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Abstract	
	
	 While	the	impact	of	cell	phone	screens	on	myopia	over	time	is	still	unknown,	
there	has	been	literature	that	might	suggest	a	possible	connection.	This	thesis	
examines	the	idea	that	increased	screen	time	over	the	last	few	decades	has	had	an	
impact	on	the	prevalence	and	increased	myopia	over	time.	It	first	investigates	how	
different	parts	of	the	visual	pathway	work	and	how	myopia	plays	a	role	in	
disrupting	the	typical	visual	pathway.	It	then	assesses	the	current	literature	
available	regarding	studies	that	may	lend	some	similarities	to	the	relationship	
between	cell	phone	usage	and	myopia.	The	thesis	finds	that	while	there	are	studies	
that	suggest	a	possible	linkage	between	cell	phone	screen	time	and	myopia,	there	is	
still	no	concrete	evidence	that	there	is	a	link	between	the	two.	More	research	still	
needs	to	be	done	to	verity	that	there	is	a	positive	correlation	between	the	
prevalence	of	myopia	and	the	amount	of	daily	screen	time	experienced.	
	
Introduction	
	
	 Technological	impacts	on	our	society	have	completely	altered	the	way	that	
people	operate.	Changes	in	technology	can	be	traced	throughout	history	and	have	all	
had	long-lasting	impacts	on	the	world	as	we	know	it	today.	Technological	
advancements	really	picked	up	the	pace	since	the	advent	of	the	steam	engine	during	
the	industrial	revolution.	These	technological	advances	have	started	to	
revolutionize	the	way	that	people	work,	travel,	communicate,	learn,	and	more.	The	
invention	of	the	cell	phone	in	1983	by	Motorola	was	no	different.	While	Alexander	
Graham	Bell	is	still	credited	with	the	first	invention	of	the	telephone,	it	was	Michael	
Douglas	that	took	the	idea	of	the	telephone	and	created	a	world	where	people	can	
communicate	at	any	time	and	anywhere.	Instead	of	calling	a	place,	callers	were	now	
calling	specific	people.	While	the	cell	phone	created	many	advantages	for	global	
communication	and	trade,	it	still	has	some	potentially	negative	implications	on	
lifestyles	that	cannot	be	ignored.		
	 Over	the	last	few	years,	cell	phone	use	has	risen	to	new	heights.	According	to	
a	study	done	by	the	Pew	Research	Center,	around	95%	of	all	Americans	own	some	
type	of	cellphone.	Smartphone	usage	has	also	increased	from	35%	to	77%	in	5	
years.	Here	is	a	graph	showing	the	positive	trend	of	cell	phone	ownership	since	
2002:		



	
(Source:	“Mobile	Fact	Sheet”)	

	
In	2016,	the	Nielsen	Company	performed	a	study	that	examined	data	on	the	average	
screen	time	per	day	for	Americans.	It	was	found	that	Americans	typically	spend	10	
hours	and	39	minutes	per	day	using	smart	phones,	television,	tablets,	computers,	
video	games,	and	radio	(Howard).	Americans	are	increasingly	connected	with	one	
another	through	multiple	different	social	media	channels	and	are	able	to	read	about	
anything	and	everything	from	anywhere.	With	these	large	increases	in	people	who	
are	looking	at	LED	screens	every	day,	it	begs	the	question	as	to	whether	or	not	this	
increase	in	screen	time	has	had	an	effect	on	the	vision	of	millions	of	eyes	used	to	
view	them.		
	 This	thesis	is	an	examination	of	the	prevalence	of	current	and	past	literature	
on	the	potential	effect	of	cell	phone	screens	on	myopia	over	time.	The	literature	
review	starts	with	background	information	regarding	the	different	anatomical	
portions	of	the	eye	and	then	moves	on	to	discuss	how	geometric	optics	play	a	role	in	
vision.	It	then	goes	on	to	discuss	what	myopia	is	and	what	potential	causes	of	
myopia	are.	Different	wavelengths	of	light	found	in	cell	phones	are	also	discussed,	as	
well	as	current	research	on	blue	light.	The	study	then	goes	on	to	analyze	the	current	
research	on	the	relationship	between	screen	time	and	myopia.		
	
	
	
	
	
	
	
	



Background	Information	
	
Anatomy	of	the	Eye	 	

		
	
The	eye	is	located	in	the	orbital	cavity	of	the	skull,	which	contains	the	eyeball,	

as	well	as	surrounding	muscle	and	fat.	The	orbital	cavity	is	comprised	of	multiple	
bones	of	the	skull	including:	the	frontal	bone,	the	sphenoid	bone,	the	zygomatic	
bone,	the	maxilla,	the	palatine	bone,	the	ethmoid	bone,	and	the	lacrimal	bone.	In	a	
typical	adult,	the	anterior-posterior	diameter	of	the	eye	has	an	average	of	around	24	
mm	(Riordan-Eva	&	Cunningham).		



	
	
There	is	a	thin,	transparent	mucous	membrane	called	the	conjunctiva.	There	

are	2	different	conjunctivas	that	line	the	eye.	The	palpebral	conjunctiva	covers	the	
posterior	surface	of	the	lids	while	the	bulbar	conjunctiva	covers	the	anterior	surface	
of	the	sclera	(Riordan-Eva	&	Cunningham).		

The	Tenon’s	capsule,	otherwise	known	as	the	Fascia	Bulbi,	is	a	fibrous	
membrane	that	envelops	the	globe	from	the	optic	nerve	to	the	limbus.	The	inner	
surface	of	the	Tenon’s	capsule	surrounds	the	sclera.	This	separates	the	eyeball	from	
the	surrounding	orbital	fat	by	forming	a	socket.	There	are	suspensory	ligaments	of	
the	eyeball	that	aid	in	eyeball	movement	in	this	area	as	well	(Riordan-Eva-
Cunningham).			

The	sclera	consists	of	mostly	collagen	and	is	a	fibrous	outer	protective	
coating	for	the	eye.	The	sclera	connects	anteriorly	to	the	cornea	and	posteriorly	to	
the	dural	sheath	of	the	optic	nerve.	The	sclera	also	contains	long	and	short	ciliary	
nerves	and	long	and	short	posterior	ciliary	arteries.	The	lamina	cribrosa	is	located	
across	the	posterior	scleral	foramen	and	is	made	up	of	bands	of	elastic	tissue	and	
collagen.	The	episclera	protects	the	outer	surface	of	the	anterior	sclera	and	is	made	
up	of	elastic	tissue.	The	episclera	contains	the	blood	vessels	necessary	to	supply	
blood	to	the	sclera.	The	inside	of	the	sclera	is	lined	with	the	lamina	fusca,	which	is	a	
brown	pigment	layer	that	forms	the	outer	layer	of	the	suprachoroidal	space	
(Riordan-Eva	&	Cunningham).		

The	cornea	connects	to	the	sclera	at	the	limbus	and	is	usually	around	550	µm	
thick	in	adults.	The	cornea	is	a	transparent	tissue	comprised	of	five	distinct	layers:	
the	endothelium,	Descemet’s	membrane,	the	stroma,	Bowman’s	layer,	and	the	
epithelium.	The	endothelium	is	comprised	of	one	layer	of	cells	that	undergoes	loss	
with	age	and	maintains	the	essential	deturgescence	(relative	dehydration)	of	the	
stroma.	The	Descemet’s	membrane	makes	up	the	basal	lamina	of	the	endothelium	



and	increases	in	thickness	over	time.	The	corneal	stroma	is	comprised	of	
intertwining	lamellae	of	collagen	fibrils	and	accounts	for	most	of	the	thickness	of	the	
cornea.	The	Bowman’s	layer	is	a	modified	portion	of	the	strome	and	is	clear	and	
acellular.	The	epithelium	is	located	on	the	outside	of	the	cornea	and	is	comprised	of	
five	to	six	layers	of	cells.	Nutrients	for	the	cornea	are	delivered	via	the	vessels	of	the	
limbus,	aqueous,	and	tears.	(Riordan-Eva	&	Cunningham)		

The	iris,	the	ciliary	body,	and	the	choroid	make	up	the	uveal	tract.	The	iris	
divides	the	anterior	and	posterior	chambers	and	is	located	in	front	of	the	lens.	The	
iris	contains	the	pupil	and	restricts	the	amount	of	light	entering	the	eye.	The	ciliary	
body	is	comprised	of	the	pars	plana,	a	flattened	posterior	zone,	pars	plicata,	and	a	
corrugated	anterior	zone.	The	ciliary	body	produces	the	aqueous	humor	that	is	
located	in	the	anterior	chamber.	The	ciliary	muscle	alters	the	tension	on	the	lens	
capsule	to	adjust	the	variable	focus	for	objects	in	the	visual	field.	The	ciliary	muscle	
contains	circular,	radial,	and	longitudinal	fibers	that	contract	and	relax	zonular	
fibers.	The	choroid	is	located	between	the	sclera	and	retina	and	contains	large,	
medium,	and	small	blood	vessels	that	drain	via	the	vortex	veins.	The	choroid’s	
function	is	to	provide	nourishment	to	the	retina	(Riordan-Eva	&	Cunningham).		

The	lens	is	located	behind	the	iris	and	held	in	place	by	the	zonule	of	Zinn.	It	is	
a	colorless,	avascular,	biconvex,	transparent	structure	that	separates	the	aqueous	
and	vitreous	humors.	The	lens	itself	consists	of	water	and	protein	and	it	has	a	
capsule	that	is	semipermeable	to	water	and	electrolytes	(Riordan-Eva	&	
Cunningham).		

The	anterior	chamber	angle	lies	between	the	root	of	the	iris	and	the	
peripheral	cornea	and	contains	the	scleral	spur,	trabecular	meshwork,	and	
Schwalbe’s	line	(Riordan-Eva	&	Cunningham)		

The	vitreous	is	a	gelatinous	body	that	fills	the	area	between	the	anterior	and	
posterior	segment	of	the	eye	that	is	created	by	the	optic	disk,	retina,	and	lens.	It	is	
99%	water	and	1%	collagen	and	hyaluronan	to	give	it	a	gel-like	form	for	binding	
(Riordan-Eva	&	Cunningham).		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



The	retina	is	a	multilayered,	thin	sheet	of	neural	tissue	that	lines	the	
posterior	wall	of	the	globe.	It	contains	ten	layers:	

	

	
	
The	outer	layer	that	faces	the	vitreous	is	the	internal	limiting	membrane.	The	nerve	
fiber	layer	houses	the	ganglion	cell	axons	that	pass	through	to	the	optic	nerve.	The	
ganglion	cell	layer	contains	the	ganglion	cells.	The	inner	plexiform	layer	contains	
connections	between	the	ganglion	cells	and	the	amacrine	and	bipolar	cells.	The	
inner	nuclear	layer	contains	the	cell	bodies	of	horizontal,	amacrine,	and	bipolar	
cells.	The	outer	plexiform	layer	contains	connections	between	the	horizontal	and	
bipolar	cells	and	the	photoreceptors.	The	outer	nuclear	layer	contains	the	
photoreceptor	cell	nuclei.	The	external	limiting	membrane	is	located	between	the	
photoreceptor	nuclei	and	the	photoreceptor	segments.	The	photoreceptor	layer	
contains	the	inner	and	outer	segments	of	the	rod	and	cone	photoreceptors.	The	
basement	membrane	of	the	retinal	pigment	epithelium	is	equivalent	to	the	inner	
layer	of	Bruch’s	membrane	(Riordan-Eva	&	Cunningham).		



	 The	macula	is	where	the	ganglion	cell	layer	is	greater	than	one	and	is	located	
in	the	center	of	the	posterior	retina.	The	fovea	and	foveola	are	the	areas	that	allow	
for	the	most	fine	visual	discrimination	and	highest	visual	acuity.	The	branches	of	the	
central	retinal	artery	and	the	choriocapillaris	supply	blood	to	the	retina	(Riordan-
Eva	&	Cunningham).		
	 The	optic	nerve	contains	around	1	million	ganglion	cell	axons	and	emerges	
through	a	circular	opening	in	the	sclera	on	the	posterior	surface	of	the	globe.	The	
optic	nerve	establishes	the	connection	between	the	eye	and	the	cranial	cavity	
(Riordan-Eva	&	Cunningham).		
	
Geometric	Optics		

The	anatomical	structures	of	the	eye	control	how	visual	images	are	created	
for	the	brain	to	process.	The	crystalline	lens	is	able	to	change	shape	to	allow	the	eye	
to	adjust	its	focal	point	for	different	objects	and	varying	distances	in	a	phenomenon	
called	accommodation.	The	lens	has	an	inherent	elasticity	that	is	controlled	by	the	
tension	exerted	by	the	zonular	fibers.	The	ciliary	muscle	is	able	to	contract	and	relax	
the	zonular	fibers	to	adjust	the	tension	on	the	lens.	The	lens	obtains	a	more	
spherical	shape	when	trying	to	focus	on	objects	close	by	and	a	flat	shape	when	it	is	
trying	to	focus	on	objects	in	the	distance	(Riordan-Eva	&	Cunningham).		
	 When	the	light	rays	from	the	cell	phone	reaches	the	eye,	the	color	of	light	and	
therefore	frequency	stays	the	same,	but	the	speed	and	wavelength	change.	The	
frequency,	speed,	and	wavelength	can	be	related	through	the	equation:		
	

	 	 	 	 	
	

The	visual	system	uses	refraction	to	create	an	image	onto	the	retina.	As	light	
rays	travel	from	one	medium	to	the	next,	the	light	rays	will	bend	based	on	the	index	
of	refraction.	The	absolute	index	of	refraction	has	a	value	of	1.00000	in	vacuum,	but	
humidity,	pressure,	and	temperature	can	all	have	an	impact	on	the	index	of	
refraction	in	the	real	world.	The	refractive	index	of	the	aqueous	in	the	eye	is	about	
1.3337.	Usually,	1.33	is	accepted	as	the	index	of	refraction	for	the	entire	eye.	The	
lens	also	has	its	own	index	of	refraction	that	is	contingent	on	its	thickness	(Riordan-
Eva	&	Cunningham).		

When	light	emitted	from	a	cell	phone	screen	reaches	the	eye,	it	travels	
through	a	three-lens	system	consisting	of	the	aqueous	lens,	crystalline	lens,	and	
vitreous	lens.	The	crystalline	lens	plays	a	role	in	determining	the	index	of	refraction	
based	on	its	thickness	and	the	vitreous	lens	plays	a	role	in	magnification.	An	
example	of	how	these	different	measurements	look	can	be	found	in	this	figure	
(Riordan-Eva	&	Cunningham):		



	 	 	 	

	 	
	
Myopia	
	 Myopia	occurs	when	images	produced	by	the	visual	system	for	objects	in	the	
distance	focuses	in	front	of	the	retina	instead	of	on	the	retina.	There	are	multiple	
types	of	myopia.	Axial	myopia	occurs	when	the	eye	is	longer	than	the	average	
length.	Refractive	or	curvature	myopia	occurs	when	the	refractive	elements	of	the	
eye	are	more	refractive	than	average.	The	far	point	of	the	eye	is	the	distance	where	
the	image	is	most	sharply	focused	and	is	also	used	to	calculate	the	extent	of	myopia.	
Concave	spherical	lenses	are	used	to	push	the	image	formed	to	the	back	of	the	retina	
(Riordan-Eva	&	Cunningham).	
	 While	the	causes	of	myopia	are	still	unknown,	research	has	pointed	to	three	
potential	factors	that	might	influence	the	prevalence	of	myopia:	genetic,	
developmental,	and	environmental	impacts.		

Even	though	researchers	have	not	been	able	to	pinpoint	specific	genetic	
trends	for	people	with	myopia,	it	is	possible	that	myopia	could	be	a	hereditary	
disorder.	Various	studies	have	suggested	a	positive	correlation	between	myopia	in	
parents	and	myopia	in	their	offspring	(Young).	Other	studies	done	on	twins	have	
also	shown	that	monozygotic	twins	have	shown	that	there	is	a	high	heritability	
value	for	myopia	(Young).		

More	success	has	been	found	in	research	on	high-grade	myopia.	High-grade	
myopia	is	diagnosed	with	the	refractive	error	is	greater	than	-6.00	diopters	and	can	
increase	the	likelihood	of	developing	glaucoma,	cataracts,	maculopathy,	and	retinal	
detachments	(Tran-Viet).	High-grade	myopia	has	been	found	by	multiple	studies	to	
have	an	autosomal	dominant	mode	of	inheritance	(Young).	However,	there	have	
also	been	studies	that	found	high-grade	myopia	to	have	an	X-linked	recessive	mode	
of	inheritance	(Zhang).	There	is	also	higher	prevalence	of	high-grade	myopia	in	
Asian	countries	overall.	In	a	study	done	by	Dr.	Terri	Young,	pathogenic	mutations	
found	on	SCO2	cytochrome	c	oxidase	(COX)	assembly	protein	found	on	chromosome	
22q13.33	was	found	to	potentially	have	an	impact	on	myopic	development	(Tran-
Viet).	The	study	found	that	there	were	four	heterozygous	mutations	that	were	found	



in	the	families	and	individuals	that	the	study	examined:	c.157C>T	(p.Gln53*),	
c776C>T	(p.Ala259Val),	c.341G>A	(p.Arg114His),	and	c.418G>A	(p.Glu140Lys)	
(Tran-Viet).	These	mutations	all	played	an	impact	in	either	destabilizing	the	protein	
structure	or	truncating	the	protein	before	the	catalytic	domain	in	c.157C>T.	It	is	
postulated	that	the	destabilized	protein	may	cause	modulation	of	oxidative	toxicity	
in	the	retina	and	lead	to	retinal	neuronal	thinning	because	of	the	threshold	changes	
in	ROS	(Tran-Viet).	These	mutations	can	also	play	a	role	in	altering	copper	
metabolism,	which	can	create	an	imbalance	of	oxidative	levels	and	copper	
enzymatic	support	activity	in	eye	tissues.		

There	are	also	several	ocular	biometric	components	that	make	have	an	
impact	on	myopia	including	the	axial	length,	anterior	chamber	length,	corneal	
curvature,	and	lens	thickness.	Since	there	is	potential	heritability	of	ocular	
components,	these	factors	may	also	play	a	part	in	whether	or	not	a	person	develops	
myopia.	Studies	have	shown	that	axial	length	and	anterior	chamber	length	both	
have	inverse	relationships	with	refractive	error,	while	corneal	curvature	steepness	
increases	the	likelihood	of	developing	myopia	and	increased	lens	thickness	has	a	
positive	correlation	with	increased	myopia.	While	a	lot	of	research	has	already	been	
done	on	the	role	of	genetics	in	myopia	development,	there	still	is	a	long	way	to	go.		

The	role	of	the	environment	has	been	surmised	to	play	a	role	in	the	
development	of	myopia	over	time.	Certain	geographically	located	populations	have	
shown	to	have	higher	incidence	of	myopia,	such	as	countries	in	Asia	(Young).	Also,	
people	who	reside	in	industrialized	settings	and	have	increased	levels	of	educational	
achievement	have	also	been	shown	to	have	increased	prevalence	of	myopia	(Young).	
The	increased	use	of	near-work	activities,	such	as	reading,	has	been	postulated	to	
have	an	effect	on	myopia,	but	studies	have	not	confirmed	this	to	be	completely	
accurate	as	of	yet.		

	
Wavelengths	of	Light	
	 Wavelengths	of	light	emit	energy	and	are	made	up	of	electromagnetic	
particles.	The	frequency	of	a	light	wave	is	related	to	the	speed	of	the	wave	and	the	
length	of	a	wave	by	the	equation:	
	

	 	 	 	 	
	
The	higher	speed	and	frequency	of	light	waves	positively	correlates	with	the	energy	
of	the	wave.	Higher	energy	waves	also	correspond	with	shorter	wavelengths.	The	
spectrum	of	light	includes	light	waves	that	range	from	gamma	rays	at	the	shortest	
wavelength	end	and	radio	waves	at	the	lonest	wavelength	end.	The	visible	spectrum	
of	light	that	is	wedged	between	the	ultraviolet	light	and	infrared	light	is	the	only	
portion	of	the	spectrum	that	humans	can	see	with	the	naked	eye.		



	
(Source:	Mini	Physics)	

	
	 For	cell	phones,	the	wavelengths	of	light	that	are	emitted	include	blue	light	
rays.	These	blue	light	rays	can	be	found	when	looking	at	any	kind	of	LED	screen	on	
devices,	such	as	televisions,	computer	monitors,	smart	phones,	and	tablet	screens.	
Blue	light	is	also	found	in	fluorescent	light	bulbs.		Blue	light	is	found	at	a	low	
wavelength	of	380	nm	to	500	nm,	and	therefore	has	very	high	energy	levels.	In	a	
study	done	by	Ham	et	al.,	retinal	sensitivity	to	light	was	most	extreme	at	the	lower	
wavelengths	of	light,	including	blue	light.	So	far	research	has	shown	that	blue	light	
exposure	over	time	could	have	adverse	impacts	on	the	retina	by	causing	potential	
retina	damage	over	time.	Most	of	the	electronic	displays	that	are	currently	in	use	on	
electronic	devices	emit	substantially	greater	amounts	of	blue	light	than	natural	light	
sources,	such	as	the	sun	(Good).		
	
Past	Studies	
	
	 While	there	has	not	been	conclusive	evidence	that	increased	cell	phone	
screen	time	causes	increases	in	myopia	over	time,	there	have	been	studies	done	in	
the	past	that	possibly	suggest	a	connection	between	the	two.		Due	to	the	increased	
rates	of	myopia	in	places	in	Asia,	such	as	China	and	Singapore,	a	predominant	
number	of	the	studies	done	on	myopia	are	from	those	populations.	This	thesis	will	
examine	the	past	research	done	on	the	rates	of	myopia	over	time,	the	effects	of	blue	
light	on	the	eye,	the	studies	done	on	computer	vision	syndrome	and	other	electronic	
devices,	as	well	as	the	effects	of	outdoor	activity	on	myopia.	These	factors	can	
potentially	point	to	a	relationship	between	myopia	and	cell	phone	usage.		
	 Over	time,	researchers	have	studied	the	effects	and	prevalence	of	myopia.	
Currently,	myopia	has	been	estimated	the	cost	US$202	billion	per	annum	and	
myopia	is	the	second	leading	cause	of	blindness	worldwide.	Increased	myopia	has	
serious	implications	for	the	access	and	cost	of	healthcare	as	well	as	the	quality	of	life	
for	people	all	over	the	globe.	In	a	recent	study	done	by	Holden	et	al.,	the	researchers	
examined	the	trends	of	myopia	over	time	from	2000	to	2050.	The	research	group	



used	previously	published	data	on	the	PubMed	database	and	analyzes	the	existing	
literature	available	to	draw	their	conclusions.	Holden	et	al.	found	that	multiple	
longitudinal	and	repeated	cross-sectional	studies	determined	that	there	is	an	
increasing	prevalence	of	myopia.	The	data	compiled	by	Holden	et	al	in	terms	of	
regional	differences	in	myopia	prevalence	and	global	prevalence	can	be	found	in	this	
figure:		
	

	 	 	
(Source:	Holden	et	al)	

	
The	researchers	estimated	that	the	increase	in	myopia	would	rise	from	

22.9%	of	the	world	population	to	49.8%	of	the	population	by	2050	after	performing	
meta-analysis	and	systematic	review.	The	study	also	postulated	that	the	age	
demographic	of	people	who	develop	myopia	would	also	change	by	2050.	The	data	
that	the	researchers	collected	suggest	that	the	number	of	people	will	myopia	will	
change	and	spread	across	a	much	larger	age	range	by	2050	than	in	2000	where	
most	of	the	population	with	myopia	is	found	between	the	ages	of	10	and	39.	This	
change	in	age	could	have	implications	for	the	age	of	onset	for	myopia	and	the	costs	



of	healthcare	for	the	elderly	population.	The	projections	that	the	researchers	found	
for	myopia	in	separate	age	groups	can	be	found	in	this	figure:	
	

	
(Source:	Holden	et	al)	

	
Although	there	is	current	research	being	done	on	finding	techniques	to	slow	

the	progression	of	myopia,	such	as	using	Orthokeratology	or	multifocal	contact	
lenses,	these	potential	effects	were	not	taken	into	account	in	this	study	and	the	
availability	and	access	to	these	treatments	may	not	be	available	to	a	large	
percentage	of	the	global	population.	These	rapid	changes	are	accompanied	by	
suggestions	that	lifestyle	changes	over	the	past	few	years,	including	increased	near	
work	activity,	decreased	time	spent	outdoors,	high-pressure	educational	systems,	
excessive	use	of	near	electronic	devices,	light	levels,	and	diet,	could	be	impacting	
these	projected	increases	in	myopia.	While	there	are	many	potential	risk	factors	for	
myopia,	the	inconclusive	data	surrounding	these	risk	factors,	such	as	genetic	
predisposition	and	environmental	factors,	only	complicates	the	research	on	myopia	
causes	and	effects.	However,	it	is	clear	that	there	could	be	some	changes	that	can	
ultimately	result	in	this	sizeable	increase	in	prevalence	around	the	globe.		
	 Relatively	recently,	the	buzz	about	blue	light	affecting	eye	health	and	vision	
has	caused	more	people	to	question	the	effects	of	prolonged	screen	time	and	
encouraged	companies	to	devise	plans	on	reducing	the	amount	of	blue	light	emitted	
in	their	products.	On	a	study	done	in	1978,	Ham	et	al.	became	one	of	the	early	
research	groups	to	link	the	effects	of	different	wavelengths	of	light	on	changes	in	
eye	health	and	vision	over	time.	The	study	used	retinas	from	rhesus	monkeys	and	
exposed	them	to	eight	different	wavelengths	of	light	that	ranged	from	1064	nm	to	
441.6	nm.	The	results	highlighted	key	differences	between	the	retinal	sensitivity	of	



the	monkeys	to	infrared	at	1064	nm	compared	to	blue	light	at	441.6	nm.	The	study	
examined	the	types	of	damage	to	the	retina	depending	on	the	different	wavelengths	
of	light	and	found	that	wavelengths	greater	than	580	nm	found	in	the	long	
wavelengths	of	the	visible	spectrum	and	infrared	radiation	tended	to	produce	
thermal	damage	to	the	retina,	while	wavelengths	between	400-580	nm	from	the	
shorter	wavelengths	in	the	visible	spectrum	tended	to	produce	photochemical	
damage.	The	basic	mechanisms	used	to	produce	the	varying	levels	of	damage	
differed	between	the	different	wavelengths	of	light	and	different	biological	effects	
resulted.	The	data	compiled	from	the	study	that	showed	the	different	levels	of	
damage	can	be	seen	in	this	figure:	
	

	
(Source:	Ham	et	al)	

	
The	study	continued	to	conclude	that	the	factors	that	largely	affected	the	

level	of	damage	correlated	to	the	exposure	time	and	power	level	of	the	wavelength	
of	light.	The	study	also	pointed	out	that	while	thermal	damage	in	the	form	of	burn	
lesions	on	the	retina	resulted	in	permanent	damage,	the	modern	photochemical	
lesions	from	the	lower	wavelengths	of	light	could	be	repaired	with	time.	The	same	
research	group,	Ham	et	al,	also	examined	the	histological	effects	of	the	retina	with	



exposure	to	wavelengths	of	short	light.	The	high	exposure	to	blue	light	from	LED	
screens	clearly	has	a	connection	between	damage	done	to	the	eye,	but	there	is	not	
necessarily	conclusive	evidence	that	it	directly	causes	myopia.		
	 Due	to	the	increase	in	near	work	by	children	and	adults	in	school	and	in	
work,	multiple	studies	have	looked	at	potential	connections	between	near	work	and	
myopia.	In	a	study	done	on	children	aged	7	to	9	years	old	in	Singapore	by	Saw	et	al.,	
the	researchers	examined	the	possible	environmental	and	lifestyle	factors	that	could	
affect	increased	refractive	errors	in	children.	The	group	examined	the	number	of	
hours	a	week	that	the	children	engaged	in	near	work	activity,	such	as	computer	use,	
writing,	reading,	and	playing	video	games.	The	study	found	multiple	risk	factors	that	
played	a	part	in	increased	myopia,	such	as	high	family	income,	more	advanced	
parental	education,	and	larger	housing,	that	are	more	likely	associated	with	higher	
socioeconomic	status.	The	predominant	associations	between	near	work	activities	
and	myopia	emerged	in	the	group	of	children	that	had	higher	myopia	and	especially	
for	children	that	read	a	median	of	two	books	per	week.	The	children	that	read	more	
books	per	week	tended	to	have	higher	myopia	than	the	children	that	had	lower	
myopia	or	no	myopia.	Children	who	attended	extra	tuition	classes	outside	of	school	
and	who	used	the	computer	regularly	both	had	twice	the	rate	of	myopia	than	
children	who	did	not.	Since	longer	axial	length	is	correlated	with	increased	myopia,	
the	study	examined	the	length	of	children’s	eyeballs	with	the	prevalence	of	myopia.	
The	study	found	that	the	two	factors	that	had	significant	correlations	with	increases	
in	myopia	were	in	children	had	parents	with	myopia	(P<0.001)	and	in	children	that	
read	more	than	two	books	per	week	(P	<	0.001).	The	other	risk	factors	did	not	have	
significant	correlations	with	myopia.	The	data	compiled	by	the	research	group	can	
be	found	in	this	table:		
	

	
(Source:	Saw	et	al.)	



	
While	the	study	found	that	there	was	a	stronger	correlation	between	number	

of	books	read	per	week,	early	onset	myopia,	and	higher	myopia,	it	was	inconclusive	
as	to	whether	or	not	the	number	of	books	read	per	week	is	truly	a	risk	factor	for	
myopia	or	not.	Even	so,	it	still	suggests	the	possibility	that	increased	amounts	of	
near	work	at	a	young	age	could	potentially	have	an	impact	on	myopia.	Due	to	the	
small	size	of	cell	phone	screens,	use	of	cell	phone	can	also	be	considered	part	of	near	
work.	With	the	increase	in	cell	phone	ownership	across	the	US,	the	ability	to	read	
the	news	and	social	media	has	become	increasingly	convenient	and	ever	present.	
Reading	nowadays	is	increasingly	done	online	and	on	mobile	devices,	such	as	cell	
phones	and	tablets.	This	study	suggests	that	there	could	be	a	correlation	between	
reading	on	one	of	those	devices	and	increased	onset	of	myopia.		
	 In	another	study	done	by	Kathrotia	et	al,	myopia	was	measured	along	with	
lifestyle	and	environmental	factors	in	medical	students	in	India.	Because	medical	
students	tend	to	spend	more	time	performing	near	work	activities	than	students	of	
other	age	groups,	the	authors	decided	to	use	this	group	as	a	marker	for	how	habits,	
such	as	duration	of	television	watching,	duration	of	computer	use,	duration	of	
play/texting	with	cell	phone,	etc.,	affected	the	prevalence	of	myopia	in	various	
groups	of	students.	The	researchers	split	the	group	of	students	into	two	based	on	
their	lifestyle	and	activity	habits.	The	students	in	the	second	group	spent	more	time	
using	computers,	watching	television,	and	playing	on	their	cell	phones.	The	habit	
comparisons	between	the	two	study	groups	can	be	found	in	this	table:		
	

	
(Source:	Kathrotia	et	al)	

	
The	study	found	that	3.3%	of	the	students	in	their	study	developed	refractive	

errors	over	the	course	of	the	study	while	others	who	already	presented	with	myopia	
had	increased	progression	of	refractive	error	over	that	period	of	time.	The	study	
also	found	that	the	higher	myopia	prevalence	was	found	among	students	that	



engaged	in	increased	screen	time.	While	this	study	found	connections	between	
screen	time	and	students	that	have	higher	prevalence	of	myopia,	it	still	is	not	a	
conclusive	connection	that	screen	time	is	a	causative	agent	of	myopia.	However,	this	
still	suggests	that	there	could	be	a	potential	connection	between	the	two	since	the	
age	and	time	of	life	that	the	researchers	observed	was	not	during	developmental	
stages.		
	 On	the	other	hand,	there	have	also	been	studies	done	on	the	effects	on	
increased	outdoor	activities	on	myopia.	In	one	study	done	by	Rose	et	al,	researchers	
examined	the	effects	of	near	work	activities,	midworking	distance	activities,	and	
outdoor	activities	on	school	children	in	Sydney,	Australia.	Near	work	activities	were	
categorized	as	work	done	at	<50	cm	working	distance	in	activities	such	as	reading,	
handheld	computer	use,	homework,	etc.	Midworking	distance	activities	included	
computer	use,	television	watching,	and	videogame	playing	and	outdoor	activities	
included	bicycle	riding,	outdoor	sports,	playing	outdoors,	etc.	The	researchers	
followed	up	on	their	large	sample	of	children	over	the	course	of	seven	years.	The	
study	found	that	combinations	of	low	levels	of	outdoor	activity	and	high	levels	of	
near	work	resulted	in	the	most	myopic	mean	spherical	equivalent	refractive	error.	
On	the	other	hand,	combinations	of	high	levels	of	outdoor	activity	and	low	levels	of	
near	work	correlated	with	the	most	hyperopic	mean	spherical	equivalent	refractive	
error.	While	there	was	not	conclusive	evidence	in	this	study	that	near	work	
activities	significantly	increased	myopia,	the	study	did	find	that	increased	levels	of	
outdoor	activities,	excluding	sports,	were	significantly	correlated	with	a	more	
hyperopic	mean	spherical	equivalent	refractive	error.	Midworking	distance	
activities	also	did	not	show	significant	associations	in	terms	of	altering	mean	
spherical	equivalent	refractive	error.	The	data	compiled	between	year	1	and	year	7	
was	adjusted	for	varying	factors	and	can	be	found	in	this	figure:		
	

	
(Source:	Rose	et	al)	



The	article	suggests	three	possible	explanations	for	the	impact	of	outdoor	
activities	on	spherical	equivalent	refractive	error.	It	first	suggested	that	outdoor	
activities	could	have	a	substitution	effect	on	the	time	spent	doing	near	work,	but	
then	refuted	this	idea	because	midworking	distance	activities	did	not	have	a	
significant	effect	on	spherical	equivalent	refractive	error.	It	then	suggested	that	the	
decrease	in	accommodation	related	to	outdoor	activities	could	have	an	impact	on	
these	findings,	but	then	also	refuted	the	idea	because	there	are	minimal	differences	
in	accommodation	when	differentiating	between	viewing	objects	at	6	meters	and	at	
infinity	and	because	past	studies	show	that	hyperopic	blur	would	increase	eye	
growth	to	encourage	myopia.	The	final	possible	explanation	would	be	that	light	
intensity	differences	between	indoor	and	outdoor	activities	are	what	impacts	the	
differences	in	spherical	equivalent	refractive	error.	Because	the	light	intensities	
outside	are	typically	higher	than	inside,	pupils	are	more	likely	to	be	constricted	
while	outside	and	result	in	less	image	blur	and	greater	depth	of	field.	Research	has	
also	shown	that	dopamine	has	an	inhibiting	effect	on	eye	growth	and	is	released	
when	stimulated	by	light.		

The	findings	from	this	study	support	the	idea	that	there	is	something	about	
being	outdoors	and	spending	less	time	away	from	near	work,	including	spending	
time	on	cellular	devices,	that	has	an	effect	on	possible	decreases	in	myopia	
incidence.	Since	the	time	spent	outdoors	varies	between	different	groups	of	children	
and	in	different	educational	systems,	these	differences	could	contribute	to	
explaining	the	prevalence	of	myopia	in	different	geographic	areas	and	lifestyles.	
Myopia	and	higher	myopia	rates	have	generally	been	found	to	be	much	higher	in	
Asian	countries	where	the	rigorous	educational	systems	require	more	schooling	and	
tutoring	than	in	other	countries.	These	findings	have	large	implications	not	only	for	
potentially	decreasing	costs	of	myopia,	but	also	for	future	public	health	initiatives.		
	 An	ocular	problem	that	is	starting	to	receive	more	widespread	attention	is	
computer	vision	syndrome.	Due	to	the	increase	in	computer	use	associated	with	
most	jobs,	problems	associated	with	vision	health	and	discomfort	has	started	to	
emerge.	Visual	Display	Terminal	users	have	reported	many	different	symptoms	
associated	with	their	increased	use	of	computers.	A	list	of	currently	known	
symptoms	can	be	found	in	this	table:		
	



	 	 	
(Source:	Blehm	et	al)	

	
Among	the	symptoms	that	computer	vision	syndrome	presents	are	blurred	

vision	and	double	vision.	Further,	issues	with	accommodation	have	also	emerged	
with	increased	visual	display	terminal	usage	due	to	slowness	of	focus	change	in	
computer	vision	syndrome.	Because	there	is	an	increase	in	accommodative	effort	
during	near	computer	work,	it	has	been	postulated	that	this	could	potentially	be	a	
causative	agent	in	the	development	of	myopia.	While	the	data	has	not	been	
conclusive	for	a	direct	link	between	visual	display	terminals	and	myopia	
progression,	temporary	myopic	shifts	are	still	prevalent.	The	myopia	shifts	are	
about	–	0.12	D	after	completing	a	work	period	for	visual	display	terminal	users.	This	
small	amount	of	refractive	error	is	still	not	enough	to	affect	the	distant	visual	acuity	
experienced	afterward,	however,	the	long-term	effects	of	these	temporary	myopic	
shifts	are	still	largely	unknown.	While	direct	links	between	screen	time	and	
prolonged	permanent	myopia	have	not	been	found,	the	possibility	that	it	exists	is	
still	prevalent.	Because	visual	display	terminals	are	largely	created	for	adult	use,	the	
potential	effects	on	children	with	continually	developing	eyes	has	not	been	
determined.	
	
	
	
	



Conclusions	
	
	 While	the	literature	is	largely	inconclusive	when	it	comes	to	determining	
whether	or	not	increased	cell	phone	screen	time	has	a	causative	link	to	myopia	
progression	over	time,	there	have	still	been	studies	that	suggest	a	possible	link	
between	the	two.	The	involvement	of	near	work	activity	and	decreased	time	spent	
outside	seem	to	have	possible	correlations	with	increased	amounts	of	refractive	
errors.	Further	the	role	that	computer	vision	syndrome	plays	over	time	has	not	been	
verified	as	of	yet	and	could	play	a	part	in	increases	in	vision	problems	over	time.	
Nevertheless,	even	amongst	all	of	these	uncertainties,	the	prevalence	of	myopia	
globally	has	been	predicted	to	increase	over	time.	Some	sort	of	changes,	whether	it	
is	in	the	environment	or	in	developmental	stages	in	early	life,	could	potentially	be	
used	to	explain	these	drastic	differences	with	more	research.		
	 Further,	the	possibility	that	increased	screen	time	could	produce	any	sort	of	
changes	in	vision	health	and	acuity	could	have	serious	implications	for	global	public	
health	initiatives	and	research	overall.	Paying	closer	attention	to	the	amount	of	time	
children	spend	doing	outside	activities	rather	than	near	work	could	potentially	
increase	the	quality	of	life	of	these	children	later	on	in	life	and	reduce	the	burden	of	
healthcare	in	the	future.	Because	myopia	and	other	refractive	errors	cost	the	
healthcare	system	so	much	every	year,	the	research	into	finding	preventative	health	
measures	could	prove	to	be	beneficial	to	many	people	across	the	globe.		

For	profit	and	nonprofit	groups	can	also	play	their	part	in	ensuring	that	
vision	is	protected.	Some	companies,	such	as	Apple,	are	already	starting	to	reduce	
the	amount	of	blue	light	emitted	from	their	product	screens	as	the	day	grows	darker	
by	allowing	a	night	shift	option	on	for	their	screens	after	a	certain	time	of	day	
(Gould).	As	technology	continues	to	grow,	hopefully	screens	can	become	more	clear	
and	capable	of	adjusting	to	different	visual	needs,	such	as	increased	letter	size	for	
accommodation	needs	or	increased	contrast	for	color	deficiency	needs,	to	attenuate	
the	current	problems	that	are	arising	in	computer	vision	syndrome.	Certain	
nonprofit	groups,	such	as	Prevent	Blindness,	are	already	playing	their	part	in	
providing	materials	to	educate	others	on	the	effects	of	blue	light	and	myopia	on	all	
different	age	groups	(“Blue	Light	and	Your	Eyes”).		

While	there	is	still	disagreement	between	researchers	as	to	the	cause	and	
prevention	of	myopia,	its	importance	is	nowhere	near	diminishing.	The	necessity	of	
annual	eye	examinations	early	on	and	into	the	future	to	begin	to	treat	myopia	and	
other	ocular	diseases	is	all	the	more	important.		
	
Website	
	
https://spark.adobe.com/page/eA4XoAdTDthUT/	
	
YouTube	Video	
	
https://youtu.be/TGE9Lt70hwg	
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