How does light affect human health?
From biology to application

Prof. Dr. Manuel Spitschan

Technical University of Munich | Professor of Chronobiology and Health

TUMCREATE | Principal Investigator
Max Planck Institute for Biological Cybernetics | Research Group Leader

16 May 2025
International Day of Light

TRANSLATIONAL SENSORY &

CIRCADIAN NEUROSCIENCE { % m
UNIT <




Acknowledgements

Funding and support

. . ' | | I . Technical
MAX PLANCK Max-Planck-Innovation University

FORDERSTIFTUNG of Munich

hL,
N, & A
METROLOGY .
PARTNERsHIp = EURAMET LD & <
wellcome SINGAPORE ¢ o
49
Bayerische l HOGOZETN Bayerisch-Ts
Ho
Forschungsallianz (NNERTARE RACDSAAROS

BayFrance vysokoskolské agentura

TRANSLATIONAL SENSORY &
v CIRCADIAN NEUROSCIENCE
UNIT




Our international team works on understanding how light impacts human
physiology and behaviour
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Over the last 20+ years, our understanding of the human retina has
changed significantly

intrinsically photosensitive retinal ganglion cells
expressing melanopsin
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The melanopsin-containing IpPRGCs mediate the impact of light on human
physiology and behaviour
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A lot of studies

_____________________________

Epidemiological
studies

Laboratory
studies

Field studies > Real world >

_____________________________

No evidence (yet)
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In 2022, the first consensus recommendations for light exposure were

published

PLOS BIOLOGY

CONSENSUS VIEW

Recommendations for daytime, evening, and
nighttime indoor light exposure to best
support physiology, sleep, and wakefulness in
healthy adults

Timothy M. Brown ~'*, George C. Brainard %, Christian Cajochen?®, Charles A. Czeisler*®,

John P. Hanifin?, Steven W. Lockley***, Robert J. Lucas ', Mirjam Miinch®’, John

B. O'Hagan - ®, Stuart N. Peirson®, Luke L. A. Price - ®, Till Roenneberg'®, Luc

J. M. Schlangen '""'2, Debra J. Skene - '?, Manuel Spitschan - '*'>'® Céline Vetter. "7,
Phyllis C. Zee'®'?, Kenneth P. Wright, Jr*°*
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The impact of light depends on the time of day
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Disruptive effects
of light in the
evening and at night

Positive effects of
light during the day

Interaction between
daytime and
nighttime light
exposure



Over the past years, weoOve advance
Impacts human physiology using carefully controlled studies

"\ S cones drive the pupil response paradoxically (activation of
i ey S cones dilates the pupil) [Spitschan et al., 2014]

Melanopsin signals reach human visual cortex [Spitschan et
al., 2017]

Cones are not needed for normal circadian phenotype
[Spitschan et al., 2021]

S cones do not demonstrably influence melatonin
suppression [Spitschan et al., 2019]

S-[L+M] activation does not demonstrably influence
circadian phase shifting [Blume et al., 2023]
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Moving from the lab into the field requires good measurements of

exposure

ight
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Artificial light £
ELSEVIER

White LED (2,700K)

What is the ‘spectral diet’ of humans?
Forrest S Webler'*, Manuel Spitschan®***, Russell G Foster,
Marilyne Andersen’' and Stuart N Peirson®

Available online at www.sciencedirect.com

ScienceDirect
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Metrology for wearable light loggers
and optical radiation dosimeters

EURAMET-funded MeLiDos
project on wearable light logging

MPI (2022i)

Wearable light loggers can close this gap

Data measurement campaign with cohorts in
Spain, Sweden, Netherlands, Germany, Turkey,
Ghana and Costa Rica

mm



Field measurements of stimulus and response are feasible

Spectrometer

Lazar et al. (2024)
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Parametric measurements of physiological w
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predicting real-world responses to light
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ived 311 minutes
of daylight in the past 3 days!
Keep at it!

Make use of natural light by
opening the curtains during the
day fo brighten your living

space.

Intervention for the use
of light for healthy
ageing (2023i)



Several areas of research are high priority to translate our knowledge into
practice

6
Develop evidence-based
standards in lighting
marketing for
non-professionals

4
Defining actionable
light exposure limits
and recommendations

2

Cumulative data gathering
and sharing, allowing the
development of accurate

models that aid

implementation

Recognizing healthy light

exposure as a human right

with expected benefits to
community health

Moving away from
WEIRD samples to
incorporate diversity

Address knowledge gaps
through adversarial
collaborations and

international consortia

Spitschan & Joyce (2023)
Spitschan (2024)
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Science communication is a key priority

Coline Weinzaepfle

Enliditen your dack
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| bid you ever wonder how plants

can turn their leaves depending
on what time it is?

Oh I am 5o tired ever
morning, | couldn’t gct{o
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Non-image-forming effects of light

Animal models - Huma

W 15 April 2024 Johannes Zauner (TUM)
W 22 April 2024 Angus Burns (Harvard Medical School)
ity MC)

W 29 April 2024 Tom DeBoer (Leiden Ur
W 5 May 2024 Samer Hattar (NIH)
W 13 May 2024 Shigekazu Higuch
W 27 May 2024 Renske Lok (Stanft
W 3 June 2024 Timothy Brown (U
10 June 2024 Melissa St. Hilaire (Me
W 17 June 2024 Julia Stone (University bourne)
W 1 July 202 Gena Glickman (Uniformed Services)
o~ W 8uly202  Siobhan Rockeastle (University of Oregon)
-~ M 150y 202 Lauren Hartstein (University of Arizona)
W 22 July 2024 Diego Fernandez (Cincinnati Children's)
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All talks 5-6 pm CEST except:
o~ 17 June 2024 12 noon CEST, 1 July 2024 7 pm CEST

-
~~ Registration mandatory

-
—~ Hosts:
—— Anna Biller, Maydel Fernandez-Alonso & Manuel Spitschan

Current Topics in Sleep & Circadian Health

N
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57/ Jtscnlab. oxg/seni
ttps://tscnlab.org/seminar
/ e g

Weekly scientific talk series (202271)


https://enlightenyourclock.org/
https://tscnlab.org/podcast
https://tscnlab.org/seminar

Taking science on the road

Y nachtmensch -oder-fruehaufsteher.de
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https://nachtmensch-oder-fruehaufsteher.de/
https://nachtmensch-oder-fruehaufsteher.de/
https://nachtmensch-oder-fruehaufsteher.de/
https://nachtmensch-oder-fruehaufsteher.de/
https://nachtmensch-oder-fruehaufsteher.de/

The Ladenburg White paper proposed a concerted effort to develop
evidence-based messages on light and health

Call for a coordinated international communications effort on the effects of ocular light
exposure on health and well-being

White paper from the Ladenburg Roundtable
DOI:[10.17605/osf.io/rxa35]- Date: 7 May 2024

On 14-16 April 2024, 21 international experts on light and health met in Ladenburg, Germany, to share their expertise
on the effects of light detected through the eyes on health and wellbeing and to discuss strategies to move from
physiology to policy.

We, the undersigned, agree on the need for common messaging on this important public health topic and propose
that this message could be carried to the world best by using a coordinated international communications effort. We
call upon the CIE, Daylight Academy, Good Light Group, SLTBR, and others to join forces in this endeavor.

The steps that are needed:
1. Develop a consensus, evidence-based message on the topic of light and health, including relevant
background literature;

2. Ensure that the message is aligned with other public health advice and design principles;
3. Express the message in simple language that makes it accessible to non-experts;
4. Identify the target groups, i.e., the segments of the population that could most benefit from this message;
5. Determine the format and dissemination channels that would be optimal to reach the target groups;
6. Develop materials in a format suitable for local language translations;
7. Formulate indicators to evaluate the outcomes of the communications campaign (e.g., the reach of the
message and direct changes in stakeholder activities) and/or the longer-term impacts of this initiative.
Dr Laura Kervezee, NL Dr Daniel S. Joyce , AUS Dr David H. Sliney , USA
Dr Christine Blume , CH Dr Renske Lok , USA Dr Oliver Stefani , CH H l d
Prof George C. Brainard , USA Prof Robert Lucas , UK Dr Jennifer A. Veitch , CA Dal m er an
Dr Kai Broszio , DE Dr Elise M. McGlashan , AUS Dr Daniela Weiskopf , DE BenZ
Prof Timothy Brown , UK Dr Raymond P. Najjar , SG Dr Johannes Zauner , DE
Jan Denneman , NL Dr Luke Price , UK Prof Manuel Spitschan , DE

Dr Maydel Fernandez -Alonso , DE Dr Sylvia Rabstein , DE

L4 TUTI
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Light for Public Health

ANew international initiative on the
effects of light on human health

AFocused around 26 consensus
statements covering differing areas of
science and practice of light

ATargeted to public health multipliers

Y lightforpublichealth.org

16



Exposure to light at
different times of day
alters the timing of
sleep and
wakefulness

How the eye talks to
the brain:

Light detection
beyond vision

Same light, different
effects: How age,
gender, and other
factors influence the
effects of light

The types of light we
see throughout the
day: Daylight

vs. electric light

lllustrations by Olivia Walch
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How the eye talks to the brain: Light detection beyond vision

The human eye contains the retina, which has several photosensitive cells that differ in
their responses to different wavelengths.

These cells are called cones, rods, and intrinsically photosensitive retinal
ganglion cells (ipRGCs)

- IPRGCs
, F; | Rods
Lens
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How the eye talks to the brain: Light detectio

The cones allow us to see colour , motion and spatial detail in bright lighting
conditions.

) & | ipRGCs
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How the eye talks to the brain: Light detectio

The rods allow us to see rudimentary spatial detail under dim light.
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How the eye talks to the brain: Light detection beyond vision 1

The intrinsically photosensitive retinal ganglion cells (ipRGCs) convert light into
signals that influence many physiological functions.

a8 iPRGCs
Rods
Macula Cones
Lens
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B Biller, Balakrishnan & Spitschan (2024)

Primarily rod - and
cone -mediated

C
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Retina containing DRGC einted N0

i Rods % il

i Cones s : : .
I i pRGCs with melanopsiin

Retinohypothalamic Peripheral clocks affected by
non-image-forming (NIF) pathway central circadian pacemaker




How the eye talks to the brain: Light detection beyond vision

Through the IpRGCs, light causes the suppression of melatonin in the evening and

at night.

Thalji & Spitschan (2025)
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How the eye talks to the brain: Light detection beyond vision

What determines these physiological responses to light is primarily determined by how
much light reaches the retina  and stimulates the ipRGCs at a certain time.

Lazar et al. (2024)

) | TRANSLATIONAL SENSORY &
| CIRCADIAN NEUROSCIENCE (¢
* UNIT

e



Exposure to light at
different times of day
alters the timing of
sleep and
wakefulness

How the eye talks to
the brain:

Light detection
beyond vision

Same light, different
effects: How age,
gender, and other
factors influence the
effects of light

The types of light we
see throughout the
day: Daylight

vs. electric light




Exposure to light at
different times of day
alters the timing of
sleep and
wakefulness

How the eye talks to
the brain:

Light detection
beyond vision

Same light, different
effects: How age,
gender, and other
factors influence the
effects of light

The types of light we
see throughout the
day: Daylight

vs. electric light




Exposure to light at
different times of day
alters the timing of
sleep and
wakefulness

How the eye talks to
the brain:

Light detection
beyond vision

Same light, different
effects: How age,
gender, and other
factors influence the
effects of light

The types of light we
see throughout the
day: Daylight

vs. electric light




Exposure to light at different times of day alters the timing of sleep and
wakefulness

Light is the main signal that ensures the circadian system is synchronized to the 24-
hour cycles in the environment.
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Exposure to light at different times of day alters the timing of sleep and
wakefulness

Light directly influences the biological clock in the brain, regulating sleep-wake cycles
and other daily physiological rhythms.
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Exposure to light at different times of day alters the timing of sleep
wakefulness

Light in the morning can advance the circadian clock, and light in the evening can
delay the circadian clock.
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The types of light we see throughout the day: Daylight vs. electric light
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The types of light we see throughout the day: Daylight vs. electric light

Different electric light sources
(e.g., LED or fluorescent lamps,
etc.) have different spectra
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The types of light we see throughout the day: Daylight vs. electric light

Daylight has what we call a
broad spectrum , with a lot of
energy across many
wavelengths.
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The types of light we see throughout the day: Daylight vs. electric light

The properties of
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The types of light we see throughout the day: Daylight vs. electric light

The pattern of oneodos |1 ght exposur eomplext
and depends on where one is and what one does.

A Photoperiod

Sunshine hours
Climate
Temperature
Customs
Festivities
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Exposure to light at
different times of day
alters the timing of
sleep and
wakefulness

How the eye talks to
the brain:

Light detection
beyond vision

Same light, different
effects: How age,
gender, and other
factors influence the
effects of light

The types of light we
see throughout the
day: Daylight

vs. electric light
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Same light, different effects: How age, gender, and other factors influence
the effects of light

Higher light levels in the evening can increase the time to fall asleep

Higher light levels during the daytime can improve mood .

Higher light levels during the daytime can improve sleep quality in the following
night.



Same light, different effects: How age, gender, and other factors influence
the effects of light

A healthy pattern of daily light exposure includes a rhythm of bright light and
darkness every day

recommended levels or
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Same light, different effects: How age, gender, and other factors influence
the effects of light

Age can influence the physiological effect of light on humans, as less light reaches
the retina because of ageing.

Lazar et al. (2024)




