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Different Hand-held Devices
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Abstract:

PURPOSE: In response to growing concern about the effect of blue light on ocular tissue, companies
have created mobile device screen protectors to block blue light. This project evaluates one of these
screen protectors’ ability to reduce blue light intensity.

METHODS: The intensity of light at 450 nm from an iPhone 8, iPhone X, and iPad was measured
in a dark room. The averages of three measurements were taken with and without the screen
protector at different distances, settings of brightness, and Apple’s night shift (NS) mode. Results
were analyzed using paired t-tests.

RESULTS: At 33 cm, 100% brightness, and 0% NS, the screen protector decreased intensity by
43.9%, 32.3%, and 34.9% for the iPhone 8, iPhone X, and iPad, respectively. At 33 cm and 100%
brightness, increasing NS mode from 0% to 100% decreased intensity by 81.2%, 84.2%, and 86.5%.
At 33 cm without NS, decreasing the brightness from 100% to 0% decreased intensity by 99.5%,
99.8%, and 97.8%.

CONCLUSIONS: The screen protector decreased the intensity at 450 nm for every setting other
than those at 0% brightness. Decreasing brightness and applying NS mode were more effective
in reducing blue light. More research is needed to determine the benefits of decreasing blue light
exposure from electronic devices.
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susceptible to phototoxicity from visible light
in a wavelength-dependent manner.®!

Introduction

ith near-ubiquitous use of high-intensity
light-emitting diodes in artificial
lighting and backlit displays of smartphones,

Although the intensity of blue light emitted
from electronic devices is much lower than

tablets, and computers, the human eye is
becoming increasingly exposed to blue light
beyond what is found in ambient daylight.
Phototoxicity of short-wavelength light
(400-500 nm) to the retina of animal models,
such as rats and monkeys, has been well
established for many years.!#! Cultured human
retinal pigment epithelial (RPE) cells are also
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from daylight, there is evidence that even
at low intensity, artificial blue light from
digital devices can cause oxidative damage
to human RPEs in vitro.”#! Intrinsically
photosensitive retinal ganglion cells, which
express melanopsin and are maximally
sensitive to blue light, regulate nonvisual
physiological responses such as circadian
clock, sleep, and melatonin suppression.!¢l
Exposure to digital displays can suppress
melatonin levels and modulate sleep.”? Blue
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and visible light exposure can also potentially contribute to
age-related macular degeneration;**!however, results are
mixed and inconclusive because various factors can play
arole in the development of this disease.**!

Potential negative health outcomes associated with
blue light exposure have led to the development and
marketing of products that claim to block it. These
include blue light-blocking glasses, intraocular lenses,
and screen protectors (adherent glass over the display
of smartphones and tablets). A recent systematic review
evaluating the efficacy of blue light-blocking spectacle
lenses on visual performance, macular health, and
the sleep-wake cycle found that there is currently no
high-quality evidence supporting their advantage.l?!
Alternatively, smartphone applications are available
that claim to block blue light emitted from electronic
devices, such as night shift (NS) in Apple Inc. products.
A practical advantage of using blue light-blocking screen
protectors over applications like NS is the preservation
of normal colors on the screen, while the latter tints the
display color orange-red. The present study aims to
determine the efficacy of a blue light-blocking screen
protector on three handheld devices (iPhone 8, iPhone
X, and iPad 9.7”) in reducing blue light intensity.

Methods

Using the CCS 200 compact charge-coupled device
spectrometer and accompanying software from Thorlabs™,
the intensity of blue light emitted at 450 nm from an
iPhone 8, iPhone X, and iPad 9.7” was measured with and
without EyeJust™ screen protectors. 450 nm was chosen
because it was the wavelength correlating with the peak
intensity of blue light emitted from the devices [Figure 1].
A white screen was displayed on each of the devices while
collecting measurements. Three measurements were
collected and averaged for each setting.

A setting was defined as containing the following
characteristics: (1) with or without the screen protector

applied to the device, (2) distance away from the
spectrometer, (3) percentage of brightness set on the
display setting of the device, and (4) setting of NS mode
set on the display setting of the device. Distances consisted
of 15, 20, 25, 30, 33, and 40 cm from the spectrometer.
Percent brightness and NS mode consisted of 0%, 50%,
and 100%. Measurements were taken in a closed, dark
room with the ceiling lights off and the spectrometer set
to zero using its background correct function.

Three measurements of intensity at 450 nm were taken
and averaged for each setting. The units of intensity as
read by the spectrometer were arbitrary according to
the program. Thus, the percent reduction in intensities
was investigated rather than absolute value reduction
in intensity. The averaged measurements of each setting
were compared and tested for statistical significance
using paired t-tests.

Results

The screen protector reduced the intensity of blue light
with statistical significance defined as P < 0.01 in every
setting except those where the brightness was set at
0% [Table 1].

Evaluating the efficacy of the screen protector at different
settings of NS showed a consistent percent reduction
at 100% and 50% brightness [Figure 2]. At 33 cm, 100%
brightness, and 0% NS, the screen protector resulted in a
decrease in blue light intensity of 43.9%, 32.3%, and 34.9%
for the iPhone 8, iPhone X, and iPad, respectively. When NS
mode was increased to 50%, applying the screen protector
resulted in a percent reduction of 50.8%, 34.2%, and 31.5%
for the three devices. When NS mode was increased 100%,
the percent reduction in blue light intensity for the three
devices was 49.6%, 47.7%, and 29.4%.

Decreasing brightness also was effective in decreasing
blue light intensity. At 33 cm, decreasing the brightness
from 100% to 50% resulted in a decrease of 70.3%,
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Figure 1: Two images from the spectrometer software that show intensity for each wavelength in nanometers. The arrow points to the distribution correlating with blue light
which ranges from 420 nm to 490 nm. The wavelength with the highest intensity was 450 nm. A decrease in the distribution correlating with blue light is seen when the screen
protector is applied
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Figure 2: The efficacy of the screen protector at 0%, 50%, and 100% night shift
applied with either 100% or 50% brightness (b)

74.2%, and 71.5% for the iPhone 8, iPhone X, and iPad,
respectively [Table 2]. Decreasing the brightness from
100% to 0% resulted in a decrease of 99.5%, 99.8%, and
97.8%. Comparing any setting with 0% brightness to a
device that was turned off was not statistically significant.

Finally, increasing NS mode also effectively decreased
blue light intensity. At 33 cm and 100% brightness,
increasing NS mode from 0% to 50% resulted in a
decrease of intensity by 46.4%, 53.2%, and 53.4% for
the three devices, and increasing NS mode from 0%
to 100% resulted in decreases by 81.2%, 84.2%, and
86.5% [Table 3]. At 50% brightness, increasing NS mode
had similar percent reductions.

Discussion

Although application of the screen protector in different
settings conveyed varied percent reductions of intensity
of light emitted at 450 nm, it consistently provided added
benefit in reducing intensity for every setting other than
those with 0% brightness. Indeed, having a device at 0%
brightness was equivalent to having the device turned
off as the differences between the mean intensity levels
were not statistically significant. In addition, comparing
different distances did not show differences in the
efficacy of the screen protector.

Despite its ability to decrease blue light at 450 nm,
the screen protector was the least effective when
compared to increasing NS mode and decreasing screen
brightness [Figure 3]. When evaluating reducing blue
light intensity of the iPhone 8 at full brightness, the screen
protector was roughly half as efficacious as turning
on full NS. Likewise, decreasing brightness to 50% or
0% measured greater percent reductions in intensity.
Applying the screen protector was most equivalent to
setting NS at 50% as both of these changes reduced the
intensity by a little less than half.

Subjectively, the screen protector offers the advantage of
not altering the screen’s appearance while operating the

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%
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Figure 3: Comparing percent reductions of intensity of light at 450 nm as measured
by applying the screen protector, adjusting night shift, or adjusting brightness (b)

Table 1: Percent Reduction in Blue Light by Applying
the Screen Protector at Different Settings

iPhone 8 iPhone X iPad
%Reduction  P- %Reduction P- %Reduction P-
Setting Brightness NS Value Value Value
0 44% <.01 32% <.01 35% <.01
100 50 51% <.01 31% <.01 34% <.01
100 50% <.01 29% <.01 48% <.01
Dark 0 51% <.01 M1% <.01 37% <.01
Room 50 50 53% <.01 39% <.01 43% <.01
100 60% <.01 39% <.01 65% <.01
0 -13% 0.56 16% 0.79 13% 0.15
0 50 -26% 0.51 66% 0.34 0% 1.00
100 -21% 0.81 -13% 0.85 6% 0.71
0 42% <.01 38% <.01 48% <.01
100 50 29% <.01 31% <.01 32% <.01
100 33% <.01 23% <.01 24% <.01
Ambient 0 43% <.01 20% <.01 38% <.01
Light 50 50 42% <.01 16% <.01 20% <.01
100 37% <.01 8% 0.3 1% <.01
0 0% 0.99 -42% 0.05 -38% 0.02
0 50 -32% 0.13 -67% 0.09 -68% 0.15
100 18% 0.27 7% 0.81 -61% 0.03

Table 2: Effect of Decreasing Brightness on Blue
Light Intensity

From 100B to 50B From 50B to 0B From 100B to 0B

Setting Device %Reduction P-Value %Reduction P-Value %Reduction P-Value

iPhone 70.26% <.01 98.17% <.01 99.45% <.01

8
park iPhone 74.19% <.01 99.34% <.01 99.83% <.01
Room X

iPad 71.50% <.01 92.23% <.01 97.79% <.01

iPhone 72.18% <.01 95.82% <.01 98.84% <.01

Ambient

8
Light iPhone 78.23% <.01

X
iPad 72.66% <.01

95.50% <.01 99.02% <.01

96.02% <.01 98.91% <.01

device. Applying NS mode turns the screen orange-red,
and this may alter the users’ experience making it less
desirable to use. Decreasing the brightness of the phone
dims the lighting of the phone making it more difficult to
visualize images on the screen. Although less effective,
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ONS to 50NS 50NS to 100NS ONS to 100NS
Setting Device Brightness %Reduction P-Value %Reduction P-Value %Reduction  P-Value

. 100 46.41% <.01 64.91% <.01 81.20% <.01
iPhone 8

50 44.05% <.01 56.39% <.01 75.60% <.01

Dark . 100 53.21% <.01 66.20% <.01 84.18% <.01
iPhone X

Room 50 45.47% <.01 58.75% <.01 77.50% <.01

iPad 100 53.44% <.01 70.99% <.01 86.49% <.01

50 51.97% <.01 67.79% <.01 84.53% <.01

. 100 60.51% <.01 56.36% <.01 82.77% <.01
iPhone 8

50 40.48% <.01 54.69% <.01 73.03% <.01

Ambient . 100 56.43% <.01 66.40% <.01 85.36% <.01
) iPhone X

Light 50 43.05% <.01 56.49% <.01 75.22% <.01

iPad 100 63.97% <.01 71.93% <.01 89.89% <.01

50 62.69% <.01 67.21% <.01 87.76% <.01

the screen protector preserves the appearance of the
screen subjectively while at the same time effectively
reducing blue light intensity.

This experiment is not without limitations. The program
through which the spectrometer was run provided
arbitrary units of intensity. Although measurements
for one device were collected the same day, each of the
three devices was measured on three different days. As
such, comparing absolute values of intensity between
devices is subject to error. In addition, the intensity of
450 nm was compared instead of the whole array of blue
light emitted from the devices, which ranged from 420
to 490 nm. Although it would have been more accurate
to calculate the area under the curve in order to assess
the full range of blue light emitted from the devices, the
distribution appears to decrease with regularity between
different settings, and 450 nm represents the reduction
occurring across the blue light range [Figure 1].

The screen protector decreased the intensity of blue light
from 30% to 60% depending on the setting and the device.
This was accomplished without changing the appearance
of the screen. This study evaluated the ability of this
specific screen protector to block blue light in comparison
toa device without a screen protector. Future research can
focus on comparing the screen protector to other screen
protectors that claim to block blue light. In addition,
future research could delineate the health benefits from
using screen protectors. However, comparing the screen
protector against other screen protectors that do and
do not claim to block blue light would also be prudent.
Future research should focus on comparing these screen
protectors to other screen protectors in their ability to
block blue light. While the screen protector consistently
provided a percent reduction in blue light intensity, the
effect this has on ocular or general health is unknown.
Reducing blue light intensity may provide benefits of
better sleep and protection against retinal diseases such

as macular degeneration, but further research is needed
to investigate this potential health risk.[?!

Acknowledgments

James V. Jester, PhD provided the spectrometer and
workspace for collecting data. EyeJustTM donated screen
protectors. This research was supported by a Research
to Prevent Blindness departmental unrestricted grant.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Noell WK, Walker VS, Kang BS, Berman S. Retinal damage by
light in rats. Invest Ophthalmol 1966;5:450-73.

2. Ham WT]r., Mueller HA, Sliney DH. Retinal sensitivity to damage
from short wavelength light. Nature 1976;260:153-5.

3. Ham WT, Ruffolo JJ, Mueller HA, Clarke AM, Moon ME.
Histologic analysis of photochemical lesions produced in rhesus
retina by short-wavelength light. Investig Ophthalmol Vis Sci
1978;17:1029-35.

4. Ham WT, Mueller HA, Ruffolo JJ, Guerry DP, Kennon Guerry R.
Action spectrum for retinal injury from near-ultraviolet radiation
in the aphakic monkey. Am ] Ophthalmol 1982;93:299-306.

5. Davies S, Elliott MH, Floor E, Truscott TG, Zareba M, Sarna T,
et al. Photocytotoxicity of lipofuscin in human retinal pigment
epithelial cells. Free Radic Biol Med 2001;31:256-65.

6. Sparrow JR, Miller AS, Zhou J. Blue light-absorbing intraocular
lens and retinal pigment epithelium protection in vitro. ] Cataract
Refract Surg 2004;30:873-8.

7. O’Hagan ]JB, Khazova M, Price LL. Low-energy light bulbs,
computers, tablets and the blue light hazard. Eye (Lond)
2016;30:230-3.

8. Moon], Yun], Yoon YD, Park SI, Seo Y], Park WS, et al. Blue light
effect on retinal pigment epithelial cells by display devices. Integr
Biol (Camb) 2017:9:436-43.

9.  Berson DM, Dunn FA, Takao M. Phototransduction by retinal
ganglion cells that set the circadian clock. Science 2002;295:1070-3.

10. Hattar S, Liao HW, Takao M, Berson DM, Yau KW.

180 Middle East African Journal of Ophthalmology - Volume 27, Issue 3, July-September 2020



[Downloaded free from http://www.meajo.org on Sunday, December 20, 2020, IP: 197.60.160.255]

11.

12.

13.

14.

15.

16.

17.

18.

19.

Smith, et al.: Efficacy of a blue light blocking screen protector

Melanopsin-containing retinal ganglion cells: Architecture,
projections, and intrinsic photosensitivity. Science
2002;295:1065-70.

Qiu X, Kumbalasiri T, Carlson SM, Wong KY, Krishna V,
Provencio I, et al. Induction of photosensitivity by heterologous
expression of melanopsin. Nature 2005;433:745-9.

Bailes HJ, Lucas R]. Human melanopsin forms a pigment
maximally sensitive to blue light (Imax = 479 nm) supporting
activation of G(q/11) and G(i/o) signalling cascades. Proc Biol
Sci 2013;280:20122987.

Ruby NF, Brennan TJ, Xie X, Cao V, Franken P, Heller HC,
et al. Role of melanopsin in circadian responses to light. Science
2002;298:2211-3.

Panda S, Sato TK, Castrucci AM, Rollag MD, DeGrip W],
Hogenesch JB, et al. Melanopsin (Opn4) requirement for normal
light-induced circadian phase shifting. Science 2002;298:2213-6.
Lupi D, Oster H, Thompson S, Foster RG. The acute light-induction
of sleep is mediated by OPN4-based photoreception. Nat Neurosci
2008;11:1068-73.

Lucas RJ, Hattar S, Takao M, Berson DM, Foster RG, Yau KW.
Diminished pupillary light reflex at high irradiances in
melanopsin-knockout mice. Science 2003;299:245-7.

Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use
of light-emitting eReaders negatively affects sleep, circadian
timing, and next-morning alertness. Proc Natl Acad Sci U S A
2015;112:1232-7.

West KE, Jablonski MR, Warfield B, Cecil KS, James M, Ayers MA,
etal. Blue light from light-emitting diodes elicits a dose-dependent
suppression of melatonin in humans. ] Appl Physiol (1985)
2011;110:619-26.

Figueiro MG, Wood B, Plitnick B, Rea MS. The impact of light

20.

21.

22.

23.

24.

25.

26.

27.

28.

from computer monitors on melatonin levels in college students.
Neuro Endocrinol Lett 2011;32:158-63.

Cheung CH, Bedford R, Saez De Urabain IR, Karmiloff-Smith A,
Smith TJ. Daily touchscreen use in infants and toddlers is
associated with reduced sleep and delayed sleep onset. Sci Rep
2017;7:46104.

Hysing M, Pallesen S, Stormark KM, Jakobsen R, Lundervold AJ,
Sivertsen B. Sleep and use of electronic devices in adolescence:
Results from a large population-based study. BM] Open
2015;5:e006748.

OrzechKM, GrandnerMA, Roane BM, CarskadonMA. Digital media
use in the 2 h before bedtime is associated with sleep variables in
university students. Comput Human Behav 2016;55:43-50.
Algvere PV, Marshall ], Seregard S. Age-related maculopathy
and the impact of blue light hazard. Acta Ophthalmol Scand
2006;84:4-15.

Bauer M, Glenn T, Monteith S, Gottlieb JF, Ritter PS, Geddes J,
et al. The potential influence of LED lighting on mental illness.
World ] Biol Psychiatry 2018;19:59-73.

Taylor HR, West S, Mufioz B, Rosenthal FS, Bressler SB,
Bressler NM. The Long-term effects of visible light on the eye.
Arch Ophthalmol 1992;110:99-104.

Darzins P, Mitchell P,Heller RF.Sunexposureand age-related macular
degeneration: An Australian case-control study. Ophthalmology
1997;104:770-6.

Tosini G, Ferguson I, Tsubota K. Effects of blue light on the circadian
system and eye physiology. Mol Vis 2016;22:61-72.

Lawrenson JG, Hull CC, Downie LE. The effect of blue-light
blocking spectacle lenses on visual performance, macular health
and the sleep-wake cycle: A systematic review of the literature.
Ophthalmic Physiol Opt 2017;37:644-54.

Middle East African Journal of Ophthalmology - Volume 27, Issue 3, July-September 2020 181



