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Non-image forming effects of light: 
Bridging the gap from the lab to 

the home 



Lateral Geniculate Nucleus – Intensity contrast 

Superior Colliculus – Cross-modal Integration 

Hypothalamus – Autonomic Effects, Alertness 

Suprachiasmatic Nucleus – Circadian Entrainment 

Pretectum – Pupil Constriction 

IGL – Integration of Light & Motor Information 

Non-image forming effects of light 



Integrated Photoreception 

Intrinsically photosensitive retinal ganglion cell (ipRGC) 



Integrated Photoreception 

Rods Cones Melanopsin 
Spectrum 505 nm 555 nm 480 nm 
Intensity Very low Medium → High High 
Duration On/Off On/Off Sustained, 

integrative 
History Very short 

(seconds) 
Very short 
(seconds) 

Very long 
(hours?) 

Spatial Low High Very low 

Cones 

Rods 
ipRGC Brain targets 

extrinsic intrinsic 

unified 



Can we exploit differences between the systems? 

Rods Cones Melanopsin 
Spectrum 505 nm 555 nm 480 nm 
Intensity Very low Medium → High High 
Duration On/Off On/Off Sustained, 

integrative 
History Very short 

(seconds) 
Very short 
(seconds) 

Very long 
(hours?) 

Spatial Low High Very low 



Can we exploit differences between the systems? 

Give a sequence of flashes 
 

Sustained firing of ipRGC… flashes “look” continuous 
 

Time between flashes = recovery of rod/cone sensitivity 
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Sequence of flashes more potent than continuous light 

5,000x less light yields 
3x greater phase shift 



Phase shift without impact on sleep 
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SLEEP STAGES Before During 
Paired 
t-test 

Wake (min) 5.3 ± 6.7 14.4 ± 21.6 n.s 
S1 (min) 19.4 ± 6.3 20.3 ± 14.0 n.s 
S2 (min) 26.1 ± 12.1 19.5 ± 16.6 n.s 

S3/4 (min) 6.8 ± 10.9 4.5 ± 12.7 n.s 
REM (min) 2.4 ± 5.6 1.6 ± 3.0 n.s 

# transitions 23.5 ± 8.1 21.3 ± 16.2 n.s 

POWER SPECTRUM 
(µV/cm²) Before During 

Paired 
t-test 

Delta 206000 ± 143000 148000 ± 190000 n.s 
Theta 10400 ± 6040 8220 ± 5840 n.s 
Alpha 5920 ± 4190 5000 ± 3210 n.s 
Sigma 1100 ± 505 1220 ± 866 n.s 
Beta 1760 ± 1370 1950 ± 1450 n.s 

Gamma 147 ± 236 178 ± 240 n.s 



Clinical utility? 

Phase shifting during sleep without disturbing sleep: 
 

(Pre)Adaptation to jet lag 
Delayed sleep in teens 

Advanced sleep in elderly 
Erratic sleep schedules 



Effective in Teens 
  Light + CBT (n=15) Time d 

Sleep Onset Latency (min)     
 Baseline 19.91 ± 18.67 

-0.71*** 
 End-Treatment 11.25 ± 6.81 
Sleep Onset Time (hh:mm)     
 Baseline 24:21 ± 0:47 

-0.96*** 
 End-Treatment 23:31 ± 0:47 
Total Sleep Time (min)     
 Baseline 438.9 ± 29.99 

1.07*** 
 End-Treatment 482.1 ± 37.08 
Sleep Efficiency (%)     
 Baseline 0.91 ± 0.05 

0.91*** 
 End-Treatment 0.95 ± 0.03 
Out of Bed (hh:mm)     
 Baseline 8:02 ± 0:34 

-0.31 
 End-Treatment 7:22 ± 0:37 
Sleep Quality (1-5)     
 Baseline 3.35 ± 0.60 

0.65*** 
 End-Treatment 3.86 ± 0.59 

faster to fall asleep 

50 min earlier bedtime 

43 min more sleep 

more efficient 

better quality 

Critical component: passive therapy 



Can we exploit differences between the systems? 

Rods Cones Melanopsin 
Spectrum 505 nm 555 nm 480 nm 
Intensity Very low Medium → High High 
Duration On/Off On/Off Sustained, 

integrative 
History Very short 

(seconds) 
Very short 
(seconds) 

Very long 
(hours?) 

Spatial Low High Very low 

When might it be beneficial to activate vision and not 
non-image forming circuits? 



Nocturnal Ambulation in Elderly 

Light exposure during nocturia increases insomnia 



p= 0.05 Sleep 
onset 

latency 

Balance 

Mandy McBean, PhD Acuity 

Nominal impact on ambulation 

Orange/red light (28 lux) 
vs. 

White light (28 lux) 
vs. 

Dim white light (<0.5 lux) 



Rods Cones Melanopsin 
Spectrum 505 nm 555 nm 480 nm 
Intensity Very low Medium → High High 
Duration On/Off On/Off Sustained, 

integrative 
History Very short 

(seconds) 
Very short 
(seconds) 

Very long 
(hours?) 

Spatial Low High Very low 

Can we exploit differences between the systems? 



Daytime light exposure modifies evening light responses 
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Daytime light exposure modifies evening light responses 
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Raymond Najjar (flash frequency) 
Kate Kaplan (teen study) 
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Norman Ruby (flash during sleep) 
Leah Friedman (relative light) 
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