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The dark side of nocturnal light pollution.

Outdoor light at night increases risk of

coronary heart disease
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This editorial refers to ‘Outdoor light at night and risk of

coronary heart disease among older adults: a prospective

cohort study’†, by S. Sun et al., on page 822.

Environmental triggers of the
global burden of disease and
deaths

The aim of exposome research is to characterize the impact of all en-
vironmental exposures during our entire life span on the biochemical
systems in our body and their associated (mostly adverse) health
effects.1 The need for exposome research is emphasized by health
side effects caused by ambient chemical pollution (from soil, water,
and air) leading to up to 13 million premature deaths worldwide,
with a major part representing non-communicable diseases.2

However, these numbers do not take into account the impact of add-
itional environmental stressors contributing significantly to the global
burden of disease such as light exposure, mental stress, and the tem-
perature.3 The leading role of air pollution [e.g. fine particulate mat-
ter, particles with a diameter <2.5 mm (PM2.5)] as an environmental
health risk factor is well established, especially for causing cardiovas-
cular disease including ischaemic heart disease and stroke, and by
increasing mortality.4,5 There is also a growing body of evidence
showing that noise, in particular transportation noise, represents an
important environmental health risk factor, mainly by increasing the
risk of cardiovascular, metabolic, and neuropsychological disease and
thereby causing �1.6 million disability-adjusted life years in the
Western European region.6 The adverse health effects of nocturnal

light pollution are not very well characterized so far, highlighting the
novelty of the work by Sun et al. published in this issue of the
European Heart Journal.7 Within the next sections we will provide a
short overview of the importance of light exposure at night as a po-
tential health risk factor and try to elucidate its major mechanism of
action. We will also critically evaluate the major messages of the cur-
rent work by Sun et al. and discuss their societal impact.

Nocturnal light exposure causes
sleep disturbances and stress
responses

In his review article ‘Missing the dark – health effects of light pollution’
in 2009, Chepesiuk gives a historic overview on electrified illumin-
ation at night supplemented by worrisome satellite images of light
pollution evolvement in the USA starting in the 1950s and ending
with a projection for the year 2025 (Figure 1).8 The author explains in
detail not only how light pollution evolves but also how it irritates
animals (e.g. causing billions of deaths of birds due to collisions), dis-
turbs our sleep, impairs our circadian rhythm, and thereby causes se-
vere health effects such as cancer and cardiovascular disease, which
are the subject of chronobiological studies. Bedrosian and Nelson
reviewed in detail the impact of light exposure timing on brain func-
tion and mood.9 They conclude that disruption of circadian rhythm
by night-time light dysregulates essential processes such as hormone
secretion, cellular function, and gene expression, which is associated
with higher risk of acquiring certain cancers, metabolic dysfunction,
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Figure 1 (A) Simulation of light pollution growth in the United States: 1950s, 1970s, 1990s, and projected to 2025. Calculated according to
Cinzano in “Light Pollution: The Global View” (edited by H.E. Schwarz) and reused with permission by P. Cinzano, F. Falchi, C. D. Elvidge. VC 2001
ISTIL- Light Pollution Science and Technology Institute, Italy. (B) Distribution of air pollution and road/aviation noise exposure levels shows a co-lo-
calization with light pollution in the USA. Air pollution map reused from Khan et al.15

VC 2019 under the Creative Commons Attribution License.
Noise pollution map was qualitatively approximated from United States Department of Transportation, Bureau of Transportation Statistics (https://
maps.bts.dot.gov/arcgis/apps/webappviewer/index.html?id=a303ff5924c9474790464cc0e9d5c9fb). Red color = areas with higher noise exposure.
Orange color = noise exposure hot spots. (C) Hazard ratio for light pollution-mediated coronary heart disease (hospitalization from CHD) and mor-
tality (death from CHD). All conditions were adjusted by the most common confounders such as age, sex, and medication, but also social status and
others. High particulate matter caused additive risk effects for CHD death but not CHD hospitalization. The graph was generated from tabular data
from Sun et al.7 with permission.
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and mood disorders. A detailed perspective of nocturnal light pollu-
tion was also provided for the global level.10

It is very likely that the adverse health effects of nocturnal light pol-
lution are mediated by similar pathomechanisms to those described
for nocturnal traffic noise exposure.11 For example, sleep fragmenta-
tion and deprivation, followed by stress responses and dysregulation
of circadian rhythm, may represent the major triggers of disease and
mortality induced by nocturnal light pollution (Figure 1). In support of
this assumption, a large cohort study in >265 000 participants
revealed that outdoor light exposure at night increases the risk of de-
pressive symptoms [odds ratio (OR) 1.29; 95% confidence interval
(CI) 1.15–1.46] or suicidal behaviours (OR 1.27; 95% CI 1.16–1.39),12

thereby suggesting neurobiological changes caused by nocturnal light
pollution. A small cohort study in 528 elderly Japanese participants
observed an increase in systolic and diastolic blood pressure by 3.7%
and 4.5% (4.3 and 3.0 mmHg), respectively, for a 5 lux [1 lux = 1
lumen/m2; 1 lumen is equivalent to�0.1 W (bulb) or 0.01 W (LED)]
increase in outdoor light exposure at night.13 This systolic blood
pressure increase of 4.3 mmHg may be translated to a 6.1% increase
in total mortality (= 10 000 excess deaths per year) of Japanese peo-
ple at higher age. In an animal study, constant illumination accelerated
the onset of metabolic syndrome and spontaneous and chemically
induced tumorigenesis, and shortened the life span in both male and
female rats, all of which was prevented by administration of mela-
tonin in the drinking water.14

Nocturnal outdoor light exposure
increases the risk of coronary
heart disease

The present study by Sun et al.7 analysed the association between
outdoor light exposure at night and incident risk of coronary heart
disease (CHD) and mortality in the elderly Hong Kong population
(58 692 individuals). Over a follow-up time of 11 years, the authors
enrolled 3772 CHD hospitalizations and 1695 CHD deaths.
Outdoor illumination at night was obtained from satellite data with a
precision of 1 km2. The authors revealed that after multivariable ad-
justment, light exposure at night [change of 60.0 nW/cm2/sr (units of
radiance = watt per steradian per square metre] is associated with
increased risk of these outcomes, with a hazard ratio of 1.11 (95% CI
1.03–1.18) for CHD hospitalizations and 1.10 (95% CI 1.00–1.22) for
CHD deaths, with an overall monotonic exposure–response func-
tion. Moreover, sensitivity analyses indicated that these associations
were stable. For high PM2.5 doses (yearly exposure to >7.3 lg/m3)
there was an additive interaction effect on CHD mortality in the high-
est light pollution quintiles (86 and 137 nW/cm2/sr) with a hazard
ratio of 1.32 and 1.39, respectively (Figure 1). Additionally, the authors
assessed night-time road traffic noise levels (Lnight) at the residential
address of each participant and were able to adjust for it throughout
the analyses, confirming the robustness of the results. This is of spe-
cial importance, since it was shown that participants in the highest
light pollution quintiles (fourth quintile 72.0–106.5 nW/cm2/sr; fifth
quintile, 106.5–233.1 nW/cm2/sr) were also exposed to the highest
levels of PM2.5 and night-time traffic noise, indicating that these three

environmental hazards may together be responsible for these ad-
verse health effects.

Strengths and limitations of the
study

Taken together, the present study by Sun et al. provides strong evi-
dence that light at night may constitute a relevant contributor to
increased risk of CHD. Importantly, this is the first study to prospect-
ively examine the association between light at night and risk of CHD
on the basis of a large, well-characterized cohort. The results were
robust and remained significant even after adjustment for a wide
range of individual and neighbourhood-level risk factors including air
and noise pollution, with the latter described to exert adverse health
effects by similar pathomechanisms to those proposed for light at
night. Extensive sensitivity analyses were conducted to prove the sta-
bility of results from which emerged evidence that environmental
hazards, i.e. light at night and air pollution, may act together to in-
crease the risk of CHD mortality. However, some limitations and
gaps should be considered. Since Hong Kong ranks among the most
polluted areas in the world and the investigated sample represents an
older Chinese population, the findings may have limited generalizabil-
ity to other areas, ethnicities, and age groups. As disturbed sleep and
dysregulated circadian rhythm are proposed to be among the key
mechanisms by which light pollution increases risk of disease and
mortality, a direct assessment of these variables (by, for example,
sleep quality) would be highly beneficial. Exposure misclassification
has most probably occurred since individuals with higher light expos-
ure may be more likely to implement adaptive measures such as using
light-blocking curtains; in this case a mismatch between outdoor and
indoor light conditions would interfere with the results. In agreement
with the analysis of the joint effects of light and air pollution, a more
sophisticated approach in the case of noise exposure would allow a
better differentiation of independent exposure effects and assess-
ment of potential additive/interactive effects.

What are the societal
consequences?

Environmental (cardiovascular) risk factors are on the rise and rarely
come alone, especially in densely populated and highly urbanized
areas. Although we have made significant medical and societal pro-
gress over the last years in combating and preventing traditional car-
diovascular risk factors such as smoking, diabetes mellitus,
hypercholesterolaemia, and obesity on an individual basis, there is a
great need to take into account environmental cardiovascular risk
factors in order to fight the global burden of cardiovascular disease
successfully. Currently, the public interest and efforts in addressing
the health burden of environmental stressors have increased signifi-
cantly and our societies are becoming more and more aware of the
impact of the environment on health and disease. We need more ef-
fective policies and prevention strategies that adequately strengthen
these efforts in order to reduce the burden of disease imposed by en-
vironmental risk factors such as light, air, and noise pollution.
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