roughly 12%. If left untreated, PND has sig-
nificant negative consequences not only on the health of the moth-
ers, but also on the physical, emotional and cognitive development 
of their children. No certain risk factors are known to predict PND 
and no completely safe drug treatments are available during preg-
nancy and breastfeeding. Sleep and depression are strongly related 
to each other because of a solid reciprocal causal relationship. 
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Bright light therapy (BLT) is a well-tested and safe treatment, 
 effective in both depression and circadian/sleep disorders. The 
aims of the present project are: – to systematically and prospec-
tively explore sleep-related parameters, as well as mood changes 
during the perinatal period, to identify potential early diagnostic 
markers of PND (Life-ON main study) – to explore the relation-
ship between specific genetic polymorphisms and PND (substudy 
Life-ON 1) – to investigate the effectiveness of BLT in treating 
PND (substudy Life-ON 2) – to test whether a short-term trial of 
BLT during pregnancy can prevent PND (substudy Life-ON 3).

Methods: In a 3-year longitudinal, observational, multicenter 
study, about 500 women will be recruited and followed-up from 
early pregnancy (10th–15th week of gestation) until 12 months 
after delivery. Sleep will be assessed using wrist actigraphy, poly-
somnography and various sleep questionnaires. A blood-based 
analysis of potential biochemical, hormonal and genetic markers 
during the perinatal period will be performed. Women affected by 
PND, based on a psychiatric interview and an EPDS score >12, 
will be invited to participate in a randomized, placebo-controlled 
trial with morning bright light therapy (BLT) for 6 weeks. A sub-
sample of 80 women without depression will also be randomized 
to participate in a 6-week open-label study with BLT during the 
third trimester of pregnancy.

Results: The study is ongoing since the middle of 2016. To 
date about 150 pregnant women have been recruited and about 20 
of them participated in the preventive substudy Life-ON 3. A first 
interim analysis of the available data is planned for fall 2017. The 
final study results are expected in 2019.

Conclusions: The characterization of specific predictive and 
risk factors for PND may substantially contribute to improve pre-
ventive medical and social strategies for the affected women. The 
study results are expected to promote a better understanding of the 
relationship between sleep disorders and the development of PND 
and to confirm, in a large sample of women, the safety and effi-
cacy of BLT both in prevention and treatment of PND.

Funding/Disclosures: This project is supported by the 
Swiss National Science Foundation (grant: 320030_160250/1) and 
the Italian Ministry of Health and Emilia-Romagna Region (grant: 
PE-2011-02348727). Lamps for BLT and actigraphy devices are 
provided for free by Philips Respironics, Italy.

A26

Depressed Inpatients in Southeast Facing 
Rooms Have Shorter Hospitalisation Than 
Those in Northwest Facing Rooms
Krzysztof Gbyl1, Helle Østergaard Madsen1, 
Signe Dunker Svendsen1, Paul Michael Petersen2, 
Ida Hageman1, Carlo Volf1, Klaus Martiny1

1Psychiatric Center Copenhagen, University of 
Copenhagen, Rigshospitalet, Copenhagen, Denmark; 
2Department of Photonics Engineering, Technical 
University of Denmark, Copenhagen, Denmark

Objectives: Improvement for patients admitted to inpatient 
wards with severe depression is slow and patients are often dis-
charged with residual symptoms setting them at risk for relapse. 

Therefore new treatments that can speed up recovery are highly 
desired. This naturalistic follow-up study investigated the impact 
of daylight, in a specialized affective disorders unit, on the length 
of hospital stay and improvement of depression.

Methods: For a period of one year, we collected data on so-
ciodemographics, the length of stay, vitamin D, and depression 
severity, for patients in an inpatient affective disorders unit. The 
ward is located with one façade facing southeast (SE) and the op-
posite facade facing northwest (NW). The NW facing facade re-
ceives far less light and does not have any direct sunlight during 
wintertime.

Results: SE facing room received far more daylight that NW 
facing rooms. The length of stay was significantly lower in the SE 
rooms with 29.2 days (26.8) compared to 58.8 days (42.0) in the 
NW rooms (p = 0.01). There was a numerical but statistically in-
significant greater reduction in depression severity for the patients 
staying in a SE facing room compared to a NW facing room.

Conclusions: Due to study design, the causality of the ob-
served difference in length of stay cannot be given but the results 
strongly suggest that the lighting conditions had an impact on the 
length of stay.

Funding/Disclosures: None.

A27

A Multicenter Randomized Controlled Trial 
for Bright Light Therapy in Adults with 
Intellectual Disability and Depression: 
Study Protocol
Pauline C.M Hamers1,2, Heleen M. Evenhuis1, 
Heidi Hermans1,2

1Intellectual Disability Medicine, Department of General 
Practice, Erasmus University Medical Center, Rotterdam, 
The Netherlands; 2Amarant Group, Healthcare organization 
for people with intellectual disabilities, Tilburg, The 
Netherlands

Objectives: The primary objective of this study is to inves-
tigate the effect of BLT on depressive symptoms in adults with 
intellectual disabilities (ID) in two different light therapy groups 
compared to regular care (control group). Secondary objectives of 
this study are investigating the difference in effect of BLT in the 
two different light therapy groups and if the effect of BLT is still 
visible 4 weeks after the end of the BLT (follow-up). Besides, we 
will study the effect of BLT on circadian sleep-wake rhythm and 
stress in both light therapy groups.

Methods: Participants with ID (IQ ≤70) and depressive 
symptoms are included in a multicenter randomized controlled tri-
al (RCT) with three different study groups. Group I: 10,000 lux 
bright white light, group II: <499 lux bright white light (placebo) 
and group III: regular care (control group). BLT is used for a pe-
riod of 14 days, 30 minutes a day, in the morning as soon as pos-
sible after wake-up. Circadian sleep-wake rhythm will be studied 
using Dim Light Melatonin Onset (DLMO) and actigraphy. Stress 
will be studied by measuring the level of cortisol in a hair sample.

Results: Inclusion of the participants started in May 2015 and 
is still ongoing. The primary outcome measures of this study are 
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depressive symptoms. The secondary outcome measures are circa-
dian sleep-wake rhythm (DLMO and actigraphy) and stress (level 
of cortisol). Inclusion ends autumn 2017. Results of this study are 
expected in the first quarter of 2018.

Conclusions: This study is the first multicenter RCT evalu-
ating the effect of BLT on depression in adults with ID. When the 
results reveal BLT is an effective intervention for adults with ID 
and depression, this intervention can become an (alternative or ad-
ditional) option to decrease depressive symptoms in this popula-
tion.

Funding/Disclosures: This study is funded by three care 
provider services (Amarant Group, Abrona and Ipse de Bruggen), 
the Dioraphte Foundation and the Foundation for support VCVGZ.

A28

Higher Light Color Temperature Positively 
Impacts Preschoolers’ Cognitive 
Performance
Lauren E. Hartstein1, Robert F. Karlicek, Jr.2, 
Neil E. Berthier3

1University of Massachusetts Amherst; 2Rensselaer 
Polytechnic Institute, Troy, NY, USA

Objectives: While previous research has demonstrated that 
blue light exposure from a higher color temperature light source 
can lead to improvements in cognitive abilities for adults and old-
er children, no research to date has looked at the presence of these 
effects in young children. The present study sought to explore 
whether preschool-aged children, who are just developing and 
fine-tuning their attention and executive function abilities, will ex-
perience the same cognitive benefits of exposure to higher color 
temperature light, as those recorded in adults and older children.

Methods: Thirty-eight children (21 female), aged 4.5 to 5.5 
years, participated in this study. They first completed tasks of sus-
tained attention (a go/no-go task) and cognitive flexibility (Hearts 
and Flowers task-switching task) under two color tunable LED 
fixtures set to 3500 K. The lights were then changed to a higher 
color temperature (5000 K) for the experimental group, while re-
maining the same for the control group. Illuminance was held 
constant across all lighting conditions. Following a 20-minute ad-
aptation period, all participants completed each task a second 
time.

Results: Children in the experimental group showed signifi-
cantly greater improvement in their accuracy when switching be-
tween tasks (p = 0.04). Participants in the control group showed an 
average improvement in percent correct of 6.7% across the two 
time points, whereas participants in the experimental group im-
proved by an average of 15.2%. These results suggest the children 
exposed to higher color temperature light received a boost to their 
task-switching performance beyond that of just increased familiar-
ity with the task and practice. For the go/no-go task, children in 
both lighting conditions showed only minor improvements, and 
there were no significant differences between the two groups in the 
magnitude of improvement.

Conclusions: This study adds to the growing literature indi-
cating that the spectral composition of light can lead to improve-

ments in cognitive performance, and shows that this relationship 
is present from an early age. Children at this age are just develop-
ing their executive function abilities, with cognitive flexibility 
having a particularly long progression over development. The 
present results suggest that preschoolers’ cognitive flexibility can 
be enhanced following exposure to light set to a higher color tem-
perature. These results can inform parents and teachers about the 
possibility of using light as a tool to aid in young children’s learn-
ing.

Funding/Disclosures: None.

A29

The Combined Effects of Dawn Simulation 
and a Sleep State before Awakening on the 
Sleepiness Just after Awakening
Kazuhiro Hatta1,2, Hiroki Noguchi2, Emi Koyama3

1Doctoral Program of Engineering Design, Graduate 
School of Science and Technology, Kyoto Institute of 
Technology; 2Panasonic Eco Solutions Company; 3Faculty 
of Information and Human Science, Kyoto Institute of 
Technology, Japan

Objectives: Light plays an important role in alerting during 
day. Many studies have shown that dawn simulation in the morn-
ing improves subjective sleepiness, however little is known about 
what amount of light in dawn simulation is necessary. Further-
more, subjective sleepiness just after awakening is susceptible to 
sleep stages immediately before awakening. Thus, the purpose of 
this study is to investigate the combined effect of amount of light 
in dawn simulation and sleep stages just before awakening on sub-
jective feelings of awakening.

Methods: A counterbalanced study was performed on totally 
two nights, one of which was control day (No DS: No Dawn Sim-
ulation), and another one was experimental day (DS: Dawn Simu-
lation). Twenty healthy young men (22.4 ± 1.5), paid volunteers 
with the informed consent, took part in a laboratory protocol, and 
an approval of the institutional ethics committee in the university 
of Kyoto Institute of Technology was obtained. In the DS condi-
tion, the dawn simulated light which is located 50 cm above their 
faces, increases intensity up to approximately 250 lx during 30 min 
before awakening. PSG was recorded during nocturnal sleep. The 
amount of light before awakening was estimated by the sleeping 
position per second. Subjective sleepiness was examined by using 
OSA questionnaires just after awakening. Sleep stages were man-
ually scored according to Rechtschaffen and Kales’ standard man-
ual.

Results: There is a significant reduction of subjective sleepi-
ness in the DS condition compared to No DS condition in partici-
pants awaken from NREM sleep (p < 0.05), however there is no 
significant difference between two conditions in all participants. 
Furthermore, in participants awaken from NREM sleep with ap-
propriate amount of dawn light exposure before awakening, sub-
jective sleepiness also shows a significant decrease (p < 0.01) com-
pared to No DsL condition. In participants awaken from phasic 
REM sleep, there is no significant difference in sleepiness between 
two conditions. Only in participants awaken from NREM sleep, 
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sleepiness score is significantly correlated with the amount of light 
exposure before awakening (r = 0.56, p < 0.05).

Conclusions: These results suggest that for the better awak-
ening, not only appropriate amount of light exposure before awak-
ening but also a sleep state immediately before awakening should 
be considered. Further research is needed to examine the new way 
of dawn simulation in response to the sleep state.

Funding/Disclosures: This work was partially supported 
by JSPS KAKENHI Grant Number JP16K45678.

A30

Luminaires with Non-Visual Characteristics – 
Photometric Measurements and Comparison 
of Five Electric Lighting Systems
Caroline Hoffmann

Institute of Energy in Building, University of Applied 
Sciences and Arts Northwestern Switzerland, Muttenz, 
Switzerland

Objectives: This research project deals with the comparison 
of five different electric lighting systems, all of which aim to en-
hance non-visual responses (e.g. sleep-wake cycle). The non-visu-
al light effects vary with daytime and quantity or rather quality of 
the light. In electric lighting, this is technically implemented by 
changing colour temperature and possibly illuminance during the 
course of the day. The project described herein focuses on the prac-
tical aspects in the application of such lighting systems. This in-
cludes the installation of luminaires with a non-visual impact in 
patient’s rooms and as a key aspect, photometric measurements of 
the diurnal light variation. The measurements are accompanied by 
a survey of doctors, nurses and therapists about user satisfaction 
and the handling of the lighting. Practical long-term experience is 
derived from interviews with operators of retirement homes who 
have been using such a lighting system for some years. The paper 
focuses on the measurements.

Methods: The five lighting systems were installed from Au-
gust 2015 until February 2016 in identical ward rooms (at the Uni-
versity Center for Geriatrics and Rehabilitation, Basle). During the 
full day photometric measurements in winter, parameters such as 
illuminance, luminance, correlated colour temperature, glare 
(UGR) and the non-visual effects were recorded hourly. The mea-
surement positions reflect the perspectives of the patient and the 
nurse (vertical plane at the eye), respectively. The non-visual com-
ponent of lighting is measured as a corneal spectral power distri-
bution (380–780 nm). Two assessment methods of the biological 
effects are considered, here. The older method, the action factor 
for nocturnal suppression of melatonin ams,v combines all non-vi-
sual effects into one single metric. The more current method takes 
the complex photoreceptive inputs to the non-visual responses into 
account by calculating the effective irradiance experienced by 
each of the rod, cone and melanopsin photoreceptors. The corre-
sponding metric is Ee,α, (with Ee,sc, Ee,mc, Ee,lc, Ee,z and Ee,r). The 
metrics of the units ams,v and Ee,α differ greatly from each other. 
Under the assumption that a progression similar to daylight is ad-
visable, a qualitative comparison with a sunny day was made in 
the project.

Results: The two mentioned assessment methods cannot be 
compared to each other. This is particularly well demonstrated 
by the example of melatonin suppression, for which two differ-
ing spectral weighting functions are assumed. A comparison of 
electric lighting with daylight leads to different results: with 
ams,v, the diurnal progression of the luminaires “Vivaa” and 
“Vanera” appear reasonable. In regard to the α-opic irradiances, 
Ee,α, the progression of “Mira LED” appears most similar to day-
light.

Conclusions: The lighting systems functioned technically 
well. Of course, it would be desirable to be able to quantify which 
of the measured curve progressions would be most advantageous 
for the patient. However, it is not yet possible to draw conclusions 
about the effects of light on health and physiology based on the 
measurements.

Funding/Disclosures: Age-Stiftung, Kirchgasse 42, 8001 
Zürich, Switzerland.

A31

Relationship Between Cytokines, Body Mass 
Index and Chronotype of People
Taganmyrat Hojageldiyev, Yklym Bolmammedov

State Medical University of Turkmenistan, Turkmenistan

Objectives: The impact of diurnal preferences on health re-
lated behaviors is understudied. Our previous study demonstrated 
that the prevalence of evening-types among teenagers was only 
3.2%. Evening-type teenagers were obese and had poor health 
(Hojageldiyev et al., 2016). It is known that cytokines affect near-
ly every biological process. Therefore we designed this study to 
investigate the association between diurnal preferences of people, 
body mass index (BMI) and concentration of cytokines in blood 
serum.

Methods: In this study 701 healthy undergraduate students 
and secondary school students (age range 13–21) participated. 
Horne-Östberg questionnaire used to assess chronotype of stu-
dents. For blood cytokine analysis 16 evening-types with BMI ≥25 
and 18 morning-types with BMI ≤21 were selected. Concentra-
tions of serum IL-8, IL-18 and IFN-γ tested by using Vektor-Best 
(Russia) ELISA kit. Statistical calculations made by Student-t test.

Results: Test results showed that concentrations of IL-8, IL-
18 and IFN-γ is higher in evening-types with BMI ≥25 (IL-8 
mean = 10.04 ± 4.24 pg/mL; IL-18 mean = 213.0 ± 95.10 pg/mL; 
IFN-γ mean = 0.60 ± 0.0 pg/mL) than morning-types with BMI 
≤21 (IL-8 mean = 6.02 ± 1.17 pg/mL; IL-18 mean = 119.93 ± 22.28 
pg/mL; IFN-γ mean = 0.51 ± 0.10 pg/mL); p < 0.05.

Conclusions: This is the first study investigating variation 
of some cytokine concentrations according to diurnal preferences 
of healthy people. In evening-types higher concentrations of most-
ly inflammatory cytokines like IL-8, IL-18 and IFN-γ than morn-
ing-types may be reason of lower health condition and higher obe-
sity tendency for evening-types. Also, recent studies showed that 
these cytokines play main role in oncological processes. There-
fore, further more detailed cytokine related chronobiological stud-
ies will be rewarding.

Funding/Disclosures: None.
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A32

Acute Non-Image Forming Effects of 
Diurnal Light Exposure: The Role of 
Prior Light Exposure
Laura M. Huiberts, Karin C.H.J. Smolders, 
Yvonne A.W. de Kort

Eindhoven University of Technology, Eindhoven, 
The Netherlands

Objectives: The literature on acute, diurnal non-image form-
ing (NIF) effects of light exposure on subjective wellbeing and 
cognitive performance is growing. Yet, studies reveal considerable 
inconsistencies regarding the magnitude and direction of these ef-
fects. Previous in vitro studies have shown that light-induced re-
sponse sensitivity of intrinsically photosensitive Retinal Ganglion 
Cells decreases when prior light exposure is relatively bright com-
pared to dim. It may be that differences in prior light dose can 
partly explain the previous inconsistent findings. Therefore, the 
current study investigated whether prior light exposure influences 
the magnitude of diurnal NIF effects of bright light on alertness 
and cognitive performance. We hypothesized that participants who 
were exposed to relatively bright light in the hour prior to the ex-
perimental session would show reduced acute effects of bright vs. 
regular office lighting compared to those who received a relative-
ly low light dosage beforehand.

Methods: Following a counterbalanced mixed design, par-
ticipants (N = 34) came to the lab twice at the same time of day 
(morning or afternoon). They were first exposed to 18 minutes of 
120 lx at the eyes (baseline), and then to one hour of 165 lx or 1700 
lx at eye level. During this session, they continuously performed 
vigilance and working memory tasks. Subjective alertness and vi-
tality were probed at the end of the light exposure. Prior light dose 
was measured using a wearable light sensor worn at chest height. 
The average illuminance level during the hour before the experi-
mental session was calculated and a median split was performed 
to divide participants in a relatively bright and dim prior light ex-
posure group. To examine the interaction of illuminance level and 
light history we performed multilevel analyses corrected for base-
line values of the corresponding outcome variable.

Results: Experimental bright compared to regular light expo-
sure significantly improved vigilance performance and subjective 
vitality and alertness in the morning, and decreased working mem-
ory performance in the afternoon. Although illuminance-induced 
effects on performance occurred irrespective of recent prior light 
exposure, acute effects on subjective indicators were significantly 
moderated by prior light exposure. Participants felt significantly 
sleepier and less vital after 165 lx compared to 1700 lx exposure 
when their prior light exposure was relatively bright. However, 
when prior light exposure was relatively dim, no significant differ-
ences between the two lighting conditions on these subjective in-
dicators were found.

Conclusions: In contrast to our hypothesis, these findings do 
not suggest that relatively bright compared to dim prior light ex-
posure reduces the magnitude of acute NIF effects of bright light, 
but rather that bright compared to dim prior light exposure increas-
es sensitivity for subsequent light shortages.

Funding/Disclosures: None.

A33

Constructing a New Psychiatric Ward Using 
New Technology and Chronotherapeutic 
Principles
Håvard Kallestad1,2, Gunnar Morken1,2, Knut Langsrud1,2

1St. Olavs University Hospital, Division of mental health 
care, department Østmarka, Trondheim, Norway; 
2Norwegian University of Science and Technology, 
Department of Mental Health, Trondheim, Norway

Objective: We want to test if it is possible to integrate chro-
notherapeutic principles into the physical structure of an acute psy-
chiatric ward, and to develop new methods of observation during 
the night.

Methods: Setting: A new acute psychiatric ward is being con-
structed at St. Olavs University Hospital, Trondheim, Norway. 
The ward will have 40 patient rooms in 4 sections and will receive 
about 1800 admissions each year. In half the ward, new light tech-
nology is installed that can be programmed to emit specific light 
frequencies at specific time intervals. In the other half of the ward, 
there will be ordinary light sources. A novel ultra-wide band radar 
technology is installed in all 40 patient rooms that can be used to 
improve clinical observation and for research purposes. The ward 
will open for admissions November 2017. Chronotherapy: Blue-
depleted light at night: In half the ward, all light sources will be 
depleted of frequencies below 530 nm between 18:00 h and 08:00 
h. There will also be filters that block these light frequencies in 
front of windows and electronic devices. Morning bright light: In 
the dining area of the same half of the ward, there will be bright 
light therapy lamps integrated into the walls. These allow selected 
patients to receive bright light therapy while having breakfast. This 
light will have daylight spectrum and approximately 8000 lx at the 
eye. Observation at night: The radar (Xehtru) is installed in the 
ceiling of patient rooms and bathrooms. The sensor can detect 
small movements associated with sleep and wakefulness, and can 
be used to detect respiration based on movement of the chest. This 
allows real-time contact-free assessment of sleep, wakefulness, 
movement, and respiration. Information about sleep/wakefulness 
will be sent to the staff-room and hand-held devices used by the 
hospital staff. Data can also be stored for monitoring patient sleep 
patterns throughout an admission.

Research Projects: We will conduct research projects re-
lated to both the light technology and studies to further test the ac-
curacy of the assessments from the Xethru radar.

1. The impact and acceptability of the blue-depleted hospital 
environment will be tested in an eight-day randomized cross-over 
study of healthy individuals.

2. The effectiveness of the blue-depleted hospital environment 
on patient sleep, duration of admission, and medication use will be 
tested in randomized controlled treatment trials.

3. The accuracy of the radar to detect sleep, wakefulness, and 
respiration at night will be tested using concurrent assessment with 
polysomnography, actigraphy, sleep diaries, and the new radar.

Funding: The construction of the ward, including installation 
of light technology and installation of the radar technology, is 
funded by St. Olavs University Hospital. The radars are provided 
by Novelda AS.
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A34

Circadian Rhythm Disturbances in Patients 
with Bipolar Disorder, Unaffected Siblings 
and Healthy Controls
Stefan E. Knapen, Rixt F. Riemersma-van der Lek, 
R.A. Schoevers

University of Groningen, Universi  ty Medical Center 
Groningen, Department of Psychiatry, Research School 
of Behavioural and Cognitive Neurosciences (BCN), 
Interdisciplinary Center for Psychopathology and Emotion 
regulation (ICPE), The Netherlands

Objectives: Patients with bipolar disorder often suffer from 
circadian rhythm disturbances and it is suggested patients also suf-
fer from these disturbances outside of the manic or depressive ep-
isode. These disturbances indicate the circadian timing system is 
an underlying pathophysiological mechanism behind the disorder. 
We aim to study these disturbances in the euthymic phase of the 
illness and to study whether these disturbances are also found in 
unaffected siblings using actigraphy.

Methods: Patients with bipolar disorder type 1, siblings and 
healthy controls are enrolled in a 14-day actigraphy protocol, a 
follow-up study on a large cohort study. From the actigraphy data 
non-parametric circadian variables are calculated and analyzed be-
tween the groups.

Results: 254 subjects were included in the study (142 women, 
50 ± 13.4 years old), 110 patients, 74 siblings and 70 healthy con-
trols. There were no differences in the non-parametric circadian 
variables between the groups (all 7 variables p > 0.05). Adding 
mood symptoms in the analysis yielded no different results. A sen-
sitivity analysis neither showed that patients are having more cir-
cadian rhythm disturbances than the other groups.

Conclusions: From this large homogenous sample of bipolar 
disorder patients we can conclude euthymic patients do not suffer 
from more circadian rhythm disturbances compared to controls. 
This shows patients are able to maintain a stable rhythm when not 
confronted with mood problems. Circadian rhythm problems 
might be only state related, raising the question how the problems 
relate to mood problems.

Funding/Disclosures: None.

A35

Local Mid-Day Concentration of Carbon 
Monoxide in Arterial Blood in the 
Mammalian Head Area During Summer 
vs. Winter
Marek Koziorowski1, Katarzyna Kozioł1, 
Magdalena Duda1, Maria Romerowicz-Misielak1, 
Anna Koziorowska2, Przemysław Sołek1, Sławomir Nowak1, 
Magdalena Kulpa1, Roman Mikuła4, Dan A. Oren3

1Faculty of Biotechnology, University of Rzeszów, Poland; 
2Faculty of Mathematics and Natural Sciences, University 
of Rzeszów, Poland; 3Department of Psychiatry, Yale 
University, New Haven, Conn., USA; 4Psychiatric Center in 
Rzeszów, Poland

Objectives: We sought to determine relative mid-day con-
centrations of carbon monoxide in heart-proximal and brain-prox-
imal arterial-vascular areas of the head during summer and winter.

Methods: At approximately 50ºN latitude, eight hybrids of 
wild boar and domestic pig about eight months of age were kept 
in natural light conditions for three days (N = 4 in summer outside, 
under a roof for shade, at 25oC, daytime 4500 lx; N = 4 in winter 
inside a piggery, at 14ºC, daytime 50 lx). A day before the blood 
collection, anesthesia was induced following mild sedation. Two 
silastic catheters were inserted into one common carotid artery—
one catheter heart-proximal towards the aorta and one catheter 
brain-proximal towards the internal carotid artery. The next day 
blood was collected every 30 minutes from 10:20 am to 1:20 pm. 
CO levels in the blood were analyzed by gas chromatography.

Results: In blood collected from the brain-proximal head area 
during the summer, the mid-day level of CO during summer and 
winter was significantly higher compared to blood collected from 
the heart-proximal common carotid artery (relative concentration 
157.4 ± 20.40% vs. 100 ± 20.67%, p < 0.05). There was only a 
slight difference between the two in winter (relative concentration 
115.4 ± 20.18% vs. 100 ± 21.97%, p > 0.05).

Conclusions: In naturalistic summer, a season of warmth 
and long, bright photoperiods, brain-proximal mid-day carotid 
blood levels of CO were approximately 60% greater than those of 
heart-proximal carotid blood. This difference was minimal in win-
ter. These arterial results, in combination with prior CO blood data 
from the ophthalmic venous sinus, support the humoral photo-
transduction model suggesting that neuroactive gases such as CO, 
produced in the ophthalmic blood under bright summer light, can 
be delivered by counter-current transfer via the cavernous sinus to 
the internal carotid arteries and directly supply the brain.

Funding/Disclosures: The study was funded by the Uni-
versity of Rzeszów, Poland.

D
ow

nl
oa

de
d 

by
: 

13
1.

15
5.

15
1.

8 
- 

9/
12

/2
01

7 
10

:0
0:

06
 A

M



Abstracts Neuropsychobiology 2016;74:226–260
 DOI: 10.1159/000477426 

243

A36

Wake and Light Therapy for Moderate to 
Severe Depression
Mette Kragh1, Klaus Martiny2, Poul Videbech3, 
Dorthe Norden Møller1, Camilla Schultz Wihlborg1, 
Tove Lindhardt4, Erik Roj Larsen1

1Department of Affective Disorders, Aarhus University 
Hospital, Risskov, Denmark; 2Mental Health Centre 
Copenhagen, University of Copenhagen, Denmark; 3Mental 
Health Centre Glostrup, Copenhagen University Hospital, 
Glostrup, Denmark; 4Department of Internal Medicine, 
Copenhagen University Hospital, Herlev, Denmark

Objectives: To examine the efficacy of using wake and light 
therapy as a supplement to standard treatment of hospitalized pa-
tients with depression. To describe the short-term effect of com-
bined wake and light therapy and identify predictors in the short-
term (first eight days) and the long-term phase (following eight 
weeks).

Methods: A randomized, controlled study, in which 64 pa-
tients with moderate to severe depression were allocated to stan-
dard treatment or to an experimental intervention, consisting of 
three wake therapy sessions in one week, and for the entire nine 
week study period 30 minutes daily light treatment and sleep time 
stabilization. Differences between groups were analyzed with re-
peated measures ANOVA (mixed model). Predictors of effect 
were identified in follow-up data from the 27 intervention-group 
patients using Fisher’s exact test.

Results: Compared with the control group patients in the 
wake therapy group had a significant decrease of depressive symp-
toms in week one as measured by HAM-D17: 17.39 (CI 15.6–19.2) 
vs. 20.19 (CI 18.3–22.09) (p = 0.04), whereas no statistically sig-
nificant differences were found between the groups in weeks two 
to nine. At week nine the wake therapy group had a significantly 
larger increase in general self-efficacy (p = 0.001), and waking up 
during the night was a significantly less frequent problem (1.9 
times vs. 3.2) (p = 0.0008). In most weeks, significantly fewer pa-
tients in the wake therapy group slept during the daytime, and if 
they slept, their naps were shorter (week three: 66 min. vs. 117 
min. p = 0.02). We found a significant negative correlation be-
tween the Morningness-eveningness (MEQ) score at baseline and 
HAM-D17 score, patients with lower MEQ scores (evening types) 
having a larger decrease in HAM-D17 scores (p = 0.001). Patients 
had a significant decrease of depressive symptoms during the first 
six days study-period measured by HAM-D6. (Baseline-score: 
11.22 and score day six: 6.92), difference 4.39 (p = 0.0001). At day 
six, 40.7% of the patients responded to the treatment, and 18.5% 
fulfilled the criteria of remission. An increasing proportion of the 
patients experienced deterioration or had unchanged condition by 
days seven (25.9%) and eight (40.7%). In the short-term, a mild 
degree of treatment resistance compared to severe resistance was 
a predictor of remission (p = 0.004) and low educational level was 
a predictor of deterioration/unchanged condition (p = 0.03). Posi-
tive diurnal variation (evening best) was a predictor of both short-
term and long-term response (p = 0.02).

Conclusions: Our results suggest that the combined chrono-
therapeutic intervention beyond the first week is less useful as a 
general antidepressant treatment for highly medicated treatment-

resistant inpatients with moderate to severe depression. However, 
it seems beneficial for patients with positive diurnal variation and 
for evening types.

Funding/Disclosures: Novo Nordisk Foundation and 
Health Research Fund Central Denmark Region supported the 
project.

A37

Light at Night Darkness during the Day
Dieter Kunz

Sleep Research & Clinical Chronobiology, Institute of 
Physiology, Charité University Medicine Berlin; Clinic for 
Sleep & Chronomedicine, St. Hedwig-Krankenhaus, Berlin; 
Intellux GmbH, Berlin, Germany

Most likely the circadian timing system in humans – CTS – is 
the evolutionary result of adaptation to our rotating planet. One of 
CTS’s major functions is the coordination of biological processes 
within the 24 h-light-dark cycle in order to provide proper function-
ing including health and performance. Changes in the environmen-
tal light-dark cycle cause the necessity to concurrently adapt to e. 
g. seasonal changes. Over the last 20 years evidence has emerged, 
that the strongest Zeitgebers in humans are light and darkness. 
Changes in daylength are responsible for seasonal changes in the 
24 hour variation of e.g. gene expression and behavior, well-timed 
application of e. g. light is able to phase-shift e. g. after transconti-
nental flight. Nevertheless, the magnitude of light during the day 
and darkness during the night necessary to provide optimal perfor-
mance and health provided by clockwork machinery is unknown.

Over the last ten years evidence has emerged, that low and even 
very low illumination in the night, and ‘regular’ artificial lighting 
e.g. at workplace – though sufficient for vision – may have detri-
mental effects on performance and health. In this presentation I 
will summarize existing data on the effects of light at night and 
living in biological darkness during the day.

A38

Effects of Lighting Color Temperature on 
Effort Intensity for Cognitive and Listening 
Tasks
Ruta Lasauskaite1, Michael Richter2, Christian Cajochen1

1Psychiatric Hospital of the University of Basel, 
Switzerland; 2Liverpool John Moores University, UK

Objectives: High color temperature white light with high 
proportion of short wavelength blue light induces a high alertness 
state, which should reduce the subjective demand of cognitive 
tasks and the associated effort investment. We predicted that ef-
fort-related cardiac response should decrease with increasing color 
temperature of light.

Methods: In two between-persons studies, we manipulated 
light color temperature across four levels (from 2800 K to 6500 K). 
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Effort was assessed as beta-adrenergic activity on the heart, in-
dexed by cardiac pre-ejection period (PEP). In Study 1, after a 
baseline period, participants (N = 74) spent 15 min under one of 
the lighting conditions and then performed a modified Sternberg 
task (5 min). Procedure of Study 2 (N = 57) was identical except 
that the task was a listening task.

Results: Results of Study 1 confirmed our hypothesis: a sin-
gle planned linear contrast was significant, t(73) = 2.17, p = 0.03, 
Cohen’s d = 0.51, showing that cardiac reactivity during task per-
formance decreased with increasing color temperature of light. 
This contrast was also significant for PEP reactivity during the 
light exposure, t(73) = 2.36, p = 0.02, Cohen’s d = 0.55. For the 
Study 2, the linear contrast was significant for the mean PEP scores 
during the lighting exposure, t(56) = 2.40, p = 0.02, Cohen’s d = 
0.64. During the task, PEP reactivity scores did not follow the same 
linear pattern but PEP reactivity was stronger in the 5000 K condi-
tion than in other lighting conditions.

Conclusions: Our results provide the first evidence that 
lighting color temperature influences effort investment during 
mental and listening tasks.

Funding/Disclosures: This research was supported by a 
grant by the Swiss National Science Foundation (No. PMP-
DP1_164478 / 1) and by a grant by the Biäsch-Stiftung (No. 
2016/37).

A40

Can Light Improve Alertness during the 
Daytime in a Dose-Dependent Manner?
Renske Lok1, Marijke C.M. Gordijn1,2, Roelof A. Hut1, 
Domien G.M. Beersma1

1University of Groningen, GELIFES, department of 
Neurobiology; 2Chrono@Work, The Netherlands

Objectives: Light is known to elicit both image- and non-
image forming (NIF) responses, such as effects on alertness. Sev-
eral studies have established the effects of light on alertness, but 
particularly during the nighttime when alertness is (relatively) low 
and melatonin concentrations are high. For the daytime, less infor-
mation on a dose response curve of light intensity for alertness is 
available. If light modulates alertness during the day, this could 
have many important implications.

Methods: 50 healthy, non-sleep-deprived participants came 
to the Human Isolation facility of the University of Groningen the 
evening prior to the experiment. They went to bed at 11:30 P.M and 
were woken-up at 07:30 the next morning in dim light (DL) of <10 
lx. After 1.5 hour, DL was alternated with 1 hour of experimental 
light (EL), emitted by a polychromatic white light source. Subse-
quently, DL was started again. In total, this sequence was repeated 
four times. Each subject was exposed to the same intensity of EL 
on all 4 occasions. In total, five intensities of EL were tested (24, 
74, 222, 666 and 2000 lx). Alertness was assessed sixteen times, 
eight times during DL and eight times during EL spread over the 
day. Participants were asked to complete the KSS-questionnaire 
and perform an auditory version of the Go-NoGo reaction time task. 
Several blink-parameters were measured, as well as skin tempera-
ture, which was measured throughout the paradigm. Participants 

were provided with iso-caloric snacks adjusted for individual ca-
loric need four times during DL. The experiment ended at 5:30 P.M.

Results: Linear mixed model analysis revealed a significant 
effect of time of day in all parameters of alertness, however there 
were no significant interactions between time of day and light in-
tensity in none of the assessed parameters (p > 0.05). There were 
also no significant differences between DL and EL (p > 0.05) nor 
between different intensities of EL (p > 0.05).

Conclusions: Contrary to expectations, alertness did not im-
prove by light exposure in a dose dependent manner. In fact, there 
were no effects of light on alertness whatsoever. Either light is not 
a strong enough cue to elicit a significant improvement in alertness 
during the daytime or there is a ceiling effect of alertness, making 
it impossible to improve beyond such limits. Possibly, melatonin 
plays a role in alerting effects of light, as a combination of low 
alertness and high melatonin concentrations have been proven to 
increase alertness in response to light in a dose dependent manner.

Funding/Disclosures: This research is funded by Univer-
sity of Groningen, University of Groningen campus Fryslân, and 
Philips Drachten. M.C.M. Gordijn receives a fee of Philips Re-
search Centre, Drachten for consultancy work. The other authors 
do not declare any conflict of interest.

A41

Hypothalamic Responses to Visual Features 
Other Than Irradiance
Robert Lucas, Timothy Brown, Joshua Mouland, 
Lauren Walmsley, Rachel Dobb, Annette Allen, 
Nina Milosavljevic, Franck Martial, Lydia Hannah, 
Alexander West

Faculty of Biology Medicine and Health, University of 
Manchester, Manchester M13 9PT, UK

We are used to thinking about light influences on the hypo-
thalamus and the circadian clock largely in terms of responses to 
changes in ambient light (irradiance). The diurnal variation in ir-
radiance provides a strong signal of time of day and there is abun-
dant evidence that changes in irradiance can influence hypotha-
lamic activity and elicit a wide array of behavioural and physio-
logical responses. However, the diurnal change in irradiance 
always co-occurs with many other visual events – changes in ir-
radiance over much shorter timescales caused by variations in 
shade, changes in the spectral composition (colour) of ambient 
light, and patterns of light caused by the reflection of objects with-
in the visual scene. One might ask on the one hand whether these 
additional features impact the ability of the retina to encode the 
diurnal variation in irradiance and on the other hand whether they 
themselves provide a source of information about the environment 
to which the hypothalamus is responsive. We have been address-
ing this problem by working with laboratory mice, quantifying 
responses to different visual features in electrophysiological activ-
ity of the suprachiasmatic nucleus and surrounding hypothalamus 
and at the level of circadian entrainment and behaviour. We find 
that the retinal input to the hypothalamus multiplexes the simple 
irradiance code with multiple other representations of the visual 
scene. We find that some of these (the diurnal variation in colour) 
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have direct relevance for photoentrainment while others do not, 
but rather allow the possibility that a wider array of visual features 
could regulate hypothalamic control systems than previously con-
sidered.

A42

Social Jetlag and Dysfunctional Circadian 
Rhythm Entrainment Associate with ADHD 
Symptoms in Adults
Niall M. McGowan, Andrew N. Coogan

Department of Psychology, Maynooth University, Ireland

Objectives: We undertook this study to investigate whether 
indicators of a delayed circadian rhythm (sleep onset latency, later 
mid-sleep, delayed activity phase), circadian rhythm misalignment 
(social jetlag, intra-daily variability), and activity rhythm entrain-
ment deficits (deviation from twenty-four hour period) were as-
sociated with measures of impulsivity and attention deficits in a 
non-clinical adult population.

Methods: A sample of 189 university students was used in 
this study. Subjects’ self-reported chronotype, mid-point of sleep 
(MSFsc) and subjective sleep quality were ascertained using the 
Munich Chronotype Questionnaire and Pittsburgh Sleep Quality 
Index respectively. Short performance tasks measuring inhibitory 
capacity and sustained attention (Conners Continuous Perfor-
mance Task) and risky decision making (Iowa Gambling Task) 
were administered. Evaluation of ADHD symptoms (Adult ADHD 
Self-Report Scale), multidimensional trait impulsivity (Barrett’s 
Impulsivity Scale), and executive function deficits (Cognitive 
Failures Questionnaire) were obtained. Estimates of sleep and rest-
activity rhythms were ascertained by wrist-worn actigraphs (Acti-
watch 2, Philips Respironics) which a sub-set of subjects (n = 54) 
wore for seven consecutive days.

Results: Tasks designed to probe impulsiveness found that 
recurring social jetlag (>1 h) was associated with faster pre-potent 
reaction time (p = 0.005) and that extreme cases of social jetlag 
(>3 h) produced greater commission error rates (p = 0.029) reflect-
ing failures in response inhibition. Actigraphy estimates indicated 
later mid-sleep and sleep disruption were statistically significant 
predictors of ADHD symptoms (R2 = 0.249, p < 0.004) and trait 
impulsivity (R2 = 0.237, p < 0.002). Bivariate correlations con-
ducted between all circadian rhythm parameters and symptom out-
comes consistently revealed that the greater the difference of the 
circadian period from 24 h the greater ADHD symptom scores (r = 
0.443, p < 0.001), impulsiveness (r = 0.365, p = 0.008), and ex-
ecutive function deficits (r = 0.306, p = 0.029).

Conclusions: The results show that sleep and circadian 
rhythm disturbances might be important factors which contribute 
to impulsive traits and executive function deficits associated with 
ADHD. Efforts to manage social jetlag through realigning social 
schedules and facilitate adequate circadian rhythm entrainment by 
controlling light exposure throughout the day might produce future 
clinical benefits for individuals diagnosed with ADHD.

Funding/Disclosures: Work supported by John and Pat 
Hume Postgraduate Scholarship Scheme at Maynooth University.

A43

A Bigger Bang for the Buck: Non-Image 
Forming Responses to Ultra-Short Light 
Flashes
Raymond P. Najjar1,2,3, Jamie M. Zeitzer1,2

1Department of Psychiatry and Behavioral Sciences, 
Stanford University, USA; 2Mental Illness Research, 
Education and Clinical Center, VA Palo Alto Health Care 
System, USA; 3Department of Visual Neurosciences, 
Singapore Eye Research Institute; Singapore

Objectives: Although socially imposed circadian misalign-
ment results in significant consequences to a variety of systems 
(e.g. cardiovascular, neurocognitive, metabolic), the current coun-
termeasure of bright light therapy protocols remain challenging. 
This is in part due to the incomplete understanding of the physiol-
ogy of non-image forming (NIF) photoresponses in humans. Here 
we present a model of non-linear temporal integration of light by 
the NIF photoreceptive system, and show that distinct light flashes 
are integrated over time by the circadian system to prompt larger 
phase shifts than an equiluminous continuous light exposure.

Methods: Thirty-nine healthy adults (aged 19 to 36 years) 
were included in a 16-day protocol. Participants maintained a reg-
ular at-home sleep-wake schedule between days 1 and 14, and 
were exposed, in-lab, on day-15 to 60 minutes of either continuous 
light (n = 8) or sequences of 2-millisecond light flashes (n = 31) of 
various frequencies (interstimulus intervals [ISI] = 2.5 to 240 s). 
Continuous light and flashes were of equal illuminance (1,700 
lux), and were timed to start 2 hours prior to each participant’s av-
erage midpoint of sleep. Circadian phase shift was calculated as 
the difference in salivary dim light melatonin onset between day-
15 and day-16. Melatonin suppression by light, along with chang-
es in alertness and sleepiness, were also assessed.

Results: While continuous light elicited a circadian phase 
delay of –0.60 ± 0.34 hours, light flashes were integrated by the 
human circadian system in a ISI-dependent nonlinear fashion, with 
a linear rise to a peak phase delay of –1.85 hours (ISI = 7.6 ± 0.53 
seconds) followed by a power function decrease as ISI increased. 
At peak ISI, on a photon-per-photon basis, flashes were more than 
10,000-fold more effective than continuous light in phase delaying 
the circadian system. Furthermore, light flashes did not affect mel-
atonin secretion, alertness, or sleepiness in an ISI-dependent man-
ner.

Conclusions: Our findings add indispensable knowledge to 
the photoresponsive physiology of the human NIF system and 
demonstrate the phenomenal aptitude of the circadian system to 
integrate ultra-short light flashes in a non-linear manner. Whether 
retinal or subcortical, this integration process renders sequences of 
light flashes more effective than continuous light at eliciting cir-
cadian changes. As flashes did not systematically affect melatonin 
secretion, alertness, or sleepiness, they are potentially an ideal 
treatment for chronobiological disorders if delivered during the 
nighttime when the circadian system is most sensitive to light.

Funding/Disclosures: National Heart, Lung, and Blood In-
stitute (1R01HL108441-01A1) and Veterans Affairs Sierra Pacif-
ic Mental Illness Research, Education, and Clinical Center.
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A44

Bright Morning Light Exposure Reduces 
Daytime Cortisol Concentrations and 
Increases REM Sleep Duration
Claudia Nowozin1,2, Mandy Zaleska2, Sven Hädel1, 
Frederik Bes1,2, Mirjam Münch1,2, Dieter Kunz1,2

1Sleep Research & Clinical Chronobiology, Institute of 
Physiology, Charité University Medicine Berlin, Germany; 
2Clinic for Sleep & Chronomedicine, St. Hedwig-
Krankenhaus, Berlin, Germany

Objectives: Bright light exposure in the early daytime has 
been shown to affect several physiological aspects, as demonstrat-
ed in a number of laboratory studies in strictly controlled environ-
ments (Dijk & Archer, 2009). Whether bright morning light expo-
sure when implemented in every-day routine affects health aspects 
is not very well understood. One of the known physiological vari-
ables which is influenced by different lighting during daytime is 
the circadian variation of cortisol (Foret et al, 1993). The aim of 
the current study was to investigate whether three hours of early 
daytime lighting affect 24-h cortisol concentrations and sleep.

Methods: Twenty healthy young participants (mean age= 
24.5 years ± 3.5; 10 female; 10 men) were exposed in a semi-nat-
uralistic between-subject design to either polychromatic bright 
blue-enriched (=300 lx in a vertical direction at the eye) or warm-
white lighting (=55 lx) from 8–11 am for three mornings in the 
laboratory. The light exposures took place every second day, and 
for three consecutive days at the end of the week. Urine and sali-
vary samples were regularly collected for hormonal analyses of 
melatonin and cortisol. Polysomnography was recorded in the first 
night after an adaptation night at the beginning of the study and 
during the night at the end of the light intervention week. In be-
tween laboratory sessions, participants left the laboratory to follow 
their daily routines.

Results: For the time course of melatonin saliva secretion 
there were no significant differences or a change in circadian phase 
(as assessed in the evening dim light melatonin onset; DLMO) be-
tween the two lighting conditions. Urine and salivary cortisol were 
analyzed in 4 h and 1 h bins respectively, with a mixed linear re-
gression model. For urine cortisol, there was a significant reduction 
in concentrations in the experimental group (main effect of ‘group’; 
p < 0.01; F1,28 = 9.48). For salivary cortisol, there was a significant 
interaction between ‘group x time course’ (p < 0.05). Post-hoc anal-
ysis (Mann-Whitney test; corrected for multiple comparisons) re-
vealed lower cortisol concentrations in the morning (8–12 h after 
DLMO) and in the afternoon (15–20 h after DLMO; p < 0.05) in 
the polychromatic bright-blue enriched when compared to the 
warm-white lighting group. From visually scored sleep stages we 
found no differences except that rapid-eye movement (REM) sleep 
latency became significantly shorter and REM sleep duration in-
creased in the polychromatic bright-blue enriched compared to the 
warm-white lighting group (p < 0.05).

Conclusions: Our results suggest that regular bright and 
blue-enriched polychromatic light exposure in the morning lowers 
daytime and early evening cortisol levels, which might reduce neg-
ative consequences associated with chronically increased cortisol 
levels such as in patients with depression. These results together 
with shortened REM sleep latency and longer REM sleep duration 

suggest a beneficial effect of regular light exposure in the morning 
on sleep, health and well-being.

Funding/Disclosures: Financial support from Beiersdorf 
AG, Hamburg (Germany).

A45

Bright Light Effects on Blood
Dan A. Oren

Yale University, New Haven, Connecticut, USA

Objectives: This session will describe the physical and bio-
logical principles underlying some known effects of bright light 
upon blood and their potential relationship to the treatment of win-
ter seasonal depression (SAD) and possibly to light treatment of in 
non-seasonal depression.

Methods: A synthetic review of concepts and data concern-
ing the objectives.

Results: Melanopsin, and rod and cone photoreceptors all are 
critical to detecting the presence of clock-regulating external light. 
Yet these cells are not the only known biological clock-regulating 
photoreceptors, at least in the retina. They remain to be proven to 
be the photoreceptors that mediate light’s antidepressant effects. 
The capacity of bright light to dissociate carbon monoxide (CO) 
from hemoglobin was reported more than 120 years ago. The dog-
ma that CO was physiologically inert, however, led scientists and 
physicians to discount the physiological implications of this finding 
for the first century following its publication. The later discoveries 
that bright light activates the production of CO and other physio-
logical ‘gasotransmitters’ encourages consideration of a model of 
‘humoral phototransduction’ via the ophthalmic venous drainage to 
the cavernous sinus and diffusion into brain-directed arterial blood. 
Since this model was first proposed by this author, the existence of 
a cavernous sinus-internal carotid artery countercurrent transport 
system has been established in porcine models by Krzymowski and 
colleagues for several other molecules such as gonadotropin releas-
ing hormone, oxytocin, beta-endorphin, dopamine, and progester-
one. Koziorowski and colleagues subsequently established the 
presence of presumably bright-light driven seasonal and diurnal 
changes in ophthalmic venous CO levels in an animal model. In 
work presented earlier at this meeting in collaboration with the au-
thor, Koziorowski and colleagues have shared data supporting this 
finding in arterial blood supply to the brain. Our same group ob-
tained preliminary data published earlier this year indicating that 
bright light administered acutely to male pigs at 1100 a.m. in-
creased levels of CO measured in ophthalmic venous blood.

Conclusions: Data from animals and humans repeatedly es-
tablish that light is capable of releasing CO and other ‘gasotrans-
mitters’ into blood and of causing the production of these physi-
ologically important gases that may diffuse from eye to brain. 
While the findings to date do not yet prove that the interaction of 
light with gaseous neurotransmitters is central to either the physi-
ology or treatment of depression, the mediation of light’s effects 
on mammalian blood by the analogs of chromophores that mediate 
light’s effects on the chronobiology and photobiology of plants 
invite further exploration of this aspect of animal biology.

Funding/Disclosures: None.
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A46

The Role of Melanopsin in the Regulation of 
Sleep and Arousal
Stuart Peirson

Sleep and Circadian Neuroscience Institute (SCNi), 
University of Oxford, UK

Light plays a critical role in the regulation of numerous aspects 
of physiology and behaviour, including the entrainment of circa-
dian rhythms and the regulation of sleep. These responses involve 
melanopsin (OPN4)-expressing photosensitive retinal ganglion 
cells (pRGCs) in addition to rods/cones. Nocturnal light exposure 
in rodents has been shown to result in rapid sleep induction, in 
which melanopsin plays a key role. However, studies have also 
shown that light exposure can result in elevated corticosterone, a 
response that is not compatible with sleep. To investigate these 
contradictory findings and to dissect the relative contribution of 
pRGCs and rods/cones, we assessed the effects of light of different 
wavelengths on behaviourally defined-sleep. Here we show that 
blue light (470 nm) causes behavioural arousal, elevating corticos-
terone and delaying sleep onset. By contrast, green light (530 nm) 
produces rapid sleep induction. Compared to wildtype mice, these 
responses are altered in melanopsin-deficient mice (Opn4-/-), re-
sulting in enhanced sleep in response to blue light, but delayed 
sleep induction in response to green or white light. We go on to 
show that blue light evokes higher Fos induction in the SCN com-
pared to the sleep-promoting ventrolateral preoptic area (VLPO), 
whereas green light produced greater responses in the VLPO. Col-
lectively, our data demonstrates that nocturnal light exposure can 
have either an arousal- or sleep-promoting effect, and that these 
responses are melanopsin-mediated via different neural pathways 
with different spectral sensitivities. These findings raise important 
questions relating to how artificial light may alter behaviour in 
both the work and domestic setting.

A47

Evening Light Exposure Relationship 
between Morning-Evening Preference 
and Sleep Timing
Michael G. Poluektov1, Anna M. Narbut1, Arcady A. Putilov2

1Sechenov University, Moscow, Russia; 2Research Institute 
for Molecular Biology and Biophysics, Novosibirsk, Russia

Objectives: The timing of sleep and wakefulness varies 
among individuals. Some individuals referred to as ‘owls’ or ‘eve-
ning chronotypes’ are usually sleepier in the morning than in the 
beginning of the night and tend to have late bedtime and late rising 
time. In contrast, individuals referred to as ‘larks’ or ‘morning 
chronotypes’ tend to wake up early in the morning and they feel 
sleepy earlier in the night. There are two different methodologies 
for self-assessment of these differences. One of them provides a 
measure of trait-like rather than state-like difference because it fo-
cuses on questionnaire self-assessments of morning-evening pref-
erences and predispositions. Another estimates early-late chrono-

type from self-reported habitual sleep times and, therefore, it fo-
cuses on state-like rather than trait-like differences. Although, as 
expected, a questionnaire score usually correlates with an estimate 
of sleep timing, there are some real life situations when such a cor-
relation might be weakened or even reversed. One can speculate 
that, in the modern day societies, sleep timing of a typical ‘lark’ 
might be dramatically changed by evening light exposure and the 
estimate of this timing might not be any more regarded a ‘true’ 
measure of natural preferences and predispositions of such an in-
dividual. The aim of the present report was to test this speculation 
experimentally.

Methods: The participants were 13 unselected first grade stu-
dents of Sechenov First Moscow State Medical University (2 
males, age either 17 or 18 years). Their chronotype was self-as-
sessed with the Sleep-Wake Pattern Assessment Questionnaire 
(SWPAQ) on 12-item Morning and Evening Lateness scales, M 
and E (scores vary from –12 and +12, and M+E score varies from 
–24 to +24). The middle of their sleep (midsleep) was estimated 
for four consecutive nights from actigraphic records obtained with 
SOMNOwatch (SOMNOmedics, Germany). At 22:00 of the 3rd 
and 4th days they were exposed for 30 minutes to blue light (470 
nm) emitted by Apollo Health GoLite M2 (Apollo Inc., USA).

Results: Paired t-test indicated significant difference be-
tween estimates of midsleep for the 2nd and 4th nights (3.45 vs. 
4.28, t = –2.520, p = 0.027) (p < 0.05), and the sign of correlation 
of midsleep with E score and M+E score changed from positive to 
negative. After two-day 30-min exposure to blue light, midsleep 
didn’t change much in late chronotypes, whereas midsleep in ear-
ly chronotypes delayed to typical for late chronotypes times.

Conclusions: It seems that a delaying effect got stronger in 
early chronotypes due to stimulation of the phase-delay portion of 
their phase response curve whereas this portion was not stimulated 
in late chronotypes due to its relatively late timing in these types. 
In general, our speculation seems to be supported by the findings 
of this study.

Funding/Disclosures: None.

A48

Influence of Monochromatic Light on 
Melatonin Suppression and EEG Data 
in Patients with Bipolar I Disorder in 
Comparison to Healthy Subjects
Philipp Ritter, Stefanie Neumann, Bettina Soltmann, 
Falk Wieland

University Hospital Carl Gustav Carus, Technische 
Universität Dresden, Dept. Psychiatry and Psychotherapy, 
Dresden, Germany

Objectives: This study aimed to investigate the effects of 
narrow bandwidth red and blue light on patients with bipolar af-
fective disorder (19 women, 14 men, mean age 44 years) in com-
parison to healthy participants (36 women, 21 men, mean age 
39 years). The research hypothesis was that melatonin suppression 
and alertness (as determined by EEG alpha/theta ratio) was stron-
ger during the blue light condition in patients with bipolar affective 
disorder compared to healthy subjects.
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Methods: The study was conducted during winter 2015/16. 
Participants were randomized to one of three conditions, darkness, 
red or blue light exposure and underwent a standardized protocol 
with light exposure from 23.00 to 23.30 o’clock. The EEG record-
ing was initialized at 18.00 o’clock (C3, O1, F3, A2, Cz and GND 
electrodes) with a sampling rate of 256 Hz. Lights were switched 
off at 20.00. At 21.00 o’clock participants pupils were dilated and 
eyepatches were applied to create complete darkness. Blood sam-
ples for the measurement of melatonin were taken at 21.00, 22.00, 
23.00, 23:30 and 00:00 o’clock. The number of photons during 
light exposure was 1.6*1013 per second and cm². LEDs with peak 
wave-length of 475 nm (blue) und 624 nm (red) were used; full 
width at half maximum was 25 nm (red) and 18 nm (blue). This 
created light levels of 8 lx for blue and 9.2 lx for red at eye level 
of the participant. In the study around 1200 hours of EEG data was 
collected and subjected to spectral analysis (theta and alpha pow-
er). Karolinska Sleepiness Scale (KSS) values were asked at the 
time of blood sampling.

Results: Theta Power during light administration (C3/A2) in 
bipolar patients was significantly higher compared to healthy sub-
jects (p = 0.002). KSS Values are significantly (p = 0.04) lower 
during blue light administration in healthy participants. The results 
on melatonin suppression will be presented but were not available 
at the time of submission.

Conclusions: Contrary to the initial hypothesis bipolar pa-
tients appear to be significant more sleepy during blue light expo-
sure according to Theta Power and KSS Score.

Funding/Disclosures: BMBF (Bundesministerium für Bil-
dung und Forschung, Germany).

A49

Melanopsin Driven Pupillary Reflexes in 
Seasonal Affective Disorder
Kathryn A. Roecklein1,2, Megan A. Miller1, 
Shannon D. Donofry1, Caitlin M. DuPont1, Brant P. Hasler3, 
Peter L. Franzen3, Paul D. Gamlin4

1Department of Psychology, University of Pittsburgh; 2The 
Center for the Neural Basis of Cognition; 3Department of 
Psychiatry, University of Pittsburgh School of Medicine; 
4Department of Ophthalmology, University of Alabama at 
Birmingham, USA

Objectives: With shorter, darker winter days at temperate 
latitudes, up to 2% of the population develops seasonal affective 
disorder (SAD). A pre-existing retinal sub-sensitivity to light may 
trigger SAD in vulnerable individuals under low wintertime light 
conditions. The main aim of this study was to assess the responses 
of melanopsin-containing retinal ganglion cells in SAD and con-
trols, in summer and winter.

Methods: Participants (N = 55) in the SAD group were diag-
nosed with unipolar SAD, while Controls had no history of depres-
sion. Participants were invited to attend both a summer and winter 
visit, although some individuals only attended one visit. Retinal 
responses to light were measured using the post-illumination pupil 
response (PIPR) to assess cellular responses of melanopsin-con-
taining retinal ganglion cells in the non-visual light input pathway.

Results: A significant group x season interaction (p = 0.033) 
showed that SAD participants had an attenuated PIPR relative to 
Controls in winter testing (p = 0.003), but not during summer (p = 
0.194). This finding was independent of gender, wake time and 
testing time on the day of testing, and the attenuation of light inci-
dent on the retina by age and pupil diameter. The PIPR of SAD 
participants was lower compared to controls, but only in the winter 
and not in the summer.

Conclusions: Our data suggest that melanopsin-containing 
retinal ganglion cells are less responsive during the shorter day 
length in the winter months, and this retinal sub-sensitivity may be 
related to the pathophysiology of SAD. Specifically, retinal sub-
sensitivity combined with low winter light levels may result in 
insufficient light input to the brain for euthymic functioning.

Funding/Disclosures: Funded by U.S. NIMH/NIH 
R01MH103313 (K.A.R.).

A50

Increase of Alertness Due to Spectral Power 
Distribution and Illuminance at Eye Level in 
a Lecture Hall
Inga Rothert, Stephan Völker

Lighting Technology, Technische Universität Berlin, 
Germany

Objectives: Even though a large number of studies are con-
ducted, non-visual effects of light are still not fully understood. 
These studies are often difficult to compare, because various as-
pects are studied under different circumstances. Lighting condi-
tions are sometimes not well enough documented, even though the 
spectral power distribution and the lighting conditions at eye level 
are crucial for non-visual effectiveness. The project “NiviL” (non-
visual effects of light) looks into various non-visual effects like 
alertness, well-being, melatonin suppression, sleep quality and 
cortisol concentration simultaneously in different applications and 
age groups. Lighting conditions and experimental designs are con-
trolled and comparable. Aim of the project is to create a large rep-
resentative data set, to be used to build a model which describes 
non-visual effects of light.

Methods: As part of this project, the impact of spectral pow-
er distribution and increased illuminance at eye level on alertness 
was studied in a lecture hall during normal use. 86 students (18–30 
years, 12 female) participated in the experiment throughout the 
winter semester. The impact on alertness was studied by means of 
a d2R-test and the subjects’ response with respect to well-being 
and lighting with a questionnaire, both before and after a 90 min 
lecture. The lecture was given two times a week: one in the morn-
ing and one in the afternoon, so the influence of the time of day 
can be investigated. During both lectures of one week one of four 
lighting setting was shown: standard light (Emel = 130 melanopic 
lux, CCT = 4.000 K, Eeye = 200 lx), warm light (Emel = 70 mela-
nopic lux, CCT = 2.300 K, Eeye = 200 lx), cool light (Emel = 230 
melanopic lux, CCT = 8.000 K, Eeye = 200 lx) and bright light 
(Emel = 260 melanopic lux, CCT = 4000 K, Eeye = 400 lx).

Results: The study was conducted between October 2016 and 
February 2017 and data analysis will be concluded until June 2017.
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Conclusions: The results of this study will give valuable in-
formation on the impact of spectral power distribution und illumi-
nance at eye level on alertness in a realistic setting.

Funding: The project “Nicht-visuelle Lichtwirkungen” (Niv-
iL) is funded by the German Federal Ministry of Education and 
Research.

A51

Light Exposure via Head-Mounted Devices 
Suppresses Melatonin and Improves Vigilant 
Attention Without Affecting Cortisol and 
Subjective Comfort
Christina Schmidt1, Marine Xhrouet2, Manon Hamacher2, 
Eric Delloye3, Caroline LeGoff4, Etienne Cavalier4, 
Fabienne Collette1, Gilles Vandewalle1

1GIGA-CRC in Vivo Imaging, University of Liège, Belgium; 
2PsyNCog Faculty of Psychology, University of Liège; 
3LUCIMED S.A., Villers-le-Bouillet, Belgium; 4Department of 
Clinical Chemistry, University Hospital of Liège, University 
of Liège, Belgium

Objectives: We aimed at assessing whether a new generation 
of head-mounted light therapy devices, enriched in blue wave-
lengths, was able to suppress melatonin secretion and to improve 
vigilant attention in the late evening hours. We also assessed 
whether using such light device is associated with visual discom-
fort and physiological stress.

Methods: Seventeen healthy young participants (8 females; 
22.8 ± 1.8 years) without sleep complaints followed a regular 
sleep-wake schedule, verified by actigraphy, the week preceding 
each of two in-lab experimental conditions. At each visit, par-
ticipants entered the laboratory 7 h before usual bedtime. They 
were kept under dim light conditions (<5 lx) for 5 h before being 
exposed in a counterbalanced within subjects design for 2 h to a 
blue-enriched light (1500 lx corneal level) or to a ‘placebo-like’ 
red light (150 lx at corneal level). Light was delivered using a 
LED head-mounted portable device which includes a patented 
holographic surface reflecting light toward the lower retina such 
that sight is not hindered (Luminettes® – Lucimed). Participants 
were kept under dim light (<5 lx) for 1.5 h following light expo-
sure prior to leaving the lab. Saliva samples were collected at 
hourly intervals up to light administration and at half hour inter-
vals thereafter to assay melatonin and cortisol levels. Subjective 
sleepiness scores were collected regularly, together with vigilant 
attention assessments via a 5-min visual psychomotor vigilance 
task. Mixed model analyses of variance, including the factor light 
condition and session were applied by using the statistical pack-
age SAS®.

Results: A significant light condition*session interaction 
[F(11,364) = 3.28; p = 0.0003] indicated that while not differing 
between conditions before light exposure, melatonin levels were 
significantly reduced during the blue-enriched light, compared to 
the placebo exposure. For vigilant attention, a significant light 
condition*session interaction [F(9,302) = 2.3; p = 0.017] revealed 
that attentional lapses (RTs >500 ms) were reduced at the end of 
the blue-, compared to the red-light exposure and subjects tended 

to feel less sleepy concomitantly (p = 0.056). Neither cortisol lev-
els nor subjective comfort significantly differed between the two 
light conditions (all ps > 0.05).

Conclusions: While the efficacy of head-mounted light ther-
apy devices for treating seasonal affective disorder has been de-
bated, these results demonstrate that, compared to a placebo-like 
red light, blue-enriched light delivered by a new generation head-
mounted device elicits typical non-visual responses to light. These 
effects were observed in the absence of detectable subjective dis-
comfort and physiological stress assessed through salivary cortisol 
levels.

Funding/Disclosures: This study was sponsored by Lu-
cimed. The authors disclose no other potential conflict of interest.

A52

Overview of Clinical Applications of Light 
Therapy
Dorothy Sit

Northwestern University, Feinberg School of Medicine, 
Department of Psychiatry and Behavioral Sciences, 
Chicago, USA

Objectives: The purpose is to provide an overview of the 
clinical applications of light therapy. The emphasis is on light ther-
apy for mood disorders.

Methods: The aims are to review the clinical indications and 
contraindications; light treatment protocols to optimize response, 
highlighting the proper dosing (level of illumination, number of 
minutes), timing (morning, midday, evening), anticipated time to 
response and remission, and duration of light therapy; side effects; 
strategies to reduce or mitigate treatment-emergent symptoms; as-
sessment tools; and how to select the appropriate light box for your 
patient.

Results: Light therapy is effective for seasonal affective dis-
order (SAD), non-seasonal major depression, and bipolar depres-
sion. Phase-delayed sleep and neurovegetative features including 
hypersomnia, hyperphagia, and lethargy are common symptoms 
of depression and highly responsive to exposure to bright light 
therapy. Implementation of the appropriate protocol, utilizing 
strategies to monitor response and reduce adverse effects, and se-
lection of the proper light box can optimize the response to bright 
light therapy.

Conclusions: Given the efficacy, ease of use and tolerabil-
ity, light therapy is ideally suited for the treatment of depression. 
Bright light therapy may gain widened acceptance with improved 
practitioner awareness.

Funding/Disclosures: None.
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A53

Determining Retinal Exposure – 
The Importance of Field-of-View
David H. Sliney

USA Center for Health Promotion and Preventative 
Medicine, Aberdeen Proving Ground, MD (ret.), and 
Johns Hopkins University Bloomberg School of Public 
Health, Baltimore, USA

Objectives: To explore the impact of field-of-view (FOV) in 
quantifying the spectral variations and retinal irradiance of light 
stimuli during laboratory and clinical studies. The aim of these 
studies was to improve measures of retinal light exposure dose in 
varied environments. Although the photometric quantity of illumi-
nance (lux) or the radiometric quantity of irradiance (W/cm2 and 
W/m2) have been successfully used to describe exposures from a 
single light source of a patient undergoing phototherapy, the more 
applicable measurement quantities are luminance (brightness) and 
radiance, which consider the extent of illumination (i.e., source 
size or reflected scene area). Retinal illumination is directly pro-
portional to the luminance and radiance of a viewed light source 
or scene. In evaluating potential retinal hazards of bright light, the 
limits are set in radiance along with spectral weighting (e.g., for 
blue-light hazards). In this regard the radiance or luminance must 
be averaged over appropriate FOVs. For the same corneal illumi-
nance/irradiance, the retinal irradiance from a relatively small 
source will be far greater than from a much larger light source. 
Since the photosensitive retinal ganglion cells, cones and rods are 
not at all evenly distributed across the retina, the impact of local-
ized retinal exposure variations could be significant.

Methods: Since visual FOVs vary with illumination levels 
(e.g., indoors and outdoors), previously measured FOVs were ap-
plied to light measurements in different settings. Since the upper 
limiting angle of the FOV for human retinal exposure varies de-
pending upon ambient scene luminance, measures were taken to 
block overhead light that does not enter the eye. A review of the 
known distribution of photosensitive retinal ganglion cells 
(pRGCs) across the retina further demonstrates the importance of 
FOV to the “non-visual” stimulus imparted to the retina. In bright-
est outdoor environments, upper lids block light above 15o eleva-
tion angle.

Results: The spectral distribution of several representative 
indoor office and domestic settings revealed that the short-wave-
length reflected light (e.g. 430 nm–500 nm) from work surfaces, 
carpets, tiles, etc. were frequently low compared to long-wave-
length reflectance. Natural foliage and ground surfaces in outdoor 
settings were also “blue-deficient.” Measuring vertical spectral ir-
radiance in both indoor and outdoor settings without limiting the 
instrument FOV included overhead light (outdoor skylight; lumi-
naires indoors) that cannot directly reach the reach the retina and 
provided conflicting results.

Conclusions: Although a great deal of attention has been 
paid to the spectral characteristics of light exposures, there has 
been insufficient recognition of the spatial distribution of light 
reaching the retina. Measuring only horizontal or vertical illumi-
nance or a spectrally weighted vertical irradiance without signifi-
cantly limiting the FOV ignores the potentially widely varying 
impact of the spatial distribution of environmental light upon the 

melanopic or “circadian” stimulus. The use of horizontal irradi-
ance or illuminance that equally treats the upper and lower quadra-
spheres will typically result in serious errors – including a com-
pletely opposite picture of the true retinal exposure. These results 
may also be helpful in interior lighting design.

Funding/Disclosures: None.

A54

Turn Down the Light at Night? Investigating 
the Effect of Blocking Blue Light Exposure 
in the Evening on Sleepiness and Sleep
Karin C.H.J. Smolders, Yvonne A.W. de Kort

Eindhoven University of Technology, Eindhoven, The 
Netherlands

Objectives: The aim of the current project was to 1) quan-
tify light exposure patterns in the late evening and at night among 
students in real life, and 2) test the effect of using blue-blocking 
glasses on students’ feelings of sleepiness in the evening and sleep 
in real-life situations.

Methods: Blue light exposure in the evening (from 6 pm un-
til sleep onset) was manipulated by means of orange (blue-block-
ing) vs. transparent glasses in a crossover design. Students (N = 
32) participated for four days in each condition, with three days in 
between conditions and the order of conditions counterbalanced 
across participants. Wearable sensors (light sensors, activity track-
ers) combined with an experience sampling method and sleep dia-
ries were used to monitor participants’ light exposure patterns, 
sleep, and their feelings of sleepiness before going to sleep. The 
experience sampling questionnaire probed self-reported sleepiness 
on an hourly basis from 6 pm until participants’ sleep onset. Mul-
tilevel analyses were performed for the data analyses.

Results: Results revealed that participants were exposed to 
relatively low intensity levels, with an average of about 50 lx (as-
sessed close to the eyes). There was no significant difference be-
tween participants’ light intensities during the two conditions 
(measured without correction for the filter), suggesting that par-
ticipants experienced similar ambient light intensities during both 
conditions. Exposure to blue light was – as expected – substan-
tially reduced when correcting the light measurements for wearing 
the orange filter. Multilevel analyses investigating the effect of 
pair of glasses revealed a significant on subjective sleepiness in the 
evening, with higher sleepiness scores during the sampling days 
on which participants wore the orange glasses (p < 0.05). This ef-
fect particularly occurred towards the end of the evening. In con-
trast, no significant effects of using blue-blocking glasses in the 
evening on sleep timing sleep duration or sleep quality were found 
(all p’s > 0.10).

Conclusions: The current findings suggest that even though 
participants felt sleepier in the evening when exposure to blue light 
was blocked, their sleep timing and quality remained unaffected. 
Given the fact that the current literature is inconsistent on the ef-
fects of reducing blue light exposure in the evening on sleepiness 
and sleep, more large scale field studies are required in order to 
establish whether – and under which conditions – blocking the 
amount of blue light in the evening can act as an effective coun-
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termeasure for reduced sleepiness, sleep duration and/or sleep 
quality in real life.

Funding/Disclosures: None.

A55

Modelling Inter-Individual Variations in Daily 
Rhythms in Students’ Sleepiness and 
Self-Control as a Function of Chronotype
Karin C.H.J. Smolders, Chao Zhang, Daniel Lakens

Eindhoven University of Technology, Eindhoven, The 
Netherlands

Objectives: We aimed to model the effect of time of day and 
chronotype on students’ state sleepiness and self-control during a 
lecture week. Moreover, we explored the impact of students’ chro-
notype on the amplitude and phase angle of the daily patterns in 
sleepiness and self-control as function of local clock time in real 
life.

Methods: One large-scale field study (N = 120) employing 
an experience sampling methods combined with a sleep diary was 
performed among first-year college students. During one sampling 
week, students received eight notifications to complete short ques-
tionnaires probing their affective state. Notifications were random-
ly scheduled during participants’ waking episode on weekdays and 
during the weekend (with at least 30 minutes in between two no-
tifications). Multilevel cosinor analyses were performed to model 
the amplitude and phase angle of the variables’ diurnal patterns for 
weekdays and during the weekend separately. Subsequent correla-
tion analyses were performed to determine the correlational 
strength between chronotype and participants’ estimated ampli-
tude and phase angle in relation to local clock time. Moreover, 
multilevel analyses were performed to investigate the effect of 
chronotype on sleepiness and self-control at a between-subject lev-
el, controlling for structural variations as functions of local clock 
time.

Results: Cosinor analyses revealed significant time-of-day 
dependent variations in self-reported sleepiness and self-control 
during students’ daily routine. The amplitude and phase angle of 
these daily rhythms were not significantly influenced by students’ 
chronotype. Chronotype had a significant main effect on partici-
pants’ state self-control (B = –0.15; p = 0.01), even when control-
ling for effects of local clock time. These results showed that rela-
tively late chronotypes reported, on average, lower state self-con-
trol during their waking episodes. In contrast, chronotype had no 
significant effect on individuals’ average levels of sleepiness.

Conclusions: The current study suggested that sleepiness 
and state self-control showed structural variations with local clock 
time during students’ daily routine. Yet, chronotype had no sig-
nificant effect on the amplitude or phase of these temporal patterns 
on weekdays or during the weekend. Moreover, students with a 
relatively late chronotype experienced less self-control throughout 
the day. This finding is in line with prior studies reporting a rela-
tionship between chronotype and trait self-control.

Funding/Disclosures: None.

A56

Towards Human-Centric Lighting for Office 
Buildings: Pilot Study on the Interactions of 
Visual, Perceptual and Non-Visual Effects of 
Workplace (Day) Lighting
Victoria Eugenia Soto Magan, Marilyne Andersen

Laboratory of Integrated Performance in Design (LIPID), 
Ecole Polytechnique Federale de Lausanne (EPFL), 
Switzerland

Objectives: Although knowledge about the impact of light 
on individuals beyond vision is becoming substantial and less and 
less controversial, there is still a gap on how to properly address 
what type of lighting quality one should seek in an indoor space. 
What constitutes good lighting conditions from a truly holistic, 
human-centered perspective, i.e. encompassing both visual and 
non-visual aspects? Very few models are currently available to 
embed non-visual lighting in a design decision-making process 
beyond the ability to compare how effective different sources are 
expected to be in generating non-visual effects. One model has 
been proposed that attempts to address non-visual lighting in a de-
sign context, called the non-visual Direct Response model (nvRD), 
developed alongside another novel model for visual interest of 
daylight composition, named modified Spatial Contrast model 
(mSC). The aim of this study is to make a first attempt to test 
whether the non-visual system may constitute a dominant driver 
for determining the quality of lighting conditions in a working con-
text and how it seems to interact with visual factors.

Methods: A cross-sequential study was conducted in 31 sin-
gle and double-occupied offices within a research building at EPFL, 
Switzerland. Occupants from East and West facades were recruited 
on a volunteer basis. According to baseline questionnaires that were 
initially distributed, only healthy participants-without psychologi-
cal or sleep disorders-were selected for a 9-day monitored study. 
Two reference rooms-empty offices-on each facade were in parallel 
equipped with cameras, spectrophotometers and luxmeters to mon-
itor variations in daylight patterns simultaneously, while limiting 
intrusions within the researchers’ work environment. Daily point-
in-time surveys were distributed among participants, twice a day, 
to measure subjective responses for alertness, discomfort glare, 
workplane illuminance and perceptual interest, together with a tick-
box table to observe their behaviour regarding shading and lighting 
control within their offices. Objective data were computed accord-
ing to existing metrics for visual lighting, such as Daylight Glare 
Probability, to analyse visual performance and visual comfort, 
while the two novel approaches cited above were explored: the 
modified Spatial Contrast model mSC, to assess visual interest, and 
the non-visual Direct Response model nvRD, to assess alertness.

Results: Initial findings show that the temporal variations of 
these different metrics are correlated to specific characteristics of 
the objective lighting data gathered for the different offices over 
the days, and are noticeably influenced by orientation, time of day 
and weather. Future steps of development will include correla-
tional analyses to estimate the association between objective and 
subjective measures, and multivariate regression analyses to deter-
mine the relative weight of each (instantaneous) visual factor com-
pared to the (cumulated) non-visual component, depending on the 
lighting conditions simultaneously measured inside the offices.
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Conclusions: This pilot study allows to reveal relationships 
between lighting performance metrics that have until now only 
been addressed separately, if at all, and to confront objective light-
ing monitoring with subjective self-evaluation and novel models 
for perceptual aspects of light, both visual and non-visual, in office 
buildings.

Funding/Disclosures: This work is supported by EPFL, the 
Swiss National Science Foundation and EMPA.

A57

Nocturnal Exposure to White Light Without 
Melatonin Suppression: Using Spectral 
Tuning to Turn Light into Biological 
Darkness
Jan L. Souman1, Tobias Borra1, Iris de Goijer1,2, 
Luc Schlangen1, Björn N.S. Vlaskamp3, 
Marcel Lucassen1

1Philips Lighting, Department Lighting Experience, 
Eindhoven; 2Eindhoven University of Technology, 
Department of the Built Environment; 3Philips Research, 
Department Brain, Behavior & Cognition, Eindhoven, The 
Netherlands

Objectives: In modern society, humans are commonly ex-
posed to too much light in the evening and at night. This has been 
shown to have acute suppressive effects on melatonin levels in the 
human body, as well as phase-delaying effects on the circadian 
rhythms underlying sleep. Previous studies have shown that melato-
nin suppression by light exposure can be reduced by selectively fil-
tering out the short wavelengths. However, these studies confounded 
the spectral manipulation with decreases in illumination level and/or 
correlated color temperature. Moreover, the light they used mostly 
had a very orange appearance and poor color rendering properties. 
Here, we show for the first time that even under typical indoor white 
light conditions melatonin suppression can be drastically reduced, or 
enhanced, by tuning the spectral composition of the light.

Methods: We created two white light spectra with the same 
illuminance at the eye (175 lx) and the same correlated color tem-
perature (2700 K), but with different power in the range 450–530 
nm. In one spectrum, short wavelength power was boosted, pre-
dicting high melanopic stimulation. In the other, reduced power in 
the 450–530 nm range was combined with an extra peak around 
420 nm, to maintain the same color temperature. Sixteen partici-
pants were exposed to the spectra during 3 h, on different evenings. 
Salivary melatonin measurements and alertness measurements 
(KSS, PVT) were compared to those from a dim (<5 lx) light base-
line evening.

Results: Strong melatonin suppression was observed for the 
spectrum with high power in 450–530 nm. At the same time, mel-
atonin levels were not significantly different from the dim light 
baseline for the other spectrum, with low power in 450–530 nm. 
No differences in alertness were found.

Conclusions: These results open up new opportunities for 
light at night or in the evening, allowing for good visual perfor-
mance with minimal non-visual impact of light exposure, thereby 

reducing the potential negative health consequences associated 
with the use of conventional lighting.

Funding/Disclosures: JS, TB, LS and ML are employed by 
Philips Lighting. IG did her M.Sc. graduation project at Philips 
Lighting. BV was employed by Philips Research until February 
28th, 2017.

A58

Two Hours of 10 Lux Light Exposure Induced 
Suppression in Melatonin of Humans
Katarína Stebelová1, Jan Roška1, Peter Hanuliak2, 
Michal Zeman1

1Department of Animal Physiology and Ethology, Faculty 
of Natural Sciences, Comenius University in Bratislava, 
Slovakia; 2Department of Building Structures, Faculty 
of Civil Engineering, Slovak University of Technology, 
Bratislava

Objectives: Melatonin, the hormone of the pineal gland is 
released during the dark part of the day and provides an internal 
biological signal about external photoperiod. Exposure to bright 
light during the night inhibits melatonin synthesis. However, there 
are very rare data about the impact of low illuminance on melato-
nin production. Therefore, the aim of our study was to test, if two 
hours of exposure to low illuminance (10 lx) and different light 
quality (warm vs. cold light) will affect melatonin production in 
young healthy volunteers.

Methods: Young (20–38 years old) volunteers (n = 15) par-
ticipated in the study. They signed the informed consent prior ini-
tiation of the study. The study was performed during the winter 
and consisted of two trials with two months between them. In the 
first trial participants were exposed to 2 hours of light pulse from 
24.00 to 02.00. Participants were randomly divided to 2 experi-
mental facilities with the same illuminance of 10 lx at the eye 
level, but different light quality. Ceiling LED lighting had color 
temperature 3000 K or 5900 K, respectively. The illuminance 
reaching the eye was measured with Light Watcher Personal Data 
Recorder on the headband next to the participant’s eye. Partici-
pants return from 02.00 to 03.00 to darkness again. In the second 
trial the same participants took part and they stayed from 22.00 to 
03.00 in completely darkness. During whole experimental sections 
participants provided saliva samples to salivette with synthetic 
swab in 20 min intervals. Saliva melatonin was measured with 
RIA.

Results: The average melatonin concentrations in saliva be-
tween midnight and 02.00 in darkness were 30.0 ± 3.5 pg/ml. 
There were individual differences among participants. The lowest 
average melatonin concentration was 13 pg/ml in 2 participants 
and the highest 55 pg/ml in other 2 participants. During light ex-
posure we observed the significant decrease in saliva melatonin in 
both lighting conditions (ANOVA for repeated measurements). 
The average decrease of melatonin concentration after 2 hours 
light exposure was 27.0% ± 5.3% (SEM) under 5900 K light and 
35.0% ± 5.6% (SEM) under 3000 K light compared to control val-
ues. There were no significant differences in melatonin from 22.00 
to midnight in both the control trial and the light pulse trial.
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Conclusions: We found the significant decrease in melato-
nin concentration after two hours of exposure to 10 lx LED in both 
3000 K and 5900 K experimental groups. Results suggest that even 
low intensity of ambient light during the nighttime can signifi-
cantly suppress melatonin production in young healthy people 
with potentially negative consequences on well-being and health.

Funding/Disclosures: Supported by grants APVV-0291-
12 and VEGA 1/0286/15.

A59 

A Pilot Metabonomic Study of Major 
Depressive Disorder with Winter-Type 
Seasonal Pattern
Walter Swardfager1,2, Krista L. Lanctôt1,2, Rupasri Mandal3, 
David S. Wishart3, Anthony J. Levitt1

1Brain Sciences Program, Sunnybrook Research Institute, 
Toronto, Canada; 2Department of Pharmacology & 
Toxicology, University of Toronto, Canada; 3Department of 
Biological Sciences, University of Alberta, Canada

Objectives: In Ontario, major depressive disorder with win-
ter-type seasonal pattern (MDD-s) accounts for 11% of MDD and 
18% of recurrent MDD with a prevalence of 2.9%. Susceptibility 
to shifts in neurotransmitter metabolism has been implicated in the 
pathophysiology of MDD-s, but the range of metabolic changes 
remains unexplored.

Methods: In summer, 2014, we recruited medication-free eu-
thymic subjects with a history of MDD-s, and recent winter epi-
sodes, and followed them up in winter. At both times, we conduct-
ed a structured clinical interview for DSM-V depression criteria. 
We screened 225 serum metabolites using 3 bioanalytical plat-
forms (DI-MS, NMR and LC-MRM/MS). We compared metabo-
lites between visits using Wilcoxon signed-rank tests partial least 
squares discriminant analysis (PLS-DA) with receiver operating 
characteristic curve analysis.

Results: Twelve subjects completed a baseline interview 
(August-October, 2014), and returned in the winter (December, 
2014–February, 2015) at which time 9 met depression criteria 
(ages 24–62, 5/9 female, 2–5 previous episodes). In univariate 
analyses, 64/225 metabolites differed between visits, including 
catecholamine precursors tyrosine and tryptophan (p < 0.05). In a 
PLS-DA model (p = 0.018), a signature of 5 increased metabolites 
(hypoxanthine, acetone, propylene glycol, 3-hydroxyisovaleryl-
carnitine, and sphingomyelin C24:0) and 1 decreased metabolite 
(adenosine monophosphate [AMP]) discriminated winter from 
summer visits with 91% accuracy (67% sensitivity, 78% specific-
ity). Waist circumference increased 3.3 ± 3.6 cm from summer to 
winter (paired t = 2.6, p = 0.034), and hypoxanthine correlated with 
body mass (p = –0.755, p = 0.031).

Conclusions: Among many serum metabolite changes, pre-
liminary results implicate a bioenergetic shift related to adenosine 
metabolism in those with winter depression, which might be con-
sistent with a phylogenetically conserved circannual metabolic 
biorhythm. Further study is needed to confirm the findings and to 
distinguish markers of depression from seasonal markers.

Funding/Disclosures: None.

A60

Correlated Colour Temperature Effects of 
Morning Light Expsoure on Alertness and 
Body Temperatures
Marije te Kulve1, Luc Schlangen2, Lisje Schellen1,3, 
Wouter van Marken Lichtenbelt1

1Department of Human Biology & Movement Sciences, 
NUTRIM, Maastricht University; 2Philips Lighting Research, 
Eindhoven, The Netherlands; 3School of Built Environment 
and Infrastructure, Avans University of Applied Sciences, 
Tilburg, The Netherlands

Objectives: Light exposure acutely affects alertness and per-
formance. However, the influence of the correlated colour tem-
perature (CCT) in these responses is only partially understood. In 
this study we apply morning light of two different CCT’s under 3 
different ambient temperatures to investigate how this affects 
alertness, reaction times, body temperatures and comfort.

Methods: Sixteen healthy females (age 18–30, BMI 18–25 
kg/m2) participated in two laboratory sessions with different morn-
ing light exposures. Each session started with a 45 min, thermo-
neutral, baseline (5 lx, 4000 K). After that, the light changed to 50 
lx of either 2700 K or 6500 K while 3 temperature conditions of 
75 min each were offered: 26°C (cool), 29°C (neutral) and 32°C 
(warm). Light sessions and temperature conditions were random-
ized among subjects. The order of the temperature conditions re-
mained the same in both sessions of a participant. Core body tem-
perature (CBT) and skin temperatures were measured on a 1-min 
interval. Questionnaires were completed every 15 min. After 
55 min of each temperature condition, participants performed a 
10-minute auditory psychomotor vigilance task (PVT). This was 
followed by blood sampling for cortisol analyses.

Results: The PVT reaction time (RT) was faster during the 
2700 K session (p < 0.05) for all temperature conditions. Subjec-
tive sleepiness (KSS) was not significantly affected by the light 
exposure. During the cool condition participants tended to be less 
sleepy during the 6500 K light exposure (p = 0.08). The baseline 
melatonin levels were not different. Also, the decline in cortisol 
levels was similar for both light sessions. CBT was higher during 
the 6500 K light exposure (p < 0.05). During the cool condition, 
proximal skin temperature was higher under 6500 K light (p < 
0.05). The change in CBT did not correlate with the change in RT 
between the two light sessions. Participants rated the 2700 K as 
being the most comfortable light condition.

Conclusions: The CCT of morning light affects reaction 
time and CBT independent of the ambient temperature. Reaction 
times and CBT were lower under 2700 K light as compared to 6500 
K light. Subjective sleepiness was not different between the light 
sessions. The change in RT between the two light sessions was not 
correlated with the observed change in CBT. The higher visual 
comfort during the 2700 K light exposure can have contributed to 
the improved PVT performance.

Funding/Disclosures: This project was funded by the 
STW–Philips Electronics Nederland B.V. Partnership Program 
‘Advanced Sustainable Lighting Solutions’ (no. 12733). Luc JM 
Schlangen is an employee of Philips Lighting Research, the Neth-
erlands.
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A61

Chronotherapy in the Netherlands
Esmée Verwijk1,2, Marijke Gordijn3,4, Ybe Meesters4, 
Rixt Riemersma5, Harm-Pieter Spaans1

1Parnassia Psychiatric Institute, Hague, The Netherlands; 
2Slaapvaardig, Haarlem, The Netherlands; 3Chrono@
Work, University of Groningen, The Netherlands; 
4University Medical Center Groningen, Dept. of Psychiatry, 
The Netherlands; 5Lentis Psychiatric Healthcare, FACT 
Winschoten, The Netherlands

Objectives: In the last 5 years there is a renewed and grow-
ing interest in the application of chronotherapy in the Netherlands. 
We already know from research in the early ‘70–80s’ that treat-
ment methods like sleep deprivation and light therapy can influ-
ence mood and circadian rhythms with positive effects in affective 
and sleeping disorders.

In 2013, the Dutch Network for Chronotherapeutics (Chrono-
therapie Netwerk Nederland – CNN) was set up as a multidisci-
plinary platform to support the dissemination of chronobiological 
and chronotherapeutical knowledge among scientists and thera-
pists. In 2014 the first yearly symposium was organized. One of 
the goals of CNN is to bring colleagues together who translate re-
search results into clinical practice. Since the founding of CNN 
more attention is given to chronotherapy and some promising de-
velopments have been achieved since then. We give an overview 
of these developments to demonstrate how a network for Chrono-
therapeutics can help the field to attract more attention to the use-
fulness of chronotherapeutics in healthcare.

See: http://www.chronotherapienetwerk.nl
Funding/Disclosures: None.

A62

Room-Light: Dynamic LED-Light as 
Treatment for Depressed Inpatients – 
A Randomized Clinical Trial
Carlo Volf1, Signe D. Svendsen1, Ulla Knorr1, 
Carsten Dam-Hansen2, Paul Michael Petersen2, 
Torben Hansen3, Janus Jacobsen4, Snezana Djurisic4, 
Ida Hageman1, Klaus Martiny1

1Psychiatric Center Copenhagen, Rigshospitalet, University 
of Copenhagen; 2Technical University of Denmark, 
Department of Photonics Engineering; 3Chromaviso A/S; 
4Copenhagen Trial Unit, Denmark

Objectives: Despite developments in pharmacotherapy and 
psychotherapy a substantial part of patients with depression only 
recover incompletely during hospitalization. LED-lighting, rich in 
the blue short-waved spectral range, is an acknowledged antide-
pressant agent, which can play an important role in effective treat-
ment of depression. This study develops and tests a new solution 
for inpatient wards, an architectural light therapy concept. Through 
an architectural lighting design, the light is dosed 24 hours a day 

from low intensity warm white light (2.000 K) in the evening, to 
bright light (6.500 K) in the morning and early daytime. Opposed 
to normal light therapy, it provides light therapy during the whole 
hospitalization. The built-in light therapy concept is based on an 
observational study performed in 2015, suggesting that there is a 
large potential of improving the light at north-west-facing wards, 
compared to south-east-facing wards. Inspired by the architectural 
planning of the original Nightingale Wards, with facades facing 
south-east and south, in order to make the most of the sunlight, the 
trial implements “A Sunny South East Side” to the darker north-
west and north facing wards. The objective of the randomized trial 
is to investigate whether this sunlight therapy solution, based on 
LED-light, has an antidepressant effect on depressed inpatients 
when compared to conventional LED-lighting.

Methods: 120 inpatients diagnosed with depression will be 
included in this randomized parallel group design including an ex-
perimental LED-light group and standard LED-light group. The 
lighting design includes three elements, all developed for this trial: 
1) Two ceiling mounted light fixtures 2) One light fixture next to 
the bed 3) One light panel mounted in the windowsill, mimicking 
sunlight in a south-east-facing window. In the experimental inter-
vention, the light panel is activated. The light fixtures in the ceiling 
and next to the bed have dynamic LED-light, varying in both light 
intensity and spectral light composition through the day and year. 
In the control intervention, the light fixtures in the ceiling and next 
to the bed have a constant light intensity and spectral light compo-
sition, and the light panel is deactivated. The primary outcome is 
severity of depression after 4 weeks treatment assessed with Ham-
ilton Depression Scale by a blinded rater.

Results: The trial is ongoing and is expected to be finished 
ultimo 2019.

Conclusions: Awaiting results.
Funding/Disclosures: ROOM-LIGHT is funded by Danish 

Energy Association, The Capital Region of Denmark, Foundation 
for Health Research and L. F. Fogh’s Foundation. No further dis-
closures.

A63

The Daylight Academy
Lukas von Orelli

Velux Stiftung, Switzerland

The science funding foundation ‘Velux Stiftung’ has initiated 
the Daylight Academy to provide a novel and stimulating setting 
to the quest for scientific discoveries. The purpose of the Daylight 
Academy is to be a catalyst for innovative ideas and connect re-
searchers and other professionals working in daylight research, 
regardless if they are approaching the topic with the eye of a chem-
ist, architect or psychologist. Daylight affects human life and na-
ture in many ways, is an inexhaustible source of energy – and it is 
for free. Due to the variety of its effects, it taps into many different 
areas of research.

Nowadays society is facing complex challenges which can only 
be addressed involving all necessary disciplines. Yet scientific dis-
ciplines are getting ever more specialized. Daylight can act as a 
bridge bringing them together.
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The Daylight Academy is led by a panel of international scien-
tists and currently consists of 65 founding members. The inaugura-
tion of the Daylight Academy in November 2016 marked the be-
ginning of this novel platform for exchange that promotes interna-
tional and interdisciplinary cooperation. The Academy organizes 
annual activities and meetings to foster networking, collaboration 
and transdisciplinary knowledge exchange. The Daylight Acade-
my can be found on the web: www.daylight.academy.

Funding/Disclosures: None.

A64

The Effect of Naturalistic Light on 
Depressive Mood, Fatigue, Subjective Sleep 
Quality and Melatonin and Cortisol Blood 
Levels in Stroke Patients Admitted for 
Rehabilitation
Anders West1, Sofie A. Simonsen1, Henriette Sennels3, 
Poul Jennum2, Niklas Cyril1, Marie Schønsted1, 
Alexander Zielinski,1, Birgit Sander,4, Helle K. Iversen1

1Clinical Stroke Research Unit; 2Danish Center for 
Sleep Medicine; 3Department of diagnostic, Clinical 
Biochemistry; 4Department of Ophthalmology, University 
of Copenhagen, Rigshospitalet, Glostrup, Denmark

Objectives: The circadian rhythm is mainly controlled by 
natural daylight, especially because of the significant content of 
blue spectrum light in daytime. Patients admitted for rehabilitation 
often lack sufficient naturalistic light spectrum in daytime due to 
long indoor admission and is often exposed to artificial blue light 
spectrum in the evening and at night. Hypothesis: Naturalistic 
Light during the admission will improve the circadian rhythm in 
post stroke patients admitted for rehabilitation resulting in reduced 
depressive mood and fatigue, improved subjective sleep quality 
and stabilization of melatonin and cortisol circadian blood levels.

Methods: The study was a prospective parallel longitudinal 
randomized controlled study. Stroke patients were randomized to 
either the intervention (IU) (naturalistic lighting, Chromaviso, 
Denmark) or the control rehabilitation unit (CU) (standard light-
ing). The naturalistic light was installed in the entire IU. Examina-
tions were done at inclusion and at discharge after at least 2 weeks 
of admission. Changes in depressive mood were assessed by the 
Hamilton Rating Scale for Depression (HAM-D6) and The Major 
Depression Inventory scale (MDI). Subjective sleep quality was 
measured by the Pittsburgh Sleep Quality Index (PSQI), while Fa-
tigue was measured by Epworth Sleepiness Scale (ESS), Multidi-
mensional Fatigue Inventory questionnaire (MFI-20), a Rested 
Statement and Visual Analog Scale for fatigue (fVAS). Melatonin 
and cortisol blood levels were measured for a 24-hour period every 
4 hours and mean levels were assessed and Cosinor analysis was 
performed.

Results: During one year 90 patients were included. At dis-
charge patients from the IU scored significantly less depressive 
mood symptoms and fatigue compared with the CU patients (AN-
COVA, SAS). Depressive mood: HAM-D6, p = 0.018; MDI, p = 
0.009. Fatigue and sleep: Rested Statement, p = 0.041; MFI-20 
General, p = 0.029. The ESS showed decreased fatigue during the 

admission in the IU and no change in the CU group (paired t-test). 
No differences were observed in fVAS and sleep quality (PSQI). 
The melatonin levels showed no significant circadian rhythm at 
admission and discharge in either of the patient groups. During the 
admission period, the melatonin levels increased significantly in 
patients in the IU (p = 0.030) and were unchanged in the CU (p = 
0.418). In both patient groups, the cortisol levels showed signifi-
cant circadian rhythm.

Conclusions: Naturalistic light has a positive impact on de-
pressive mood, fatigue and the circadian parameters melatonin and 
cortisol levels in stroke patients hospitalized for at least 2 weeks.

Funding/Disclosures: Market Development Foundation, 
The Capital Region grant.

A65

A History of Light Therapy
Anna Wirz-Justice

Centre for Chronobiology, Psychiatric Clinics, University 
of Basel, Switzerland

Sun worship is the most ancient religion, growing out of that 
immense source of energy, warmth, spiritual and emotional suste-
nance. In the 19th century it was recognised that sunshine, and then 
electric light in various parts of the spectrum, could have therapeu-
tic effects on rickets, psoriasis, lupus, fungal infections, eczema, 
sleep disorders, etc.- and not just emotional well-being.

The new era of light therapy (non-UV) was based on key in-
sights in circadian biology in the 60’s and 70’s (Aschoff and Pit-
tendrigh), followed by two crucial methodological advances: be-
ing able to measure circulating pineal melatonin by RIA (Arendt) 
or GCMS, and the discovery of its suppression by bright light 
(Lewy). This permitted study of light effects on circadian phase 
and amplitude, and melatonin developed into the marker for the 
human circadian clock. And bright light became a treatment: ini-
tially by Kripke for nonseasonal depression (these insights took 
decades to be followed up by randomised trials), and then by Wehr 
and Rosenthal for the newly rediscovered Seasonal Affective Dis-
order (SAD). In the 80’s and 90’s an enthusiastic wave of research 
world-wide (particularly in the higher latitudes of Scandinavia and 
Canada) investigated photoperiodic, phase shifting, and paramet-
ric effects of light on SAD. Light boxes with broad spectrum white 
light (~4000 K) and intensities from 5–10’000 lx became standard, 
and were tested in many clinical trials, with imaginative searches 
for an adequate placebo, from dim red light to inactivated negative 
ionisers. Remarkably rapidly, the diagnostic criteria for SAD en-
tered both DSM-IV and ICD-10. Light therapy became accepted 
by academic medicine as the treatment of choice for SAD. Terman 
and Wirz-Justice founded SLTBR in 1988, followed by the non-
profit website www.cet.org to provide accesible, research-based 
information about light therapy to professionals and the public.

In parallel, Wever in the Andechs bunker showed that bright 
light affected human circadian rhythms (increasing the range of 
entrainment), and the Honmas, followed by Minors and Water-
house, published the first phase response curves to single light 
pulses, completed a decade later by Khalsa et al. A second wave 
of light research began in 2002 with the discovery of blue-sensitive 
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photoreceptors (ipRGCs) – that rapidly (perhaps too rapidly) led 
to a wave of blue wavelength therapy devices on the market that 
were not adequately tested. Even low intensity blue light may, un-
der certain circumstances, impose ophthalmological risks (blue 
light hazard).

The initial epoch of light therapy research has now expanded 
into treatment of many other disturbed sleep patterns in psychiatry 
and medicine. It has enhanced awareness of the importance of day-
light (https://daylight.academy/), changed lighting regulations to 
include the nonvisual input, and is becoming a factor in “healthy” 
architecture and urban planning.

More information and video interviews with pioneers on 
https://srbr.org/resources/chronohistory/ and www.clocktool.org/
clock-modules/chronohistory.html; Overy C, Tansey E M. (eds) 
(2014) The Recent History of Seasonal Affective Disorder (SAD). 
http://histmodbiomed.org/article/wellcome-witnesses-volumes.

Funding/Disclosures: None.

A66

Daily Light Exposure Patterns Reveal Phase 
and Period of the Human Circadian Clock
Tom Woelders1, Domien G.M. Beersma1, 
Marijke C.M. Gordijn2, Roelof A. Hut1, Emma J. Wams1

1Chronobiology unit, University of Groningen, The 
Netherlands; 2Chrono@Work B.V., Groningen, The 
Netherlands

Objectives: In the field of human circadian modelling, much 
emphasis has recently been on predicting circadian phase (Dim-
light melatonin onset; DLMO) from ambulatory data (e.g. activity, 
light exposure). One important aspect of the circadian pacemaker 
has been largely neglected in this regard: intrinsic period under 
free-running conditions (tau). As phase of entrainment is the result 
of an interplay between (artificial) light exposure patterns and tau, 
we strongly believe that an accurate low-cost and time-efficient 
estimation of tau is crucial to obtain a better understanding of fun-
damental properties of circadian entrainment in humans. There-
fore, the main objective of this study was to explore whether in-
trinsic period can be estimated by analyzing ambulatory collected 
light exposure data.

Methods: Ambulatory light-exposure data (9 days; 1-minute 
sampling rate) was collected for 20 participants, with a DLMO as-
sessment scheduled on the last day. The individual light exposure 
data was then used as an input for Kronauer’s limit cycle oscillator 
model of the human pacemaker. By iteratively tuning the param-
eter describing tau for each individual until the measured DLMO 
overlapped with the model-predicted DLMO, an estimation of tau 
was obtained for each individual separately. Regression analyses 
were then performed to explain phase of entrainment from esti-
mated intrinsic period and average daily light exposure level.

Results: Later estimated intrinsic period was related to later 
phase of entrainment, whereas higher light intensities were related 
to an earlier phase of entrainment. For (DLMO – sleep offset), an 
increase of 1 hour in intrinsic period was estimated to delay phase 
of entrainment by 4.6 ± 0.77 (± SE) hours, whereas an increase in 
average light intensity by 1 log (lx) was estimated to advance phase 

of entrainment by 2.84 ± 0.65 (± SE) hours. In total, the regression 
model explained 72% of the variance in phase of entrainment.

Conclusions: Our results show that low-cost estimations of 
intrinsic period may be possible by analyzing ambulatory collect-
ed light and activity data followed by one DLMO assessment in 
the lab. Such advances are not only useful from a scientific point 
of view, but may prove to be of crucial importance when optimiz-
ing individual light treatment for shift work and jetlag applications 
and designing individualized chronotherapy treatment schedules.

Funding/Disclosures: Financial support was obtained 
from an NWO-STW (Nederlandse Organisatie voor Wetenschap-
pelijk onderzoek/Stichting voor de Technische Wetenschappen 
10.13039/501100003958) OnTime Program Grant (project 
12185).

A67

Light Exposure, Circadian Entrainment, and 
Metabolism
Kenneth Wright

University of Colorado, Boulder, USA

Objectives: Disturbed circadian rhythms and disturbed sleep 
are thought to contribute to the development and exacerbation of 
metabolic diseases such as obesity and diabetes. The circadian tim-
ing of sleep and wakefulness are altered in modern society, due in 
part to light exposure patterns, chronic short sleep schedules, and 
shift work schedules. Findings from studies that examined the in-
fluence of modern light exposure patterns on circadian entrain-
ment, circadian misalignment, and of daytime bright indoor light 
alone and combined with intermittent blue-enriched white light on 
energy and glucose metabolism will be discussed.

Methods: Field and laboratory based studies in healthy adults 
with assessments of light exposure, sleep, circadian phase, energy 
expenditure and glucose metabolism.

Results and Conclusions: Modern light exposure patterns 
result in exposure to light at night and less exposure to bright light 
during the daytime, as well as changes in the phase angle of en-
trainment and phase relationships between internal circadian tim-
ing and sleep-wakefulness. Morning circadian misalignment dur-
ing short sleep schedules (<5 h per night) and circadian misalign-
ment during night shift work schedules are associated with 
alterations in energy and glucose metabolism that may increase the 
risk of metabolic diseases. Compared to typical indoor room light 
(2,700 K, ~100 lx angle of gaze), a day of exposure to continuous 
brighter white light (2,700 K, ~750 lx) or to brighter white light 
alternating every hour with blue-enriched white light (17,000 K, 
~750 lx) had no significant influence on energy and glucose me-
tabolism in healthy adults maintaining ~8 h sleep schedules. En-
hancing daytime indoor light exposure in healthy adults maintain-
ing recommended sleep opportunities appears to have little impact 
on metabolism.

Funding/Disclosure: Philips Inc, NIH-HL109706, 
DK048520, DK092624, HL109706 and TR001082. Howard 
Hughes Medical Institute with Biological Sciences Initiative/Un-
dergraduate Research Opportunities Program at University of Col-
orado Boulder. Disclosure: Grants from Philips Inc., CurAegis 
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Technologies; consulting fees or served as a paid member of sci-
entific advisory boards for NIH, CurAegis Technologies.; speaker 
honorarium from American College of Chest Physicians, The Obe-
sity Society, Obesity Medicine Association.

A68

Daylight in Living Environments and Its 
Influence on Health
Katharina Wulff, Joachim Stormly Hansen

Nuffield Department of Clinical Neurosciences, University 
of Oxford, UK

Objectives: (1) the construction of an all-glass ‘Photon Cab-
in’ using entirely new glass processing with adjustable light trans-
mission properties, (2) the evaluation of the impact of this building 
environment on perception of light, alertness, emotional well-be-
ing and its effects on sleep, rest-activity patterns and circadian 
alignment of melatonin.

Methods: A transparent all-glass building with a comfortable 
indoor climate to live-in across all seasons has been constructed 
on the Island of Bornholm, Denmark. This ‘Photon cabin’ is 35 m2 
in size and enables natural light to penetrate from the roof and from 
all sides down to floor level. The study employs a randomised, 
cross-over design with participants spending three days (18:00 to 
10:00) in the glass house and the other three days in an ordinary 
villa in close proximity. External and indoor climate (light, humid-
ity, temperature) is constantly monitored over prolonged periods 
and seasons with four sets of sensors two for the glass house and 
two for the villa. Subjective alertness, colour perception, visual 
comfort and emotional well-being is recorded several times during 
the day, while activity-rest patterns and light exposure are acti-
graphically monitored throughout. After each living condition, the 
participants undergo 19 hours of an adapted constant routine under 
dim (<3 lx) light, in which alertness and melatonin concentration 
is assessed in hourly intervals with napping permitted between 
sampling to minimise sleep deprivation. A 48-hour wash-out pe-
riod is scheduled between conditions.

Results: Preliminary data from this ongoing study include 15 
participants. Participants went to sleep at around 22:30 under both 
conditions, while they woke up 27 min earlier on average in the 
Photon cabin (07:23) than in the villa (07:50). Across conditions, 
subjective rating of sleep quality derived from PSQI indicates 
good sleep (villa: 3.18 vs. Photon: 2.80) and alertness during day-
time using the Karolinska Sleepiness Scale ranged from very alert 
to sleepy (scores 2–7) with more alertness in the morning regard-
less of condition. Subjective wellbeing derived from the Warwick-
Edinburgh Mental Wellbeing scale ranges between 41 and 68, 
which is within and above average of positive states of thinking, 
behaving and feeling. Under dim light conditions, however, there 
is a trend for more alertness in the afternoon and in the morning 
hours, if participants had been in the Photon cabin beforehand 
compared to having been in the villa beforehand.

Conclusions: A unique dataset is being accumulated from a 
chronobiologically exceptional opportunity of assessing real day-
light influence from living in an all-glass house. With all con-
founding factors, such as indoor temperature, food intake, social 

interaction and outdoor activity levels being removed, current data 
are suggestive of a greater alertness and an earlier start of the wake 
period under natural daylight exposure.

Funding/Disclosures: This research study is partly sup-
ported by the National Institute for Health Research (NIHR) Ox-
ford Biomedical Research Centre (KW: A92181), the UK-based 
Architectural Glass Manufacturer CANTIFIX, and the Green So-
lution House on Bornholm.

A69

Effectiveness of Visual vs. Auditory 
Closed-Loop Stimulation on Delta 
Sleep Brain Oscillations in Humans
Sergei V. Yarosh1, Evgenii Kobelev1, Grigorii R. Khazankin1,2, 
Victor V. Chasovskikh2, Igor G. Dranov3, Ivan V. Brack1, 
Polina V. Miroshnikova1, Konstantin V. Danilenko1, 
Lyubomir I. Aftanas1

1Institute of Physiology and Basic Medicine, Novosibirsk, 
Russia; 2Novosibirsk State University, Russia; 3Voevodsky 
Institute of Chemical Kinetics and Combustion SBRAS, 
Novosibirsk, Russia

Objectives: The aim of the study was to investigate whether 
visual stimuli have the same potency to increase delta sleep power 
density in humans as auditory stimuli do.

Methods: Healthy subjects underwent two polysomno-
graphic trials – adaptation and experimental. EEG electrodes 
were positioned at Fz-Cz (bipolar derivation). Auditory (pink 
noise) and visual (LED red light) paired 50 ms signals were au-
tomatically presented via headphones/eye mask. The stimuli on-
set was anchored to the moment when the program detected a 
decline of EEG waves below an amplitude threshold, with the 
elapsed time 0.5 s to fall at peak to increase amplitude of brain 
electrical oscillations (closed-loop in-phase stimulation as per 
Ngo et al., 2013). The amplitude threshold and stimuli intensity 
(that should not cause movements or awakenings) were chosen 
individually during the adaptation night. The 30-sec epochs with 
stimuli of a certain modality (light, sound, or light-and-sound 
simultaneously) were preceded and followed by 30 s epochs 
without stimulation, and these 1.5-min cycles, in turn, were pre-
sented alternately in the sequence ‘light’ – ‘sound’ – ‘light & 
sound’ cycles throughout the night. Sleep stages were scored in 
30 s steps. EEG power density in these 30 s epochs was calcu-
lated for every 0.5-Hz band in the frequency range 0.5–30 Hz 
and log-transformed. Artefact-free cycles of sleep N3 stage were 
analysed. The number of cycles taken in the analysis was such 
that the cycles with stimuli of different modalities were matched 
by number of stimuli presented.

Results: Ten subjects completed the study, nine of them (2 
males, 7 females; age 21–46 yrs) provided sufficient data for the 
analysis. The amplitude threshold for the stimuli presentation var-
ied inter-individually from 50 to 70 mV, stimuli intensity – from 
1 to 1.4 lx (for light) and from 43 to 46 dB (for sound). The num-
ber of paired stimuli per EEG cycle ranged from 3 to 8; the number 
of cycles of each modality selected for the analysis – from 4 to 21 
(median = 11). Light stimuli did not influence EEG power density 
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(p > 0.01 compared to the pre-exposure epochs). Acoustic stimuli 
caused an increase (p < 0.01) of EEG power density in the fre-
quency band 0.5–3.0 Hz (delta waves) and a decrease at 11.5–14 
Hz (alpha-beta range); the values reverted to baseline at post-stim-
uli epochs. Simultaneous light & acoustic stimuli effects did not 
differ from the acoustic stimuli effects. Sleep N2 stage analysis 
showed results similar to sleep N3 stage.

Conclusions: In contrast to the acoustic stimuli of the same 
duration and frequency dim red light presented in a closed-loop 
in-phase fashion, did not influence EEG power density during 
night sleep, and there was no synergistic effect of these two stim-
uli on the EEG.

Funding/Disclosures: The Russian Foundation for Basic 
Research grant #15-04-09349 (2015–2017).

A70

Dim-Light-Melatonin Onset – The Influences 
of Season and Weekly Structure
Giulia Zerbini1, Till Roenneberg2, Martha Merrow1,2

1Chronobiology unit, Groningen Institute for Evolutionary 
Life Sciences, University of Groningen, The Netherlands; 
2Institute of Medical Psychology, Ludwig-Maximilians-
University, Munich, Germany

Objectives: Like other organisms, humans adapt their phys-
iology to the regular 24-hour changes in the environment with the 
help of a circadian clock. It actively synchronises (entrains) to cy-
clic environmental signals, thereby establishing a stable phase re-
lationship to these zeitgebers. Light is the most important zeitgeber 

for the timing of human behaviour. Although entrainment has been 
extensively investigated in laboratories, only few studies have 
probed entrainment in real life conditions, by considering indi-
vidual differences in phase of entrainment (chronotype), and under 
varying light environments. Here, we report results of investigat-
ing the influence of season (summer vs. winter) and weekly sched-
ule (workdays vs. work-free days) on phase of entrainment (as-
sessed via dim-light melatonin onset; DLMO).

Methods: We collected data about sleep and activity in 33 
participants for 10 days at approximately the 21st of June (longest 
photoperiod) and the 21st of December (shortest photoperiod). In 
addition, we assessed DLMO on a workday and on a work-free 
day, both in summer and in winter.

Results: While all parameters varied according to the weekly 
schedule, none showed associations with season. Sleep and activ-
ity were later on work-free days. A chronotype-dependent influ-
ence of daily activities or schedule on DLMO was found, with the 
latest chronotypes showing a later DLMO on work-free days. 
Morning light (between 6:00 h and 12:00 h) was the strongest pre-
dictor for the variation in DLMO, with increased exposure to 
morning light associated with an earlier DLMO. Late chronotypes 
were exposed to less and later morning light on work-free days 
relative to workdays in comparison with early chronotypes, pos-
sibly explaining the difference in DLMO between workdays and 
work-free days.

Conclusions: Our results show that the habitual weekly 
schedule of late chronotypes is able to phase-shift their phase of 
entrainment (assessed via DLMO) between workdays and work-
free days. To counteract this delay in DLMO over the weekend, 
late chronotypes should increase their morning light exposure on 
work-free days.

Funding/Disclosures: Technology foundation STW grant 
P10-18/12186.
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