How Bright the Night?
Light and Human Health

A reprint of the lllinois Coalition for Responsible Outdoor Lighting website page
at http://www.illinoislighting.org/health2.html

Observers of nature have, for millennia, noted how the behavior and physiology of many
living things pulse in tune with the 24-hour day/night cycle. Scientific investigation
demonstrated that the timekeeping function within many organisms is regulated by the
light/dark cycle of day and night -- nature's master clock for most earthly ecosystems.
But from the dawning of the study of human physiology and behavior, right through
most of the 20™ Century, most physiology textbooks didn't discuss photosensitivity as a
factor in human internal timekeeping; indeed, circadian (24-hour) rhythms in general
were thought generally to be of secondary importance for our species.

This attitude is understandable; we had "conquered" the night with artificial lighting; man
was no longer at the mercy of the Sun to declare when we could be active or not. We
see no immediate effects when we expose ourselves to artificial light at night; we
neither instinctively flee from it (as, for example, some species of bats do'), nor do we
find ourselves circling light bulbs like insects at a streetlight. (On the other hand, it is
frequently reported that humans "feel safer" in a lighted environment than in a dark one
-- likely as much an instinctive response as that of the moths circling the streetlight.)

Discoveries made in just the past decade and a half have begun to shatter the notion
that we humans are immune from the regulating effects which the light/dark cycle has
over the behavior and physiology of most other living things. We are learning not only
how light sensitivity is a core part of our beings -- part of a structural framework billions
of years in the making -- but also how disrupting the natural light/dark cycle can create
havoc throughout our inner workings.

We can begin the story with the discovery of melanopsin in 19972; this light-sensitive
pigment was isolated in the skin of the African Clawed Frog, where it serves to provide
its host with simple information on whether the environment the frog is in is light or dark.
In 1999, melanopsin was discovered in the retina of the human eye?®, residing in nerve
cells which previously had not been known to be light sensitive. Further research has
demonstrated that this photoreception pathway does not play a direct part in visual
perception; rather, it is connected to the internal timekeeping "clock"; it is also shared by
all classes of vertebrates®.

The second part of the story is that of the circadian rhythm -- the 24-hour "pulse”,
geared to Earth's rotation, and the light-of-day/dark-of-night cycle. Where this cycle fits
into the lives of other creatures is easy enough to understand. A tree will get sunshine
during the day; it needs its physiology set to take advantage of that resource at the
proper time, so it adjusts its internal water and nutrient flow accordingly, based on
timing by internal clocks -- anticipating sunrise, rather than reacting to it. Some plants
even turn their leaves during the pre-dawn hours to face the anticipated sunrise®. In
animals, not only does behavior need to stay in sync with the day/night cycle, but so
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does physiology; internal systems need
to focus resources on functions related
to physical activity during the waking
part of the cycle, and on functions like
growth and healing during the resting
periods.

The circadian rhythm has been found
to run deep and strong throughout our
human physiology. Single-celled
organisms display internal circadian
timing; it seems probable that at least
some of our trillions of individual cells
do, too. But more obvious are the
"clocks" within various human organs,
which have the capability of expressing a circadian rhythm for at least some cycles
without outside stimulation. Within humans (and likely most all mammals), these
numerous and scattered clocks need a regular synchronizing stimulus to keep running;
this stimulus signal is supplied by the suprachiasmatic nucleus®’, a small region located
on the brain's midline, directly above the optic chiasm. The suprachiasmatic nucleus
then connects to the melanopsin-containing cells in the retina; here we have the
pathway by which the Iight/dark cycle of day/night ends up at the physiological, cellular
level within our bodies®~.

Overall, daylight's effect on our physiology is a positive thing. Just like those of our
fellow organisms, our bodies are complex machines, with scores of different processes
going on which need to be inter-regulated to be successfully carried out. Our minds
need to be saying "be awake" when we need to be awake; our organs need to support
each other's activity when it is time to rest, heal, or grow. The central clock within the
suprachiasmatic nucleus provides for this. Overall, it is an amazing regulatory system,
tried and true from eons of evolutionary testing. But during the last split-second of
geologic time, we have begun to throw a monkey wrench into the system, by creating
an explosion of artificial light in what had, up to that point, always been the dark of night.

To take a side journey, we need
to address this issue of the
recent changes in the use of
manmade light at night, before
continuing our look at its
potential effects on our health. It
is likely that, to some extent, for
more than a half-million years
our ancestors created light at
night -- fires have illuminated
campsites, caves and dwellings
during portions of the nights. But
the levels of nocturnal illumination that we will experience tonight are many orders of
magnitude above those of even just a few decades ago. The numbers of artificial light
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sources have certainly increased, as have the hours of their use (as in: all night long, as
opposed to a few hours in the evening); but most notably, technological changes have
made our lights much brighter than they were even one generation ago.

The graphic on the left below shows an estimate of the relative sky brightness over the
continental United States, generated by data from meteorological satellites which
imaged the ground during nights in 19947, We don't have that satellite data from earlier
decades, but using actual measurements of sky brightness from earlier years, we can
estimate what that graphic would have looked like at an earlier time; the picture on the
right shows such an estimate for the early 1960s. In just a few decades, we see an
explosion in the amount of light shining outward and upward, primarily from outdoor
lighting sources; this certainly also correlates to a similar increase in general ambient
outdoor light throughout these areas, and likely to some increases in interior light levels,
which also occurred because of changing technology & nocturnal habits over the period.
And this explosive increase in the generation of light continues to the present day.

If exposure to artificial light during the nighttime hours disrupted the human circadian
rhythm, what effects would we see? As mentioned above, the circadian rhythm reaches
deep into the functioning of our bodies. An obvious part of the rhythm is our sleep/wake
cycle; our bodies have to go through a number of physiological and behavioral changes
to "shut down" for sleep. A disrupted circadian rhythm would disturb this ability to move
into sleep mode, or trigger the sleep mode at the wrong time, and sleep disorders would
result. Studies suggest that a substantial percentage of the adult U.S. population suffer
from various sleep disorders®, and research substantiates a connection between such
disorders and circadian rhythm disruption™®.

Metabolism is also strongly tied to the
circadian rhythm, which influences not only
the level of our hunger, but various stages of
the digestive process and how nutrients and
calories are ultimately handled by the
body''. Research provides strong evidence
that disruption of the circadian rhythm can
be a substantial causal factor of metabolic
problems such as obesity'?'*'* and possibly
even diabetes’.
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Our moods, and how we perceive and interact with the world, can strongly vary with our
mental state, which is also affected by our hormones and our internal clocks. While this
is a relatively new area for research, studies are finding ties between circadian
disruption and a variety of mood disorders'®".

Hardly any of the human body's functions, nor any of its abilities to combat disease, are
removed from the influences of the circadian cycle. For example, it appears that
disruption of the circadian cycle reduces the body's ability to resist a number of forms of
cancer. Evidence is mounting for the whole chain of causality -- exposure to light at
night, leading to reduced production of the hormone melatonin, leading to an increased
rate of cancer'®?®.

There are many variable factors which contribute to how light affects an organism,
including timing, length and intensity of exposure(s), spectral (color) properties of the
light, and prior light exposure. We will need much more research before we can begin to
predict each of the precise effects that exposure to artificial light at night will have on
each individual human. But we are already have a rapidly growing volume of evidence
that the issue of exposure to light at night is a serious one, as far as our health is
concerned (see also reference items 27-36, below). No doubt we are exposed to quite a
bit of nocturnal light from illumination within our workplaces and dwellings; we will need
to learn to manage that light exposure in terms of its effects on our health.

But as the sky brightness charts
illustrate above, in many places, our
nighttime environments are
increasingly being flooded with light. Is
this an issue of concern? In the paper
"Does the modern urbanized sleeping
habitat pose a breast cancer risk?"®,
Kloog, et al., suggest the precautions
of "the installation of window blinds in
the bedroom, and also by the use of
eye covers while sleeping", to reduce
the impact of ambient outdoor artificial
light on the sleeper. Others have
suggested that melatonin, the hormone "messenger" for the circadian rhythm, could be
administered artificially (on a very specific schedule) to make up for reduced natural
production caused by interfering light at night.

Do these "fixes" make sense, in the long run? We do not believe so. Firstly,
environmental disruption (in this case, widespread dumping of stray light into the
nocturnal environment) should be addressed at its sources, not dealt with by its victims.
Secondly, our fellow citizens should have the ability to enjoy the nighttime environment
(on their own properties, and in parks and other areas) without being assaulted by
excessive, potentially hazardous stray light. And thirdly, the very biological mechanisms
which make excess light at night a physical hazard for humans also exist in many other
organisms -- a whole biota of living things which cannot put on eye shades, draw
blackout curtains, nor administer medications to alleviate the health problems caused by
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stray manmade light.

The real "fixes" will be two-fold. First, we need a more detailed understanding of the
light/health connection for humans. For instance, some research indicates that the level
of brightness of light we're exposed to during the day affects how sensitive we are to
disruption by light at night; if we get lots of sun during the day, we might be less affected
by dim light at night, but if we spend our days within dimmer indoor settings, we might
be more subject to circadian disruption by low levels of light at night. Changing our
lifestyles based on that principle could help
reduce health side-effects, as would changes
to our lighting methods, based on a better
understanding of how the spectral quality of
the light we use for various purposes affects
our health.

The second fix will be to drastically reduce
the amount of stray manmade light in our
outdoor environments. There is nothing
unrealistic about that goal; we simply need to
set good standards for the use of artificial
light outdoors, and then apply them. We need
to engineer lighting installations so the light
only goes where it is needed, and illuminates
those areas only to the level needed for the prescribed activity there. We need to shut
off lights when they are not needed. We need to look at outdoor lighting from a cost-
effectiveness standard, and the cost side of the balance sheet needs to include the
environmental costs of lighting up the night. We install much of our outdoor lighting in
the name of "public safety", but if that same lighting is creating serious health issues
within our citizenry, then the cost effectiveness balance sheet will often look
considerably different when negative health impacts are factored in.

Natural laws present us with some truths that we may not want to hear or believe. We
cannot use our lands, air and water as unlimited dumping grounds for our wastes,
without eventually suffering negative consequences. We cannot harvest unlimited fish
from the sea, or fossil fuels from the ground, and have the supplies of those
commodities last forever. And our bodies are built to operate on specific chronological
cycles, which are moderated by the exposure to light during the day and darkness at
night. Humanity has achieved amazing things over the centuries, but none of those
accomplishments involve breaking the laws of nature; if we are to survive a successful
species, it would do us well to remember that in nature, "night" equals "darkness",
period.

Bibliography & Additional Resources:
Three good general papers on light and human health:

INuminating the deleterious effects of light at night Fonken LK, Nelson RJ, 7000 Medicine Reports
(2011 Jan 1) 3: 18

page 5 of 8



The dark side of light at night: physiological, epidemiological, and ecological consequences Navara
KJ, Nelson RJ, Journal of Pineal Research (2007 Oct 1) 43 (3): 215-224

Light at Night and Breast Cancer Risk Worldwide Spivey A, Environmental Health Perspectives
(2010 Dec 1) 118 (12): A525

Bibliography:

'Street lighting disturbs commuting bats Stone EL, Jones G, Harris S, Current Biology (2009) 19:1-5

*Melanopsin: An opsin in melanophores, brain, and eye Provencio I, Jiang G, De Grip WJ, Hayes
WP, Rollag MD, Proceedings of the National Academy of Sciences (1998 Jan) 95: 340-345

A Novel Human Opsin in the Inner Retina Provencio I, Rodrigues IR, Jiang G, Hayes WP, Moreira
EF. Rollag MD, Journal of Neuroscience (2000 Jan 15) 20(2): 600-605

*Evolution of Melanopsin Photoreceptors: Discovery and Characterization of a New Melanopsin in

Nonmammalian Vertebrates Bellingham J, Chaurasia SS, Melyan Z, Liu C, Cameron MA, Tarttelin
EE, Iuvone PM, Hankins MW, Tosini G, Lucas RJ, PLoS Biology (2006 Aug) 4(8). e263

>Plant Circadian Rhythms McClung CR, The Plant Cell (2006) 18: 792-803

®!For more about the suprachiasmatic nucleus, see Under the Brain's Control on the Division of
Sleep Medicine at Harvard Medical School's "Healthy Sleep" website

%2Circadian and Seasonal Rhythms Buijs RM, van Eden CG, Goncharuk VD, Kalsbeek A, Journal of
Endocrinology (2003) 177, 17-26

"Data and graphic generated by Cinzano P, et al., Istituto di Scienza e Tecnologia dell' Inquinamento
Luminoso

®Data and graphic generated by Carhart D, Illinois Coalition for Responsible Outdoor Lighting

*The prevalence, cost implications, and management of sleep disorders: an overview Hossain JL
Shapiro CM, Sleep & Breathing (2002 Jun) 6 (2): 85-102

'0A Clinical Approach to Circadian Rhythm Sleep Disorders Barion A, Zee PC, Sleep Medicine
(2007 Sep 1) 8 (6): 566-577

"Metabolism and Circadian Rhythms-Implications for Obesity Froy O. Endocrine Reviews (2010
Feb) 31 (1): 1-24

"2Chronobiology and metabolic syndrome. An interesting relationship Garaulet Aza M, Gémez-
Abelldn P, Madrid Pérez JA, Revista Espaiiola de Obesidad (2009) 7: 73-86

BGut Clock: Implication of Circadian Rhythms in the Gastrointestinal Tract Konturek PC
Brzozowski T, Konturek SJ, Journal of Physiology and Pharmacology (2011 Apr 1) 62: 139-150

"Lose Sleep, Gain Weight: Another Piece of the Obesity Puzzle Spivey A, Environmental Health
Perspectives (2010 Jan 1) 118: A28-A33

page 6 of 8



Disruption of the clock components CLOCK and BMALI leads to hypoinsulinaemia and diabetes
Marcheva B, Ramsey KM, Buhr ED, Kobayashi Y, Su H, Ko CH, Ivanova G, Omura C, Mo S,
Vitaterna MH, Lopez JP, Philipson LH, Bradfield CA, Crosby SD. Nature (2010 Jul 29) 466 (7306):
627-631

'Chronobiology and Mood Disorders Wirz-Justice A, Reinberg A, Isreal A, Pévet P, Parry BL.,
Maurer EL., Voderholzer U, Abad VC, Guilleminault C, Praschak-Rieder N, Willeit M, Lewy AJ,
Dialogues in Clinical Neurscience (2003) 5 (4)

"Disruption of circadian rhythms: a crucial factor in the etiology of depression Salgado-Delgado R,
Tapia Osorio A, Saderi N, Escobar C, Depression Research and Treatment (2011 Jan 1) 2011:
839743

¥Circadian clock and breast cancer: a molecular link Sahar S, Sassone-Corsi P, Cell Cycle (2007 Jun
1)6(11): 1329-1331

¥Does the modern urbanized sleeping habitat pose a breast cancer risk? Kloog I, Portnov BA,
Rennert HS, Haim A, Chronobiology International (2011 Feb 1) 28 (1): 76-80

% Artificial lighting in the industrialized world: circadian disruption and breast cancer Stevens RG
Cancer Causes Control (2006 May 1) 17 (4): 501-507

*!Circadian regulation of molecular, dietary, and metabolic signaling mechanisms of human breast
cancer growth by the nocturnal melatonin signal and the consequences of its disruption by light at
night Blask DE, Hill SM, Dauchy RT, Xiang S, Yuan L, Duplessis T, Mao L, Dauchy E. Sauer LA,
Journal of Pineal Research (2011 Oct 1) 51 (3): 259-269

?Light at night co-distributes with incident breast but not lung cancer in the female population of
Israel Kloog I, Haim A, Stevens RG, Barchana M, Portnov BA, Chronobiology International (2008
Feb 1)25: 65-81

“Nighttime light level co-distributes with breast cancer incidence worldwide Kloog I, Stevens RG.,
Haim A, Portnov BA, Cancer Causes Control (2010 Dec 1) 21 (12): 2059-68

*Light during darkness and cancer: relationships in circadian photoreception and tumor biology
Jasser SA, Blask DE, Brainard GC, Cancer Causes Control (2006 May 1) 17 (4): 515-523

»Light pollution, reproductive function and cancer risk Anisimov VN, Neuroendocrinology Letters
(2006 Jan 1) 27 (1-2): 35-52

*Global co-distribution of light at night (LAN) and cancers of prostate, colon, and lung in men
Kloog I, Haim A, Stevens RG, Portnov BA, Chronobiology International (2009 Jan 1) 26 (1): 108-
125

Circadian clocks: neural and peripheral pacemakers that impact upon the cell division cycle Reddy
AB. Wong GK, O'Neill JS, Maywood ES, Hastings MH, Mutation Research (2005 Jul 1) 574: 76-91

%Circadian mechanisms in the regulation of melatonin synthesis: disruption with light at night and

page 7 of 8



the pathophysiological consequences Reiter R, Tan D, Sanchez Barcelo E, Mediavilla M, Gitto E,
Korkmaz A, Journal of Experimental and Integrative Medicine (2011 Jan 1): 13

*Circadian photoreception: ageing and the eye's important role in systemic health Turner PL
Mainster MA, The British Journal of Ophthalmology (2008 Nov 1) 92: 1439-1444

*Circadian Rhythms: Influence of Light in Humans Lockley SW. Encyclopedia of Neuroscience
(2009 Jan 1) 2: 971-988

*'Effect of Light on Human Circadian Physiology Duffy JE, Czeisler CA, Sleep Medicine Clinics
(2009 Jun 1) 4(2): 165-177

3?Healthy clocks, healthy body, healthy mind Reddy AB, O'Neill JS, Trends in Cell Biology (2010
Jan 1) 20 (1): 36-44

33 High sensitivity of human melatonin, alertness, thermoregulation, and heart rate to short
wavelength light Cajochen C, Miinch M, Kobialka S. Kriuchi K, Steiner R, Oelhafen P, Orgiil S,
Wirz-Justice A, The Journal of Clinical Endocrinology & Metabolism (2005 Mar 1) 90 (3): 1311-
1316

34Photoreception for circadian, neuroendocrine, and neurobehavioral regulation Hanifin JP, Brainard
GC, Journal of Physiological Anthropology (2007 Mar 1) 26 (2): 87-94

»Sensitivity of the human circadian pacemaker to nocturnal light: melatonin phase resetting and
suppression Zeitzer JM, Dijk DJ, Kronauer RE, Brown EN, Czeisler CA, The Journal of Physiology
(2000 Aug 1) 526 Pt 3: 695-702

**The emerging roles of melanopsin in behavioral adaptation to light Hatori M, Panda S, Trends in
Molecular Medicine (2010 Oct 1) 16 (10): 435-446

(Web links to these resources are available from the webpage version of this article at
http://www.illinoislighting.org/health2.html)

lllinois Coalition for Responsible Outdoor Lighting, all rights reserved

page 8 of 8



