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ABSTRACT
Part of a series aimed at gathering all studies assessing the effects of polychromatic light on mood,
physiology and cognition, this systematic review investigated the effects of polychromatic (white) light
exposure on heart rate. High melanopic equivalent daylight illuminance (EDI) was hypothesized to be
more strongly associated with fast heart rate than other α-opic EDIs. This effect was predicted to be
more evident during the morning. The larger literature search identified 3,548 articles, of which 10
reported heart rate and were included in the current report. The spectral power distribution, illuminance,
heart rate means and core methods for each article were documented. Using the luox app, α-opic EDIs
were calculated for each of the five photoreceptors to characterize the light exposures in each study.
Regression models were applied to determine how α-opic EDI, duration, and timing related to heart rate.
Results showed that none of the five α-opic EDIs were significantly associated with heart rate (all
estimates <4.21e-3, p >0.119). Light exposure in the morning (all estimates > |-6.40e-2|, p < 0.001) and
longer light exposure duration (all estimates > |-7.94e-4|, p < 0.001) were found to be associated with
slower heart rate. None of the light conditions available for the current review had an α-opic profile in
which melanopic EDI exceeded the other α-opic EDIs, so the proposed relationship between high relative
melanopic EDI and heart rate could not be tested.
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1. Introduction

Light has extensive effects on psychological and physiological functions via pathways driven by
melanopsin-expressing intrinsic photosensitive retinal ganglion cells (ipRGCs; Berson and others
2002; Brown 2020; Commission Internationale de l’Eclairage (CIE) 2015; Giménez and others
2022; Hattar and others 2002; Joyce and others 2022). ipRGCs receive and send signals to the
master circadian clock, the suprachiasmatic nucleus (SCN), along the retino–hypothalamic tract
(Berson and others 2002; Gooley and others 2003). It is speculated that shifts in the circadian
clock may contribute to increased morning heart rate (Chellappa and others 2017) and increased
vulnerability to cardiac events in the morning hours (Argentino and others 1990; Marsh and
others 1990; Raj and others 2015). Furthermore, compared to the maximum sensitivity of the
visual system, the alerting effects of light are more sensitive to short wavelength (Cajochen and
others 2005; Lockley and others 2006), possibly through the activation of prefrontal and thalamic
brain regions and the default mode network (Vandewalle and others 2013). This phenomenon is
likely to influence autonomic heart rate regulation. To date, the relative contributions of different
photoreceptor pathways for the effects of polychromatic light on heart rate remain poorly
understood.

Studies have shown that bright light exposure increases heart rate (Rüger and Scheer
2009; Saito and others 1996; Scheer and others 2004) depending on the time of day and the
intensity of the light (Scheer and others 1999). For instance, a progressive increase in heart rate
was found following 10 minutes of bright polychromatic light which paralleled increases in light
intensity from 0 lx to 100 lx, and 800 lx (Scheer and others 1999). Furthermore, compared to dim
light, exposure to bright light has been found to significantly increase heart rate during the night
and early morning hours, but not during the afternoon (Rüger and others 2006). It has been
proposed that there may be an increase in sympathetic activity associated with bright light during
the morning hours (Saito and others 1996; Scheer and others 2003), a phenomenon that may
increase heart rate sensitivity to light. Besides timing and intensity, wavelength may also
modulate the effects of light on heart rate. For example, exposure to monochromatic blue light in
the evening has been found to increase heart rate compared to monochromatic green light
(Cajochen and others 2005).

Prior research suggests that neurobehavioral responses to light rely on a combination of
the five photoreceptors: S-, M-, L-cone opsins, rhodopsin (rod sensitivity), and melanopsin
(ipRGC sensitivity; Brown 2016). A standardized metric is therefore needed to quantify the
relative contribution of each photoreceptor to better understand the effect of polychromatic light
exposure on heart rate. Using photopic illuminance is not appropriate for evaluating the
neurobehavioral effects of light. This is due to the difference between the peak sensitivity of
melanopsin (480 nm) (Bailes and Lucas 2013) and the photopic spectral luminous efficiency
function [Vλ] (peak sensitivity at 555 nm). As a response to these challenges, Lucas and others
(2014) proposed a system of α-opic metrics where illuminance was quantified according to its
effective impact for each of the five known photoreceptor types.

After some refinement, this approach has now been formalized as an SI-compatible
system of metrology for ipRGC-influenced effects of light (IIL effects) by the International
Commission on Illumination (CIE, 2018). This international standard, known as CIE S026:2018,
defines new quantities (for instance equivalent daylight illuminances; EDIs, expressed in lx) that
relate the stimulation of each photoreceptor type (S-cone-opic, M-cone-opic, L-cone-opic,
rhodopic, and melanopic; collectively, α-opic quantities) by a given light source to the equivalent
amount of standard daylight (CIE D65 illuminant) that would provide the same stimulation to
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that photoreceptor type as the given light source. The CIE system for metrology of IIL effects
provides a more refined approach to characterizing stimulus intensity than Vλ  alone and is
intended to support investigations into the physiological pathways underlying the effects of light,
including elucidating the effects of polychromatic light on heart rate.

Complementing two other companion reports focused on mood (Nixon and others 2024)
and alertness (in preparation), this systematic review converted the polychromatic light
measurements of previous studies into α-opic EDI values to investigate the effects of
polychromatic light exposure on heart rate. Based on previous findings (Rüger and Scheer 2009;
Saito and others 1996; Scheer and others 2004), high melanopic EDI was predicted to be more
strongly associated with fast heart rate than other α-opic EDI quantities. We also anticipated that
this effect would be more pronounced in the morning compared to other times of day.

2. Methods

2.1 Data Sources
This report is part of a series of studies assessing the effects of polychromatic light on mood,
physiological processes, and cognition. The protocol for this systematic review was registered in
PROSPERO (Nixon and others 2020). The review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) process (Page and others 2021).

A literature search for the whole project was conducted on January 9th, 2024, using the
PubMed, Web of Science, Scopus, and PsycINFO online databases. On September 30th, 2020,
APA’s database PsycExtra was used to search for grey literature (unpublished reports and
conference proceedings). A pre-determined search strategy was used for each database
(Appendix A). Articles included were limited to English and French reports published between
1990 and 2023.

Originally, we had planned to do a bias assessment influenced by the Cochrane 'Risk of
bias' assessment tool (Higgins and others 2011) and the Risk of Bias Criteria for Effective
Practice and Organization of Care (EPOC) Reviews. However, this approach was found to be
poorly adapted to the nature of studies selected for this review. For example, it is not feasible to
fully mask awareness of light conditions. Instead, in accordance with a previously published
Cochrane review (Pachito and others 2018), we summarized key methodological information
relevant for light research. To ensure the selected articles met sufficient methodological quality,
two of the senior authors reviewed all studies that were included in the final database. This
included assessments of potential major flaws in the study design, apparatus used, or population
studied.
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Figure 1. The PRISMA Flow Diagram shows the review and paper selection process, with the number of
studies in the complete database at the early stages and the final selection of ten heart rate papers for this
review at the end of the sequence.

2.2 Study Selection
The search for outcomes related to mood, cognition and physiological processes produced a total
of 3,548 potential articles. After removing 1,505 duplicates, two research assistants used a
specific set of criteria to screen the titles and abstracts, and full texts of the articles through the
Covidence software (https://covidence.org). A third research team member did a quality check at
each step. Once the screening was complete, a total of 10 articles remained (see Figure 1 for
details). The Scientific Advisory Board reviewed the resulting dataset to ensure its completeness.
If the article met all inclusion criteria but was lacking certain light details or central tendency
measures were reported in a different format, authors were contacted for further information.

Only studies reporting new empirical data collected from healthy human adults (≥ 18
years old) with no mental or physical health conditions, except for myopia, hyperopia, or
astigmatism, were included. Procedures that involved non-ocular light perception (eyes closed),
light exposure during sleep, total sleep deprivation or shift work (real or simulated) were
excluded.

Included studies compared conditions of polychromatic light exposures with a constant
level during exposure periods; studies with monochromatic light or variable/dynamic lighting
within a condition were excluded. The articles also had to provide sufficient light measurement
information to permit the light exposures to be determined using the CIE S026:2018 alpha-opic
quantities. This means that they included spectral irradiance measurements taken at a vertical
plane sufficient to quantify α-opic equivalent daylight illuminance s (α-opic EDIs) or having
already reported light characteristics in S026 or CIE TN 003 (CIE, 2015) quantities. For
additional information about calculation of the alpha-opic quantities, see Schlangen and Price
(2021). Studies that reported light values only in α-opic equivalent daylight luminance (EDL)
were excluded because these could not be converted to illuminance values without the necessary
angular information.

At the last step for the meta-analysis reported here, papers that reported resting heart rate
were selected.
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2.3 Data Processing
Studies that reported light information in forms other than EDI values based on the CIE
S026:2018 metrology system were converted using the luox web-based software (Spitschan and
others 2022) and scaled to the stated photopic illuminance. Spectral power distributions (SPD)
that were provided within the publication were digitized, inspected manually for errors, extracted
in 5 nm bands using the software WebPlotDigitizer (Version 4.4, California, USA), converted
using luox and finally scaled to the stated photopic illuminance. The means or estimated
marginal means (EMM) and standard deviations or standard errors for heart rate were extracted
from each data point included, and those reporting their outcomes as a figure were also digitized
and extracted using the Web Plot Digitizer. Light exposure duration and time of day of the light
exposure were also extracted considering their possible influence on the relationship between
heart rate and light. In most cases, heart rate was measured continuously across the light
exposure sessions and averaged to reflect mean heart rate over each light exposure session.
Hence, these means converged successive heart rate responses to progressive increases in the
duration of light exposure as the session progressed. For this reason, the duration of light
exposure integrated in the analyses was computed as the time elapsed until the midpoint of those
intervals.

2.4 Statistical Analyses
Standard meta-analytic approaches combine the outcomes of multiple studies, to form
conclusions about the overall effect of the independent variable on the outcome. This approach,
using effect sizes to summarize overall effects, was not suitable for the current review because
the focus of the review was on the contribution of the five α-opic EDIs on heart rate, rather than
determining overall effect sizes. Therefore, multiple linear regression using the maximum
likelihood estimates approach was applied to determine how heart rate (dependent variable) was
associated with each of the α-opic EDIs (continuous in lux), while adjusting for duration
(continuous in minutes) and time of light exposure (categorical: morning (07:00 to 11:59),
afternoon (12:00 to 16:59), night (17:00 to 06:59), or uncontrolled times). An interaction term
contrasting α-opic EDIs by duration of exposure was included in the model to account for the
possibility that the effects of α-opic EDIs would vary based on the length of exposure. Since the
outcomes of these models were similar with or without this interaction term, we selected to
present the simpler models without the interaction terms in the main text (results from the
models with the interaction terms are provided in Appendix B). Distinct regressions were fitted
for each α-opic EDI separately because of the small sample size and multicollinearity (within
any one light condition, the five α-opic EDI values are inherently correlated). The α-opic EDIs
and duration of exposure were log10-transformed to improve normality.

To account for the fact that these data stem from light exposure conditions overlapping
across multiple studies integrated in a meta-analysis, linear mixed-effects regressions were
conducted using the same design with the addition of the study identifier as a random-effect
parameter. The Akaike Information Criterion (AIC) was then used to compare the multiple linear
regression to the linear mixed-effects regression, with lower AIC values indicating a better
balance between goodness-of-fit and parsimony of the regression model (Akaike 1987). Because
the literature had shown that the effects of light exposure on heart rate may be more pronounced
in the morning (Rüger and Scheer 2009; Saito and others 1996; Scheer and others 2004),
secondary analyses were applied to the subset of data collected in the morning (Appendix C). All
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regressions were performed using the “lm” function or the “lme4” package (Bates 2020) of the R
software, version 4.1 (R Core Team 2021).

In addition, and similarly to approaches used in previous reviews on light (Souman and
others 2018), we visually examined the α-opic EDI values for each light exposure using
graphical presentation.

3. Results

3.1 Study characteristics
The characteristics of the studies included in this review are summarized in Table 1. Overall, 10
studies were included, counting a total of 309 participants (63.8 % (n = 197) female) who were
exposed to a total of 24 light conditions following a cross-over (n  =  13 light conditions), cross-
sectional (n = 6 light conditions), or mixed study design (n = 5 light conditions). All studies had
a controlled lighting period to adapt the eyes prior to the experimental light condition. None of
the studies used pharmacological pupil dilation. Six of the 10 studies maintained a correlated
color temperature (CCT) of 4000-4700 K for their light conditions (Huiberts and others 2016;
2017; Ishibashi and others 2010; Smolders and de Kort 2014; Smolders and others 2012; te
Kulve and others 2017). Other methodological characteristics are included in Table 1.

Figure 2 depicts the α-opic EDI values for each light condition included in this review
stratified by exposure duration (<30 minutes, 30-75 minutes and >75 minutes). Overall, α-opic
EDI values ranged from 17 to 1,693 α-opic lx. Visual inspection of this figure reveals that the
number of conditions with high α-opic EDI values decreased progressively from the subset of
conditions lasting 30 minutes, 30-75 minutes and >75 minutes. In other terms, in the data
available for the current review, high α-opic EDI was confounded with short length of exposure.

3.2 Relative contribution of α-opic EDIs
Based on the AIC, the linear mixed-effect regression (all AIC < -361.49) had a better balance
between goodness-of-fit and parsimony than the multiple linear regression (all AIC > -321.37;
Chi-squared > 42.7, p < 0.001).

Table 2 reports statistics from the linear mixed-effect regression. There was no
significant effect of α-opic EDI (all estimates <4.21e-3, p >0.119) on heart rate. Short light
exposure duration was associated with high heart rate for all α-opic categories (all estimates
> |-7.94e-4|, p < 0.001). For all α-opic categories, morning light exposure was found to be
associated with higher heart rate compared to afternoon light exposure (all estimates
 > |-6.40e-2|, p < 0.001). No other significant effect of time of exposure was observed (all
estimates < |-5.78e-2|, p > 0.132). The random effects of study identifiers were not significant for
any of the α-opic categories (all F < 1.77, p > 0.123).

3.3 Heart rate outcomes across distinct α-opic EDI profiles
Visual inspection of the α-opic EDI profiles (Figure 2) showed considerable variability. Thirteen
light conditions had M-cone-opic and L-cone-opic EDIs higher than the S-cone-opic, rhodopic
and melanopic EDIs for that light condition (4426 K in Huiberts and others 2016; 4462 K and
4584 K in Huiberts and others 2017; 4644 K and 4512 K in Ishibashi and others 2010; 5792 K in
Kompier and others 2020; 2701 K and 5697 K in Luo and others 2023; 4000 K in Smolders and
de Kort 2014; both 4000 K in Smolders and others 2012; both 4000 K in te Kulve and others
2017). Eight light conditions had L-cone-opic EDIs higher in comparison to all other EDIs for
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that light condition (5185 K in Huiberts and others 2016; 2017; 2762 K in Kompier and others
2020; 4000K, 5000K, and 6500K in Lasauskaite and others 2018; 4000 K in Smolders and de
Kort 2014; 2700 K in te Kulve and others 2018). One condition had higher S-cone-opic EDI
compared to all the other EDIs for that light condition (6500 K in Lasauskaite and others 2018).
None of the light conditions had a peak for rhodopic or melanopic EDIs. Overall the EDI profiles
further illustrate what Esposito and Houser (2022) concluded: The CCT is a poor indicator of the
strength of a stimulus as a trigger for IIL effects.

Table 3 reports heart rate and light exposure duration averaged across these different EDI
profiles. The light condition that had a peak at S-cone-opic EDI is difficult to compare to the
other profiles, as there is only one heart rate value, and the exposure was very brief (2 minutes)
in comparison to the others (>30 minutes). The light conditions with peaks at L-cone opic EDI,
and M-cone-opic and L-cone-opic EDIs had similar mean heart rate values and durations. Two
light conditions had similar EDI values across the α-opics. These conditions had a lower mean
heart rate value and longer exposure duration when contrasted with the other profiles.

3.4 Synthesis of individual study findings

Seven of the ten studies included in this review did not report any significant effects of light
intensity or spectral composition on heart rate (Kompier and others 2020; Lasauskaite and others
2018; Luo and others 2023; Smolders and de Kort 2014; te Kulve and others 2018). Of the three
studies that reported a significant effect (Huiberts and others 2016; 2017; Smolders and others
2012), all reported that high illuminance light condition was associated with faster heart rate.
Two studies reported that these effects were significant during the afternoon (Huiberts and others
2016; 2017), with one reporting significant effects in both morning and afternoon sessions
(Smolders and others 2012). These three studies had light exposure durations between 26 and
52.5 minutes long and contained light conditions with higher α-opic EDIs (M = 631.7, SD =
533.5, range of 124.3-1693.0 lx; see Figure 2) than other studies.

4. Discussion

Results from this systematic review did not reveal a significant association between α-opic EDIs
and heart rate. Inspection of individual study results revealed that the majority of the studies
included in this review did not report a significant effect of light intensity or spectrum on heart
rate, although this might be influenced by several factors including time of day and length of
exposure. Overall, the results did not support the hypothesis that melanopic EDI would be
positively associated with heart rate.  The small number of studies and the restricted range of
light conditions included in this review call for careful interpretation until more evidence is
available about the relationship between α-opic EDI and heart rate.

The lack of a significant overall relationship between α-opic EDI and heart rate may have
been influenced by several confounding factors. For instance, morning light exposure was found
to be associated with increased heart rate, which echoes previous observations (Chellappa and
others 2017; Rüger and Scheer 2009; Saito and others 1996; Scheer and others 2004). In
addition, shorter light exposure duration was also related to increased heart rate. These findings
suggest that the influence of polychromatic light exposure on heart rate is dependent on time of
day and the duration of the light exposure.
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4.1 Associations between heart rate and α-opic EDIs

Previous research has suggested that narrowband short wavelength light (Cajochen and others
2005; Scheer and others 1999) and high illuminance (Smolders and others 2012) can increase
heart rate in humans during the day. Focused on polychromatic light, the current review did not
show any indication that differences in white light spectrum or intensity affect daytime heart
rate. Also, none of the five α-opic EDIs were found to have a larger influence on heart rate
compared to the others. None of the light conditions included had an α-opic profile in which
melanopic EDI exceeded the other α-opic EDIs. In most light conditions, M- and L-cone-opic
EDIs were higher than other EDIs. This prevented any insights on α-opic EDI profiles that could
activate ipRGCs more strongly than other photoreceptors. While the effects sizes observed
herein seem rather small, they are proportional to changes of one single heart beat per minute, a
rather fine grained metric. The functional relevance of changes of this magnitude remains to be
further elucidated.

4.2 Time of light exposure, duration and melanopic EDI

The current analyses were adjusted for time of light exposure and duration, as these are known to
influence heart rate (Scheer and others 1999; Smolders and others 2012). Although research is
limited, some studies note that light exposure duration may have an impact on heart rate
(Smolders and de Kort 2014; Smolders and others 2012). In the data included in this review,
heart rate decreased as the duration of light exposure increased. This finding may be due to
habituation, perhaps not just to the light conditions, but also to the research environment. The
participant may have become accustomed to the experimental setting, and heart rate decreased
the longer that they took part in the study.

Alternatively, the number of conditions with high α-opic EDI decreased as exposure
duration increased, so there were more conditions with high α-opic EDI in the subset of
conditions lasting less than <30 minutes (see Figure 2). This may have reduced the likelihood of
the longer-duration light exposure conditions influencing heart rate. It is well established that
bright light exposure in the morning can increase heart rate (Rüger and Scheer 2009; Saito and
others 1996; Scheer and others 2004), leading to an increase in cardiac events in the morning
(Argentino and others 1990; Marsh and others 1990; Raj and others 2015). For example, past
research has shown that dynamic lighting (progressively rising from 0-250 lx) in the morning
hours may offer a protective effect on the heart by gradually increasing heart rate (Chellappa and
others 2017; Viola and others 2015). Considering the current review, the variation in time of
exposure was limited (n  =  16 morning, n  =  17 afternoon, n  =  24 night, n=48 uncontrolled
time), with most exposures being uncontrolled. These time bins were also fairly large, so no
strong conclusion can be made about this parameter.

Few studies have examined the association between melanopsin activation by light and
heart rate in humans. Research on mice and zebrafish suggests that although melanopsin is
maximally sensitive to blue light, it can also absorb light in the violet spectrum (~420 nm;
(Matos-Cruz and others 2011; Newman and others 2003). In one study examining zebrafish,
violet light stimulated a melanopsin dependent increase in heart rate (Contreras and others 2019).
Future research is required to further understand the association between time of day, duration
and melanopic EDI on heart rate.
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Figure 2. Profiles of α-opic EDI values for each study condition stratified by duration of exposure. Each
panel shows studies of a particular exposure duration: (a) under 30 min; (b) 30-75 min; (c) >75 min.

4.3 Heart rate variability

Although heart rate variability (HRV) parameters were excluded from this systematic review
because of the small number of available articles covering equivalent parameters that could have
been integrated in analyses, the potential that HRV is sensitive to light is worth mentioning.
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To date, research concerning the effects of light on HRV parameters has yielded mixed
results. Bright white light (1000 lx photopic illuminance of) increased the LF/HF ratio compared
to low intensity light (200 lx photopic illuminance), which suggests that a high illuminance may
increase cardiac sympathetic activity (Smolders and others 2012). An increase in HF was
reported during morning bright light exposure (>2500 lx photopic illuminance) compared to low
intensity light (<200 lx photopic illuminance), suggesting elevated activation of the
parasympathetic nervous system (Rechlin and others 1995), a phenomenon possibly related to
the stress reducing benefits of bright light.  Conversely, some studies did not report any
significant effect of white light (3000 K, 5000 K at 2 levels of photopic illuminance 30 lx, 150
lx) on HRV (Noguchi and Sakaguchi 1999). Others have suggested that HF and LF are not
affected by light exposure, whereas LF/HF ratio increased under bright light exposure (10 000 lx
photopic illuminance) and darkness exposure (< 0.01 lx photopic illuminance) compared to dim
light (100 lx photopic illuminance) (Tsunoda and others 2001).

A few studies have suggested that HRV is sensitive to short-wavelength light (Choi and
others 2011; Litscher and others 2013; Schäfer and Kratky 2006). For example. evening
exposure to 10 minutes of red, green, blue light (700 lx photopic illuminance) followed by 15
min of darkness decreased absolute HF power in the darkness solely after blue light exposure
(Schäfer and Kratky 2006). This suggests a specific involvement of ipRGCs in the HF heart rate
response to light. The same study also noted that colored light can influence HRV within
minutes. To gain more detailed insights on the autonomic responses to light, including HRV,
future research is needed.

4.4 Limitations

Methodological inconsistencies across studies make it difficult to draw conclusions on the
association between polychromatic light and heart rate. Heart rate can be influenced by several
factors, some of which can also be affected by the color of light, such as respiration frequency
(Edelhäuser and others 2013). At resting respiratory rates, heart rate typically increases following
inhalation and decreases following exhalation (Vaschillo and others 2002). Research on heart
respiration ratio (HRR) has suggested that HRR gets closer to 4:1 (4 heartbeats in one respiratory
cycle) during red light compared to daylight (Edelhäuser and others 2013). Considering that none
of the articles within this review included respiration frequency, further research is required to
disentangle the effects of polychromatic white light on heart rate and respiration frequency.

In addition, body position can influence heart rate (Ross and Dean 1996). Sitting
positions have been found to lead to increased heart rate over supine positions (Jones and Dean
2004). Seven of the articles in the completed database had heart rate measurements taken when
the participant was sitting and three had participants in a semi-supine position. In all the articles
that reported significant effects of light on heart rate, participants were in a sitting position
(Huiberts and others 2016; 2017; Smolders and others 2012). Body position may thus be a
confounding factor.

Furthermore, three of the studies included involved protocols with changes in ambient
temperature (Ishibashi and others 2010; te Kulve and others 2018; te Kulve and others 2017).
Although people who live in temperate climates typically find interior room temperatures
between 20-23°C to be comfortable (Brager and De Dear 1998), these three studies used thermo-
neutral ambient temperatures between 26-32°C. It has been shown that heart rate is related to
core body temperature (Hamilton and others 1991), and a rise in core temperature can lead to a
similar increase in heart rate (González-Alonso and others 1997; Rowell 1974). Heart rate may
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have been increased in these studies due to the temperature of the lab room. Future work is
required to untangle the potential interactions between light, the above-mentioned factors, and
heart rate.

The current systematic review was also limited by the small number of studies available
and the small range of light conditions that could be integrated in the analyses, especially for
light exposure durations  >75 minutes. There is also a large amount of overlap between α-opic
EDIs for light exposure conditions <30 minutes, which probably confounded the findings. In
addition, the protocols of the included articles were not designed to investigate specific α-opic
EDI profiles and were confounded by a range of factors, as stated in the previous section.
Furthermore, we were limited by the number of outcomes reported in the selected studies.
Frequency based HRV parameters were not included in analyses due to insufficient data within
the selected articles.

Overall, the articles included had a higher percentage of females than males and a limited
age range, with all articles focusing on adults in their early 20s. There was also limited cultural
diversity, as the included studies took place in the Netherlands, Switzerland or Japan.

5. Conclusions

This systematic review could not support the hypothesis that melanopic EDI would be positively
associated with heart rate. Our ability to detect such effects was limited by the small range of α-
opic EDI profiles available and the large array of uncontrolled factors that could have influenced
the outcomes despite our best attempt to adjust analyses to some of these factors. Heart rate was
found to be associated with time of day and duration of exposure. More studies investigating the
effects of polychromatic white light on heart rate while controlling for time of day and light
exposure duration are needed.
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Table 1. Methodological details for each light condition across all studies. Time of exposure categorized into AM (06:00-11:59), PM (afternoon; 12:00-16:59), Night (17:00-06:59), standard deviation (SD), light
emitting diodes (LED), Equivalent daylight illuminance (EDI). *Study design relevant to the light conditions included in this review, **Mixed design in which all participants were exposed to all light conditions in
a crossover manner, but where most participants were allocated to either a morning or an afternoon session cross-sectionally. ***Participants were allocated to either a morning or an afternoon session in a
counterbalanced order. **** Not a multiday light exposure study design. †Counterbalanced order of light exposure. ‡Randomized groups. †‡Randomly assigned to counterbalanced order. All light measurements
taken at eye level. F: females.

Reference
Study

Design*
n Age

(X̅ +SD)
Sex

(%F)
Control for

Light
History

Timing of
Exposure

Time of Exposure
Notes/ Details

Duration
(minutes)

Light Sources Photopic
Illuminance

(lx)

EDI
(s-cone-opic/ m-cone-opic/ l-cone-opic/

rhodopic/ melanopic)
te Kulve et al.,

2017
Cross-
over‡

19 22.3 (1.9) 100.0 30 min AM 8:00-8:30 15 LED wall washer 206 109.8/183.0/207.2/158.8/147.3
19 22.3 (1.9) 100.0 AM, PM 8:30- 13:00 135 987 526.3/877.0/992.9/760.8/705.5

Huiberts et al.,
2016 Mixed**‡

21 21.2 (2.1) 71.8

25 min

PM 15:45-17:15

45 Ceiling mounted
luminaires

165 143.3/153.8/164.4/136.4/128.5
21 21.2 (2.1) 71.8 PM 15:45-17:15 600 427.4/539.1/597.5/443.0/401.8
21 21.2 (2.1) 71.8 PM 15:45-17:15 1700 1211.1/1527.5/1693.0/1255.3/1138.4
18 21.2 (2.1) 71.8 AM 9:00-10:30 165 143.3/153.8/164.4/136.4/128.5
18 21.2 (2.1) 71.8 AM 9:00-10:30 600 427.4/539.1/597.5/443.0/401.8
18 21.2 (2.1) 71.8 AM 9:00-10:30 1700 1211.1/1527.5/1693.0/1255.3/1138.4
21 21.2 (2.1) 71.8 PM 15:45-17:15 165 143.3/153.8/164.4/136.4/128.5
21 21.2 (2.1) 71.8 PM 15:45-17:15 600 427.4/539.1/597.5/443.0/401.8
21 21.2 (2.1) 71.8 PM 15:45-17:15 1700 1211.1/1527.5/1693.0/1255.3/1138.4

Lasauskaite et
al., 2018

Cross-
sectional*

**‡

18 23.6
(unspecifi

ed)

63.9

8 min AM; PM AM: 9:00-12:00
PM: 13:30- 16:30 ****2

Vertical front panel
(220 cm width, 140
cm eight) mounted
80 cm above the
floor

504.5 262.1/398.2/513.5/288.4/247.4

16 23.6
(unspecifi

ed)

63.9 506.7 419.7/438.9/510.6/356.2/337.7

17 23.6
(unspecifi

ed)

63.9 502.7 433.8/458.4/499.3/389.6/370.3

20 23.6
(unspecifi

ed)

63.9 503.1 581.1/479.1/504.9/452.1/461.8

Smolders et al.,
2012 Mixed**†

41 22.0 (4.0) 46.3
30 min AM, PM Condensed from

am (9:00 or 11:00)

7.5/15.0/
22.5/37.5/

52.5

Ceiling and wall
surface-mounted
luminaires each

200 127.6/ 176.0/ 199.6/ 138.8/ 124.3
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Reference
Study

Design*
n Age

(X̅ +SD)
Sex

(%F)
Control for

Light
History

Timing of
Exposure

Time of Exposure
Notes/ Details

Duration
(minutes)

Light Sources Photopic
Illuminance

(lx)

EDI
(s-cone-opic/ m-cone-opic/ l-cone-opic/

rhodopic/ melanopic)
42 22.0 (4.0) 53.1 and pm (1:00 or

3:00) groups
containing six
fluorescent tubes
(28W)

1000 638.2/ 880.0/ 997.9/ 694.1./ 621.7

Ishibashi et al.,
2010

Cross-
over‡

10 23.9 (1.3) 0.0

30 min Night

21:00-21:30 15
Ceiling luminaires
with a plastic
diffuser panel

650 392.9/592.6/640.1/472.8/425.1
10 23.9 (1.3) 0.0 21:30- 00:00 15/ 45/75/

105/135
1700 1027.6/1549.9/1674.2/1236.5/1111.9

10 23.9 (1.3) 0.0 21:30- 00:00 15/ 45/75/
105/135

17 10.3/15.5/16.7/12.4/11.1

Huiberts et al.,
2017

Cross
sectional‡

18 21.7 (2.0) 61.1

~36 min

AM 9:00 - 10:30

26
Recessed ceiling
luminaires with
three fluorescent
tubes (54W)

165 143.3/ 153.8/ 164.4/ 136.4/ 128.5
21 20.8 (2.2) 81.0 PM 15:45 - 17:15 165 143.3/ 153.8/ 164.4/ 136.4/ 128.5
18 21.7 (2.0) 61.1 AM 9:00 - 10:30 1700 1211.1/ 1527.5/ 1693.0/ 1255.3/ 1138.4
21 20.8 (2.2) 81.0 PM 15:45 - 17:15 1700 1211.1/ 1527.5/ 1693.0/ 1255.3/ 1138.4
17 20.7 (2.1) 64.7 AM 9:00 - 10:30 165 143.3/ 153.8/ 164.4/ 136.4/ 128.5
17 20.5 (2.4) 47.1 PM 15:45 - 17:15 165 143.3/ 153.8/ 164.4/ 136.4/ 128.5
17 20.7 (2.1) 64.7 AM 9:00 - 10:30 1700 1211.1/ 1527.5/ 1693.0/ 1255.3/ 1138.4
17 20.5 (2.4) 47.1 PM 15:45 - 17:15 1700 1211.1/ 1527.5/ 1693.0/ 1255.3/ 1138.4

te Kulve et al.,
2018

Cross-
over‡

16 22.2 (2.4) 100.0

45 min AM, PM 8:30 -13:00
135

LED wall washer
54.4 12.6/41.7/55.7/27.9/22.5

16 22.2 (2.4) 100.0 135 55.4 46.9/54.3/55.4/54.6/54.7

Smolders & de
Kort, 2014

Cross-
over†

28 23.0 (4.1) 57.1

~36 min AM, PM,
Night

AM: 9:00,
10:20,11:45
PM: 13:15,
14:45,16:15

10.5/63.5/
76.5 Ceiling and wall

fluorescent tubes

200 137.6/ 176.0/ 200.1/ 141.1/ 127.0

28 23.0 (4.1) 57.1 3.5/16.5 1000 703.4/ 875.7/ 1002.4/ 701.3/ 631.7

Kompier et al.,
2020†‡

Cross-
over†‡

38 24.0 (2.9) 50.0
30 min AM, PM Unspecified 7.5/15.0/22.5/3

0.0
Four ceiling
mounted luminaires

97 30.6/76.1/98.6/48.9/40.6

38 24.0 (2.9) 50.0 1021 895.4/980.9/1011.0/891.4/857.5

Luo et al. 2023 Cross-
over†‡

16 23.7 (4.1) 50.0

30 min AM, PM AM: 9:00-12:00
PM: 13:00-16:00

5/10/20/30/
40/45/55/65

Ceiling and desk
mounted
luminaires; laptop
screen

501 151.1/391.1/510.9/253.2/211.7
16 23.7 (4.1) 50.0 502 431.4/478.9/496.2/427.1/410.1
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Table 2. Linear mixed-effect models assessing the relationship between α-opic EDIs and heart rate. F values for Study Identifier and Estimates for all other parameters (Est.; calculated for fixed effects
per one unit of log10-transformed values for continuous variables, and relative to morning for time of exposure (categorical: morning (06:00 to 11:59), afternoon (12:00 to 16:59), night (17:00 to 06:59),
or uncontrolled times)), Standard Deviation (SD) for Study Identifier and Standard Error (SE) for all other parameters, and p values.

L-cone-opic M-cone-opic S-cone-opic Rhodopic Melanopic

Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p

Study Identifier 1.76 0.047 0.124 1.76 0.047 0.124 1.76 0.047 0.125 1.77 0.047 0.124 1.77 0.047 0.123
Time of exposure (vs morning)

Uncontrolled 3.05E-02 2.07E-02 0.135 3.06E-02 2.07E-02 0.134 3.08E-02 2.07E-02 0.132 3.07E-02 2.07E-02 0.133 3.08E-02 2.07E-02 0.132
Afternoon -6.40E-02 1.31E-02 0.000 -6.40E-02 1.31E-02 0.000 -6.40E-02 1.32E-02 0.000 -6.40E-02 1.31E-02 0.000 -6.40E-02 1.31E-02 0.000
Night -5.76E-02 5.20E-02 0.215 -5.78E-02 5.20E-02 0.214 -5.77E-02 5.20E-02 0.215 -5.78E-02 5.21E-02 0.215 -5.77E-02 5.21E-02 0.215

Duration -7.94E-04 1.26E-04 0.000 -7.95E-04 1.26E-04 0.000 -7.96E-04 1.27E-04 0.000 -7.96E-04 1.26E-04 0.000 -7.96E-04 1.26E-04 0.000
α-opic EDI 4.21E-03 2.71E-03 0.119 4.09E-03 2.68E-03 0.124 3.44E-03 2.52E-03 0.156 3.82E-03 2.62E-03 0.138 3.69E-03 2.59E-03 0.145

Table 3. Heart rate and duration metrics across the different relative α-opic profiles.

Heart Rate (bpm) Light Exposure Duration (minutes)
Number of
Conditions Mean SD Min Max Mean SD Min Max

S-cone peak 1 71.0 - - - 2 - - -
L-cone peak 8 75.1 4.1 67 81.2 28.3 30.8 2 135
ML-cone peak 13 74.4 5.6 63.2 89.6 35.3 30.6 3.5 135
No peak 2 65.3 2.3 62.4 69.5 80.5 46.1 15 135
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Appendix A -- Search Strategy

Scopus
( ( TITLE ( light OR wavelength OR illumin* ) AND TITLE-ABS-KEY ( cognit* OR alert* OR
vigilance OR sleepiness OR attention OR memory OR psychomotor OR "reaction time" OR
"response time" OR arous* OR productivity OR mood OR pupil* OR electroretinography OR
well-being OR physiology OR circadian OR brain OR fmri OR eeg OR electroencephalography
) AND TITLE-ABS-KEY ( human OR adults OR participants OR men OR women OR male OR
female OR subject ) AND TITLE-ABS- KEY ( poly* OR "white light" OR spectrum* OR
"bright light" OR "light pulse" OR "Light flash" OR ( light AND exposure ) ) AND NOT
TITLE-ABS-KEY ( membrane OR nano* OR dna OR tissue OR drosophila OR mice OR rat OR
cat OR fish OR "shift work" OR shiftwork OR "seasonal affective disorder" OR neonatal OR
infant OR children OR treat* OR disorder OR species OR jaundice OR psoriasis OR tumor OR
tumour OR glaucoma OR cancer OR polymer* OR hamster OR chick* OR injury OR fly ) ) )
AND ( LIMIT-TO ( SRCTYPE , "j" ) OR LIMIT-TO ( SRCTYPE , "p" ) ) AND ( LIMIT-TO (
DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "cp" ) ) AND ( LIMIT-TO ( PUBYEAR , 2020
) OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-TO (
PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-TO ( PUBYEAR , 2015 )
OR LIMIT-TO ( PUBYEAR , 2014 ) OR LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO (
PUBYEAR , 2012 ) OR LIMIT-TO ( PUBYEAR , 2011 ) OR LIMIT-TO ( PUBYEAR , 2010 )
OR LIMIT-TO ( PUBYEAR , 2009 ) OR LIMIT-TO ( PUBYEAR , 2008 ) OR LIMIT-TO (
PUBYEAR , 2007 ) OR LIMIT-TO ( PUBYEAR , 2006 ) OR LIMIT-TO ( PUBYEAR , 2005 )
OR LIMIT-TO ( PUBYEAR , 2004 ) OR LIMIT-TO ( PUBYEAR , 2003 ) OR LIMIT-TO (
PUBYEAR , 2002 ) OR LIMIT-TO ( PUBYEAR , 2001 ) OR LIMIT-TO ( PUBYEAR , 2000 )
OR LIMIT-TO ( PUBYEAR , 1999 ) OR LIMIT-TO ( PUBYEAR , 1998 ) OR LIMIT-TO (
PUBYEAR , 1997 ) OR LIMIT-TO ( PUBYEAR , 1996 ) OR LIMIT-TO ( PUBYEAR , 1995 )
OR LIMIT-TO ( PUBYEAR , 1994 ) OR LIMIT-TO ( PUBYEAR , 1993 ) OR LIMIT-TO (
PUBYEAR , 1992 ) OR LIMIT-TO ( PUBYEAR , 1991 ) OR LIMIT-TO ( PUBYEAR , 1990 ) )
AND ( LIMIT-TO ( LANGUAGE , "English" ) OR LIMIT-TO ( LANGUAGE , "French" ) OR
EXCLUDE ( LANGUAGE , "German" ) OR EXCLUDE ( LANGUAGE , "Japanese" ) OR
EXCLUDE ( LANGUAGE , "Polish" ) OR EXCLUDE ( LANGUAGE , "Portuguese" ) OR
EXCLUDE ( LANGUAGE , "Croatian" ) OR EXCLUDE ( LANGUAGE , "Spanish" ) OR
EXCLUDE ( LANGUAGE , "Thai" ) )

PsycINFO/Embase
((light or wavelength or illumin*).ti. and ((cognit* or alert* or vigilance or sleepiness or attention
or memory or psychomotor or "reaction time" or "response time" or arous* or productivity or
mood or pupil* or electroretinography or well-being or physiology or circadian or brain or fmri
or eeg or electroencephalography).ab. or (cognit* or alert* or vigilance or sleepiness or attention
or memory or psychomotor or "reaction time" or "response time" or arous* or productivity or
mood or pupil* or electroretinography or well-being or physiology or circadian or brain or fmri
or eeg or electroencephalography).ti. or (cognit* or alert* or vigilance or sleepiness or attention
or memory or psychomotor or "reaction time" or "response time" or arous* or productivity or
mood or pupil* or electroretinography or well-being or physiology or circadian or brain or fmri
or eeg or electroencephalography).id.) and ((human or adults or participants or men or women or
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male or female or subject).ab. or (human or adults or participants or men or women or male or
female or subject).ti. or (human or adults or participants or men or women or male or female or
subject).id.) and ((poly* or "white light" or spectrum* or "bright light" or "light pulse" or "Light
flash" or (light and exposure)).ab. or (poly* or "white light" or spectrum* or "bright light" or
"light pulse" or "Light flash" or (light and exposure)).ti. or (poly* or "white light" or spectrum*
or "bright light" or "light pulse" or "Light flash" or (light and exposure)).id.)) not ((membrane or
nano* or dna or tissue or drosophila or mice or rat or cat or fish or "shift work" or shiftwork or
"seasonal affective disorder" or neonatal or infant or children or treat* or disorder or species or
jaundice or psoriasis or tumor or tumour or glaucoma or cancer or polymer* or hamster or chick*
or injury or fly).ab. or (membrane or nano* or dna or tissue or drosophila or mice or rat or cat or
fish or "shift work" or shiftwork or "seasonal affective disorder" or neonatal or infant or children
or treat* or disorder or species or jaundice or psoriasis or tumor or tumour or glaucoma or cancer
or polymer* or hamster or chick* or injury or fly).ti. or (membrane or nano* or dna or tissue or
drosophila or mice or rat or cat or fish or "shift work" or shiftwork or "seasonal affective
disorder" or neonatal or infant or children or treat* or disorder or species or jaundice or psoriasis
or tumor or tumour or glaucoma or cancer or polymer* or hamster or chick* or injury or fly).id.)
limit 1 to human
limit 2 to yr = "1990 - 2020" limit 3 to (english or french)

Web of Science
TI = (light OR wavelength OR illumin*) AND TS = (cognit* OR alert* OR vigilance OR
sleepiness OR attention OR memory OR psychomotor OR "reaction time" OR "response time"
OR arous* OR productivity OR mood OR pupil* OR electroretinography OR well-being OR
physiology OR circadian OR brain OR fmri OR eeg OR electroencephalography) AND TS =
(human OR adults OR participants OR men OR women OR male OR female OR subject) AND
TS = (poly* OR "white light" OR spectrum* OR "bright light" OR "light pulse" OR "Light
flash" OR ( light AND exposure )) NOT TS = (membrane OR nano* OR dna OR tissue OR
drosophila OR mice OR rat OR cat OR fish OR "shift work" OR shiftwork OR "seasonal
affective disorder" OR neonatal OR infant OR children OR treat* OR disorder OR species OR
jaundice OR psoriasis OR tumor OR tumour OR glaucoma or cancer or polymer* or hamster or
chick* or injury or fly)
Refined by: LANGUAGES: ( ENGLISH OR FRENCH )
Timespan: 1990-2020. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.

Lighting Research and Technology
[[Title light] OR [Title wavelength] OR [Title illumin*]] AND [[All cognit*] OR [All alert*] OR
[All vigilance] OR [All sleepiness] OR [All attention] OR [All memory] OR [All psychomotor]
OR [All "reaction time"] OR [All "response time"] OR [All arous*] OR [All productivity] OR
[All mood] OR [All pupil*] OR [All electroretinography] OR [All well-being] OR [All
physiology] OR [All circadian] OR [All brain] OR [All fmri] OR [All eeg] OR [All
electroencephalography]] AND [[All human] OR [All adults] OR [All participants] OR [All
men] OR [All women] OR [All male] OR [All female] OR [All subject]] AND [[All poly*] OR
[All "white light"] OR [All spectrum*] OR [All "bright light"] OR [All "light pulse"] OR [All
"light flash"] OR [[All light] AND [All exposure]]] AND NOT [[[All membrane] OR [All
nano*] OR [All dna] OR [All tissue] OR [All drosophila] OR [All mice] OR [All rat] OR [All
cat] OR [All fish] OR [All "shift work"] OR [All shiftwork] OR [All "seasonal affective
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disorder"] OR [All neonatal] OR [All infant] OR [All children] OR [All treat*] OR [All disorder]
OR [All species] OR [All jaundice] OR [All psoriasis] OR [All tumor] OR [All tumour] OR [All
glaucoma] OR [All cancer] OR [All polymer*] OR [All hamster] OR [All chick*] OR [All
injury]] AND [All or fly]] within Lighting Research & Technology Since 1990

LEUKOS/ Journal of the Illuminating Engineering Society
[[Publication Title: light] OR [Publication Title: wavelength] OR [Publication Title: illumin*]
OR [Publication Title: pupil*]] AND [[All: cognit*] OR [All: alert*] OR [All: vigilance] OR
[All: sleepiness] OR [All: attention] OR [All: memory] OR [All: psychomotor] OR [All:
"reaction time"] OR [All: "response time"] OR [All: arous*] OR [All: productivity] OR [All:
mood] OR [All: pupil*] OR [All: electroretinography] OR [All: well-being] OR [All:
physiology] OR [All: circadian] OR [All: brain] OR [All: fmri] OR [All: eeg] OR [All:
electroencephalography]] AND [[All: human] OR [All: adults] OR [All: participants] OR [All:
men] OR [All: women] OR [All: male] OR [All: female] OR [All: subject]] AND [[All: poly*]
OR [All: "white light"] OR [All: spectrum*] OR [All: "bright light"] OR [All: "light pulse"] OR
[All: "light flash"] OR [[All: light] AND [All: exposure]]] AND NOT [[All: membrane] OR
[All: nano*] OR [All: dna] OR [All: tissue] OR [All: drosophila] OR [All: mice] OR [All: rat]
OR [All: cat] OR [All: fish] OR [All: "shift work"] OR [All: shiftwork] OR [All: "seasonal
affective disorder"] OR [All: neonatal] OR [All: infant] OR [All: children] OR [All: treat*] OR
[All: disorder] OR [All: species] OR [All: jaundice] OR [All: psoriasis] OR [All: tumor] OR
[All: tumour] OR [All: glaucoma] OR [All: cancer] OR [All: polymer*] OR [All: hamster] OR
[All: chick*] OR [All: injury] OR [All: fly]] AND [in Journal: LEUKOS] AND [Publication
Date: (01/01/1990 TO 31/12/2020)]

PubMed
((((light[Title] OR wavelength[Title] OR illumin*[Title]) AND (cognit*[Title/Abstract] OR
alert*[Title/Abstract] OR vigilance[Title/Abstract] OR sleepiness[Title/Abstract] OR
attention[Title/Abstract] OR memory[Title/Abstract] OR psychomotor[Title/Abstract] OR
"reaction time"[Title/Abstract] OR "response time"[Title/Abstract] OR arous*[Title/Abstract]
OR productivity[Title/Abstract] OR mood[Title/Abstract] OR pupil*[Title/Abstract] OR
electroretinography[Title/Abstract] OR well-being[Title/Abstract] OR physiology[Title/Abstract]
OR circadian[Title/Abstract] OR brain[Title/Abstract] OR fmri[Title/Abstract] OR
eeg[Title/Abstract] OR electroencephalography[Title/Abstract])) AND (human[Title/Abstract]
OR adults[Title/Abstract] OR participants[Title/Abstract] OR men[Title/Abstract] OR
women[Title/Abstract] OR male[Title/Abstract] OR female[Title/Abstract] OR
subject[Title/Abstract])) AND (poly*[Title/Abstract] OR "white light"[Title/Abstract] OR
spectrum*[Title/Abstract] OR "bright light"[Title/Abstract] OR "light pulse"[Title/Abstract] OR
"Light flash"[Title/Abstract] OR ( light[Title/Abstract] AND exposure )[Title/Abstract])) NOT
(membrane[Title/Abstract] OR nano*[Title/Abstract] OR dna[Title/Abstract] OR
tissue[Title/Abstract] OR drosophila[Title/Abstract] OR mice[Title/Abstract] OR
rat[Title/Abstract] OR cat[Title/Abstract] OR fish[Title/Abstract] OR "shift
work"[Title/Abstract] OR shiftwork[Title/Abstract] OR "seasonal affective
disorder"[Title/Abstract] OR neonatal[Title/Abstract] OR infant[Title/Abstract] OR
children[Title/Abstract] OR treat*[Title/Abstract] OR disorder[Title/Abstract] OR
species[Title/Abstract] OR jaundice[Title/Abstract] OR psoriasis[Title/Abstract] OR
tumor[Title/Abstract] OR tumour[Title/Abstract] OR glaucoma[Title/Abstract] OR
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cancer[Title/Abstract] OR polymer*[Title/Abstract] OR hamster[Title/Abstract] OR
chick*[Title/Abstract] OR injury[Title/Abstract] OR fly[Title/Abstract])
Add filters – Human, 1990-2020, English, French
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Appendix B: Results from the models with interaction terms

Table B.1 reports statistics from the linear mixed-effect regression. There was no significant interaction between EDI and Exposure (all estimates < 3.30e-7, p > 0.160) nor significant effect of EDI (all estimates < |-
6.61e-6|, p >0.358) for any α-opic category. Short light exposure duration was associated with fast heart rate (all estimates > |-9.55e-4|, p < 0.001). For all α-opic categories, morning light exposure was found to be
associated with higher heart rate compared to afternoon light exposure (all estimates > |-6.40e-2|, p < 0.001). No other significant effect of time of exposure was observed (all estimates < |-6.13e-2|, p > 0.117). The
random effects of study identifiers were not significant for any of the α-opic categories (all F < 1.79, p > 0.122).

Table B.1. Mixed linear regression with interaction term.

L-cone-opic M-cone-opic S-cone-opic Rhodopic Melanopic

Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p
Study Identifier 1.78 0.047 0.122 1.78 0.047 0.122 1.77 0.047 0.123 1.79 0.047 0.122 1.79 0.047 0.122
Time of exposure (vs morning)

Uncontrolled 3.18E-02 2.07E-02 0.123 3.19E-02 2.07E-02 0.122 3.24E-02 2.07E-02 0.117 3.16E-02 2.07E-02 0.124 3.15E-02 2.07E-02 0.125
Afternoon -6.40E-02 1.31E-02 0.000 -6.40E-02 1.31E-02 0.000 -6.40E-02 1.31E-02 0.000 -6.41E-02 1.31E-02 0.000 -6.41E-02 1.31E-02 0.000
Night -6.12E-02 5.22E-02 0.200 -6.12E-02 5.22E-02 0.199 -6.08E-02 5.21E-02 0.201 -6.13E-02 5.22E-02 0.199 -6.13E-02 5.22E-02 0.199

Duration -9.61E-04 1.70E-04 0.000 -9.55E-04 1.68E-04 0.000 -9.55E-04 1.65E-04 0.000 -9.61E-04 1.68E-04 0.000 -9.63E-04 1.67E-04 0.000
α-opic EDI -3.89E-06 1.06E-05 0.372 -3.80E-06 1.14E-05 0.376 -6.61E-06 1.45E-05 0.358 -5.22E-06 1.36E-05 0.370 -5.99E-06 1.48E-05 0.366
α-opic EDI*Exposure 2.09E-07 1.63E-07 0.174 2.20E-07 1.75E-07 0.181 3.30E-07 2.48E-07 0.164 2.84E-07 2.15E-07 0.165 3.19E-07 2.36E-07 0.160
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Appendix C: Results from running linear mixed-effects models assessing only morning

Table C.1 reports statistics from the linear mixed-effects regression between α-opic EDIs and heart rate in the morning. Three articles with a total of 16 conditions were included. There was no
significant effect of α-opic EDI (all estimates < |-1.23e-2|, p >0.292) or duration (all estimates < |-3.62e-4|, p >0.369). The random effects of study identifiers were not significant for any of the α-opic
categories (all F <2.48, p>.071).

Table C.1. Linear mixed-effect models assessing the relationship between α-opic EDIs and heart rate in the morning. F values for Study Identifier and Estimates for all other parameters (Est.;
calculated for fixed effects per one unit of log10-transformed values for continuous variables). Standard Deviation (SD) for Study Identifier and Standard Error (SE) for all other parameters, and p
values.

L-cone-opic M-cone-opic S-cone-opic Rhodopic Melanopic
Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p Est./F SE/SD p

Study Identifier 2.480 0.085 0.073 2.482 0.085 0.073 2.537 0.086 0.071 2.466 0.085 0.074 2.460 0.085 0.074
Duration 3.52E-04 1.06E-03 0.370 3.53E-04 1.06E-03 0.370 3.54E-04 1.06E-03 0.370 3.59E-04 1.06E-03 0.369 3.62E-04 1.06E-03 0.369
α-opic EDI -1.10E-02 1.58E-02 0.305 -1.12E-02 1.59E-02 0.303 -1.14E-02 1.63E-02 0.304 -1.19E-02 1.62E-02 0.295 -1.23E-02 1.63E-02 0.292


