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Blue Light: A summary of notable research


At this point in time, most of the population is aware of the damaging effects of UV rays on the skin. Fortunately, many have realized that UV rays can also damage the eyes as well. Common issues that arise from an excess of UV exposure to the eyes include photokeratitis, macular degeneration, ptergyium and pinguecula. However, optometrists and the public should be turning their attention to a lesser-known danger to ocular health: that of blue light, neighbor to UV light on the spectrum. Blue light is also known as high-energy visible light, or HEV (3).

The reason that blue light is such a hot topic now is because of the massive increase in exposure to sources that give off this type of light. Incandescent light bulbs are being phased out and being replaced by compact fluorescent lights (CFL), a source of blue light that is commonly used in homes and offices everywhere. Another prevalent source is light-emitting diode (LED) lighting (2). All electronics such as computers, smartphones, and tablets manufactured today utilize this light source. LEDs are found in other sources such as headlights on newer vehicles, as well as the newest editions of binocular indirect ophthalmoscopes. LED lighting has been heralded as a revolution by consumers and the media, with the most recent Nobel Prize being awarded to the physicist who invented the blue-light emitting diode that makes LED technology a possibility (1).


Unfortunately, one third of the light produced from these LED and CFLs are harmful! Adults as well as children are using electronics that emit blue light now more than ever. Those aged 8 to 18 years old admit to using LED electronics up to 7.5 hours a day on average. This is especially concerning, since children hold material closer to their eyes than adults, and more light can reach the back of the eye through their large pupils. 63% of adults are not aware that electronics emit blue light, and are most likely unaware of all the additional risks by their daily exposure (2). 

The risk of all this additional harmful exposure is similar to effects of long term UV damage, since the macula can be damaged. The blue light oxidizes cells in the layer of the retinal pigmented epithelium. This mechanism is responsible for the causation of macular degeneration. Due to early and extended exposure of blue light, it is probable that practitioners will be seeing more and more early onset cases of macular degeneration. Exposure to young children is also a risk, since this type of damage to the RPE is cumulative. Avoidance of excess exposure early on will be beneficial in later years. 


One of the most interesting points about blue light is that certain nanometers are actually beneficial to overall health in certain situations, specifically 465-500 nm. Those between 400-460 are more commonly accepted as truly harmful to eye health (3). So, what are these benefits? Namely, blue light suppresses melatonin release from the pineal gland. This is a helpful in daylight hours, and helps to regulate circadian cycles. In fact, many lights are manufactured to be “full spectrum” or to mimic daylight in order to help with keeping sleep/wake cycles in check (4). A common example is lighting prescribed for seasonal affective disorder. 
Specific retinal ganglion cells known as melanopsin are highly sensitive to blue light in particular. Other sources refer to melanopsin as intrinsically photosensitive retinal ganglion cells (4). They transmit their signal directly to the SCN, which is how blue light is involved with the body’s internal clock, since SCN plays a major role. Besides that, melanopsin stimulated cells are responsible for many other physiological reactions. Melanopsin’s peak sensitivity is 459-485 nm, which is squarely in the range of blue light (7).


Unfortunately, the treatment aspect of blue light is the same reason that blue light can be a hazard. The obvious downside to this action of suppressing melatonin is that we as a population are viewing LEDs and in the presence of CFLs for multiple hours after the sun goes down. Suppression of melatonin and deregulation of circadian 24-hour cycles can lead to sleeping problems most notably. Data also shows that this sleep disruption in children can cause symptoms mimicking ADD (2). By unnaturally mimicking sunlight after dark, we are overriding our body’s natural clock.
Additional testing of blue light effects on non-human subjects has linked disruption of melatonin to obesity, breast cancer, depression and reproductive problems (5). Suppression of melatonin can affect reproductive cycles as well as sexual receptivity (6). Some studies have found light with as low as 5 lux can cause suppression of melatonin.  In a specific study on rats, 0.2 lux of luminous emittance had an increase in breast cancer xenografts on the rats. According to this study, suppression of melatonin promoted breast cancer growth, and healthy levels of melatonin may act as a growth suppressant for tumors (5). Studies have also cited results where exposure to blue light caused apoptosis to RPE cells, both in human fetal specimens, as well as in albino rats. There was a marked difference between green and blue light (4).

Older persons are at high risk for the negative effects of blue light, since further accumulation of damage to RPE could speed up the onset of macular degeneration, or worsen the prognosis. This is especially true for those older persons with predisposing factors such as a positive family history, or poor social habits including smoking (4). Also, since the yellowing of the lens with age is actually protective against UV/blue light exposure, the removal of the natural lens poses some increased risk for additional exposure to these wavelengths (4). 
Aging changes and cataract formation cause the accumulation of ocular lens pigment (OLP). This process begins around age 40, and by age 70 the eye has full protection (2). Unfortunately, by age 70, most are removing the cataract from their eyes and replacing it with an implant that could potentially let 100% of the harmful blue light through. Many implants block UV, but few block UV as well as blue light. Lens implants that have been formulated with blue blocking protection, also unfortunately have affected night vision due to a higher amount of glare than a traditional clear implant (4). 
Of course, other demographics particularly in need of blue blocking technology include children and teens that are active on electronic devices. This demographic will be accumulating more damage than their peers that spend less time in front of LED electronics (2). Many demanding professions also demand extended screen time during the workday, and these types of adult patients deserve protection as well.

Options to minimize the everyday cumulative damaging effects of blue light are being investigated and implemented. The AMA recommends using red light after sundown to offset unnatural blue light exposure. Lens coatings, similar to anti-reflective coatings, are also plentiful in the optical industry. The best so far are formulated to block UV light as well as the harmful wavelengths of blue light. One example is BluTech, which has the added advantage of including the OLPs that are lost when cataracts are removed (3).
Most of these lens coatings do not block all blue light wavelengths. Exposure to some blue light during the day, and the consequential suppression of melatonin, is necessary and beneficial during daylight hours. Completely blocking all blue light at all hours would hinder the circadian rhythm, just as overexposure to blue light has the same effect. Therefore, manufacturers must strike a balance so the eye is protected from damage, but the circadian rhythm is not completely hindered. Many of the coatings offer full UV protection as well as blocking blue wavelengths. Current users of these lens coatings report a decrease in eyestrain and fatigue while using LED devices, as well as the ability to fall asleep easier at night (2).
Another helpful tool available now is an application for Windows and Macs called “f.lux.” This application adjusts color temperature on your computer display depending on the time of day. During daylight hours, the monitor color temperature is set at 5000K, and the blue light mimics the sunlight outside. At sundown, the color temperature becomes warmer by decreasing the blue light wavelengths. Customization is available to choose a color temperature between 1200K and 4200K for nighttime settings (8). One study has found that by reducing the amount of blue light by adjusting the color temperature, reading rate speed can actually be increased (4).

In summary, the importance of protecting the public’s eyes from blue light should not be overlooked. As technology improves, the harmful effects of the plentiful blue light exposure may be better managed. For now, it is up to practitioners to educate patients on their prevention options available now, and the reasons why they are so important.
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