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SUMMARY

There is now increasing evidence that exposure to blue-rich light in the evening and at night
increases the risk of cardiovascular disease. Because most energy efficient LEDs in the market
today are rich in these blue wavelengths, the use of these LED lights at night can tfrigger the disease
processes involved in hypertension, atherosclerosis and cardiovascular disease through:

1) Disruption of the circadian system (phase shifting and circadian misalignment),

2) Melatonin-suppression and phase shifting,
3) Activation of chronic inflammatory processes causing atherosclerosis in blood vessels.

Blue-rich light (including natural daylight) during the day is protective, but exposure to the same blue
rich LED or florescent light during the night is harmful. To avoid this risk, light fixtures need to provide
blue-rich light during the day, and blue-depleted light at night.

This paper presents the scientific evidence and the lighting solutions now available.
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Boggild 1999  Meta-analysis of 17 studies on cardiovascular 4 + 40%
disease & shift work

Vyas 2012  Meta-analysis of 34 studies of heart attacksin  1.41 +41%
night shift workers

Gu 2015 Cardiovascular disesase deaths in nurses 1.23 + 23%
working rotating night shifts

Kim 2017  Coronary artery disease in 34 meta-analysis 1.23 + 23%

Figure 1: The increased risk of cardiovascular disease in people exposed to light at night
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OVERVIEW OF SCIENTIFIC EVIDENCE

Based on over 15 years of published peer-reviewed scientific research the evidence indicates an
association between artificial light exposure at night and cardiovascular disease:

1) Cardiovascular disease is increased by 40% in people regularly exposed to light at night while
working night shifts based on 17 independent published peer-reviewed studies.

2) Deaths from coronary artery disease (“heart attacks”) are increased by 23% in women
regularly exposed to light at night while working night shifts.

3) Increased bedroom light levels in non-shiftworkers are associated with an increased risk of
atherosclerosis, and elevated blood pressure.

4) Multiple research studies in humans and animals show that melatonin has blood pressure
lowering properties, and the normal rise in melatonin at night is a protective mechanism that
slows or prevents atherosclerosis and cardiovascular disease.

This scientific research is summarized on the following pages with references to key articles in the
peer-reviewed scientific literature.

SCIENTIFIC LITERATURE REVIEW
Night Shift Work and Cardiovascular Disease

Numerous research studies have illustrated a strong association between night/ shift work and
increased risk of cardiovascular diseases:

* A meta-analysis of seventeen independent studies [1] concluded that there was a strong
association between shift work and CVD, with shift workers having on average 40% excess
risk for ischemic heart disease as compared to day workers (RR about 1.4).

* A large prospective study of 74,862 registered U.S. nurses [2] found that working rotating night
shifts for >5 years was associated with a 23% increase in deaths from cardiovascular disease.

* A recent meta-analysis [3] of 34 studies examining the association between shift work and
coronary heart disease, including a combined population of more than two million people,
concluded that shift work was associated with a 23% higher risk of heart attacks (myocardial
infarction (pooled relative risk 1.23, 95% confidence interval 1.15 to 1.31) and ischaemic stroke
(1.05, 1.01 to 1.09). The analysis found that the highest risks related to working night shifts where
the relative risk was increased by 41%.

* A large systematic review and meta-analysis [4] based on 38 meta-analyses and 24 systematic

reviews found a link between shift work and coronary heart disease (relative risk 1.23), and stroke
(relative risk 1.05).

Evening-shift/night-shift workers were also shown to have higher systolic and diastolic blood pressure
during the nighttime than day-shift workers [5].

Bedroom Light at Night and Cardiovascular Disease

In non-shiftworkers who regularly sleep at night, there is also an association between exposure to
arfificial light at night (ALAN) and an increased risk of cardiovascular diseases:

* ALAN exposure in home settings was associated with subclinical carotid atherosclerosis in the
general elderly population [6].
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* Increased light exposure in home settings at night is associated with a 3.3-4.7 mm Hg increase in
nocturnal systolic blood pressure [7]. This increase in systolic blood pressure is sufficient to increase
the risks of cardiovascular events by 4.5%-6.4% and death rates by 4.7%—6.7% [8].

Mechanism of Action

Exposure to artificial light at night and, most potently blue-rich light, causes melatonin suppression
and circadian disruption (Figure 2) These in turn lead to increased release of catecholamines (epi-
nephrine, norepinephrine), activation of chronic inflammatory processes in blood vessels, altered lipid
and glucose metabolism, and related changes in the risk for atherosclerosis, metabolic syndrome,

and type Il diabetes [?].
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Figure 2: Mechanism of Action of Blue Light at Night on
Circadian Disruption and Melatonin Suppression [After 13]

We will briefly summarize some of the extensive work exploring the pathways.

Circadian Disruption

Blood pressure normally follows a distinct circadian profile with a characteristic decline during sleep,
followed by a surge in the early morning hours.

Circadian misalignment of sleep/wake cycles is associated with increased blood pressure during
the nighttime, and increased endogenous catecholamine levels [10] and changes in sympatho-
vagal cardiac modulation [11]. In addition, night/shift work diminishes a normal decrease in
urinary norepinephrine and epinephrine levels during the non-work period, causing higher urinary
catecholamine levels during the non-work period in night-shift workers than in day-shift workers [5].



7 CIRGADIAN

AT
any

Melatonin Effect

Normally in the hours of darkness, the elevation in nocturnal melatonin provides important protective
effects on the cardiovascular system that is mediated through several pathways. It has been shown
that melatonin decreases blood pressure and protects against atherosclerosis.

Suppression of nocturnal melatonin production by the light exposure at night causes increases in
blood pressure and elevated atherosclerosis risk. Research studies have found an inverse association
between melatonin and nighttime blood pressure, even at physiological levels. Moreover, clinical
trials have suggested that oral melatonin administration decreases nighttime blood pressure, and that
repeated melatonin intake reduced systolic and diastolic blood pressure during sleep [12].

The atherosclerotic process is primarily attributed to chronic inflammation related to oxidative stress
in the vasculature. Low nocturnal melatonin levels are significantly associated with increased arterial
stiffness (a bio-marker of atherosclerosis) in the general elderly population.

Melatonin activates NO (nitrous oxide) synthesis, and increased NO levels in endothelial cells may have
protective effects against atherosclerosis. Furthermore, melatonin acts as a highly effective anfioxidant
by direct free radical-scavenging actions and indirect antioxidative functions mediated through
receptors. Melatonin has a remarkable direct scavenging effect on a variety of reactive oxygen and
reactive nitrogen species both at extracellular and infracellular levels. Melatonin signaling through
receptors stimulates the antioxidant defense systems and activates anfi-oxidant enzymes synthesis [7].

NEW CIRCADIAN LIGHTING SOLUTIONS

To manage the risk of cardiovascular disease, light fixtures should provide blue-rich light during the
day and blue-depleted light at night. The key is not just to lower blue content but to make sure the
lights remove enough blue at night to reduce the risk (i.e., fall within the range of minimal circadian
disruption in Figure 3).

For example, CCT color tuning products that fransition
from 6500K during the day to 2700 K at night do not % Circadian Disruption
remove enough blue out of the light spectrum at night
to prevent circadian disruption, melatonin suppression,
and the cardiovascular disease (Figure 3). While these
CCT color tuning products may be marketed as
“circadian” they still often rely on a blue pump that
can cause circadian disruption.
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To address the risk of blue light, CIRCADIAN® Light has
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“night” LED removes over 90% of the bio-active blue

content to minimize circadian disruption, and provides Figure 3: The relationship between the
white light with a CCT of 3200K, and CRI of 80+. To Thg'é’yee'rfnﬂcr;‘g% Igg'igijg‘gfeessicoor:”[f; o
conftrol blue Ilghfr exposure 24/7, the CIRCADIAN? Light circadian disruption by CCT color tuning
fixtures automatically switch between day and night lights and by CIRCADIAN Lights

LEDs based on location, time and season.
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