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Myopia	has	reached	epidemic	levels	in	recent	years.	Stopping	the	development	and	progression	of	myopia	
is	 critical,	 as	 high	myopia	 is	 a	major	 cause	 of	 blindness	worldwide.	 This	 overview	 aims	 at	 finding	 the	
association	of	time	spent	outdoors	(TSO),	near	work	(NW),	and	physical	activity	(PA)	with	the	incidence,	
prevalence,	and	progression	of	myopia	in	children.	Literature	search	was	conducted	in	PubMed,	Scopus,	
Cumulative	 Index	 to	Nursing	 and	Allied	Health	 Literature,	 Cochrane	Database	 of	 Systematic	 Reviews,	
ProQuest,	and	Web	of	Science	databases.	Systematic	reviews	(SR)	and	meta‑analyses	(MA)	on	the	TSO,	NW,	
and	PA	in	relation	to	myopia	were	reviewed.	Methodological	nature	of	qualified	studies	were	evaluated	
utilizing	 the	Risk	of	Bias	 in	Systematic	Review	tool.	We	 identified	four	SRs	out	of	which	 three	had	MA,	
which	 included	62	unique	 studies,	 involving	>1,00,000	 children. This	overview	 found	a	protective	 trend	
toward	TSO	with	a	pooled	odds	ratio	(OR)	of	0.982	(95%	confidence	interval	(CI)	0.979–0.985,	I2	=	93.5%, 
P <	0.001)	per	extra	hour	of	TSO	every	week.	A	pooled	OR	1.14	 (95%	CI	1.08–1.20)	suggested	NW	to	be	
related	 to	risk	of	myopia.	However,	studies	associating	myopia	with	NW	activities	are	not	necessarily	a	
causality	as	the	effect	of	myopia	might	force	children	to	indoor	confinement	with	more	NW	and	less	TSO.	
PA	presented	no	effect	on	myopia.	Though	the	strength	of	evidence	is	less	because	of	high	heterogeneity	and	
lack	of	clinical	trials	with	clear	definition,	increased	TSO	and	reduced	NW	are	protective	against	myopia	
development among nonmyopes.
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Myopia	is	the	most	common	disorder	with	a	wide	variation	
in	prevalence	 concerning	age,	 race,	 ethnicity,	urbanization,	
occupation,	 and	 education	 level.[1]	 In	 the	 South‑East	Asian	
population,	myopia	prevalence	of	more	 than	80%	has	been	
documented,	with	the	prevalence	of	high	myopia	exceeding	
20%,[1–4]	while	the	prevalence	is	increasing	among	the	Western	
population.[2,5–7]

The	 rising	prevalence	 of	myopia	 is	 a	 significant	public	
health	 issue,[1,8,9]	 as	 high	myopia	 imposes	 lifelong	medical	
care	due	to	increased	risk	of	degenerative	retinal	conditions,	
primary	 open‑angle	 glaucoma,	 early‑onset	 cataract,	 and	
retinal	 detachment.[1,3,4,10]	 Moreover,	 though	 myopia	
management	 is	 simple	with	 corrective	 lenses,	 its	 negative	
economic,	 social,	 and	 educational	 impact	 have	 been	well	
documented.[10]

Various	clinical	trials	have	shown	changes	in	refractive	error	
when	eyes	are	exposed	to	form	deprivation,	hyperopic	defocus,	

alteration	of	the	daily	light	level,	and	also	lifestyle	changes	like	
duration	of	near	work	(NW),	time	spent	outdoors	(TSO),	and	
physical	activity	(PA)	during	childhood.	Rise	in	the	incidence	
and	progression	of	myopia	has	shown	genetic	influence	along	
with	environmental	factors.[11–19]

Among	 environmental	 factors,	 the	 interventional	 effect	
of	PA,	TSO,	and	NW	against	myopia	has	been	documented.	
However,	 there	 is	 a	 lack	 of	 evidence	 on	 the	 interrelation	
between	 these	 factors	 concerning	myopia	development	and	
progression.[2,9,20]

Furthermore,	during	 the	COVID‑19	pandemic,	many	of	
the	world	population	were	 restricted	at	home	 confinement	
with	a	 sedentary	 life.	Toddlers,	 children,	 and	 teenagers	got	
exposed	to	an	unusual	amount	of	indoor	time.	Additionally,	
online	classes	for	students	have	added	to	the	burden	of	NW	
and	digital	screen	time	(television,	smartphones,	etc.),	sparking	
concerns	that	these	children	may	have	an	even	higher	risk	of	
myopia development and progression.[21]
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Thus,	the	main	aim	of	this	review	is	to	gather	evidence	from	
existing	 systematic	 review	 (SR)/meta‑analysis	 (MA)	on	 the	
influence	of	TSO,	PA,	and	NW	on	the	incidence,	prevalence,	
and progression of myopia.

Methods
Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	
Meta‑Analysis	guidelines	has	been	followed	in	this	SR.[22] The 
protocol	of	 current	 review	 is	 registered	 in	 the	 International	
Prospective	Register	of	Systematic	Reviews	(CRD42018096186).

Search strategy
Two	independent	reviewers	(KKS,	PM)	searched	for	articles	
in	 various	 databases	with	 a	week's	 gap.	Articles	 indexed	
in	 PubMed,	 Scopus,	 Cumulative	 Index	 to	Nursing	 and	
Allied	Health	Literature,	Cochrane	Database	of	Systematic	
Reviews,	 ProQuest,	 and	Web	 of	 Science	were	 considered	
for	 this	 SRs.	On	 January	 31,	 2019	 last	 search	was	 done.	
The	 search	 terms	used	were	 (“Myopia”	OR	“myopic”	OR	
“near‑sightedness”	OR	 “myopia*”	OR	 “short	 sight”	OR	
“short‑sighted”	OR	“short‑sightedness”	OR	“short	sight”	OR	
“short	sighted”	OR	“short	sightedness”	OR	“near‑sight”	OR	
“near‑sighted”	OR	“near‑sightedness”	OR	“near	sight”	OR	
“near	sighted”	OR	“near	sightedness”	OR	“refractive	errors”	
OR	“refract*”)	AND	(“exercise”	OR	“physical	activity”	OR	
“physical	activities”	OR	“motor	activity”	OR	“exercises”	OR	
“motor	activities”	OR	“outdoor*”	OR	“outside”	OR	“leisure	
Activities”	OR	 “sport*”	OR	 “hobby*”	OR	 ”environment”	
OR	 “time	 spent	 outdoor”	OR	 “near	 activity”	OR	 “near	
work”	OR	“studying”	OR	“reading”	OR	“reading	distance”	
OR	“working	distance”	OR	“outdoor	activity”	OR	“indoor	
activity”	OR	“sunlight	exposure”	OR	“darkness”	OR	“dark”).	
The	 search	 strategy	used	 for	 the	 keywords	 in	 PubMed	 is	
described	and	cumulated	in	Appendix‑Table	A1.	The	articles	
searched	were	restricted	to	only	English	language.

Study selection
Two	 reviewers	 independently	 (KKS,	 PM)	 accessed	 each	
article’s	 title	and	abstract	based	on	the	association	between	
myopia	 and	TSO,	NW,	 and	PA	 to	 include	 in	 the	 current	
review.	 In	addition,	references	were	searched	manually	 for	
yielded	articles	to	include	relevant	SRs	in	this	current	study.	
Further,	 the	 full‑text	 review	was	performed	by	 (ADL,	PM)	
reviewers	independently.	The	screening	of	articles	was	done	
using	Covidence	 to	 ensure	 the	 blinding	 in	 both	phases.	 If	
there	was	any	conflict	while	selecting	articles,	it	was	resolved	
with	the	mutual	discussion	between	the	authors	(ADL,	AN,	
KKS,	and	PM).	The	exclusion	criteria	were	as	follows	(1)	not	
available	in	English,	(2)	published	in	books	or	gray	literature,	
conference	abstracts,	and	(3)	studies	with	inappropriate	and/
or	insufficient	quality.

Data extraction
Two	 reviewers	 (ADL,	PM)	 independently	 extracted	 for	 (1)	
the	general	data:	title	of	the	study	article,	author	names,	year	
of	publication,	 (2)	article	related	data:	study	design,	sample	
size,	(3)	participant	data,	(4)	type	of	intervention,	(5)	age	(mean,	
standard	deviation;	range),	(6)	sex	(%	men	and	%	women),	(7)	
study	location,	(8)	any	other	specific	population	(if	any),	(9)	
visual	 acuity	 effect	 estimate	with	 95%	 confidence	 interval	
or	standard	error,	 (10)	confounding	factor	adjusted	for	data	
management,	and	(11)	study	outcome	(odds,	risk,	refractive	

error,	 axial	 length	 change,	proportion	developing	myopia,	
and	progressing).

Assessment of methodological quality and risk of bias
Critical	 appraisal	 tool	 “Risk	 of	 Bias	 in	 Systematic	
Review	(ROBIS)”	was	used	to	assess	the	quality	of	the	articles	
included	in	full‑text	review	(Appendix‑Table	A4).[23]

The	 list	 of	 index	 articles	 in	 qualified	 SR/MA	 was	
looked	 into	 to	 recognize	 those	 contained	 in	 two	 or	more	
reviews	(Appendix‑Tables	A2	and	A3).

Statistical analysis
STATA	version	12.0	 software	 (STATA	Corporation,	College	
Station,	TX,	USA)	was	used	to	perform	statistical	analysis.	Pooled	
odds	 ratio	 (OR)	and	Mantel–Haenszel	 random‑effects	model	
with	95%	CI	was	used	to	analyze	dichotomous	outcome	data	
and	data	for	MA,	respectively.	I2	test	was	used	to	assess	statistical	
heterogeneity;	high	heterogeneity	was	considered	 if	 I2	 ≥50%.	
MA	and	heterogeneity	calculation	were	done	only	to	estimate	
prevalence	of	myopia	in	association	with	TSO.	The	MA	was	done	
after	removing	the	duplicates	to	avoid	repetition	of	data.	There	
were	six	overlaps,	and	finally,	it	was	14	primary	study	data	used	
for	MA	after	removing	duplicates.	As	the	number	of	included	
data	were	minimum,	duplicates	were	 removed	manually.	
Standardized	effect	estimated	values	of	included	papers	have	
been	incorporated	in	the	MA	of	current	study.

Results
Literature search
We	identified	6768	articles	from	the	various	databases.	After	
removing	 the	 duplicates	 and	 screening	 of	 the	 articles	 for	
eligibility,	we	 identified	 four	 SRs	 out	 of	which	 three	 had	
MA	 included	 for	 review.	The	 included	SRs	had	62	unique	
studies. [Table	 1	 and	Appendix‑Tables	A4–A6];	 details	
mentioned in Fig. 1.

Physical activity and myopia
Among two prospective cohort studies, one	with	9109	children,	
extreme	levels	of	PA	had	borderline	association	with	incident	
myopia	 (≥	 ‑1.0	DS),	 (OR:	0.88,	 95%	CI:	 0.76–1.01, P =	0.062).	
Similarly,	myopia	had	a	higher	risk	(HR:	1.17,	95%	CI:	1.10–
1.24)	 related	 to	 sedentary	 time	 (accelerometer).[11] Another 
questionnaire‑based	study	with	151	medical	 students	 (mean	
age	23.1	years)	showed	that	nonmyopic	students	had	more	PA	
than	their	myopic	counterparts	(60	vs	51	min/day, P =	0.049).	The	
increase	prevalence	of	myopia	(≥	‑0.50	DS)	was	from	37	to	42.7%	
within	2	years	of	study	span	[Table	1	and	Appendix‑Table	A6].[24]

Among six cross‑sectional studies	(8242	children),	comparison	
between	children	with	PA	(>3	h/week)	vs	sedentary	lifestyle	
revealed	 that	 self‑reported	PA	was	 associated	with	 lower	
prevalence	of	myopia	(≥	‑0.50	DS)	(OR:	0.46,	95%	CI:	0.23–0.90, 
P =	 0.027).[25]	 Results	with	PA	measured	using	wrist‑worn	
accelerometers	and	myopia	(≥	‑0.75	DS);	the	mean	difference	in	
the	PA	levels	between	the	emmetropic	and	myopic	participants	
was	not	significant	(P =	0.14).[26]	Questionnaire‑based	studies	
demonstrated	myopic	children	spent	less	time	playing	sports	
than	emmetropes	([1.87	vs	4.04	hours/day, P <	0.0001],[27]	[0.72	
vs	 0.85	 h/day, P =	 0.007],[28]	 and	 [7.4	 vs	 9.7	 h/week]).[29] 
Protective	effect	(questionnaire‑based)	on	myopia	was	found	
with	daily	 PA	 and	 sports	 (OR:	 0.89,	 95%	CI:	 0.86–0.93)[27] 
and	weekly	PA	 (OR:	 0.94,	 95%	CI:	 0.89–0.98, P =	0.0045).[29] 
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Questionnaire‑based	PA	assessment	demonstrated	myopic	
refraction	which	is	least	(+0.56	DS,	95%	CI:	0.38–0.75, P =	0.04)	
in	participants	with	high	 levels	of	outdoor	activity	and	low	
levels	of	NW.[30]	The	association	of	outdoor	sports	was	high	
with	reduced	myopia	prevalence	(OR:	0.90,	95%	CI:	0.84–0.96, 
P =	0.004)	and	indoor	PA	failed	to	show	any	such	association.[28] 
However,	participants	with	low	levels	of	outdoor	activity	and	
high	levels	of	NW	demonstrated	myopic	refraction	more	(+0.27	
DS,	95%	CI:	0.02–0.52, P = 0.06).[30]

One case‑control study	 (131	 adult	men)	 investigating	
childhood	effect	of	PA	and	myopia	(≥	‑0.25	DS)	concluded	that	
myopic	adults	recollected	being	less	interested	in	PA	during	

their	childhood	compared	to	the	nonmyopic	adults	(25%	vs	
5.7%, P <	0.03)	[Table	1	and	Appendix‑Table	A6].[31]

Time spent outdoors and myopia
Three clinical trials[32–34]	(2865	children)	demonstrated	protective	
effect	on	incident	myopia	(risk	ratio	(RR):	0.536,	95%	CI:	0.338–
0.850,	I2	=	87.7%,	Pheterogeneity	<	0.001)	with	increasing	TSO	during	
school	 recess.	On	excluding	He	 et al.[32] study for sensitivity 
analysis,	two	clinical	trials	showed	lower	risk	(RR:	0.435,	95%	CI:	
0.344–0.550,	I2	=	0%,	Pheterogeneity =	0.829)	without	any	heterogeneity	
when	pooled	[Table	1	and	Appendix‑Table	A6].[35]

Three cohort studies [11,36,37]	 (4064	 children)	 reported	
significantly	reduced	risk	of	incident	myopia	associated	with	

Figure 1: Details about selection of articles. Note: SR – systematic review; MA – meta‑analysis
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high	TSO	 levels	 (RR:	0.574,	 95%	CI:	 0.395–0.834,	 I2	 =	 70.9%,	
Pheterogeneity =	0.032).	For	sensitivity	analysis,	only	the	removal	
of	younger	cohort	by	French	et al.[36,37] study showed higher 
risk	(RR:	0.693,	95%	CI:	0.548–0.877,	I2	=	0%,	Pheterogeneity =	0.933)	
with	no	heterogeneity	[Table	1	and	Appendix‑Table	A6].[35]

Thirteen cross‑sectional studies[28,29,38–48]	 (23,112	 children)	
investigated	the	effect	of	TSO	on	incident	myopia	and	found	an	
OR	of	0.964,	95%	CI:	0.945–0.982,	I2	=	93.2%,	Pheterogeneity	<	0.001).	
Although	 the	 overall	OR	did	not	 change	 substantially	 on	
exclusion	of	 any	 study	 (OR:	 0.960–0.984),	 exclusion	of	Guo	
et al.[47]	reduced	the	heterogeneity	from	93.2	to	39.8%	[Table	1	
and	Appendix‑Table	A6].[35]

Seven studies[11,32,33,37,49–51]	(8437	children)	studied	the	dose–
response	relationship	of	TSO	with	myopia.	The	dose–response	
curve	 between	 incident	myopia	 risk	 and	TSO	was	 linear,	
with an inverse relationship (R2	=	0.586).	The	linear	equation	
relating TSO and myopia (y	=	‑0.189	ln(x)	+	0.9136),	showed	
TSO	of	1	h/day	(7	h/week)	reduces	incident	myopia	by	45%	
compared	to	controls,	while	76	min/day	(8.9	h/week)	showed	
50%	 [Table	 1	 and	Appendix‑Table	A6].[35] Dividing the TSO 

into	 tertiles	 shows	 the	 lowest	 tertile	 (≤13.5–16	h/week)	had	
significantly	(P	<	0.01)	higher	OR	for	incident	myopia	than	the	
highest	tertile	(>22.5–23	h/week).

Three clinical trials[32–34]	 (2865	children)	estimated	 the	risk	
of	myopia	progression	or	shift	concerning	the	TSO	and	had	a	
weighted	mean	difference	of	‑0.30	D,	95%	CI:	‑0.18	to	‑0.41D,	
I2	=	58.6%,	and	Pheterogeneity	=	0.089	[Table	1	and&	Appendix‑Table	
A6].[35]

Six studies[51–56]	 (3956	 children)	 evaluated	dose–response	
between	myopia	progression	and	TSO	and	failed	to	find	any	
relationship (R2	=	0.00064).[35]	Only	one	study	showed	protective	
treatment	 effect	 on	myopia	 progression	 (mean	difference	
between	test	and	control	eye	‑0.14	D,	95%	CI:	‑0.22	to	‑0.06).[52] 
Other	studies	had	no	statistically	significant	effect	(range	‑0.12	
D	to	0.013	D)	[Table	1	and	Appendix‑Table	A6].

On	 analyzing	 the	 data	 available	 for	 TSO	 and	myopia	
prevalence,	we	calculated	the	pooled	OR	to	be	0.982	(95%	CI:	
0.979–0.985,	I2	=	93.5%,	Pheterogeneity <	0.001)	per	additional	hour	
of	TSO/week	[Fig. 2].

Figure 2: Forest plot corresponding to main random‑effects meta‑analysis performed to quantify the relationship between the time spent on 
outdoor activities and the prevalence of myopia. Note: ES – effect size
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Near work and myopia
Among 15 cross‑sectional studies	examining	the	prevalence	of	
myopia	and	 the	 effect	of	NW,	10	 studies[27,29,38,40,47,57–60]	 (9076	
children)	reported	increased	prevalence	myopia	with	increased	
NW	among	6–18	years	 old	 children.	Myopic	 children	had	
more	NW	compared	to	the	nonmyopic	(2.7	±	0.7	vs	2.3	±	1	h/
day, P =	0.0027).[59]	Additionally,	reading	two	or	more	books/
week	were	associated	with	higher	odd	(OR:	1.43	of	SE	≤	‑0.50D	
and	OR:	3.05	of	SE	≤	‑3D)	of	developing	myopia	than	those	
reading	 less	 than	 two	books/week.[58]	Moreover,	 continuous	
reading	 (>30	min)	 and	 close	 reading	 distance	 (<30	 cm)	
increased	the	risk	of	myopia	by	1.5	times	(95%	CI:	1.05–2.10)	
and	2.5	times	(95%	CI:	1.7–4.0),	respectively.[40] The multivariate 
risk	of	myopia	 in	 children	 in	 terms	of	 1	diopter‑h	of	NW/
week	is	estimated	to	be	1.02.[29,57]	Myopic	children	were	also	
found	to	watch	more	television	(12.78	±	9.28	vs	8.91	±	5.95	h/
week, P =	0.02)	compared	to	the	nonmyopes.[38] Longer hour 
of	 reading	 (>5	 h	per	 day)	was	 associated	with	 the	 higher	
prevalence	of	myopia	 (43.1%	vs	28.6%, P <	0.001).[57] Others 
reported	 an	 increase	 in	 odds	 of	 having	myopia	 for	 every	
additional	hour	spent	reading,	writing,	studying,	or	computer	
work	by	16–38%	[Table	1	and	Appendix‑Table	A6].[27,47]

The other five studies[30,39,61–63]	 (7297	 children)	 failed	 to	
show	any	association	between	NW	and	myopia	 even	after	
factors	adjusted	 for	age,	 sex,	 and	parental	 education.	There	
was	weak	or	no	 correlation	between	myopia	and	NW	such	
as	watching	 television,	 computer,	 reading,	 and	writing.[61] 
Myopic	and	nonmyopic	children	spent	similar	 time	on	NW	
activities	 like	 personal	 reading	 (23.8	 ±	 24.7	 vs	 20.7	 ±	 21.2	
diopter‑h/week, P =	0.12),	 computer	use	and	playing	video	
games	 (18.9	±	24.9	vs.	 21.8	±	24.7	diopter‑h/week, P =	0.11),	
homework	(35.3	±	25.9	vs.	34	±	24.4	diopter‑h/week, P =	0.62),	
and	watching	television	(6.8	±	5.3	versus	6.2	±	5.2	diopter‑h/
week, P =	 0.22).[39]	 Furthermore,	 prevalence	 of	myopia	
among	children	spending	various	levels	of	NW	(0–2,	1.6–3.1,	
and	>2.6–3.0	h/day)	were	also	similar	(P >	0.05)	among	different	
age	 groups	 (6	 and	 12‑year	 olds).[30]	 Similarly,	 other	 levels	
of	NW	(<2.79,	 2.79–3.85,	 and	3.86–8	h/day)	 reported	similar	
refraction	in	children	(6–12	and	13–17‑year	olds).[62]	However,	
the	prevalence	of	myopia	was	lower	in	Sydney	(3.3%)	than	in	
Singapore	(29.1%)	[Table	1,	Appendix‑Table	A6].[63]

The	pooled	OR	 from	cross‑sectional	 studies	 resulted	 in	
1.14	(95%	CI:	1.08–1.20)	indicating	the	association	of	NW	with	
myopia	risk.	However,	the	studies	MA	explained	the	influence	
of	 small‑study	 effect	 and	potential	 publication	 bias	 in	 the	
studies	with	the	asymmetrical	distribution	of	the	studies	in	their	
funnel plot (P =	0.003).	Subgroup	analysis	reported	myopia’s	
likelihood	with	children	performing	more	NW	(OR:	1.85,	95%	
CI:	1.31–2.62,	I2	=	85%)	with	an	additional	2%	increased	risk	of	
myopia	for	1	diopter‑hour	of	NW/week.[20]

Six cohort studies[11,37,49–51,64]	estimated	the	association	between	
incidence	 of	myopia	 and	NW.	The	 increase	 in	prevalence	
of	myopia	 in	 association	with	NW	was	 reported	 in	 only	
two	 studies	 (3432	 children).[37,64]	 The	myopic	 group	had	 3	
diopter‑hours/week	of	NW	more	than	the	nonmyopic	group,	
which	 increased	 by	 1.7	 diopter‑hours/week,	 compared	 to	
the	previous	year	when	 the	 eyes	were	nonmyopic.[64]	Also,	
younger	children	(6‑year‑old)	who	became	myopic	significantly	
performed	more	 NW	 than	 those	 who	 did	 not	 become	
myopic	 (19.4	 vs	 17.6	 h/week, P =	 0.02).[37] Although not 

significant,	 similar	 results	with	 higher	 risk	 of	 developing	
myopia	(HR:	1.22,	95%	CI:	0.96–1.55, P =	0.098)	were	obtained	
for	 children	 spending	 >3	 h/day	 in	 reading	 in	 comparison	
with	 less	 than	 3	h/day.[11]	Distinctively,	multivariate	RR	of	
0.99	 (95%	CI:	 0.97–1.01)	per	diopter‑hour/week	of	NW	was	
reported.[49]	Similarly,	a	5‑year	follow‑up	on	children	revealed	
that	 newly	myopic	 and	nonmyopic	 children	 spent	 similar	
time	(39.49	±	20.79	vs	39.22	±	19.67	diopter‑h/week, P =	0.90)	on	
NW	activity.[50]	After	adjusting	for	the	recess	period	outside	the	
classroom,	NW	like	painting,	reading,	computer	use,	writing,	
playing	piano,	or	watching	television	does	not	affect	the	risk	
of	developing	myopic	 in	 school	 children.[51] The pooled OR 
from	the	cohort	studies	gave	a	RR	of	1.00	(95%	CI:	0.99–1.01,	
I2	=	43%)	 for	every	diopter‑hour	of	 increasing	NW	[Table	1,	
Appendix‑Table	A6].[20]

Among six longitudinal studies[52,53,56,65–67] evaluating the 
relationship	between	myopia	progression	and	NW	activity	
among	children,	two	studies	(355	children)	reported	a	higher	
risk	of	myopia	progression	associated	with	NW.[66,67]	However,	
the	other	four	(1547	children)	did	not	support	this	conclusion	
showing	any	 relationship	between	 the	 two.[52,53,56,65] In group 
where	myopia	progression	was	 faster	 (‑2.9	 ±	 0.6D),	 it	was	
reported	to	have	a	significantly	closer	reading	distance	(22	±	3.8	
vs	 24.1	 ±	 4.3	 cm)	 and	more	 NW	 activity	 (3.5	 ±	 0.9	 vs	
2.9	 ±	 0.8	h/day)	 in	 comparison	with	 the	group	with	 slower	
myopia	progression	 (‑0.5	±	0.3	D).[66] A higher proportion of 
children	(48.8%)	with	6	h/day	of	reading	and	NW	had	myopia	
progression	compared	to	a	lower	proportion	of	children	(18.9%)	
in	 the	 control	 group.[67]	 Interestingly,	 there	 is	 a	 reported	
significant	 difference	 in	myopia	 progression	 (0.52	 ±	 0.19	
D	vs	0.38	±	0.15	D, P <	0.01)	 among	 the	 intervention	group	
performing	 less	near	and	middle	vision	work	 (<30	h/week)	
and	more	outdoor	activity	(>14–15	h/week)	compared	to	the	
control	 group	 (>30	h/week	 and	 <14–15	h/week).	Although	
the	 time	 spent	 in	NW	were	 found	 to	be	 similar	 among	 the	
two	groups,	 the	 intervention	group	had	significantly	higher	
outdoor	activity	(13.7	±	2.4	vs	6.2	±	1.6	h/week, P <	0.01).[52] Linear 
regression	analysis	of	cycloplegic	refraction	changes	over	2	years	
in	children	also	yielded	no	statistically	significant	association	
with	NW	activities.[53]	Likewise,	it	was	reported	that	there	is	no	
association	between	myopia	progression	per	year	and	hours	of	
NW	activity.	Others	said	a	2%	increase	(nonsignificant, P =	0.07)	
in	risk	of	myopia	progression	among	children	performing	each	
additional	hour	of	NW.[65]	Due	to	varying	definition	of	myopia	
progression	and	different	outcomes,	the	MA	could	not	combine	
their	results	[Table	1,	Appendix‑Table	A6].

On	analyzing	myopes	and	nonmyopes	for	the	time	spent	
on	NW	activities,	 it	was	 found	 that	myopic	 children	 spend	
0.66	h/week	more	on	reading	(95%	CI:	0.16–1.17)	concerning	
nonmyopes.	NW	such	as	watching	television,	playing	computer	
games,	and	studying	were	not	associated	with	myopia.[20]

Age
Analyzing	the	effect	of	age	on	the	risk	of	myopia	and	TSO	in	cohort	
studies,	 it	was	 found	that	younger	age	groups	 (6‑year‑olds)	
have	more	protective	effect	against	myopia	 (RR:	0.380,	95%	
CI:	 0.259–0.558)	 than	 older	 kids	 (11–12‑years).	 In	 case	 of	
cross‑sectional	 studies,	 there	was	no	 significant	difference	
between	 the	 groups	 of	myopia	prevalence	 (<20%,	 20–80%,	
>80%)	 or	 between	 age	 groups	 (<6,	 6–18,	 >18‑years)	 on	 the	
protective	effect	of	TSO	[Table	1,	Appendix:	Table	A6].[35]
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Gender
Studies	after	adjusting	for	age,	initial	refraction,	and	NW	show	
a	significant	association	between	increasing	TSO	with	reduced	
myopic	progression	with	no	reduced	final	spherical	equivalent	
in	females	but	in	males.[9]

Geographical location represented in studies
In	all	the	four	review	papers,[2,9,20,35]	wide	geographical	locations	
have	been	selected	[Table	1].

Definition of myopia
The	various	definitions	of	myopia	have	been	described	in	the	
literature	 and	 included	 in	Table	 1,	which	 ranged	 spherical	
equivalent	less	than	from	‑0.25	to	‑1.00	DS.[2,9,20,35]

Discussion
The	 current	 systematic	 overview	 aimed	 to	 summarize	 all	
relevant	 evidence	 concerning	TSO,	NW,	and	PA	 related	 to	
myopia development and progression [Table	2a	and	2b].	At	
younger	 ages,	myopia	 progression	 is	 rapid.[20]	 Therefore,	
the	current	review	included	articles	that	studied	population	
aged	≤20	years.	The	studies	found	a	general	relation	of	lower	
risk	of	myopia	and	PA	without	any	associated	effect	or	trend	of	
the	study	population,	ethnicity,	or	age	connecting	the	two.	Most	
children	of	7–15	years	were	the	participants	with	exception	in	
few	studies	where	students	aged	11–20,[28] adults with mean 
age	of	23.1	years,[24]	and	even	33–37	years	men[31]	were	included.

Physical activity
The	physiological	pathway	behind	how	PA	protects	against	
myopia	 is	not	 confirmed.	Theories	have	hypothesized	 that	
increased	blood	flow	causing	choroidal	layer	expansion	might	
reduce	axial	length.	On	the	other	hand,	animal	studies	proved	
reduction	of	eye	growth	with	increased	thickness	and	blood	
flow.[68,69]

Physical activity measurement method
Most	 of	 the	 studies	measured	 PA	 using	 questionnaire	
and	 interviews,	 thus	 paving	 recall	 bias	 risking	 both	 over	
or	 underestimation	 of	myopia.	Only	 Jacobsen	 et al.[24] did 
retesting	of	questionnaires	to	increase	the	validity.	Although	
accelerometers	are	more	objective	than	questionnaires	but	not	
suitable	for	all	kinds	of	exercises.	Moreover,	the	results	might	
be	influenced	by	the	type	of	exercise,	the	intensity	and	duration.	
Besides,	the	placement	of	accelerometer	in	wrist	vs	waist	is	also	
important	and	it	is	recommended	to	place	it	at	core	of	body	as	
back	or	waist	for	better	results.

Questionnaire	approach	was	subjective	in	all	the	studies	
that	 relied	on	 answers	 from	 the	 child	or	parents	 and	even	
recollected	 from	 their	 childhood.	 Jacobsen	 et al.[24] used a 
closed‑ended	questionnaire	 (yes/no)	 to	 reduce	 the	bias	and	
error.	 This	 helped	 to	 reduce	 the	misinterpretation,	 recall	
bias,	 and	 interview	bias.	 The	 repeated	 test	 results	 of	 the	
questionnaires	had	high	 correlations	 coefficient	 (0.97)	 in	 a	
subgroup	of	participants.	Some	studies	used	a	comprehensive	

Table 2a: Primary outcomes from the articles

Outcome Comparison Number of subjects 
(no. of primary studies)

Measure of effect (95% 
Confidence interval)

Direction of 
effect

Physical activity and myopia

Estimation of risk Daily PA 17352 (7) OR=0.88‑0.90 Protective 
against myopia

PA >3 h/week 661 (1) OR=0.46 (0.23‑0.90) Protective 
against myopia

Per hour sedentary time 9109 (1) HR=1.17 (1.10‑1.24) Increased risk 
of myopia

Changes in Refractive error NA NA NA NA

Change in axial length NA NA NA NA

Proportion (%) developing 
myopia

Reduced hours of PA per 
week (51 vs. 60 min/day)

151 (1) 5.7% Increased risk 
of myopia

Proportion (%) with 
progressive myopia

NA NA NA No effect

Time spent in PA Myopic vs. nonmyopic 
children

1713 (3) 43‑112 vs. 51‑242 min/
day

Protective 
against myopia

Time spent outdoors and myopia

Estimation of risk Every additional hour 39472 (24) OR=0.928 (0.979‑0.985) Protective 
against myopia

Changes in Refractive error Dose‑response 
relationship 

6821 (9) MD = ‑0.30 D to +0.013 
D

No effect

Change in axial length NA NA  NA NA

Proportion (%) developing 
myopia

Increasing TSO by 60‑
76 min/day

8437 (5) Incident myopia reduced 
by 45% to 50%

Protective 
against myopia

Proportion (%) with 
progressive myopia

NA NA NA NA

Time spent outdoors (hours) Myopic vs. nonmyopic 
children

5962 (6) 3.05‑7.98 vs. 5.7‑13.75 
h/week

Protective 
against myopia

OR: odds ratio, RR: relative risk, HR: hazard ratio, MD: mean deviation, PA: physical activity, NW: near work, TSO: time spent outdoors, NA: not available
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questionnaire	to	determine	time	spent	indoors	and	outdoors	
accurately.[28,30,70]

Both outdoor leisure time and outdoor sports showed 
a	protective	 effect	 over	 indoor	 sports,	 thus,	 suggesting	 the	
associated	 element	 to	be	TSO	 rather	 than	 sports.	Also,	 the	
wording	 “Sports”	might	 have	 led	 to	misinterpretation	 by	
the	participants	who	categorized	only	exercise	and	games	as	
sports	and	not	cycling,	walking	and	falsely	categorized	them	in	
leisure	time.	Many	studies	failed	to	distinguish	between	TSO	
and	PA,	also	to	quantify	different	degrees	of	PA.	Some	studies	
lack	record	on	PA	whether	performed	indoor	or	outdoor.[24,25]

Refractive and visual acuity measurements
The	 visual	measurement	methods	 and	 cycloplegia	 usage	
varied	across	the	studies	with	some	using	cycloplegia,	whereas	
others	were	not	using	 it.	However,	 cycloplegic	 refraction	 is	
important	while	 studying	young	 subjects	 considering	 their	
ability	 for	 accommodation.[71]	Use	 of	 a	 retinoscope	 or	 an	
autorefractometer	 to	 assess	 the	 refractive	 status[72,73] using 
different	kinds	of	visual	acuity	charts	(Snellen,	logMAR,	etc.)	
affects	the	outcome.[74]	Another	important	factor	is	the	variation	
in	the	myopia	definition	as	some	studies	defined	myopia	as	‑1.0	
DS,	which	underestimates	myopia,	as	most	studies	use	‑0.50	
DS	definition	of	myopia.	Hence,	prevalence	of	myopia	across	
studies	should	be	carefully	compared.

Study design
In the prospective cohort studies,	 there	were	many	missing	
data	 (14%)	 and	 dropouts	 (8.3%).[2] In studies with large 

number	of	 children,	 the	number	of	 children	 tested	 in	 each	
visit varied. This may somewhat limit the representation of 
general population.

In cross‑sectional studies,	 study	 participants	were	 from	
respective	local	areas	and	mostly	from	schools	representing	the	
general	population.	Some	studies	were	small;[26] rest were large 
with	sample	size	ranging	from	366	to	4088,[25,27–30]	which	might	
overestimate	the	intervention	effects.	Perhaps	it	might	not	be	
the	lesser	PA	resulting	in	myopia.	The	inability	to	distinguish	
between	exposure	and	outcome	is	a	limitation	of	cross‑sectional	
study.	A	child’s	refraction	and	need	for	spectacle	might	have	
denied	sports	engagement	in	myopic	children.

Among	risk	 factors,	other	 than	PA,	studies	also	assessed	
potential	 risk	 factors	 like	 amount	of	NW	 (computer	usage,	
writing,	watching	 television,	 and	 reading),	 refractive	 status	
of	the	parents,	and	cognitive	skills	with	factors	confounding	
like	 higher	 likelihood	 of	 reading	 among	myopes,	 urban	
lifestyle,	 and	 better	 cognitive	 test	 results	were	 taken	 care	
of.[24,25,27]	However,	 including	participants	 of	 different	 age	
has	complicated	our	understanding	as	age,	and	high	level	of	
education	are	 confounders	of	myopia.	 It	was	demonstrated	
that	 the	TSO	 is	 the	most	 important	protective	 factor.	 Since,	
mostly	PA	is	likely	to	occur	outdoors,	there	is	a	possibility	of	
confounding.

In	 the	only	case‑control	study	 included	 to	study	PA	and	
myopia,	the	sample	size	was	low	(n	=	65),	with	more	men	than	
women.	Different	tables	in	the	study	presented	discrepancies	

Table 2b: Primary outcomes from the articles

Outcome Comparison Number of 
subjects (no. of 
primary studies)

Measure of effect (95% 
confidence interval)

Direction of 
effect

Near work

Estimation of risk More vs. less near work 6921 (6) OR=1.85 (1.31‑2.62) Increased 
risk of myopia

Every 1 diopter‑hour more of NW 
per week

3463 (5) OR=1.02 (1.01‑1.03) Increased 
risk of myopia

Incidence of myopia with increasing 
diopter‑hours spent in NW

10617 (3) RR=1.00 (0.99‑1.01) No effect

More than 3 h/day reading 9109 (1) HR=1.22 (0.96‑1.55) Increased 
risk of myopia

Reading more than 2 books/week 2103 (2) OR=1.43‑3.05 Increased 
risk of myopia

Close reading distance (<30 cm) 
and continuous reading (>30 min)

2353 (1) OR=2.5 (1.74‑4.0) and 
1.5 (1.05‑2.10)

Increased 
risk of myopia

Changes in refractive error NA NA NA NA

Changes in axial length NA NA NA NA

Proportion (%) developing myopia NA NA NA NA

Proportion (%) with progressive 
myopia

6 h/day of reading and NW vs. 
control group

117 (1) 48.8% vs. 18.9% Increased 
risk of myopia

Time spent in near work
NA

Myopic vs. non‑myopic children
NA

2919 (4)
Reading time MD=0.66 (0.16‑1.17) Increased 

risk of myopia

Watching television MD = ‑0.22 (‑0.96 to 0.51) No effect

Computer or video games MD=0 (‑0.60 to 0.57) No effect
Studying MD = ‑0.01 (‑0.60 to 0.57) No effect

OR: odds ratio, RR: relative risk, HR: hazard ratio, MD: mean deviation, PA: physical activity, NW: near work, TSO: time spent outdoors, NA: not available
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throughout	the	study,	suggesting	that	several	subjects	left	the	
questionnaire	unfinished.	However,	 it	 is	 the	only	 study	 in	
the	presence	of	exposures	(e.g.,	PA)	that	considered	possible	
confounders	while	comparing	the	risk	of	myopia.[31]

Time spent outdoors
The	Sydney	Myopia	Study	by	Rose	et al.[30,75] was the earliest 
study	to	propose	the	protective	effect	of	outdoor	activity	on	
developing myopia against PA and time spent on indoor 
activity.[30,75]	 This	protective	 effect	 of	TSO	on	myopia	have	
been	confirmed	recently	in	two	large	randomized	controlled	
trials	 (RCT).[32,51]	Additionally,	 three	 studies	 supported	TSO	
over	PA’s	effect	on	myopia.[11,28,75]

The studies on degree of myopia and axial length and PA 
were	not	conflicting;	instead,	PA	was	more	active	outdoors	than	
indoors.	However,	PA	could	be	an	important	and	independent	
element	with	different	theoretical	pathogenic	pathways.	Most	
of	 the	 questionnaire‑based	 studies	 reported	 that	 PA	has	 a	
protective	 association	on	development	 and	progression	of	
myopia	 and	vice	 versa.[25,27–30] Studies evaluating PA using 
accelerometers	 found	 that	myopia	 in	 correlation	with	other	
factors	might	be	linked	to	PA.[11,26]

The	protective	 effect	 of	TSO	on	myopia	may	be	due	 to	
several	mechanisms	working	individually	or	in	conjunction,	
starting	 from	 release	 of	 retinal	 dopamine	due	 to	 sunlight,	
ultraviolet	 radiation,	 increased	depth	 of	 focus,	 decreased	
image	blur,	low	accommodative	demand,	and	also	the	resultant	
reduced	NW	(substitution	effect).[30,38,76–80]

Studies	demonstrated	TSO	to	have	a	protective	effect	on	
the	onset	of	myopia	but	not	on	myopia	progression.	Similarly,	
the	dose–response	curve	indicates	that,	although	exposure	to	
outdoors	may	decrease	the	chances	of	developing	myopia,	it	
was	not	protective	 in	myopia	progression	 in	prediagnosed	
myopes.[9,35]

Dose–response	analysis	results	in	a	linear	curve	indicating	
a	 linear	 relationship	between	TSO	and	 the	 risk	of	myopia	
onset.	However,	it	should	be	noted	that	the	studies	included	
for	 this	 analysis	 had	 an	 increase	 in	 TSO	 ranging	 from	 1	
to	 9.8	 h/week[36,37,49]	 and	 does	 not	 determine	 the	 effect	 of	
TSO	more	 than	 this	 upper	 limit	 used.	Hence,	we	need	 to	
determine	the	effect	of	TSO	beyond	9.8	h/week	on	myopia.	
Likewise,	the	threshold	TSO	to	prevent	the	onset	of	myopia	
is unknown.[50,62]

Cross‑sectional	 studies	 had	 high	 heterogeneity,	 but	
sensitivity	 analysis	 reduced	 the	heterogeneity.	 Participants	
in	the	control	group	playing	together	with	the	children	from	
intervention	group	might	have	potential	contamination.	Also,	
removing	 studies	using	noncycloplegic	 refraction	 reduced	
heterogeneity as the results were an overestimated myopia 
prevalence	 due	 to	 classifying	 children	with	 emmetropia	
inappropriately and low hyperopia as myopia.[47,71,81,82] 
However,	cross‑sectional	studies	have	a	fundamental	limitation	
of	inability	to	distinguish	between	exposure	and	outcome	and	
nonexclusion	of	reverse	causality.

TSO	is	more	effective	on	younger	children	(6	years)	than	
older	children	(11–12	years)	because	ocular	growth	patterns	
are	more	sensitive	and	mature	more	 in	younger	children.[35] 
Analysis	of	the	studies	shows	that	TSO	has	a	greater	protective	
effect	 on	nonmyopic	 eyes	 in	preventing	 the	 onset	 than	on	

already	myopic	eyes	in	progression.	However,	only	one	study	
which	demonstrated	a	significant	protective	effect	of	TSO	and	
myopia	progression	was	designed	to	instruct	the	children	to	
perform	less	NW	and	more	outdoor	activities,	thus	signifying	
the	effect	as	combination	of	both.	Summarizing,	these	findings	
suggest	that	the	effect	of	increased	TSO	is	limited	to	prevent	
myopia	onset	and	progression	among	nonmyopic	children.

Similar	to	any	questionnaire‑based	data,	the	reported	TSO	
have	source	of	bias,	inaccurate	reporting,	and	recall	bias.	Thus,	
questionnaires	 require	 validation	 against	 TSO’s	 objective	
measures	as	light	meters,	Actigraph,	GPS‑based	systems,	and	
biomarkers	 such	as	vitamin	D	and	 conjunctival	ultraviolet	
autofluorescence.[2,35]

Despite the high heterogeneity among the studies due 
to	 differences	 in	 study	 design,	 ethnicity,	 and	 age	 of	 the	
participants,	 there	 is	an	established	protective	effect	of	TSO	
in	most	studies.	Conversion	of	TSO	from	per	day	to	per	week	
in	hours	may	be	erroneous	as	only	a	few	studies	provide	the	
actual	difference	between	weekdays	and	weekends.[11,28,38,42]

Near work
The	strength	of	evidence	(rating)	for	clinical	recommendation	
regarding	decreased	NW	based	on	 the	 available	 evidences	
are	category	II,	level	B.[20]	This	indicates	that	there	is	adequate	
literature	 to	 support	 the	 recommendation	on	 reducing	 the	
risk	of	children	developing	myopia	with	decreased	time	spent	
reading	though	there	is	a	lack	qualities	for	solid	support.	The	
quality	of	 evidence	 it	 lacks	 is	 that	most	were	observational	
studies	with	only	one	RCT.[20]

SRs	and	MA	have	estimated	2%	increased	risk	of	myopia	
among	children	involved	per	additional	diopter‑hour	of	NW	
per	week.	 They	 appropriately	used	 6–18	 years	 age	 group	
children	among	whom	the	development	and	progression	of	
myopia are the highest.[20]

The	primary	studies	of	the	included	review	studied	myopia	
development and progression of population from various 
ethnicity.	These	studies	found	eastern	countries	to	have	more	
myopic	population	 compared	with	western	 countries.[2,9,20,35] 
However,	we	should	also	remember	that	academic	pressure,	
peer	pressure,	 and	educational	 system	are	different	 among	
the	 eastern	 (Asian)	 and	western	 countries.	Eastern	parents	
pay	more	attention	to	academic,	NW,	and	TSO,	whereas	in	the	
western	side,	parents	pay	more	attention	to	PA	and	TSO.	This	
might	result	in	high	prevalence	of	myopia	in	Asia	and	less	in	
western	countries.	Moreover,	after	school	tutorials	popular	in	
Asian	countries	might	increase	the	NW	and	associated	with	a	
high	prevalence	of	myopia.[83]

Calculating	with	a	factual	example,	if	a	child	spends	four	
hours	a	day	for	NW	(at	33	cm)	after	school	hours,	he	or	she	is	
likely	to	have	myopia	by	120%.	On	one	hand,	the	MA	indicated	
an	80%	higher	risk	of	myopia	in	children	performing	NW.	On	
the	other	hand,	the	behavioral	pattern	indicated	myopic	children	
reading	more	than	nonmyopic	children	with	similar	levels	of	
computer,	watching	television,	and	other	NW.	This	might	be	
possibly	explaining	that	reading	alone	is	providing	the	effect	
of	NW	on	myopia.[20]	It	should	be	borne	in	mind	that	although	
activities	such	as	NW	and	reading	show	an	association	with	
myopia,	 they	are	not	necessarily	causal	 in	nature.	A	reverse	
causality	or	the	effect	of	myopia	might	actually	force	children	
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to	do	more	NW	and	 less	outdoor	activity.	This	might	be	 a	
confounder	in	the	studies	associating	NW	with	myopia.

The	number	of	prospective	 studies	 and	RCT	on	myopia	
incidence	 and	 progression	 are	minimal.	 In	 addition	 to	
this,	 other	 factors	which	might	be	giving	 such	 inconsistent	
conclusions	 are	different	 study	designs:	 ethnicity	 studied,	
myopia	and	NW	definition,	 inaccuracy,	 and	bias	 in	 self‑	or	
parent‑reported	questionnaire,	 to	name	a	 few.	 Importantly,	
the	effect	of	lighting	on	myopia,	text	size	used	to	read,	break	in	
reading,	and	cumulative	effect	over	time	were	not	considered,	
affecting	 the	 results.[20]	 Further	 prospective	 evidence	 in	
preventing	myopia	is	a	mandate	to	elucidate	the	balance	and	
relationship	of	NW	with	outdoor	activities.

To	our	knowledge,	this	is	the	first	overview	of	SR	and	MA	on	
the	effect	of	TSO,	PA,	and	NW	on	the	prevalence,	incidence,	and	
progression	of	myopia.	We	were	able	to	identify	and	synthesize	
the	evidence	available	so	far,	estimated	the	overlap	of	index	
publications	in	the	included	reviews.	However,	there	are	certain	
limitations	to	this	overview.	First	of	all,	the	high	heterogeneity	
among	the	primary	studies	in	the	overview	restricted	our	MA	
only	to	TSO	and	myopia.	Likewise,	the	topic	of	NW	activity	and	
PA	concerning	myopia	is	relatively	new.	There	is	a	lack	of	MA	
on	those	topics,	which	further	reduced	our	ability	to	analyze	
further	data.	Including	the	limited	number	SR/MA	on	PA	has	
a	high	risk	of	bias.	Other	limitations	are	the	difference	in	study	
designs:	ethnicity	studied,	small	sample	size,	subjectivity	and	
effect	of	recall	bias	in	questionnaires,	 lack	of	adjustment	for	
confounding	factors,	and	lack	of	information	on	participants	
who	were	lost	of	follow‑up,	which	we	have	discussed	before	
in	the	relevant	sections.	However,	despite	the	limitations,	we	
can	find	an	association	between	the	TSO,	NW,	and	myopia.

Future	 studies	will	 need	 objective	measurement	with	
wrist‑worn	accelerometers	to	get	more	accurate	estimation	of	
the	PA.	An	enhanced	version	of	the	existing	questionnaire	is	
needed	to	eliminate	recall	bias	about	PA.	The	questionnaires	
need	to	be	accurate	in	differentiating	and	quantifying	the	time	
spent	on	various	indoor	and	outdoor	settings.	Additionally,	
participants’	fitness	tests	(physical	status)	should	be	used	as	a	
further	confirmation	(indirect	measure).

RCT	with	 longitudinal	 follow‑up	of	refractive	error/axial	
length	progression	on	children	with	varying	degrees	of	PA	would	
give	the	highest	level	of	evidence.	Such	studies	concentrating	
on	childhood	would	be	more	practical	considering	the	crucial	
period	 for	ocular	development.[1]	However,	 this	would	be	a	
huge	and	difficult	 task	 to	perform	considering	 recruitment,	
ethical	considerations,	and	compliance.	As	mentioned,	a	clear	
distinction	between	PA	and	outdoor	 activity	 is	 a	mandate	
without overlap in future studies.

Conclusion
From	 the	overview,	we	 can	 conclude	 that	 there	 is	 evidence	
suggesting	 that	an	 increase	 in	 the	TSO	and	decrease	 in	NW	
has	a	protective	effect	in	reducing	myopia	among	nonmyopes.	
Although	several	activities	 like	NW	show	an	association	with	
myopia,	they	are	not	necessarily	causal.	PA	is	not	an	independent	
factor	affecting	myopia.	However,	none	of	the	factors	had	any	
effect	on	reducing	the	progression	of	myopia	in	existing	myopes.	
Nevertheless,	a	distinct	difference	between	the	outdoor	activity	
and	PA	 is	needed	 to	study	 their	 individual	effect	on	myopia	

accurately.	RCT	 looking	at	 incidence	of	myopia	and	myopic	
progression	as	primary	endpoints	 is	required	to	study	further	
the	dose–duration	response	of	TSO,	PA,	and	NW.

The	COVID‑19	pandemic	has	increased	the	risk	of	myopia	
onset	and	progression	with	increased	NW	and	digital	screen	
time	and	reduced	 the	TSO	drastically,	 thus	multiplying	 the	
risk	several	times	with	the	continuation	of	home	confinement,	
especially	for	children	at	large.	Recommendations	for	digital	
screen	time	are	needed	to	reduce	further	myopia	development	
and progression.[21]	Methodologically,	rigorous	clinical	research	
is	critical	to	draw	a	clearer	picture	and	achieve	the	required	
consensus.	We	recommend	more	RCT	with	large	sample	sizes	
and	long‑term	follow‑up	to	investigate	the	physical	relationship	
between	myopia	and	its	risk	factors.
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Table A3: Citation matrix

Primary Study Type of Primary 
study

Anne Suhr 
Thykjaer, 

et al., 2016

Shuyu 
Xiong, 

et al., 2017

Justin C 
Sherwin, 

et al., 2012

Hsiu‑MeiHuang, 
et al., 2015

Total 
number of 

reviews

O’Donoghue L et al., 2015 Cross‑sectional 1 1

Guggenheim JA, et al., 2012 Cohort Prospective 1 1 1 3

Jacobsen N, et al., 2008 Cohort Prospective 1 1

Read SA, et al., 2014 Cross‑sectional 1 1 2

Parssinen O, et al., 1985 Case control 1 1

Dirani M, et al., 2009 Cross‑sectional 1 1 1 3

Mutti DO, et al., 2002 Cross‑sectional 1 1 1 1 4

Khader YS, et al., 2006 Cross‑sectional 1 1 1 3

Rose K, et al., 2001 Cross‑sectional 1 1

He M, et al., 2015 RCT 1 1

Jin JX, et al., 2015 RCT 1 1

Wu PC, et al., 2013 RCT 1 1

Yi JH et al., 2011 RCT 1 1 1 3

French AN, et al., 2013a Cohort prospective 1 1

Saw SM, et al., 2006 Cohort prospective 1 1 1 3

Chua SY, et al., 2015 Cross sectional 1 1

Zhou Z, et al., 2015 Cross sectional 1 1

Lee YY, et al., 2015 Cross sectional 1 1

Pan CW, et al., 2015 Cross sectional 1 1

Guo K, et al., 2015 Cross sectional 1 1

Zhou R, et al., 2014 Cross sectional 1 1

Guo Y, et al., 2013a Cross sectional 1 1 2

Low W, et al., 2010 Cross sectional 1 1 2

Deng L, et al., 2010 Cross sectional 1 1 1 3

Lu B, et al., 2009 Cross sectional 1 1 1 3

Ip JM, et al., 2008 Cross sectional 1 1 1 3

Oner V, et al., 2015 Cohort prospective 1 1

Li SM, et al., 2015 Cohort prospective 1 1

Jones‑Jordan LA, et al., 2011 Cohort prospective 1 1 1 3

Jones‑Jordan LA, et al., 2012 Cohort prospective 1 1 2

Saw SM, et al., 2000 Cohort prospective 1 1 1 3

Zadnik K, et al., 2015 Cohort prospective 1 1

Onal S, et al., 2007 Cohort prospective 1 1 2

Peckham CS, et al., 1977 Cohort prospective 1 1 2

Saxena R, et al., 2015 Cross sectional 1 1

Ramessur R, et al., 2015 Cross sectional 1 1

Wen XF et al., 2015 Cross sectional 1 1

Han X, et al., 2014 Cross sectional 1 1

Lin Z, et al., 2014 Cross sectional 1 1 2

Cheng CY, et al., 2013 Cross sectional 1 1

Xie HL, et al., 2013 Cross sectional 1 1

Sherwin JC, et al., 2012 Cross sectional 1 1

Wu PC, et al., 2010 Cross sectional 1 1 1 3

Zhang M, et al., 2010 Cross sectional 1 1 2

Ma MM, et al., 2010 Cross sectional 1 1 2

Rose KA, et al., 2008a Cross sectional 1 1 1 3

Rose KA, et al., 2008b Cross sectional 1 1 1 3

Saw SM, et al., 2002 Cross sectional 1 1 1 3

Saw SM, et al., 2001 Cross sectional 1 1 1 3
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Primary Study Type of Primary 
study

Anne Suhr 
Thykjaer, 

et al., 2016

Shuyu 
Xiong, 

et al., 2017

Justin C 
Sherwin, 

et al., 2012

Hsiu‑MeiHuang, 
et al., 2015

Total 
number of 

reviews

Tan GJ, et al., 2000 Cross sectional 1 1 2

Wu LJ, et al., 2015 Cohort prospective 1 1

Scheiman M, et al., 2014 Cohort prospective 1 1 2

Parssinen O, et al., 2014 Cohort prospective 1 1

Guo Y, et al., 2013b. Cohort prospective 1 1

Parssinen O et al., 1993 Cohort prospective 1 1 1 3

Jones LA, et al., 2007 Cohort prospective 1 1 1 3

Saw S‑M, et al., 2002 Cross sectional 1 1

French AN, et al., 2013b Cohort prospective 1 1 2

Mavracanas TA, et al., 2000 Cross sectional 1 1

Hepsen IF, et al., 2001 Longitudinal 1 1

Yingyong P. 2010 Cross sectional 1 1
Wu P‑C, et al., 2013 Cohort prospective 1 1

Corrected covered area (CCA)= 26.34%



Table A4: Methodological quality of included systematic reviews and meta‑analyses based on ROBIS tool

Review and Year ROBIS Assessment

Domain 1: 
Study eligibility 
criteria

Domain 2: 
Identification and 
selection of studies

Domain 3: Data 
collection and 
study appraisal

Domain 4: 
Synthesis 
and findings

Risk of 
bias

Anne Suhr Thykjaer, et al., 2016 LOW LOW UNCLEAR HIGH HIGH

Shuyu Xiong, et al., 2017 LOW LOW LOW LOW LOW

Justin C Sherwin, et al., 2012 LOW LOW LOW LOW LOW
Hsiu‑MeiHuang, et al., 2015 LOW LOW LOW LOW LOW



Table A5: Excluded studies after full text review

Selected for review Reason for exclusion

Wilson, A., & Woo, G. (1989). A review of the prevalence and causes of myopia. Singapore medical journal, 
30 (5), 479‑484.

Nonsystematic review

Rudnicka, A. R., Kapetanakis, V. V., Wathern, A. K., Logan, N. S., Gilmartin, B., Whincup, P. H., . & Owen, C. 
G. (2016). Global variations and time trends in the prevalence of childhood myopia, a systematic review and 
quantitative meta‑analysis: implications for aetiology and early prevention. British Journal of Ophthalmology, 
100 (7), 882‑890.

Topic not directly 
relevant

Walline, J. J., Lindsley, K. B., Vedula, S. S., Cotter, S. A., Mutti, D. O., Ng, S. M., & Twelker, J. D. (2020). 
Interventions to slow progression of myopia in children. Cochrane Database of Systematic Reviews, (1).

Topic not directly 
relevant

Hobday, R. (2016). Myopia and daylight in schools: a neglected aspect of public health?. Perspectives in public 
health, 136 (1), 50‑55.

Nonsystematic review

Walline, J. J. (2016). Myopia control: a review. Eye & contact lens, 42 (1), 3‑8. Nonsystematic review

Saw, S. M., Chua, W. H., Wu, H. M., Yap, E., Chia, K. S., & Stone, R. A. (2000). Myopia: gene‑environment 
interaction. Annals of the Academy of Medicine, Singapore, 29 (3), 290.

Nonsystematic review

Lagrèze, W. A., & Schaeffel, F. (2017). Preventing myopia. Deutsches Ärzteblatt International, 114 (35‑36), 575. Nonsystematic review
Wang, J., He, X. G., & Xu, X. (2018). The measurement of time spent outdoors in child myopia research: a 
systematic review. International journal of ophthalmology, 11 (6), 1045.

Topic not directly 
relevant



Appendix Table 6: Details of the studies included in the review

Author, year 
of publication

Aim of study Type of included 
study

Databases 
searched

last date of 
literature 
search

Type of 
intervention

Outcomes 
measured

Anne Suhr 
Thykjær et al., 
2016 

To perform 
a systematic 
literature review, 
to examine the 
association 
between PA, and 
the development 
and progression of 
myopia

6 cross‑sectional, 
2 cohorts and  
1 case‑control 
study

PubMed/
Medline and 
Embase, 
manual 
reference, and 
author search

2015 Physical activity‑ 
indoor, outdoor 
(time spent outdoor)  

Physical activity 
‑ Accelerometer 
(CPM), Cycle 
ergometer test, 
refractive error (D), 
questionnaire 

Hsiu‑MeiHuang 
et al., 2015 

To quantify the 
effect of near 
work activities on 
myopia in children

15 Cross 
sectional, 
6 cohort, 6 
longitudinal

MEDLINE, 
Embase, the 
Cochrane 
Library, and 
the citation lists 
were reviewed

2014 Nearwork was 
defined as the 
sum of activities 
with short working 
distance such as 
reading, studying, 
writing, doing 
homework, watching 
TV, or playing video 
games, etc.

Near work 
activities, myopia 
incidence or 
progression 

Justin C. 
Sherwin et al., 
2012

To summarize 
relevant evidence 
investigating 
the association 
between times 
spent outdoors and 
myopia in children 
and adolescents 
(up to 20 years).

7 cross‑sectional 
studies for 
meta‑analysis. A 
further 16 studies 
(8 cross‑sectional 
not meeting 
criteria for 
meta‑analysis; 7 
prospective cohort 
studies; 1 RCT)

Medline, 
Embase, Web 
of Science, 
and Cochrane 
Central 
Register of 
Controlled Trials 
[CENTRAL] and 
reference lists

2011 Time spent 
outdoors, 
confounding factors 
and latitude of the 
study location

Time spent 
outdoors, definition 
of myopia, 
confounding 
factors were 
adjusted for and 
latitude of the 
study location

Shuyu Xiong,  
et al., 2017

To evaluate 
the evidence 
for association 
between time 
outdoors and (1) 
risk of onset of 
myopia (incident/
prevalent myopia); 
(2) risk of a myopic 
shift in refractive 
error and (3) risk 
of progression in 
myopes only.

4 Clinical trials, 18 
cohort studies and 
30 cross‑sectional 
studies

PubMed, 
EMBASE, and 
the Cochrane 
Library

2015 Outdoor time spent (1) Risk of incident/
prevalent myopia 
from pooled 
estimates and 
dose‑response 
analysis; (2) Risk 
of a myopic shift 
in refractive error 
(both myopes and 
nonmyopes) from 
pooled estimates; 
and (3) Risk of 
progression of 
myopia (in myopic 
eyes) from dose‑ 
response analysis


