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Ocular Photoreception

Güler et al., 2008; Legates et al., 2012, 2014 

CIE S026:2018



• Metrology for ipRGC-influenced light (IIL) should follow CIE S026:2018 
quantities and units
• Melanopic equivalent daylight illuminance (EDI), expressed in units of lx, is a 

reasonable way to specify exposures

• Proper light at a proper time – exact quantities remain unclear:
• A high melanopic EDI during the day is usually supportive for alertness, 

circadian rhythms and a good night’s sleep
• A low melanopic EDI in the evening and at night facilitates sleep initiation and 

consolidation

CIE Position Statement on Non-Visual Effects of Light – Recommending Proper Light at the Proper Time, 2nd Edition, Oct 2019

CIE Position Statement (2019)



• How much light do we need?

• Past literature can’t be compared easily because V(λ) is the wrong 
spectral sensitivity function for ipRGC-influenced effects

• Need to put results all on one scale, using the appropriate quantities

The Application Question



Overall Project Goals

To examine light characteristics that support optimal well-being,
cognition, and physiological function in humans (>18 years old)

• Negative & positive affect
• What does it mean?
• COVID19 – an example

Ammar et al., 2020



Objective: Predict optimal light exposure parameters for well-being
Hypotheses: 
• Melanopic EDI will be the best predictor of mood outcomes (i.e., these effects 

will be primarily mediated by ipRGCs)
• Length (hrs) and time (AM/PM) of exposure will also contribute to the 

predictive model

Objective/Hypotheses



Review Criteria

Inclusion: Exclusion: 
Publications: 1990-2020 Only hormonal outcomes (cortisol/melatonin) 

or genetic 
Healthy adults (18+ years) Total sleep deprivation 
Polychromatic light (white) Shift workers (real or simulated) 
Ocular light (eyes open) Insufficient light information for the CIE 

toolbox 
New empirical data  
Light exposures reported in S026 or CIE TN 
003 OR light measurement 

 

 



PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

Records identified through 
database searching

(2994 Articles)

Title/abstracts screened after 
duplicates removed

(1881 Articles) Records excluded
(1414 Articles)

Full-text articles assessed for 
eligibility

(467 Articles)
Full-text articles excluded, 

With reasons
(449 Articles)

• Missing information (178)
• Light related exclusion (99)
• Other exclusion criteria (79)
• Not related to mood (93)

Studies included 
(18 Articles)

Duplicates removed
(1113 Articles)



• Mood outcomes were identified 
and then filtered for affect specific 
outcomes
• EX: PositiveAndNegativeAffectScale

• Analyses also required means and 
associated indicators of variability 
(standard deviation or standard 
error)
• Digitized from published figures if not 

presented in table or text

Examples of mood measures
PANAS



• Outcome measures 
• Study details:

• Setting
• Location of light measurements (eye/desk level)
• Length of exposure and time of day

• CIE S026:2018 toolbox requires a light source 
spectral power distribution (SPD) for input 
and illuminance to scale
• Digitized from published figures if necessary, or 

obtained from study authors

Refinement the reporting process



• α-opic Equivalent Daylight Illuminance (EDI) scales to 
the equivalent CIE D65 exposure in lx for the same α-
opic irradiance of the given light source

Calculating the α-opic exposures



• Statistical analysis plan relating the mood outcome measures to the light exposures, 
shown conceptually here

Data analysis plan
M
oo

d

Melanopic EDI M-cone-opic EDI L-cone-opic EDIRhodopic EDIS-cone-opic EDI



•Clinical implications for depression
•Continued investigation

Conclusion



• Present: 
• Well-being – Finalizing analyses & report
• Sleep – Finalizing data extraction
• Cognition – Starting data extraction

• Next Steps:
• Well-being – To be reviewed by scientific advisory board & submit to journal
• Sleep, Cognition & Physiology - Complete

Status and next steps
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