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• Exposure to artificial light at night (LAN)
is increasing worldwide.

• Animal and laboratory studies suggest
detrimental effects on behavior and
mood.

• Epidemiological evidence suggests that
LAN may increase risk of depression.

• Number of epidemiological studies is lim-
ited, more robust evidence is needed.
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 Background: Emerging evidence suggests a possible association between artificial light at night (LAN) exposure and
physiological and behavioral changes, with implications on mood and mental health. Due to the increased amount
of individuals' LAN exposure, concerns have been raised regarding harmful impact of light pollution on mental health
at the population level.
Aim: To perform a systematic review of observational studies to investigate if light at night, assessed both indoor and
outdoor, may be associated with an increased risk of mental diseases in humans.
Methods:We reviewed the epidemiological evidence on the association between LAN exposure, assessed either via sat-
ellite photometry or via measurements of bedroom brightness, and mental disorders. We systematically searched the
PubMed, Embase andWeb of Science databases up to April 1, 2022. Studies were included if they assessed the link be-
tween indoor or outdoor artificial light at night and one or more mental disorders in human populations.
Results: Nine eligible studies were included in this review: six studies had a cross-sectional design, two had a longitu-
dinal design with a median follow-up of 24 months, and one was a case-cohort study. Overall, we found moderate ev-
idence of a positive association between LAN exposure and depressive symptoms and to a lesser extent other mental
disorders, though the number of studieswas limited and potential residual confounding such as socioeconomic factors,
noise, or air pollution may have influenced the results.
Conclusions: Althoughmore robust evidence is needed, the epidemiological evidence produced so far seems to support
an association between LAN and risk of depressive disorders.
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1. Introduction

Mental disorders include a wide range of different illnesses, with de-
pression being the most relevant. Several data have demonstrated the in-
creased burden of mental disorders in the last decades (World Health
Organization, 2017) and various risk factors have been investigated, in-
cluding environmental determinants (Attademo et al., 2017; Bakolis
et al., 2021; Kim et al., 2021; Liu et al., 2021). Nevertheless, the etiology
of many mental disorders is still uncertain.

Inmodern society, individuals are increasingly exposed to artificial light
at night (LAN) i.e., different sources of light altering the natural day-night
cycle. The New World Atlas of Artificial Sky Brightness reports that “more
than 80% of the world and more than 99% of the US and European popula-
tions live under light-polluted skies” (Falchi et al., 2016). Outdoor LAN
(e.g., urban artificial light) can presumably reach indoor environments, al-
though the relationship between outdoor and indoor LAN exposure has
not been fully elucidated (Rea et al., 2011). Further, indoor light exposure
has increased during the last decades, mainly because of home lights turned
on during night, as well as new sources of exposure (e.g., electronic devices
such as monitors, smartphones, etc.), polluting the natural nighttime dark-
ness and exerting potential risks to human health.

High LAN exposure has already been linked to detrimental effects in
humans, including increased risk of breast cancer (Lai et al., 2021; Urbano
et al., 2021) and obesity (Lai et al., 2020). Moreover, emerging evidence
suggests that LAN exposure might be associated with physiological and be-
havioral changes, with implications on mood and mental health (Bedrosian
and Nelson, 2013). Hence, increased light pollution and over-illuminated
nightlife raise concerns regarding their potentially harmful impact on men-
tal health at a population level (Bedrosian and Nelson, 2013).

Evidence on animal models shows that LAN has a negative influence on
mood. Several studies show that nighttime light exposure can induce de-
pressive behaviors in both diurnal (Fonken et al., 2012; Taufique et al.,
2018) and nocturnal animals (Bedrosian et al., 2011). The mechanisms un-
derlying these effects are still unclear, as some studies suggest that theymay
depend on a direct influence in mood regulation (An et al., 2020) whereas
2

others on the disruption of circadian rhythm (Bedrosian and Nelson, 2013;
Tam et al., 2021). With regard to the role of LAN on other types of mental
disorders, studies suggest that LAN exposure during early development in-
creases adult anxiety-like responses in mice (Borniger et al., 2014; Cissé
et al., 2016) and can have a different impact on anxiety levels in aged
mice depending on sex and estrous cycle. Other studies show a decreased
anxiety-like response in Swiss-Webster mice exposed to lighting conditions
for three weeks (Fonken et al., 2009). Further, behavioral detrimental ef-
fects due to LAN exposure have been reported in other animal studies
carried out in both terrestrial and aquatic organisms (Dickerson et al.,
2022; Lynn et al., 2021) and an additional laboratory study suggests
that artificial LANmay have negative consequences on cell proliferation
and brain plasticity of zebra finches (Moaraf et al., 2021). However, de-
spite the evidence in animal studies produced so far, the link between
LAN and mental disorders in humans remains unclear and more infor-
mation is needed in order to better assess possible risks. Therefore, in
this paper, we systematically reviewed and assessed the epidemiologi-
cal evidence relating to the association between LAN exposure and men-
tal disorders in humans.

2. Methods

2.1. Literature search

For this study, we followed the modified Preferred Reporting Items for
Systematic review and Meta-Analysis (PRISMA) guidelines (Page et al.,
2021), including the PRISMA checklist (Supplemental Table S1). We for-
mulated the research question according to PECOS statement (Population,
Exposure, Comparators, Outcomes, and Study design): “Is exposure to
light at night, assessed both indoor and outdoor, associated with an in-
creased risk of mental diseases in humans in non-experimental studies?”
(Morgan et al., 2018). We systematically searched the literature in online
databases up to April 1, 2022, using different search terms linked to “men-
tal disorders” and “light at night”, with no language restrictions. The stud-
ies were searched in Medical Literature Analysis and Retrieval System
Online (MEDLINE) using PubMed, Excerpta Medica database (Embase)
and Web of Science Core Collections. Details of the search strategies are re-
ported in Supplemental Table S2. We searched the reference lists of all in-
cluded articles in order to find other relevant articles. Two authors (TF
and ST) independently selected the studies and extracted the relevant infor-
mation following a two-steps process, with a first screening based on each
article's title and abstract and a second independent screening of the full
texts of the potentially relevant articles. Discrepancies were solved
through discussion with a third author (TU). Studies were included
if they could meet the following criteria: they were performed in
human populations using observational study design (e.g. cross-
sectional, case-control, cohort); the exposure variable was artificial
light at night, assessed either as indoor or outdoor lighting; the out-
come variable was any kind of mental disorders.
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2.2. Risk of bias assessment

We assessed the quality of the studies using the National Institute of
Health (NIH) Quality assessment tool for Observational Cohort and Cross-
Sectional studies (NHLBI, 2013). We assessed potential bias for each
study using 14 criteria: (1) research question (2–3) study population
(4) groups recruited from the same population and uniform eligibility
criteria (5) sample size justification (6) exposure assessment prior to out-
come measurement (7) sufficient timeframe to see an effect (8) different
levels of exposure of interest (9) exposuremeasures and assessment (10) re-
peated exposure assessment (11) outcome measures (12) blinding of out-
come assessor (13) follow-up rate (14) statistical analyses. Two authors
independently assessed the studies (ST and TU). A “good”, “fair” or
“poor” quality rating was given to each study. Disagreementswere resolved
through discussion. Where discrepancies remained, studies were assessed
by a third reviewer (TF).

2.3. Data extraction

For each included study we extracted the following data: first author
name, year of publication, study country, population characteristics,
study design, recruitment period, type of LAN exposure, method of LAN ex-
posure assessment, outcome, method of outcome assessment, adjustment
factors and results.

3. Results

Fig. 1 shows the PRISMA flow-chart of the search results. We identified
653 citations and removed 54 duplicate publications. After excluding 584
studies following abstract and title screening, 15 articles were considered
Fig. 1. Flowchart summarizi

3

to be potentially eligible for this review and retrieved in full text. Eight stud-
ies eventually met inclusion criteria (Esaki et al., 2020; Esaki et al., 2022;
Helbich et al., 2020; Min and Min, 2018; Obayashi et al., 2013; Obayashi
et al., 2018; Paksarian et al., 2020; Xie et al., 2022). One further study
was identified through citation chasing, by checking the reference lists of
included articles (Wallace-Guy et al., 2002). Main reasons for exclusion
were the study being a letter, a commentary or a review, having a different
exposure (e.g., exposure to light during daytime) or a different outcome.

Table 1 shows the characteristics of the eligible studies. Among the nine
studies included, twowere carried out in the US, four in Japan, one in South
Korea, one in China, and one in The Netherlands. Six studies had a cross-
sectional design (Esaki et al., 2020; Helbich et al., 2020; Min and Min,
2018; Obayashi et al., 2013; Paksarian et al., 2020; Wallace-Guy et al.,
2002), two had a longitudinal design with a 24 months median follow-up
time (Esaki et al., 2022; Obayashi et al., 2018), and one was a case-cohort
study (Xie et al., 2022). Two studies (Esaki et al., 2022; Obayashi et al.,
2018) were performed on same cohorts of two previous ones (Esaki et al.,
2020; Obayashi et al., 2013), respectively, but we included all of them
and assessed them separately because they included different participants
(one study excluded participants with diagnosed depression or with a
score of the Geriatric Depression Scale (GDS-15) above the cut-off and the
other included participants having a GDS-15 score above the cut off, self-
reported history of depression or undergoing antidepressant therapy)
(Obayashi et al., 2013; Obayashi et al., 2018) or assessed different out-
comes (Esaki et al., 2020; Esaki et al., 2022). The studies were published be-
tween 2002 and 2022. Seven studies were conducted in adult populations,
one among adolescents, and one among children. Sample size ranged from
154 to 152,159 individuals.

In five studies LAN exposure was assessed indoor (Esaki et al., 2020;
Esaki et al., 2022; Obayashi et al., 2013; Obayashi et al., 2018; Wallace-
ng the literature search.
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Guy et al., 2002), whereas four studies assessed outdoor LAN via satellite-
derived data, using data from the National Oceanic and Atmospheric Ad-
ministration (Helbich et al., 2020; Min and Min, 2018; Paksarian et al.,
2020; Xie et al., 2022). Among the five studies which assessed indoor
LAN, four made use of bedroom photometers fixed near the head of the
bed (Esaki et al., 2020; Esaki et al., 2022; Obayashi et al., 2013; Obayashi
et al., 2018) and one, assessing light exposure in the 4 h before bedtime
and over 24 h, made use of photometers placed on the participants' wrist
(Wallace-Guy et al., 2002).

The included studies examined several outcomes, with depression being
the most frequently investigated. Depressive symptoms were measured
using different scales: the short version of the GDS-15 (Obayashi et al.,
2013; Obayashi et al., 2018), theWorld Health Organization Composite In-
ternational Diagnostic Interview version 3.0 (Paksarian et al., 2020), the
Korean version of Center for Epidemiologic Studies Depression Scale
(CES-D) (Min and Min, 2018), the Patient Health Questionnaire-9 (PHQ-
9) (Helbich et al., 2020), and a brief screening questionnaire developed
for detecting depressive disorders (Wallace-Guy et al., 2002). Five out of
the six studies investigating depression (Helbich et al., 2020; Min and
Min, 2018; Obayashi et al., 2013; Obayashi et al., 2018; Paksarian et al.,
2020) found an association between LAN exposure and depressive symp-
toms. Among the studies assessing other outcomes, one study found an as-
sociation between LAN exposure and past-year mood and anxiety disorders
(e.g., bipolar disorders, dysthymia, specific phobia) and a slight one with
some behavior disorders (Paksarian et al., 2020), two between LAN expo-
sure and manic symptoms (Esaki et al., 2020) or manic/hypomanic symp-
toms relapses (Esaki et al., 2022) in patients suffering from bipolar
disorders, one between LAN exposure and suicidal behaviors (Min and
Min, 2018). Finally, one study carried out in China found an association be-
tween long-term LAN exposure and risk of autism spectrum disorder (Xie
et al., 2022).

Results of the quality assessment are presented in Supplemental
Table S3. Almost all studies were at moderate risk of bias, translating to a
“fair” rating of quality. Three studies (Esaki et al., 2022; Obayashi et al.,
2018; Xie et al., 2022) had a low risk of bias and were rated “good”. All
the studies rated “fair” had a cross sectional design which did not allow
to assess two criteria of the Quality Assessment Tool (“exposure assessed
prior to outcomemeasurement” and “sufficient timeframe to see an effect”)
resulting in a higher risk of bias and providing weaker evidence compared
to the one case-control and two cohort studies.

4. Discussion

Overall, we found moderate evidence of a positive association between
LAN exposure and mental disorders in humans, notably in relation to de-
pressive symptoms. The relation between LAN exposure and some other
mood disorders has been previously suggested in both epidemiological
and laboratory studies. However, to our knowledge this is the first review
aiming at providing a systematic overview of epidemiological evidence
on the role of LAN in mental disorders.

In 2012, a policy statement of the American Medical Association sum-
marized the scientific evidence on the association between light pollution
and health related effects, including mood and sleep disorders (Stevens
et al., 2013) as these conditions may be influenced in their onset and pre-
cipitation by circadian disruption (Bedrosian and Nelson, 2017). In this
sense, there is biological plausibility for LAN having direct and indirect ef-
fects on melatonin secretion, sleep deprivation and/or chronodisruption
(Erren et al., 2003; Haus and Smolensky, 2013; Touitou et al., 2017). Sev-
eral processes involved in depression and mood disorders (i.e., brain plas-
ticity, neurotransmission, alteration of hormone secretion and expression
of clock genes) are under circadian control and thus vulnerable to disrup-
tion by environmental perturbations of daily rhythms (Bedrosian and
Nelson, 2017). In particular, it has been suggested that melatonin suppres-
sion may increase risk of depression through interaction with monoamine
signalling and alteration of neurotrophic factors levels (Tonon et al.,
2021). In addition, melatonin may suppress inflammatory responses
6

through immunological (e.g., influencing neutrophils infiltration and
migration, mitigating pro-inflammatory cytokine production) and non-
immunological mechanisms (e.g., promoting antioxidant processes), thus
influencing neuro-inflammation and subsequent alterations in brain re-
gions implicated in depression (Won et al., 2021).

Evidence from several animal studies supports a role for dimLAN (i.e., 5
lx) in provoking or increasing depressive-like symptoms (Bedrosian et al.,
2011; Fonken et al., 2012; Fonken andNelson, 2013). Exposure to LANdur-
ing adolescence has been suggested to promote amodest increase in suscep-
tibility to anxiety-like phenotype in female mice and to induce depressive-
like symptoms in bothmale and female mice (Chen et al., 2021). Moreover,
studies suggest that LAN-induced depressive-like behaviors may be medi-
ated not only by the disruption of the endogenous local circadian rhythm
but also by direct synaptic inputs from circadian centres in the brain
(i.e., neural activities) (An et al., 2020) and that exposure to altered postna-
tal light may impact the hypothalamic-pituitary-adrenal axis, which is
closely related tomood disorders (Coleman et al., 2016). In humans, the as-
sociation between circadian rhythm disruption and mental health has been
widely investigated in epidemiological studies, especially among night-
shift workers. A recent meta-analysis of 11 observational studies concluded
that night-shift workers are at higher risk of depression compared to day-
time workers (Lee et al., 2017). Another longitudinal study conducted
among individuals transitioning to rotating shift work, reported increased
symptoms of depression and anxiety among these subjects (Kalmbach
et al., 2015). In this regards, evidence that night-shift workers had reduced
overall melatonin amplitude even in the absence of acute melatonin sup-
pression suggests that circadian disruption, rather than acute melatonin
suppression induced by LAN, is associated with adverse health effects
(Hunter and Figueiro, 2017). Similarly, data from a systematic review in-
cluding 42 studies concluded that circadian rhythm disruption and evening
chronotype are common in bipolar disorder (Melo et al., 2017).

Among the studies included in this review, the association between LAN
exposure and mental disorders was assessed either via measurements of
bedroom brightness (indoor LAN) or via satellite photometry (outdoor
LAN). Of the five studies assessing indoor LAN exposure in home settings,
one (Wallace-Guy et al., 2002) analyzed a sample of postmenopausal
women and found no correlation between exposure to low evening light
levels and depressed mood. Two studies reported a higher risk of depres-
sion among elderly subjects (Obayashi et al., 2013; Obayashi et al.,
2018), and two studies (Esaki et al., 2020; Esaki et al., 2022) investigated
patients with bipolar disorder, finding out that LAN exposure may be asso-
ciated with manic symptoms and manic/hypomanic episode relapses. This
result corroborates the hypotheses derived from previous studies showing
that bipolar affective subjects were supersensitive tomelatonin suppression
induced by light (Lewy et al., 1985; Nurnberger et al., 1988).

Outdoor LAN was assessed in four studies using satellite-based data. In
two of them a positive association with depressive symptoms and depres-
sive symptoms together with suicidal behaviors was found among adult
subjects (Helbich et al., 2020; Min and Min, 2018). A third study gave sim-
ilar results: outdoor LAN was positively associated with mood and anxiety
disorders (thus including bipolar disorder, major depressive disorder, dys-
thymia, specific phobia) and slightly with behavior disorders in US adoles-
cents aged 13–18 years (Paksarian et al., 2020). The only study conducted
among children aged 3–12 years similarly reported detrimental effects of
outdoor LAN, concluding that a brighter LAN was associated with higher
risk of autism spectrum disorder (Xie et al., 2022).

The impact of disruption of circadian rhythm by LAN exposure may
differ in late adulthood compared with younger populations. As age in-
creases, blue light (i.e., a major part of the spectrum of visible light) is
reduced in its transmission to the retina and may be associated with
an increased risk of having sleep disturbances, possibly because of re-
duced stimulation of the melanopsin containing retinal ganglion cells
and hence impaired photoentrainment of circadian rhythm (Kessel
et al., 2011). However, the studies included in this review seem to sup-
port an association between LAN and some type of mental disorders, in-
dependently from age.
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When interpreting the results of this study, several limitations should be
considered. First, the number of studies investigating the effect of artificial
light at night and metal disorders is still limited and further evidence is
needed. Secondly, the relatively limited number of studies reporting risk es-
timates for each outcomeand the high heterogeneity of the included studies
did not allow us to quantitatively and meaningfully pool them in meta-
analysis. Moreover, although the included studies adjusted for several fac-
tors, there may be unmeasured variables with potential residual confound-
ing. In particular, we cannot entirely rule out that LAN exposure may be
confounded by factors such as socioeconomic factors, noise or air pollution
and more research is needed to rule out the role of confounders in outdoor
assessments. Only one study indeed adjusted for air pollutants levels
(Helbich et al., 2020) and only two for greenness, both considered as poten-
tial effect modifiers in the relation between LAN exposure and adverse
health effects (Gascon et al., 2018; Hogan et al., 2015; Kasdagli et al.,
2022; McIsaac et al., 2021; Palanivel et al., 2020; Stanhope et al., 2021). Fi-
nally, among the studies included in this systematic review, only two had a
cohort design, andmore longitudinal evidence is needed to assess a possible
causal relationship.

In conclusion, by using rigorous methods and transparent reporting, we
were able to provide a complete overview of the state of knowledge in this
field, which supports an association between LAN and risk of depressive
disorders.
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