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Abstract

Background Light exposure over 24 h is a modifiable environmental influence on human physiology and behavior
with significant implications for health and well-being, yet the field lacks coordinated research infrastructure, stand-
ardized methodologies, and translational pathways.

Methods To address this, we convened a multi-disciplinary consensus workshop and expert consultation process
with 13 experts from academia, public health, radiation protection, and occupational health institutions. The aim
was to identify key research gaps and to define priority areas to guide future work.

Results Through an in-person and hybrid meeting, followed by iterative refinement and feedback, we identified
nine critical gaps: (1) lack of standardized measurement tools, (2) inadequate exposure estimation infrastructure,

(3) inconsistent descriptors and metrics, (4) absence of outcome standards, (5) limited dose-response evidence
beyond the laboratory, (6) insufficient data on intervention effectiveness, (7) poor characterization of globally rep-
resentative and vulnerable populations, (8) fragmented data harmonization, and (9) limited integration into public
health frameworks. To address these gaps, we propose 11 research priority areas spanning measurement, methodol-
ogy, data infrastructure, ethics, and implementation, as well as four capacity-building priority areas.

Conclusions This agenda provides a strategic foundation for building an integrated and evidence-based approach
to studying and understanding light exposure as a determinant of health.

Keywords Ocular light exposure, Non-visual effects of light, Circadian health, Optical radiation exposure,
Environmental determinants of health, Exposure measurement and metrics, Dose—response relationships, Vulnerable
populations, Data harmonization, Public health integration

*Correspondence:

Manuel Spitschan

manuel.spitschan@tum.de

Full list of author information is available at the end of the article

©The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-025-04608-8&domain=pdf
http://orcid.org/0000-0002-8572-9268
http://orcid.org/0000-0002-3673-8838
http://orcid.org/0000-0002-8269-8654
http://orcid.org/0009-0006-1898-3967
http://orcid.org/0000-0003-3388-161X
http://orcid.org/0000-0002-1757-847X
http://orcid.org/0000-0003-4874-380X
http://orcid.org/0000-0001-5838-8501
http://orcid.org/0009-0002-7320-9289
http://orcid.org/0000-0002-8669-6955
http://orcid.org/0009-0001-8637-7911
http://orcid.org/0000-0003-2171-4566

Spitschan et al. BMC Medicine (2026) 24:119

Background

Light exposure over the 24-h cycle is a key environmental
signal that plays a critical role in regulating human biol-
ogy, behavior, and health. Beyond its well-established
function in enabling vision, light influences a range of
non-visual physiological processes. These include the
synchronization of circadian rhythms and modulation
of sleep—wake cycles, hormonal regulation, mood, alert-
ness, and metabolic function [1]. Recent advances from
in-laboratory research and field assessments have high-
lighted the importance of understanding how patterns
of light exposure (defined by intensity, spectrum, timing,
duration, and spatial distribution [2]) drive these physi-
ological processes.

In parallel, there is growing evidence that “suboptimal”
light exposure and lighting environments, both indoors
and outdoors, may contribute to adverse health out-
comes. Suboptimal light exposures include insufficient
daytime light exposure and limited access to daylight and
excessive light exposure before sleep or at night. Emerg-
ing efforts to collect continuous light exposure data in
diverse populations [3, 4] indicate that both daytime and
pre-sleep exposure falls largely outside of current, lab-
derived recommendations for healthy light exposure [5].
These recommendations suggest a melanopic equivalent
daylight illuminance (melanopic EDI) of>250 Ix during
daytime, <10 Ix in the pre-sleep environment, and<1 Ix
in the sleep environment. For comparison, indoor light-
ing typically ranges between roughly 10 and 1000 Ix mel-
anopic EDI, while outdoor light exposure can reach levels
of up to approx. 100,000 Ix melanopic EDI [6]. Actual
light exposure under real-world conditions [7] can differ
widely, with average values being lower than the possible
maximum values [8].

Recent large-scale studies link excessive light expo-
sure at night and dim daytime light exposure to nega-
tive health outcomes [9-12]. Preceding these large-scale
studies, light at night was assessed by the International
Agency for Research on Cancer as a potential factor in
the possible development of cancer through night work
[13]. These effects may be influenced by urbanization,
increased screen use, and occupational changes, but they
are not well captured in population health data or inte-
grated into routine public health practice.

While the scientific evidence supporting the relevance
of light exposure is expanding, progress in translating
this knowledge into large-scale research, public-health
surveillance, and policy has been slow. Several challenges
contribute to this gap. These include the absence of
standardized measurement tools, limited data infrastruc-
ture, unclear dose—response relationships, and a lack of
coordinated efforts to identify, study, and protect under-
studied and vulnerable populations. Furthermore, there
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are only a few established pathways to translate current
research knowledge into practice and incorporate light-
related considerations into healthcare systems, occupa-
tional safety frameworks, building and lighting design, or
public health guidelines.

To address these limitations and to support evidence-
based actionable strategies, a structured expert consen-
sus process was initiated. The goal was to identify key
research gaps and define priority areas to guide the devel-
opment of tools, methods, and policy relevant to light
exposure and health at scale. This report presents the
outcomes of that process, offering a research agenda for
the next decade to advance the field of light and health in
a coordinated and impactful way.

Methods

Consensus development process

The identification of research gaps and priorities was
conducted through a structured expert consultation pro-
cess combining workshop discussions and iterative writ-
ten feedback.

Participants and selection criteria

Thirteen experts (all co-authors of this paper) partici-
pated in the development process. Experts were purpo-
sively selected to ensure broad coverage of disciplinary
domains relevant to non-visual effects of light, includ-
ing chronobiology, vision science, public health, light-
ing engineering, radiation protection, and occupational
health. Eligibility was based on demonstrated domain
expertise (e.g., peer-reviewed publications, contributions
to standards or guidelines, or applied professional expe-
rience). To facilitate in-depth discussion and iterative
consensus building, the group size was intentionally lim-
ited to thirteen participants, spanning career stages from
graduate student to full professor. All experts were affili-
ated with European institutions; as such, while the group
reflects disciplinary diversity, it does not represent a
comprehensive geographic or demographic distribution.

Hybrid workshop

A 1-day hybrid workshop was held on 26 June 2025 at the
TUM Institute for Advanced Study (TUM-IAS), Garch-
ing, Germany. The agenda included short impulse talks to
provide context, followed by breakout group discussions
and plenary sessions. Thematic groups identified candi-
date research gaps and opportunities based on discipli-
nary expertise and shared observations.

Synthesis and consultation

Notes and outputs from the workshop were synthesized
by the first author into a preliminary draft of research
gaps and priorities. This draft was circulated to all
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participants in two iterative rounds of written consul-
tation. Participants provided detailed comments, cor-
rections, and additions, which were incorporated into
successive revisions.

Agreement and consensus

Consensus was defined as the absence of outstanding
objections after the final consultation round. Disagree-
ments were resolved through an open commenting pro-
cess. All participants reviewed and approved the final
version. This structured consensus workshop and con-
sultation process generated a shared agenda that reflects
the perspectives of a multidisciplinary group of experts,
providing a coordinated foundation for future research.

Results
The expert consultation process identified nine research
gaps, as well as eleven research priority areas and four
capacity-building priority areas aimed to fill these gaps
(Fig. 1).

Identified research gaps

An overview of the identified research gaps with descrip-
tions and their relevance for practice can be found in
Table 1.

Exposure measurement and estimation

Gap 1: Lack of standardized measurement tools A
central limitation in advancing research on light expo-
sure and health is the absence of standardized tools for
measuring personal ocular light exposure in real-world

GAPS

1 Lack of standardized measurement tools

N

Inadequate exposure estimation infrastructure —

w

Lack of consistent exposure descriptors
and metrics

I

Absence of core outcome standards

13

Limited dose-response evidence

o

Limited evidence on intervention effectiveness

~

Poor characterization of globally representative
and vulnerable populations

Fragmented data harmonization and sharing

©

9 Limited integration of non-visual effects of light into public
health frameworks
RESEARCH AREAS
EXPOSURE OUTCOMES INTERVENTIONS

Fig. 1 Gaps in research and practice and priority areas
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settings at scale. Currently available devices differ sub-
stantially in terms of spectral sensitivity, dynamic range,
angular response and sampling frequency, and most
importantly, form factor and thus wearability [14-19].
Few of them have been validated against traceable cali-
bration standards, and many do not measure across the
full photobiologically relevant range of wavelengths,
including ultraviolet (UV) [20-22] and near-infrared
(NIR) light. Even devices which provide accurate spectral
readings according to current standards do not neces-
sarily measure correctly in terms of human physiology,
which is especially the case for their measurement field
of view and angular response [23-25]. A key limita-
tion of wearables is that wearing location can influence
the measured light exposure significantly. Wrist-worn
light loggers can be easily covered by clothing or bed-
ding [26-30]. At the same time, light loggers placed in
the corneal plane (e.g., [31-35]) are not readily available
for use in everyday contexts [15, 36]. Most wearables and
loggers do not capture contextual information related to
visual experience, such as the direction of gaze, contrast,
or scene composition, which may modulate physiological
responses [2, 37]. These inconsistencies limit the compa-
rability of data across studies and make it difficult to syn-
thesize findings or draw reliable conclusions from pooled
datasets.

In addition to variation in devices, there is a lack of
standardized protocols for data collection (e.g., [38]),
quality assurance, and reporting. Studies often differ in
how and where devices are worn, for how long they are
used, and how missing or noisy data are handled. Very

PRIORITY AREAS

Interoperable data and reproducible analyses
Data sharing and reference data sets

Embedding in public and occupational health

Ethics and privacy

Definition of sensitive populations
and windows of vulnerability

Definition of interventional targets

Development and refinement of
exposure measurement tools

— Development of exposure estimation methods

Definition of exposure descriptors and metrics

Definition of core outcome sets

Definition of dose-response relationships

DATA & ANALYTICS EMBEDDING
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Table 1 Gaps in research and practice
Gap
Gap 1
Lack of standardized
measurement tools

Gap description

There are currently no validated, harmonized
instruments to monitor and quantify personalized,
physiologically- and behaviourally relevant light
exposure in the field over long periods of time,
including UV/NIR wavelengths and dimensions of
visual experience and tools to quantify, assess
and evaluate exposure and data quality
Gap 2
Inadequate exposure
estimation infrastructure

There is no robust methodology for estimating
light exposure, light availability and other aspects
over the 24-hour day using job-exposure matrices,
GIS/time-use models or electronic health records
Gap 3

Lack of consistent
exposure descriptors and

exposure metrics

There is no consensus agreed-upon list of
exposure descriptors or terminology for light-
related exposures

Gap 4 There are no agreed-upon minimum outcomes or
Absence of core outcome protocols to consistently evaluate the health
standards effects of light exposure
Gap 5 There is little understanding of how much change
Limited dose-response in light exposure leads to which health benefit or
evidence risk in real-life situations and how much this varies
alongside different population and location axes
(age, health status, socio-economic status, etc.)
Gap 6 There are few studies evaluating light-based

Limited evidence on
intervention effectiveness

interventions placed in the behavioural real-world
context for feasibility, cost-benefit and real-world
implementation
Gap 7
Poor characterization of
globally presentative and
vulnerable populations

There are very few studies on light exposure
across the globe and research has not adequately
identified which subgroups are most vulnerable to

light-related health effects, nor their windows of
susceptibility
Gap 8
Fragmented data
harmonization and

sharing infrastructure exists for light exposure
data,

sharing including standardized metadata schemas for
device properties, protocol-level context,
structured exposure descriptors or ontologies and
linkages to modeled exposures
Gap 9 Despite growing evidence, the non-visual effects

of light are not systematically integrated into
public health guidelines or building standards and
there is limited awareness in the general public
related to the potential impact of light on human
functioning, beyond vision

Limited integration of
non-visual effects of light
into public health
frameworks
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Why it matters

Without standardized tools, findings
cannot be compared or pooled across
studies, limiting scientific progress and

evidence-based recommendations

Reliable estimation tools are essential for
evaluating typical exposures at the
population level where direct
measurement is impractical

This inconsistency fragments the field,
prevents harmonization of datasets and
makes meta-analyses of published
findings very difficult
This prevents meaningful comparisons
across studies, hinders evidence
synthesis and weakens policy guidance

Dose-response data are critical for setting
actionable, evidence-based guidelines
and recommendations

Without this evidence, policy and practice
cannot confidently scale or invest in light-
based interventions

Without this knowledge, interventions and
policies may be inequitable or fail to
protect those most at risk

No coordinated, FAIR-compliant, federated data- This makes collation across studies labor-

intensive and error-prone, limits
reproducibility and undermines
collaboration, automation and large-scale
evidence synthesis across different
cultures and geographical regions

This limits the implementation of research
findings in practice, particularly in the
areas of urban planning, lighting in
schools and workplaces and healthcare.

few publications report uncertainty estimates or provide
metadata related to calibration and performance char-
acterization [25]. Without transparent and harmonized
procedures, reproducibility remains a challenge and col-
laborative efforts across sites become difficult to imple-
ment. The field urgently needs openly available, validated
measurement toolkits that include device specifications,
standard operating procedures, metadata templates,
and quality control guidelines that should be adapt-
able to various use cases. To ensure broad applicability,

these resources should be designed to meet the needs
of diverse populations, including children, older adults,
shift workers, and clinical patients. Developing and dis-
seminating such tools is the foundation for producing
robust, generalizable knowledge about the impact of light
exposure on health.

Gap 2: Inadequate exposure estimation infrastruc-
ture Wearable devices offer one method for capturing
individual light exposure. In contrast, large-scale studies
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and population surveillance efforts often require meth-
ods that do not rely on direct measurement, but rather
on self-reported or expert-based information on expo-
sures or other data sources. Currently, there is no robust
infrastructure for estimating personal light exposure
or light availability using indirect approaches, such as
environment-bound sensor measurements, job-exposure
matrices (JEMs), geospatial information systems (GIS),
satellite data, time-use models, building automation
systems (occupancy records and stationary sensors), or
data from electronic health records (EHRs). These meth-
ods are well established in other areas of environmental
exposure research, such as air pollution and noise [39-
42]. As a result, we lack scalable approaches to estimate
typical light exposure patterns across diverse geographic
regions, occupations, and population groups to model
population-level or sub-group risks or to identify areas in
which interventions could be most beneficial.

To make meaningful progress, the field needs validated
methods for indirect exposure estimation that can com-
plement or (partly) substitute wearable data, especially in
settings where direct measurement is not feasible due to
logistical, financial, or ethical constraints. This includes
developing light-specific job-exposure matrices that cap-
ture occupational lighting conditions, GIS-based mod-
els that incorporate building orientation, light-related
design specifications, local daylight availability, and out-
door behavior and movement patterns, and integration of
lighting-related variables into EHR or cohort metadata.
In the absence of such tools, researchers must rely on
assumptions or incomplete proxies that may not reflect
real-world conditions. Developing exposure estimation
tools that are open, scalable, and grounded in empirical
data with known accuracy will be key for enabling epi-
demiological studies and for informing public health sur-
veillance systems that include light as an environmental
determinant of health.

Gap 3: Lack of consistent exposure descriptors and
exposure metrics A barrier to progress in light and
health research is the absence of a shared framework
for describing and quantifying light exposure. While
there is a defined and widely accepted metric on the
stimulus strength of light on the non-visual system
(CIE S 026/E:2018 [43]), this metric alone only captures
momentary intensity and spectral composition and is
primarily suitable for laboratory experiments with highly
controlled settings. There is currently no consensus on
which descriptors or metrics are most relevant for cap-
turing other biologically meaningful aspects of light,
such as temporal patterns, spatial distribution, or tim-
ing of exposure relative to biological rhythms [18]. Dif-
ferent studies often use different metrics, including mean
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photopic illuminance (lux), irradiance, melanopic equiva-
lent daylight illuminance, or novel metrics that condense
time series into singular quantities or aggregated values
per specific time windows (like 30-min or 60-min bins),
mostly without clear justification or standardization [18].
This lack of consistency and guidelines to quantify light
in real-life settings fragments the field, reduces the com-
parability of results, and complicates efforts to synthesize
findings across published studies and populations.

Moreover, existing descriptors often fail to capture the
full complexity of visual and non-visual light exposure in
real-world contexts. Metrics may ignore angular geom-
etry, spatial variation across the visual field [24, 44], or
the dynamic nature of light exposure due to movement,
gaze direction, or scene changes throughout the day [2,
37]. There is also a lack of clarity regarding which met-
rics are appropriate for which research questions, mak-
ing it difficult to interpret findings or develop guidelines
based on exposure thresholds (such as those developed
from laboratory studies [5]). Establishing a minimal set
of core descriptors, supported by mechanistic evidence,
linked to health outcomes and aligned with international
standards, will be essential for harmonizing datasets and
enabling coordinated progress across research groups,
settings, and disciplines.

Health outcomes and mechanistic understanding

Gap 4: Absence of core outcome standards A key chal-
lenge in the field of light exposure and health is the lack
of agreed-upon core outcome standards. While a grow-
ing number of studies have explored how light affects
sleep, circadian rhythms, sleepiness, mood, cognition,
metabolic function, and other health-related endpoints,
there is no common set of outcomes or assessment pro-
tocols used across studies [45, 46]. Further, the non-
visual system affects many downstream physiological
health-related functions in a meaningful way, but seldom
is the primary determinant, which requires insights into a
multitude of research disciplines. Researchers select out-
comes based on disciplinary conventions or local study
practices and aims, leading to wide variability in what is
measured, how it is measured, and when measurements
are taken. This heterogeneity makes it difficult to com-
pare findings, combine datasets, or conduct robust meta-
analyses. It also hampers the translation of evidence into
policy and practice, as there are no unified indicators that
can serve as benchmarks for intervention studies or pub-
lic health monitoring.

There is an urgent need to define a core set of outcomes
that are mechanistically justified, clinically relevant, and
feasible to measure in both research and applied set-
tings. Such a standard set would improve reproducibility,
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support evidence synthesis, and create a stronger basis
for integrating light exposure considerations into clinical
and public health frameworks.

Gap 5: Limited dose—response evidence Despite increas-
ing interest in the health effects of light exposure, there
is still limited evidence describing the dose—response
relationships between light and specific physiological,
behavioral, and/or clinical outcomes such as metabolic or
cardiovascular health [47]. Most existing dose—response
studies examine short-term physiological outcomes con-
ducted under tightly controlled laboratory conditions [5,
48-50], which may not reflect real-world exposure pat-
terns or variability in individual responses [51, 52]. As a
result, it remains unclear how much light, of what type, at
what time of day, and for how long, is needed to produce
meaningful health effects. Questions about threshold lev-
els, saturation points, and the shape of dose-response
curves under real-world conditions are largely unan-
swered [53]. This limits the development of clear, evi-
dence-based guidelines for healthy light exposure across
settings such as workplaces, schools, hospitals, care facili-
ties, or urban environments. While there is strong evi-
dence that non-visual effects of light exposure are signifi-
cant in the laboratory, the size of these effects in the real
world is likely to be at best of the same magnitude as the
effects seen in the laboratory and, at worst, washed out by
other lifestyle factors and likely lower than those seen in
the laboratory [54—58]. Recent large-scale studies relating
light exposure to health outcomes suffer from low meas-
urement fidelity due to the use of wrist light loggers with
a limited range and require statistical transformations for
effective use in predicting health outcomes [9, 11, 12, 59].

Another important gap concerns individual-level vari-
ation in dose—response relationships. Individual variabil-
ity in the response to light is well-established [51, 52, 60].
Factors such as age, sex, gender, health status, chronotype,
occupation, geography, and socio-economic background
may all influence how individuals respond to light expo-
sure, yet these modifiers are rarely accounted for system-
atically [61]. Additionally, many studies examine single
endpoints in isolation, without considering trade-offs or
interactions between outcomes such as alertness, sleep,
or circadian alignment. There is a need for large-scale,
multi-site studies that integrate controlled experimen-
tal data with longitudinal observational data in the same
individual to map dose—response functions in real-world
contexts. Developing predictive models that incorporate
individual and environmental variability will be essential
for setting practical exposure targets and designing effec-
tive and tailored light-based interventions [62].
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Interventions and implementation

Gap 6: Limited evidence on intervention effective-
ness Although numerous laboratory studies have shown
that ocular light can influence sleep, circadian rhythms,
alertness, mood, and ocular health, there is limited evi-
dence on the effectiveness of light-based interventions
when implemented in real-world settings. Interventions
such as circadian lighting systems, daylight-enhancing
architectural designs, or behavior change programs are
often tested in controlled environments or pilot studies,
with limited attention to feasibility, adherence, or long-
term outcomes. Building-related interventions are most
often based on simulations and spot measurements, mak-
ing their actual effect on personal light exposure ambiguous
[62]. This creates a gap between mechanistic understanding
and practical application. The few examples (e.g., for behav-
ior change programs targeting the influence of ocular light
exposure on eye and cognitive health) are, however, very
promising and offer first insights into the feasibility of such
long-term interventions. Robust implementation studies
are essential to understand whether these interventions are
effective in real-world settings, for whom and under which
conditions. Without them, important contextual challenges
and practical barriers may remain unrecognized. Moreover,
few studies examine the acceptability, cost-effectiveness, or
sustainability of light-based interventions. End-user per-
spectives are rarely included in the design and evaluation
process, and potential barriers such as geolocation, cul-
tural preferences, architectural constraints, limited access
to daylight, and different views on daylight are often over-
looked [63]. There is also a limited number [57, 64, 65] of
comparative studies evaluating different types of interven-
tions against each other or against existing standards of
care. To move forward, the field needs pragmatic trials and
real-world implementation research incorporating behav-
ioral, economic, and environmental factors. This includes
measuring not only physiological, performance-based, and
health-related endpoints but also usability, equity, and scal-
ability across diverse settings such as schools, healthcare
facilities, offices, and homes.

Gap 7: Poor characterization of globally representa-
tive and vulnerable populations Many studies on light
exposure and health have been conducted in relatively
homogenous samples from Western, educated, indus-
trialized, rich and democratic (WEIRD) countries [66],
often consisting of healthy young adults in controlled set-
tings. As a result, there is limited understanding of how
different population groups may vary in their sensitiv-
ity to light-related health effects. For example, a recent
study showed different circadian gene expressions in
arctic residents, depending on whether they were indig-
enous or not [67]. Potentially vulnerable populations,
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such as children, older adults, shift workers, individuals
with chronic illnesses, people with disabilities, and those
living in low-light or high-exposure environments, may
respond differently to the same light exposure. A recent
study [68] showed that individuals between the ages of
40 and 60 undergo substantial nonlinear changes in their
biological profiles during middle and older adulthood.
These transitions occur during productive working years,
suggesting these periods are critical for intervention.
Therefore, recognizing and addressing these changes
could be crucial for occupational medicine, as they may
affect health outcomes and work ability.

Different target populations may also encounter differ-
ent types of constraints in accessing daylight or avoiding
harmful light at night. However, few studies have system-
atically identified who is most at risk, when susceptibility
is greatest, or how vulnerability intersects with environ-
mental, occupational, or social factors.

In addition, there is a lack of data on how individual
characteristics such as chronotype, pigmentation, hor-
monal status (including menstrual cycle or pregnancy),
or pre-existing sleep and mood disorders might modulate
light sensitivity. Social determinants of health, including
income, housing conditions, and occupational setting, are
rarely considered in light exposure studies, even though
they likely influence both exposure and health outcomes.
Without better characterization of vulnerable popula-
tions and their specific exposure contexts, interventions
may be inequitable or ineffective. Future research must
prioritize subgroup analyses, stratified study designs,
and participatory approaches that include the perspec-
tives and needs of underrepresented groups. This will be
essential for designing targeted, inclusive, and effective
public health strategies related to light exposure.

Infrastructure, data sharing, and integration

Gap 8: Fragmented data harmonization and sharing A
critical limitation in light exposure research is the lack
of coordinated infrastructure for data harmonization,
interoperability, and sharing. Although a growing num-
ber of studies collect wearable light exposure data, the
absence of shared metadata standards, ontologies, and
reporting conventions makes it difficult to compare or
combine datasets, a common problem in many fields of
science [69, 70]. Device specifications, sampling proto-
cols, placement conventions, spectral sensitivities, and
pre-processing steps are often reported inconsistently or
not at all. This lack of standardization reduces reproduc-
ibility and hinders collaboration across institutions, disci-
plines, and countries. As a result, researchers often need
to invest substantial time and effort into reprocessing
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or reformatting data to enable basic comparisons, and
meta-analyses become labor-intensive and error-prone.

Furthermore, there is no established, FAIR-compli-
ant (Findable, Accessible, Interoperable, Reusable; [71])
platform for storing and sharing light exposure data in a
secure, structured, and privacy-conscious manner. Many
datasets remain inaccessible, are “available upon (reason-
able) request” [72], or are otherwise gated (e.g., login or
licensing requirements). There is also limited tooling for
merging light exposure data with other health-relevant
information, such as actigraphy, environmental condi-
tions, or health records. To address these issues, the field
urgently needs shared infrastructures, including stand-
ardized metadata schemas [73], controlled vocabularies
for exposure descriptors, standard operating protocols
for data collection and pre-processing, platforms for fed-
erated data access, and reproducible analysis pipelines.
Enabling interoperable and scalable data sharing will not
only improve transparency and reproducibility but also
support large-scale evidence synthesis and cross-cultural
comparisons in light and health research.

Gap 9: Limited integration of non-visual effects of light
into public health frameworks Although the scien-
tific understanding of the non-visual effects of light has
advanced considerably, this knowledge has yet to be
meaningfully integrated into public health frameworks,
occupational health guidelines, or building and light-
ing standards. Light is still primarily regarded as a visual
requirement, with regulatory and design frameworks
focused on visibility, safety, and energy efficiency, rather
than on circadian, hormonal, affective, or cognitive out-
comes. Despite growing evidence that light exposure can
influence sleep, mental health, metabolic function, and
overall well-being [9, 10, 12, 74], these effects are not yet
routinely considered in urban planning, education, work-
place health, or healthcare infrastructure. As a result,
opportunities to use light as a health-promoting environ-
mental factor remain underutilized.

Public awareness of the health-related impacts of light
beyond vision also remains limited. Most individuals
are unaware of how daily light exposure patterns affect
their sleep, alertness, and internal timing, and guidance
on healthy lighting is rarely included in clinical practice,
health education, or health promotion materials. In par-
allel, there are few institutional mechanisms for translat-
ing research findings into actionable recommendations
or structural interventions, such as lighting policies in
schools, hospitals, or elder care facilities. Bridging this
gap will require close collaboration between researchers,
policymakers, designers, end users, and public health
professionals. Clear, evidence-based communication,
alongside the development of practical tools and training
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materials, will be essential for embedding non-visual
light considerations into public health practice at scale.

Identified priority areas and recommendations

The expert group identified a series of priorities for
research and practice designed to address the gaps out-
lined above; these can be found in Table 2.

Scientific and health priorities

Development and refinement of exposure measurement
tools To address the lack of standardized light measure-
ment tools, one of the highest priorities is the develop-
ment and refinement of instrumentation and protocols
that can reliably capture physiologically and behaviorally
relevant light exposure in daily life and at scale. In the
short term, this includes the development and valida-
tion of brief self-report tools, such as light exposure and
visual experience questionnaires (e.g., [75, 76]), that are
easy to administer, adaptable across languages, and suita-
ble for population-based surveys. Alongside these, efforts
are needed to define minimal requirements for wear-
able light sensors [14], including spectral range, dynamic
range, temporal resolution, and calibration standards,
particularly for capturing physiologically relevant por-
tions of the spectrum, such as melanopic, ultraviolet, and
near-infrared exposure.

In the medium term, these tools should be piloted
in diverse populations and refined based on usability,
acceptability, and technical performance. Wearables,
“passive” logging devices such as smartphones and sta-
tionary measurement devices must be evaluated not only
for accuracy but also for practicality in free-living con-
ditions, particularly in populations such as young chil-
dren, older adults, and shift workers. Integration of visual
experience dimensions (such as spatial contrast, field of
view, and gaze direction) into measurement approaches
will be increasingly important for capturing the complex-
ity of real-world exposures as well as contextual details
regarding sensor wear (e.g., registering sensor nonwear),
location (indoors/outdoors), and sleep/wake status.

In the long term, the goal is to integrate validated,
standardized measurement toolkits into national and
international cohort studies, health monitoring systems,
and environmental surveillance initiatives. These tool-
kits should be open-source, versionable, modular, and
interoperable with other data platforms. Establishing
reference methods and benchmarking datasets will be
essential to ensure comparability across studies, support
quality control, and accelerate cumulative scientific pro-
gress. Investments in this area will lay the groundwork
for reliable, large-scale data on light exposure and its
effects on human health.
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Development of exposure estimation methods In many
research and surveillance contexts, it is not feasible to
collect direct, sensor-based light exposure data from all
individuals. Therefore, a key priority is the development
of robust methods for estimating individual and group-
level light exposure indirectly. In the short term, this
includes building light-specific job-exposure matrices (or
analogues for different educational settings) that account
for typical occupational lighting environments across
sectors and roles, as well as initiating geospatial mod-
els that integrate factors such as building design speci-
fications, geographic location, and daylight availability.
Time-use data, where available, could provide additional
contextual information on indoor versus outdoor activ-
ity, proximity to windows, sleep/wake, and typical screen
use patterns. These estimation methods should be bench-
marked and validated against wearable light sensor data
to assess their accuracy and reliability, as well as the tar-
get performance required for a specific outcome.

Medium-term efforts should focus on improving model
granularity and integrating individual-level modifiers
such as age, activity, and chronotype. This also includes
harmonizing data inputs from sources such as weather
databases, satellite imagery, urban planning data, and
architectural designs. Validation efforts should prioritize
both general population samples and groups with dis-
tinctive exposure patterns, such as shift workers, school-
children, or people in institutional settings.

In the longer term, light exposure estimation models
should be embedded in broader environmental health
surveillance and linked to electronic health records and
cohort datasets. This will enable large-scale exposure-
outcome analyses and allow for the estimation of cumu-
lative exposure profiles over time. As in other exposure
assessments [77], tools for automated, location-based
exposure mapping (e.g., [78, 79]) will be essential for
understanding spatial and temporal patterns of light
exposure across populations and informing urban and
occupational health policy.

Definition of exposure descriptors and exposure met-
rics Establishing a common language for describ-
ing light exposure is essential for harmonizing research
across studies, disciplines, and countries. In the short
term, expert panels should be convened to identify a
core set of exposure descriptors that are both biologically
meaningful and practical to implement. These descrip-
tors should include spectral, temporal, spatial, and con-
textual dimensions of exposure, such as intensity, dura-
tion, spectral composition (e.g., melanopic, photopic),
timing relative to sleep and wake cycles, and angular dis-
tribution within the visual field. The selection of metrics
should be guided by mechanistic evidence and data and
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Table 2 Priority research areas

Gaps Priority area Short-term (0-18 Medium-term (18m-5y) Long-term (5-10y)
months)
Develop and validate Pilot these tools in diverse Integrate validated gold-standard toolkits
brief questionnaires in populations and refine based on into national and international health
multiple languages; feedback studies

visual experience
assessments and

UVINIR
Develop job-exposure Validate and benchmark estimation Integrate estimation tools into EHR
matrices and initial models with wearable data systems and surveillance frameworks
GIS/time-use models;
stationary
measurements
Convene expert panels Coordinate with international Promote these descriptors as
to agree on a minimum  partners (e.g., CIE, ISO) to align international reference standards for
list of exposure descriptor terminology data collection

descriptors in an
evidence-based way

Convene expert panels Validate (standard) Institutionalize protocols in journals,
to define protocols and methods/protocols through funding calls and public health guidance
minimum outcomes with multicenter studies
known mechanistic
evidence
Map existing evidence ~ Conduct controlled experiments Integrate validated dose-response
on light dose-response and cohort studies to quantify functions into national/international
relationship dose-response relationships; health guidelines
develop predictive models
Interventions 6 Definition of  Identify promising light- Conduct pilot intervention studies; Scale up successful interventions in
interventional based interventions assess implementation feasibility,  diverse settings, integrate intervention
targets (e.g., circadian lighting, acceptability, user awareness, guidelines into public and occupational
outdoor time promotion, health-economic aspects and health, education and urban design
screen hygiene) barriers in real-world conditions policy
Identify priority groups Launch targeted studies with Embed subgroup-sensitive standards in
and hold co-creation tailored exposure measurement routine public health practice; develop
workshops to identify and interventions and maintain equitable access to
needs and barriers for research and interventions
specific groups
Publish reproducible Train researchers in dataset Maintain and evolve interoperable
pipelines and initial documentation and harmonization; workflow standards
metadata templates develop tools to align legacy

datasets with shared vocabularies
and ontologies.

Launch FAIR-compliant Populate with data; Maintain a global federated network of
data repository (“Global provide tools and training for interoperable light exposure data hubs,
Light Commons”); define curation, licensing and metadata with persistent identifiers, support for
minimum dataset criteria annotation cross-repository querying, metadata
discovery and dataset versioning.
Map ethical, privacy and  Develop and disseminate best Institutionalize ethics and equity

equity challenges in light practices for secure data handling, principles in international light exposure
exposure data collection structured consent metadata, research and policy frameworks, through

and intervention anonymization and equity-aware  governance checklists, requirements in
data collection funding, ethics reviews
Embedding 2,7, Embeddingin Add light questions to Integrate wearable light Institutionalize light metrics in routine
9 public and existing national measurements into ongoing public health monitoring and sustain the
occupational surveys; pilot EHR studies; design and a novel dedicated cohort as a reference

health linkages dedicated light exposure cohort
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linked, where possible, to known physiological pathways
or health outcomes.

Medium-term priorities include aligning terminology
and definitions with international standards and regula-
tory bodies, such as the International Commission on
Mlumination (CIE), the International Organization for
Standardization (ISO), the International Commission
on Non-lonizing Radiation Protection (ICNIRP), the
International Labour Organization (ILO), and relevant
health authorities. Consistency across fields, ranging
from lighting design and chronobiology to epidemiol-
ogy, public health, and health psychology, will facilitate
interdisciplinary collaboration and ensure that met-
rics are broadly understood and applicable. Descriptors
should also account for contextual factors, including gaze
direction, indoor versus outdoor location, and proximity
to surfaces or screens. In the long term, these descrip-
tors should be promoted as reference standards for data
collection, documentation, and reporting. Adoption in
cohort studies, clinical protocols, wearable device soft-
ware, and metadata templates will enhance comparability
and enable cumulative science. Establishing and dissemi-
nating practical guidance documents, including worked
examples, case studies, and open-source tools for metric
calculation, will support consistent implementation and
widespread uptake across the research community.

Definition of core outcome sets To improve comparabil-
ity and synthesis across studies, there is a pressing need
to define core outcome sets [45, 46] for research on light
exposure and health. In the short term, expert working
groups should be convened to develop consensus on a
minimum set of outcomes that are relevant, mechanisti-
cally justified, and feasible to assess in both research and
applied settings. These core outcomes should span physi-
ological, behavioral, and clinical domains and include
metrics such as sleep timing and quality, subjective alert-
ness and cognition, mood, metabolic health, and circadian
(phase) markers. Outcomes should also be adaptable for
use in different populations and settings, including chil-
dren, older adults, and individuals with chronic conditions.

Medium-term priorities include validating the pro-
posed outcome measures and associated protocols
through multicenter and cross-cultural studies. This
should involve assessing the reliability, sensitivity, and
specificity of outcome tools, as well as their responsive-
ness to changes in light exposure. Harmonization with
outcomes used in sleep medicine, chronobiology, meta-
bolic, and environmental health research will facilitate
integration into existing evidence bases. Consideration
should also be given to the burden of measurement on
participants and the practicality of implementation in
large-scale or resource-limited studies.
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In the long term, the goal is to institutionalize these
core outcome sets through their adoption in clinical
trial registries, funding calls, cohort designs, and journal
reporting guidelines. Establishing shared protocols will
facilitate evidence synthesis, reduce research waste, and
support more consistent translation of findings into clini-
cal and public health practice. Widely endorsed outcome
standards will also help build the case for including light
exposure in routine health assessments and population
monitoring systems.

Definition of dose—response relationships Understand-
ing how changes in light exposure translate into changes
in health outcomes is essential for developing evidence-
based guidelines and interventions. In the short term,
efforts should focus on systematically mapping exist-
ing evidence on dose-response relationships between
light and key physiological, affective, cognitive, or clini-
cal endpoints. This includes reviewing experimental and
observational studies to identify established thresholds,
saturation points, and effect sizes across different light
parameters, such as intensity, spectral and spatial compo-
sition, timing, and duration. Identifying gaps in the cur-
rent literature will help prioritize new studies and refine
hypotheses.

In the medium term, dedicated experimental and lon-
gitudinal studies are needed to quantify dose—response
functions in real-world contexts. These studies should be
designed to assess both acute and more long-term effects
of light exposure and should include diverse participant
groups to account for interindividual variability related
to, for instance, age, sex, gender, chronotype, health sta-
tus, and socio-economic background. Predictive models
that incorporate biological timing, temporal dynamics,
and contextual variables should be developed to better
understand how light interacts with human physiology
over time, in real-life settings.

The long-term objective is to integrate validated dose—
response functions into public health and clinical guide-
lines. This will require strong evidence linking specific
exposure patterns to measurable health benefits or risks,
as well as tools to translate scientific findings into action-
able thresholds for different settings (such as homes,
workplaces, schools, and healthcare environments).
Standardizing dose—response models and embedding
them in digital tools and health surveillance systems will
support risk assessment, behavioral recommendations,
and intervention planning across populations.

Definition of interventional targets To translate knowl-
edge of light exposure into meaningful health ben-
efits, there is a need to identify and define promising
interventional targets. In the short term, this involves
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synthesizing existing evidence to pinpoint light-based
interventions that are both biologically plausible and
practically implementable. Examples include the tim-
ing and spectral tuning of indoor lighting systems, pro-
moting access to daylight through architectural design,
encouraging time spent outdoors while considering
geolocation and developing behavioral strategies around
both daytime and evening light exposure, or proxies,
such as encouraging time spent outdoors. These targets
should be framed in terms of both potential benefits and
feasibility in everyday settings such as homes, schools,
workplaces, and healthcare institutions.

Medium-term efforts should focus on pilot studies to
assess the effectiveness of these interventions under real-
world conditions. This includes evaluating user accept-
ability, technical feasibility, equity of access, and cost-
effectiveness across diverse environments and population
groups. Implementation research will be critical for iden-
tifying barriers to adoption, such as competing priorities
in architectural or clinical workflows, as well as potential
unintended consequences. Moreover, it is essential to
determine both the extent and approach of personali-
zation. Co-design approaches that involve end users in
intervention development will help ensure that strategies
are culturally appropriate and context-sensitive and fit
the users’ needs, capacities, and constraints.

In the long term, effective interventions should be
scaled up and integrated into public and occupational
health strategies, educational campaigns, and built envi-
ronment policies. Evidence-based guidance for interven-
tion design and deployment should be developed and
disseminated, along with training materials and practical
toolkits for professionals in healthcare, education, light-
ing design, and urban planning. Embedding light-based
interventions into broader health promotion frameworks
will support systemic change and improve population-
level outcomes related to sleep, circadian and metabolic
health, and overall well-being.

Definition of sensitive populations and windows of
vulnerability Identifying who is most at risk from sub-
optimal light exposure and when is essential for designing
equitable and effective interventions. In the short term,
research should focus on mapping population groups
that may have increased sensitivity to light-related health
effects, including children, older adults, shift work-
ers, people living in low-light environments, individuals
with neurodevelopmental or psychiatric conditions, and
those with visual impairments. Co-creation workshops
involving members of these groups, caregivers, clinicians,
and community stakeholders can help uncover context-
specific needs, barriers, and preferences related to light
exposure and lighting environments.
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In the medium term, targeted studies should be
launched to characterize exposure-response relation-
ships, vulnerabilities, and modifiable factors in these
populations. This includes using wearable sensors, tai-
lored questionnaires, and physiological assessments to
understand how biological timing, light sensitivity, and
behavioral routines vary across life stages and health con-
texts. Studies should also explore the intersection of vul-
nerability with social and environmental determinants,
including housing quality, occupational demands, and
geographic location. Particular attention should be paid
to developmental windows, such as infancy, adolescence,
and older age, when exposure patterns may have espe-
cially strong or lasting effects.

The long-term goal is to embed population-sensitive
standards into public health practice and policy. This
involves ensuring that guidelines, interventions, and sur-
veillance systems account for variability in sensitivity and
access to healthy lighting conditions. Tools for equitable
exposure monitoring and intervention delivery should
be developed and scaled, along with strategies to ensure
long-term inclusivity in research and implementation.
This approach will help prevent widening health dispari-
ties and ensure that vulnerable and underrepresented
populations benefit from advances in light and health
research.

Interoperable data and reproducible analyses The abil-
ity to reuse and combine data across studies is founda-
tional for scientific progress, yet the field of light expo-
sure and health research currently lacks the necessary
infrastructure to ensure interoperability and reproduci-
bility. In the short term, a key priority is the development
and dissemination of reproducible analysis pipelines [80]
and initial metadata templates [73]. These should define
how data are processed, structured, and annotated,
including device specifications, placement information,
calibration procedures, and contextual variables such
as activity or location. Sharing these pipelines openly,
alongside example datasets, will promote transparency
and facilitate capacity-building across research teams.
Standardized statistical analysis processes are crucial
for these pipelines, as with data preprocessing for data
quality and consistency. Robust methods are key for data
cleaning, normalization, and statistical modelling. Trans-
parency and reusability are key to ensure the integrity
and reliability of findings in light exposure and health
research. Medium-term efforts should focus on train-
ing researchers in data harmonization and documenta-
tion practices, particularly for wearable light exposure
data collected in diverse formats and settings. Tools are
needed to align legacy datasets with shared vocabular-
ies, ontologies, and standard data models. This will allow
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older datasets to be brought into alignment with newer
efforts and enable long-term integration across studies
and disciplines. Collaboration with experts in data sci-
ence, environmental health, and biomedical and health
informatics will be essential to develop robust, scalable
workflows.

In the long term, interoperable workflows should
become a standard component of light and health
research. This includes maintaining and evolving a set of
community-endorsed data models, ontologies, and qual-
ity assurance tools, along with clear guidance on data
provenance, versioning, and reusability. Infrastructure
should support the full research cycle, from idea genera-
tion, data collection to analysis, sharing, and reanalysis.
These efforts will not only improve scientific rigor but
also enhance the potential for collaborative, multicenter
research on light exposure and its impact on health
across populations and settings.

Data sharing and reference data sets To accelerate
progress in light exposure and health research, the field
urgently needs coordinated efforts to support data shar-
ing and the development of high-quality reference data-
sets. In the short term, this includes launching a FAIR-
compliant (Findable, Accessible, Interoperable, Reusable;
[71]) data repository, tentatively referred to as the “Global
Light Commons,” that enables secure and structured
sharing of light exposure data across research groups and
institutions. Minimum dataset criteria should be defined,
including requirements for metadata, data quality, device
specifications, exposure metrics, and contextual vari-
ables such as population characteristics, time of year, and
measurement setting.

In the medium term, efforts should focus on populat-
ing the repository with high-quality datasets and creating
tools and training materials to support data submission,
licensing, and curation. Metadata annotation should fol-
low agreed standards and use controlled vocabularies to
support cross-study querying and interpretation. Atten-
tion should also be paid to ethical and privacy concerns,
ensuring that data can be shared in a way that respects
participant confidentiality and local data governance
requirements.

The long-term vision is to maintain a global, feder-
ated network of interoperable light exposure data hubs.
These should support persistent identifiers for datasets,
cross-repository search capabilities, and robust systems
for versioning, data provenance, and quality control.
Reference datasets covering a range of populations, geo-
graphical regions, and exposure contexts will provide
benchmarks for method validation, model development,
and cross-cultural comparison. A coordinated approach
to data sharing will enable cumulative science, support
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large-scale meta-analyses, and facilitate evidence-based
recommendations for light-related health policies.

Embedding in public and occupational health Integrat-
ing light exposure as a factor in public and occupational
health requires a deliberate, stepwise approach. In the
short term, light-related variables should be added to
existing national health and lifestyle surveys. This could
include self-reported measures of time spent in natural
and artificial light, sleep—wake timing, and screen use
patterns. Pilot linkages between wearable light exposure
data and electronic health records (EHRs) should also
be explored to assess feasibility, privacy-related con-
cerns, and added value for health monitoring and risk
prediction.

Medium-term priorities involve embedding wearable
light measurements into ongoing population-based stud-
ies and designing a dedicated cohort study focused spe-
cifically on light exposure and health. This cohort should
be diverse in terms of geography, socioeconomic back-
ground, and age and should include longitudinal tracking
of both light exposure and health outcomes. In occupa-
tional health, partnerships with employers and workplace
safety agencies can support the inclusion of light-related
assessments in routine evaluations and risk assessments,
particularly for shift workers and employees in low- or
high-light environments.

In the long term, light exposure metrics should be
institutionalized as part of routine public health moni-
toring systems and occupational health surveillance.
Standard indicators (such as light-at-night exposure, day-
time light sufficiency, or light misalignment) should be
tracked at the population level alongside other environ-
mental determinants of health. The dedicated light expo-
sure cohort should be sustained as a reference resource
for policy development, risk modeling, and evaluation
of intervention strategies. Embedding light into public
and occupational health frameworks will ensure that it is
treated not only as a visual consideration but as a modifi-
able determinant of health, equity, and well-being.

Cross-cutting capacity-building priorities
The cross-cutting capacity-building priorities are pre-
sented in Table 3.

Global research networks and capacity Establishing and
sustaining dedicated research networks is essential for
advancing the field of light exposure and health. In the
short term, this means forming interdisciplinary consor-
tia that bring together experts from chronobiology, envi-
ronmental health, lighting design, data science, epidemi-
ology, health psychology, occupational safety and health,
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Table 3 Cross-cutting capacity-building priorities
Priority area Short-term (0-18 months)

Global research
networks and
capacity

Capacity
building

Establish a novel global
research network

Cross-sector and
interdisciplinary
collaboration

Set up funded cross-
disciplinary consortia

Communication
and dissemination

Develop public education
messages on light and
health; design toolkits for
clinicians, teachers and
workplaces

Policy engagement Map current policy gaps and

opportunities for integrating evidence summaries tailored to

light exposure considerations

and public policy. These networks should support early-
career researchers across disciplines, promote knowledge
exchange, and facilitate collaborative grant applications
and shared infrastructure development. It is impor-
tant to recognize the need for such efforts to be global
in scope, as light exposure and health are influenced by
cultural, geographic, and socioeconomic factors that vary
widely across regions. For example, myopia research has
generated extensive datasets in Asian countries, whereas
comparable data from European populations remain rela-
tively scarce. Positioning this work within a European
perspective could therefore help address critical knowl-
edge gaps and also provide a strong foundation for future
European grant initiatives in this area. At the same time,
the field must move toward greater global inclusion by
actively engaging underrepresented regions such as Asia,
Latin America, and Africa, thereby ensuring that emerg-
ing frameworks and datasets capture diverse cultural and
environmental realities. Several initiatives point in this
direction and should be supported in the future (e.g.,
global collaborative data collection efforts following a
harmonized protocol [38] yielding datasets from under-
studied locations [3, 4]).

Cross-sector and interdisciplinary collaboration Light
exposure research intersects with multiple sectors
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Medium-term (18m-5y) Long-term (5-10y)
Host annual conferences,
working groups, researcher
exchanges, develop multi-
language materials

Sustain long-term
global network
coordination

Institutionalize cross-
sector alliances and
standards
collaborations; develop
formal policy
engagement strategies

Maintain translational working
groups across sectors

Launch public campaigns on
healthy light exposure

Institutionalize public-
facing education
programs as part of
health promotion;
evaluate effectiveness

Create policy briefs and Embed light exposure
metrics and
interventions into
routine public health
policy frameworks;

knowledge exchange

policymakers

(including healthcare (e.g., psychology, etc.), architecture,
engineering (e.g., lighting technology), education, urban
planning, and occupational safety) and effective solu-
tions require input from all of them. Mechanisms should
be established to support long-term collaboration across
sectors, such as translational working groups, shared
standards initiatives, and co-designed intervention trials.
These partnerships will ensure that research findings are
actionable and aligned with real-world needs.

Communication and dissemination Public understand-
ing of how light affects health remains low, and few tools
exist to translate complex findings into accessible guid-
ance (e.g., see consensus statements [81]). Communica-
tion strategies should include public education cam-
paigns, visual materials for clinicians and educators, and
targeted toolkits for specific settings such as schools or
elder-care facilities. Engaging professional organizations
and media partners can amplify impact and help normal-
ize light as an environmental health factor.

Policy engagement Bridging the gap between science
and policy requires clear, evidence-informed messaging
and sustained engagement with decision-makers. Prior-
ity actions include mapping current policy gaps, devel-
oping briefs and summaries tailored to policymakers,
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and participating in standard-setting processes for build-
ing design, work environments, and public health sur-
veillance. Policy engagement should be proactive and
ongoing to ensure that aspects of healthy light exposure
are integrated into future health and environmental
frameworks.

Discussion

This research agenda identifies a coordinated set of gaps
and priorities that are essential for advancing research on
light exposure and health. Light is a modifiable environ-
mental factor with widespread implications for circadian
biology, sleep, mood, vision, productivity, and long-term
health outcomes. As this process has shown, the field still
lacks many of the fundamental tools, infrastructures, and
standards necessary to support robust, interdisciplinary,
and population-level investigations of light exposure.

One key finding of this agenda is the urgent need for
methodological standardization. Without common met-
rics, descriptors, or outcome measures, it remains dif-
ficult to compare findings across studies, synthesize
evidence, or formulate evidence-based recommenda-
tions. This fragmentation also hampers efforts to inte-
grate light into broader public and occupational health
frameworks. Priority areas such as the development of
interoperable data infrastructure, consensus-based expo-
sure metrics, and ethical data-sharing practices will be
critical enablers of cumulative science.

Several cross-cutting themes emerged throughout the
agenda-setting process. First, the field requires stronger
interdisciplinary and cross-sectoral collaboration, par-
ticularly between researchers, public health officials,
occupational health practitioners, architects, lighting
engineers, and technology developers. Second, greater
efforts are needed to bridge the gap between basic sci-
ence and implementation, ensuring that findings are
translated into practical guidance, regulations, and
behavior change strategies.

The development of this agenda was itself a model of
collaborative, multi-stakeholder engagement. Experts
from academic, governmental, and applied domains con-
tributed to the identification and prioritization of gaps,
helping to ensure the agenda reflects both scientific and
real-world needs. While the outputs are necessarily high-
level, they are designed to serve as a shared foundation
for future project development, funding strategies, infra-
structure investments, and policy engagement.

Moving forward, the implementation of this agenda
will depend on sustained coordination, strategic invest-
ment, and capacity building. The establishment of an
international alliance or task force could help maintain
momentum, support working groups on specific prior-
ity areas, and align efforts across countries and sectors.
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With these coordinated actions, the field will be well
positioned to realize the full potential of light as a deter-
minant of health—and to do so in a way that is equitable,
scalable, and evidence-based.

Limitations

Although the consensus process provided a structured
approach for integrating expertise across relevant disci-
plines, several limitations must be acknowledged in eval-
uating the scope and generalisability of the outcomes.

The expert group was composed entirely of individuals
affiliated with European institutions, which limits the geo-
graphic, socioeconomic, and cultural representativeness
of the perspectives captured. The study did not include
experts from low- or middle-income countries, nor did
it aim to reflect demographic diversity with respect to
ancestry, race, or mixed heritage. As the selection process
focused on disciplinary expertise rather than population
representation, the findings reflect the views of a spe-
cialized but regionally concentrated group. Future work
should broaden participation to include experts and stake-
holders from additional world regions and diverse back-
grounds to enhance global relevance and applicability.

This work is based on expert consensus rather than
direct empirical validation. While consensus methods
are valuable for synthesizing multidisciplinary knowl-
edge and identifying areas of agreement, the conclu-
sions necessarily reflect expert judgement. In domains
where empirical evidence is incomplete, heterogeneous,
or rapidly evolving, such judgement-based recommenda-
tions should be interpreted as provisional and subject to
refinement as new data become available.

The scientific evidence on the non-visual effects of light
is advancing rapidly, especially in areas such as wearable
sensing, exposure characterization, and longitudinal cir-
cadian health research. As a result, the recommendations
derived from this consensus reflect the state of knowledge
at a specific point in time. Emerging findings may neces-
sitate updates or revisions to ensure that the guidance
remains aligned with the most current evidence.

Finally, the consensus process involved only scientific
and technical experts and did not include end-users,
patient representatives, clinicians, policymakers, or
industry stakeholders. Their absence limits the ability to
capture practical perspectives related to usability, feasi-
bility, equity, implementation challenges, and real-world
applicability. Incorporating a broader set of stakeholders
in future work will be essential for ensuring that recom-
mendations are both actionable and responsive to the
needs of diverse user groups.
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Conclusions

This agenda presents a coordinated roadmap for advanc-
ing research on light exposure and health. Through a
structured consensus workshop and expert consulta-
tion process, we identified nine key gaps: (1) the lack of
standardized measurement tools, (2) inadequate expo-
sure estimation infrastructure, (3) inconsistent exposure
descriptors and metrics, (4) absence of core outcome
standards, (5) limited dose-response evidence, (6)
insufficient data on intervention effectiveness, (7) poor
characterization of globally representative and vulner-
able populations, (8) fragmented data harmonization and
sharing, and (9) limited integration of non-visual light
effects into public health frameworks. To address these,
we propose eleven research priority areas: developing
and refining measurement tools and estimation methods;
defining consistent exposure descriptors, core outcome
sets, dose—response relationships, interventional targets,
and vulnerable populations; promoting interoperable
and reproducible data practices; creating infrastructure
for data sharing and reference datasets; addressing ethi-
cal and privacy considerations; embedding light exposure
into public and occupational health systems. Addition-
ally, four capacity-building priorities were identified:
global research networks, interdisciplinary collaboration,
strategic communication, and policy engagement. Taken
together, these actions provide a foundation for cumula-
tive, equitable, and translational research that positions
light as a core determinant of health.
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