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Blue light — short-wavelength visible light emitted by screens, LED lighting, and fluorescent bulbs —

suppresses melatonin production more powerfully than any other wavelength in the visible spectrum.
A 2015 study in the Proceedings of the National Academy of Sciences found that evening e-reader use
delayed melatonin onset by 90 minutes and shifted circadian timing even when subjects felt they'd

slept adequately. This guide covers the mechanisms, the evidence, and what to actually do about it.

1. THE BIOLOGY: WHY BLUE LIGHT AFFECTS SLEEP

The eye contains intrinsically photosensitive retinal ganglion cells (ipRGCs) housing melanopsin, a
photopigment maximally sensitive to 480nm light — squarely in the blue range. These cells connect
directly to the suprachiasmatic nucleus (SCN), the brain's master circadian clock. Evening light
exposure signals the SCN that it is still daytime, suppressing melatonin secretion from the pineal
gland. Even 10 lux of blue-enriched light measurably suppresses melatonin when exposure occurs in

the 2 hours before habitual sleep time.

2. DEVICES AND SOURCES RANKED BY IMPACT

Smartphone / tablet (held close) Very high — proximity amplifies effective lux
LED monitors (desktop/laptop) High — broad blue spectral peak

Cool-white LED overhead lighting (5000K+) High — continuous ambient exposure
Television at 2-3 meters Moderate — lower lux at distance

Warm LED bulbs (2700K) Low — minimal blue component

Candles / incandescent lamps Negligible — spectrum peaks in amber/red

3. EVIDENCE-BASED MITIGATION STRATEGIES

A. Blue-Light Blocking Glasses
Amber-tinted lenses that block >95% of blue light. A 2017 RCT in Chronobiology International
found 2 hours of amber glasses before bed improved both sleep quality and duration.
Effectiveness depends on lens quality — verify blocking percentage. Clear 'low blue' lenses are

largely ineffective.

B. Software Screen Filters
f.lux (desktop), Night Shift (i0S/mac0S), and Night Mode (Android/Windows) shift color
temperature toward warm hues. A 2016 study in Sleep Medicine found these alone insufficient at

typical screen brightness. Use as a supplement to glasses, not a replacement.

C. Lighting Environment Swap
Replacing bedroom and main living area LEDs with 2700K warm bulbs after sunset is one of the
highest-impact, lowest-cost interventions. Dimming overheads and switching to floor lamps with

warm bulbs 2-3 hours before bed is the approach most supported by chronobiology research.

4. EVENING PROTOCOL: STEP-BY-STEP CHECKLIST
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3 hours before bed — switch to warm 2700K lighting or dim overheads to <10%

2 hours before bed — put on blue-blocking glasses if using any screens

Enable f.lux / Night Shift at sunset (set to 2700K or 'Candle’ setting)

Reduce screen brightness to minimum usable level across all devices

1 hour before bed — shift to no-screen activity: physical book, podcast, stretching
Install blackout curtains in bedroom (blue-rich street LEDs enter through windows)

If waking at night, avoid bright phone checks — use red-light nightlight if needed

5. MORNING LIGHT: THE ESSENTIAL COUNTERPART

Circadian timing works bidirectionally. Morning bright light — ideally outdoor sunlight within 30
minutes of waking — advances the circadian clock so evening melatonin secretion begins earlier and
more robustly. A 2019 study in Current Biology found just two nights of weekend camping (no artificial
light) shifted melatonin timing 1.4 hours earlier. Bright mornings and dark evenings together produce

the largest circadian benefit.

6. SPECIAL POPULATIONS

Shift workers
Blue light during night shifts compounds circadian disruption. Amber glasses during night shifts

and blackout sleep environments are both critical and well-supported.

Adolescents
Teenage circadian phase is biologically delayed. Combined with evening screen use this produces

severe sleep onset delays. Strict evening blue-light cutoffs are especially important in this group.

Chronic insomnia
Evening light exposure is a significant and often overlooked perpetuating factor. Addressing it

improves sleep latency without medication.



