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Purpose:	 The	 aim	 of	 the	 study	 was	 to	 determine	 the	 prevalence	 of	 myopia	 at	 the	 community	 level.	
Methods: A population‑based,	cross‑sectional	study	was	planned	in	40	clusters	among	children	identified	
with	subnormal	vision	in	the	urban	community	of	Delhi.	House‑to‑house	visits	were	conducted	for	visual	
acuity	 screening	 of	 20,000	 children	 aged	 0–15	 years	 using	 age	 appropriate	 visual	 acuity	 charts.	All	 the	
children	with	visual	acuity	of	<	6/12	in	any	eye	in	the	age	group	between	3	and	15	years	and	inability	to	
follow	 light	 in	age	group	0–3	years	were	 referred	 for	detailed	ophthalmic	 examination.	Results: A total 
of	 13,572	 (64.7%)	 children	belonged	 to	 the	 age	group	of	 6–15	years.	Of	 these,	 a	 total	 of	 507	 (3.7%)	were	
found	to	be	having	myopia	(spherical	equivalent	of	‑0.50	DS	or	worse	in	one	or	both	eyes)	with	positive	
association	with	higher	age	groups.	Conclusion: The	estimated	prevalence	of	myopia	is	3.7%;	the	proportion	
of	uncorrected	myopia	was	45%,	which	reflects	that	refractive	error	services	need	to	be	improved	further.
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Myopia	is	the	most	important	cause	of	visual	impairment	
in	 children	 worldwide. [1]	 The	 prevalence	 of	 myopia	
varies	across	countries	between	10	and	30%.	In	India,	this	
prevalence	 varies	 according	 to	 different	 study	 settings	
like	 in	 community‑based	 settings;	 it	 has	 been	 recorded	
between	4	and	10%,	while,	in	school‑based	studies,	it	has	
been	recorded	between	10	and	20%.[2‑9] Most of the studies 
related	to	myopia	available	 in	world	 including	India	are	
school	based	with	only	a	few	studies	available,	which	are	
conducted	in	community‑based	settings.[1,4] One of the most 
reliable	method	to	estimate	true	prevalence	of	myopia	is	
by	 conducting	 community‑based	 studies	 to	 reach	all	 the	
underprivileged	 children	 and	 children	with	 disabilities	
who	 are	 not	 able	 to	 attend	 the	 schools.	 This	 study	was	
undertaken	 to	 determine	 the	 prevalence	 of	myopia	 in	
children	 in	 a	 community‑based	 setting	 and	 to	 identify	
the	 risk	 factors	 responsible	 for	 occurrence	 of	myopia	 in	
children.

Though various studies on myopia estimate that myopia is 
becoming	an	ever‑emerging	epidemic	and	nearly	half	of	the	
population	will	be	myopic	 in	 the	whole	world	by	2050,	 the	
prevalence	of	myopia	has	 increased	but	 the	age	at	which	 it	
appears	has	reduced.	Additionally,	this	rate	of	progression	of	
myopia	seems	to	be	higher	in	Asia	than	in	other	parts	of	the	
world.	Progression	of	myopia	in	children	is	related	to	genetic	
factors,	pollution,	 life	 style,	 living	environments,	decreased	

outdoor	activity,	and	increased	time	spent	on	electronic	devices	
in	the	form	of	computer	and	phone.[10‑24]

Methods
This	cross‑sectional	community‑based	study	was	done	using	
cluster	 random	 sampling.	 It	was	 conducted	between	 July	
2015	and	December	2017	to	determine	the	visual	impairment	
amongst	 children	 aged	 less	 than	 16	 years.	 The	 study	was	
conducted	 in	Trilokpuri	 area	 in	East	Delhi.	The	population	
was	calculated	from	census	2011.

A	total	sample	size	of	20,000	was	calculated	for	the	whole	
study	using	a	precision	of	0.12,	design	effect	of	2,	and	response	
rate	of	90%.	A	computerized	simple	random	sampling	approach	
was	used	to	select	40	clusters.	A	total	of	20,955	children	were	
examined	in	age	less	than	15	years	from	the	40	randomly	selected	
clusters.	A	house‑to‑house	visit	was	made	 to	each	 family	 in	
the	selected	clusters.	The	study	was	conducted	after	taking	the	
ethical	approval	from	the	Institute	Ethics	Committee,	in	June	
2015.	A	written	 informed	consent	was	 taken	 from	parents	of	
all	the	children	enrolled	for	the	study	in	accordance	with	the	
protocol	of	Helsinki.	A	participant	information	sheet	explaining	
the	study	aims	and	objectives,	the	detailed	procedure	that	was	
to	be	 carried	out	 and	any	adverse	 effects	of	dilatation,	was	
explained	to	all	the	parents	or	caretakers	of	children	participating	
in	the	study.	A	detailed	house‑to‑house	survey	was	conducted	by	
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the optometrists who were involved in the survey after providing 
them	with	1‑week	 training	on	visual	acuity	assessment	and	
study‑related	procedures.	The	inclusion	criteria	for	the	study	
included	children	aged	less	than	16	years,	parents	or	caretakers	
willing	to	provide	informed	and	written	consent,	and	children	
cooperative	for	visual	acuity	examination.	The	exclusion	criteria	
included	mentally	retarded	children	and	refusals.	Visual	acuity	
estimation	was	done	using	6/12	optotype	of	logMAR	E	chart	in	
children	aged	between	6	and	15	years	and	Lea	Symbol	chart	of	
6/12	optotype	in	children	aged	between	3	and	5	years;	both	the	
charts	were	used	at	a	distance	of	3	m.	Besides	this,	socioeconomic	
status	was	elicited	using	modified	Kuppuswamy	criteria	that	
included	occupation,	 education	of	head	of	household,	 and	
family	income	per	month.[13]	The	children	who	were	not	able	to	
communicate	and	parents	of	children	refusing	for	giving	consent	
were	excluded	from	the	study.

All	 children	detected	with	unaided	visual	 acuity	of	 less	
than	6/12	 in	 any	 eye,	who	were	 referred	 to	 a	 central	 clinic	
for	 cycloplegic	 refraction	 by	 an	 optometrist	 and	detailed	
ophthalmic	examination	by	the	ophthalmologist.	In	the	clinic,	
refraction	was	done	under	ambient	 room	 lighting.	Detailed	
vision	on	ETDRS	chart	at	a	distance	of	4	m	was	recorded,	first	
in	the	right	eye	followed	by	the	left	eye.	In	children	already	
wearing	glasses,	power	of	glass	was	noted	using	lensometer	
and	refraction	was	performed	to	check	if	further	improvement	
was	required	in	case	the	child’s	vision	was	less	than	6/12.

For the current study, the prevalence and risk factors for myopia 
were estimated in children aged 6–15 years as myopia is considered 
as a significant problem in this age group.[9]	Refraction	was	done	
in	 two	stages;	 in	 the	first	 stage,	under	 cycloplegia	using	2%	
homatropine	eye	drops,	the	second	stage	was	a	postmydriatic	
test	 for	prescribing	 the	final	prescription	of	glasses	based	on	
subjective	acceptance.	Homatropine	2%	eye	drops	were	instilled	
in	the	inferior	cul‑de‑sac	twice	at	an	interval	of	10	min	before	
refraction.	If	the	pupillary	reflex	was	still	present	after	20	min,	
a	 third	drop	was	administered.	Cycloplegia	was	considered	
complete	if	pupil	was	dilated	to	6	mm	or	more,	and	there	was	no	
evidence	of	pupillary	light	reflex.	Retinoscopy	was	done	using	a	
streak	retinoscope	(Heine,	Germany)	and	based	on	the	findings	
of	refraction	under	dilatation,	subjective	refraction	was	done	at	a	
follow‑up	visit	after	48	h	and	final	power	of	glass	was	prescribed.	
All	the	children	were	provided	with	glasses	free	of	cost.

All	 the	 children	 underwent	 anterior	 and	 posterior	
segment	 examination	using	 slit	 lamp,	 direct	 and	 indirect	
ophthalmoscopy	by	 an	ophthalmologist,	 and	were	 further	
managed	 in	a	 tertiary	 care	 facility,	 in	 case	 if	 any	 treatment	
was	required.

Definitions used in the study
Corrected	refractive	error	included	those	children	who	were	
able	to	read	6/12	with	their	glasses	in	both	the	eyes.	Children	
who	could	not	read	6/12	with	their	glasses	were	considered	
as	uncorrected	refractive	error	along	with	the	children	whose	
vision	was	less	than	6/12	and	were	not	wearing	glasses.

Myopia	was	defined	as	 spherical	 equivalent	of	 ‑0.50	DS	
or	worse	 in	one	or	both	 the	 eyes.	 Spherical	 equivalent	was	
calculated	by	adding	the	sum	of	spherical	power	with	half	of	
cylindrical	power.	Children	were	considered	myopic	if	one	or	
both	eyes	were	myopic.

Statistical analysis
The	 s ta t i s t i ca l 	 analys is 	 was 	 done 	 us ing 	 STATA	
software14.0	(College	station	USA)	and	epi	info.	The	quantitative	
data	has	been	described	as	number	(%)	and	mean	±	SD	and	
median	along	with	 range.	The	multilogistic	 regression	was	
done	to	find	the	association	between	demographic	data	factors	
and	myopes.	The	data	was	reported	as	odds	ratio	(95%	CI).	
A value of P <	0.05	was	considered	as	significant.

Results
Socio demographic profile
This	cross‑sectional	study	was	conducted	in	40	clusters	in	East	
Delhi;	a	total	of	13,931	children	were	enumerated	in	the	age	
group	of	6–15	years.	Of	these,	7128	(52.5%)	were	males	and	
6444	(47.5%)	were	females.	There	were	4256	(31.4%)	children	
belonging	to	the	age	group	between	6	and	8	years,	followed	by	
4073	(30.0%)	children	belonging	to	the	age	group	between	9	and	
11	years,	followed	by	2857	(21.0%)	children	belonging	to	the	
age	group	between	12	and	13	years,	and	2386	(17.6%)	children	
belonging	to	age	group	between	14	and	15	years.

Prevalence of myopia
Of	the	13,931	children	enumerated,	a	total	of	13,572	(97.4%)	
underwent	 detailed	 visual	 acuity	 examination	 using	 log	
Mar	E	chart	in	the	field.	Of	these	13,572	children,	a	total	of	
739	 (5.4%)	children	with	visual	acuity	<	6/12	 in	 the	worse	
eye	were	 referred	 to	 the	 clinic;	 only	 678	 of	 739	 (91.8%)	
children	reached	the	clinic.	After	refraction	at	the	clinic	site,	
a	 total	 of	 507	 (3.7%	CI)	 children	were	 found	 to	be	having	
myopia	(spherical	equivalent	of	‑0.50	DS	or	worse	in	one	or	
both	the	eyes).

A	total	of	259	(51.1%)	male	and	248	(48.9%)	female	children	
were	myopic	[Fig. 1].	The	mean	age	of	children	with	myopia	

Blind
n = 2(0.7%)

SVI
n = 4(1.4%)

Mod VI
n = 77(27.4%)

Mild VI
n = 83(29.5%)

Children enumerated (6-15 Years)
n = 13931

Children Examined (6-15 Years)
n = 13633 (97.9%)

Children Examined (6/6 to 6/12)
n = 12894 (94.6%)

Children Examined (<6/12)
n = 739(5.4%)

Children undergoing Final Examination at clinic
(unaided VA<6/12 in any eye) n = 678(91.75%)

Myopia
n = 507(74.8%)

No Myopia
n = 171(25.2%)

Corrected Myopia
n = 226(44.6%)

Uncorrected Myopia
n = 281(55.4%)

Figure 1: Flow chart summarizing the number of participants at various 
steps of the study
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was	11.6	±	2.6	years,	and	their	mean	myopic	refractive	error	
was	‑2.8	DS	±	2.7	DS.	(median:	‑2.0	DS;	p25	‑3.5	DS,	p75‑1.25	
DS).

Among	 these	 507	 children,	 226	 (44.6%)	were	 corrected	
myopia	and	281	(55.4%)	had	uncorrected	myopia.	Among	the	
children	with	uncorrected	myopia,	82	 (29.2%)	children	had	
mild	visual	 impairment	 (presenting	visual	 acuity	 between	
6/12	 and	 6/19	 in	 better	 eye)	 followed	 by	 98	 (34.9%)	with	
moderate	visual	impairment	(presenting	visual	acuity	between	
6/19	and	6/60	in	the	better	eye),	5	(1.8%)	with	severe	visual	
impairment	(presenting	visual	acuity	between	6/60	and‑	3/60	
in	 the	better	 eye),	 and	9	 (3.2%)	with	blindness	 (presenting	
visual	 acuity	 less	 than	 3/60	 in	 the	 better	 eye)	 [Table	 1]. 
A	 total	 of	 360	 (71.0%)	 children	had	 low	myopia	 (spherical	
power	between	‑0.5	and	‑3.00	DS),	86	(17.0%)	had	moderate	
myopia	 (spherical	 power	 between	 ‑≤3.0	 and	 ‑5.0	 DS),	
and	 61	 (12.0%)	 had	 high	myopia	 (spherical	 power	 ‑≤6.0	
DS)	[Table	2].

Association of myopia with risk factors
The	prevalence	of	myopia	increased	with	increase	in	age	with	
prevalence	of	6.3%	(95%	CI:	5.31–7.26)	in	age	group	more	than	
13	years	as	compared	to	1.9%	(95%	CI:	1.47–2.29)	in	children	
aged	6–9	years	[Table	3].

The	 prevalence	 of	myopia	 also	 increased	 significantly	
with	 the	 increasing	 education	 with	 a	 prevalence	 of	
7.1%	 (95%	CI:	 5.86–8.29)	 in	 children	 studying	 in	 higher	
classes	as	compared	to	children	studying	in	 lower	classes	
(2.4%;	 95%	CI:	 2.02–2.73).	 There	was	 a	 higher	 prevalence	
of	myopia	 in	 those	 children	whose	parents	were	wearing	
glasses	 (8.2%,	 95%	CI	 6.39‑9.97),	 both	 in	 fathers	wearing	
glasses	 (8.2%,	95%	CI:	 6.39–9.97)	 and	 in	mothers	wearing	
glasses	(8.6%,	95%	CI:	6.62–10.64).

The	 occurrence	 of	myopia	 in	 children	 aged	more	 than	
13	years	was	higher	(OR	2.08,	95%	CI:	1.31–3.30)	as	compared	to	
less	than	8	years	(OR	1,	95%	CI:	1.47–2.28).	There	was	a	significant	

association	between	myopia	and	education	in	children	studying	
in	higher	classes	(P	<	0.01)	and	also	between	myopic	children	
and parents wearing glasses (P	<	0.001)	[Table	2].	Among	the	
507	children	with	myopia,	a	total	of	226	(44.5%)	were	corrected	
myopes	and	281	(55.5%)	were	uncorrected	myopes	[Table	1].	
Of	these	281	uncorrected	myopes,	2	(0.7%)	were	blind,	4	(1.4%)	
were	suffering	from	severe	visual	impairment,	and	77	(27.4%)	
had	moderate	visual	 impairment	 and	83	 (29.5%)	had	mild	
visual impairment [Fig. 1].

It	was	observed	that	the	prevalence	of	myopia	was	affected	
by	 educational	 status	 of	 the	 child	with	higher	prevalence	
observed	 in	 children	 studying	 in	higher	 classes	 (P	 <	 0.001);	
also,	 parents	wearing	 distance	 correction	 glasses	 had	 a	
significant	association	with	the	occurrence	of	myopia	in	their	
children	(P	<	0.001)	[Table	3].

Discussion
Myopia	is	the	most	common	cause	of	reduced	distance	visual	
acuity	in	children	and	young	adults	with	its	implications	on	
not	 only	 education,	 but	 also	 the	 correction	of	uncorrected	
myopia	 is	 further	 associated	with	 its	progressive	 increase,	
thereby	 leading	 to	 deterioration	 in	 daily	 activities	 and	
reduction	in	quality	of	life.[20‑29]	This	is	the	first	cross‑sectional,	
population‑based	study	done	in	North	India	to	determine	the	
prevalence	of	visual	impairment	and	myopia	among	children	
aged	between	6	and	15	years.	Though	there	has	been	another	
study	done	by	our	center	by 	Murthy	et al.[2]	a	decade	ago	to	
determine	the	prevalence	of	refractive	error	in	urban	children	
at	 the	 community	 level,	 it	differed	 from	our	 study	as	 they	
dilated	all	the	children	referred	to	the	clinic	with	presenting	
visual	acuity	<6/12	in	either	eye.

The	 prevalence	 of	myopia	 in	 our	 study	was	 3.7%.	On	
standardization	with	age	and	gender,	this	prevalence	with	that	
of	children	in	6–15	years	in	East	Delhi	the	prevalence	comes	
out	 to	be	4.8%	using	the	year	wise	Delhi	census	population	
in	 6–15	years	of	 age	group	assuming	 that	population	aged	
6–15	years	form	25%	of	the	total	population.	This	is	similar	to	
a	community‑based	study	done	in	Andhra	Pradesh	in	India	
where	they	reported	myopia	to	be	4.1%[3]	but	is	lower	than	a	
study	done	by 	Murthy	et al.	from	our	center	10	years	ago.	Their	
study	reported	prevalence	of	myopia	to	be	7.4%.[2] [Table	4] 
The	possible	explanation	could	be	 that	 in	 the	present	study	
only	children	with	presenting	visual	acuity	less	than	6/12	were	
dilated	with	a	 cycloplegic	drug,	whereas	 in	 the	 study	done	
by 	Murthy	et al.,[2]	all	the	children	with	visual	acuity	less	than	
6/12	were	dilated.	The	major	reason	for	this	difference	could	
be	that	in	this	area	of	east	Delhi,	the	families	have	migrated	
mostly	from	the	nearby	rural	areas	of	western	Uttar	Pradesh;	
therefore,	 their	 children	 are	 less	 susceptible	 to	developing	
myopia	as	 compared	 to	 children	belonging	 to	urban	Delhi.	
The	prevalence	of	myopia	in	the	present	study	was	less	than	
another	community‑based	study	done	in	Chile[5] and more than 
another	study	done	in	Nepal	(1.2%).[6,7]

In	a	 recent	metaanalysis,	 conducted	by 	Agarwal	 et al. in 
Indian	school‑going	children,[28]	the	prevalence	of	myopia	in	
the	population‑based	studies	was	lower	than	their	counterparts	
in	school‑based	studies;	also,	they	reported	a	similar	increase	
in	prevalence	of	myopia	in	11–15	years	age	group.	The	overall	
prevalence	was	7.5%	in	5–15	years	of	age	group.

Table 1: Unaided presenting visual acuity in better eye for 
children diagnosed with myopia

Vision category
(Unaided presenting 
visual acuity of better eye)

All examined 
children n (%)

Uncorrected 
myopia n (%)

BL (< 3/60) 16 (0.1) 9 (3.2)

SVI (< 6/60‑3/60) 35 (0.3) 5 (1.8)

ModVI (< 6/19‑6/60) 265 (2.0) 98 (34.9)

MildVI (< 6/12‑6/19) 168 (1.2) 82 (29.2)

Normal (6/6‑6/12) 13088 (96.4) 87 (31.0)
Total 13572 (100.0) 281 (100.0)

Table 2: Distribution of myopia according to severity in 
children between 6 and 15 years of age

Myopia n (%)

Low[(‑0.5) to (‑3.0)] 360 (71.0)

Moderate[(‑3.0) to (‑5.0)] 86 (17.0)

High ≤ (‑6.0)] 61 (12.0)
Total 507 (100.0)



942	 Indian Journal of Ophthalmology	 Volume	70	Issue	3

Conclusion
Though	the	prevalence	of	myopia	has	decreased	as	compared	
to	 previous	 community‑based	 surveys,	 this	 definitely	
indicates	an	improvement	in	refractive	error	services	but	as	
the	prevalence	is	affected	by	the	frequent	emigration	of	the	
children	and	their	families,	along	with	this,	as	both	corrected	
and	uncorrected	 refractive	 errors	 are	 almost	 equal;	 hence,	
a	 further	more	 scope	 is	 there	 for	 conducting	 refraction	 in	
children	 to	decrease	 the	prevalence	of	 refractive	 error.	The	
limitations	of	the	study	are	that	though	we	used	the	cutoff	of	
6/12	for	referral	of	children	from	the	household	to	the	central	
clinic	as	we	conferred	to	WHO	guidelines	 that	recommend	
refraction	 in	 children	with	 unaided	 visual	 acuity	 <6/12.	

However,	in	the	school‑based	vision	screening	programs,	6/9	is	
used	as	a	cutoff	for	refraction	as	observed	in	the	school‑based	
studies	conducted	by 	Saxena[8] and Kalikivayi et al.[4] In the 
current	study,	the	children	underwent	refraction	with	6/12	as	
the	referral	criteria,	so	we	might	have	missed	some	myopia.	
Hence,	 another	 community‑based	 study	 to	determine	 the	
prevalence	of	myopia	with	a	cutoff	of	6/9	can	be	planned	in	
future.
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Table 3: Association with myopia with demographic factors: results of multilogistic regression analysis

Category Myopia (%) n=507 Total n=13572 Prevalence (95% CI) P Adjusted OR (95%CI) P

Gender of Children 

Male 259 (51.1) 7128 (52.5) 3.6 (3.19‑4.07) 0.510 1.0

Female 248 (48.9) 6444 (47.5) 3.9 (3.37‑4.31) 1.02 (0.85‑1.23) 0.755

Age of Children 

6 to 8 yrs. 80 (15.8) 4256 (31.4) 1.9 (1.47‑2.28) <0.001 1.0

9 to 11 yrs. 122 (24.5) 4073 (30.0) 3.0 (2.51‑3.57) 1.45 (1.06‑1.98) 0.018

12 to 13 yrs. 153 (30.2) 2857 (21.0) 5.4 (4.52‑6.18) 1.99 (1.33‑2.98) 0.001

14 to 15 yrs. 150 (29.6) 2386 (17.6) 6.3 (5.31‑7.26) 2.08 (1.31‑3.30) 0.002

Education of Children

Prep/play school 9 (1.8) 703 (5.2) 1.3 (0.44‑2.11) <0.001 1.0

Primary school 171 (33.7) 7116 (52.4) 2.4 (2.04‑2.75) 1.50 (0.75‑2.99) 0.248

Middle 205 (40.4) 4029 (29.7) 5.1 (4.40‑5.76) 2.23 (1.05‑4.70) 0.035

≥9th standard 122 (24.1) 1724 (12.7) 7.1 (5.86‑8.28) 2.83 (1.28‑6.29) 0.010

Education of Father

Primary school 59 (11.6) 2726 (20.1) 2.2 (1.61‑2.71) <0.001 1.0

Middle 74 (14.6) 2387 (17.6) 3.1 (2.40‑3.79) 1.19 (0.83‑1.71) 0.320

High school 146 (28.8) 4175 (30.8) 3.5 (2.93‑4.05) 1.12 (0.80‑1.56) 0.502

Intermediate 129 (25.4) 2780 (20.5) 4.6 (3.85‑5.42) 1.33 (0.92‑1.94) 0.127

Graduate and above 99 (19.5) 1504 (11.1) 6.6 (5.32‑7.83) 1.49 (0.95‑2.33) 0.080

Father wearing distance glass

Yes 74 (14.7) 904 (6.8) 8.2 (6.39‑9.97) <0.001 1.0

No 429 (85.3) 12378 (93.2) 3.5 (3.14‑3.78) 0.60 (0.45‑0.79) <0.001

Education of Mother

Mother wearing distance glass

Yes 65 (12.9) 753 (5.6) 8.6 (6.62‑10.64) <0.001 1.0

No 439 (87.1) 12733 (94.4) 3.5 (3.13‑3.76) 0.52 (0.39‑0.69) <0.001

Socioeconomic status of family

Upper middle (II)/upper 79 (15.6) 1552 (11.4) 5.1 (3.99‑6.18) <0.001 1.0

Lower middle (III) 214 (42.2) 4511 (33.2) 4.7 (4.12‑5.36) 1.18 (0.88‑1.59) 0.246
Upper lower (IV)/lower 214 (42.2) 7509 (55.2) 2.9 (2.48‑3.23) 0.91 (0.65‑1.26) 0.574

Table 4: Prevalence of myopia in various population based studies conducted in India

Author, Year Study setting, Place of study, type Prevalence (%) Study participants Age of children (yrs)

Murthy et al., 2002[2] CB, NI, urban 7.4 5696 5‑15

Dandona et al., 2002[1] CB, SI, urban 4.1 1810 7‑15

Dandona et al., 2002[3] CB, SI, rural + urban 3.6 4074 0‑15
Trivedi et al., 2012[5] CB, WI, rural 4.1 474 7‑15

CB – Community based, NI – North India, SI – South India, WI – West India



March	2022	 Wadhwani,	et al.:	Myopia	in	childhood	visual	impairment	study	 943

References
1.	 Dandona	L,	Williams	 JD,	Williams	BC,	Rao	GN.	 Population	

based	assessment	of	childhood	blindness	in	Southern	India.	Arch	
Ophthalmol.	1998;116;545‑6.

2.	 Murthy	GV,	Gupta	 SK,	Ellwein	LB,	Muñoz	 SR,	 Pokharel	GP,	
Sanga	L.	Refractive	error	 in	children	 in	an	urban	population	 in	
New	Delhi.	Invest	Ophthalmol	Vis	Sci	2002;43:623‑31.

3.	 Dandona	R,	Dandona	L,	Srinivas	M,	Sahare	P.	Refractive	error	in	
children	in	an	rural	population	in	India.	Invest	Ophthalmol	Vis	
Sci	2002;43:615‑22.

4.	 Kalikivayi	V,	Naduvilath	 TJ,	 Bansal	AK,	Dandona	 L.	Visual	
impairment	 in	 school	 children	 in	 southern	 India.	 Indian	 J	
Ophthalmol	1997;45:129‑34.

5.	 TrivediV,	 Zalawadiya	 S,	 Bhatt	 JV,PawarT,	 Kupmavat	 B.	
Prevalance	 of	 refractiveerrorsin	 children(agegroup7–15years)
of	 rural	 and	 urban	 area	 of	 gujarat:A	 populationbasedstudy.
IndianJournalofAppliedBasicMedicalSciences.2006;8(1).

6.	 Negrel	AD,	Maul	E,	Pokharel	GP,	Zhao	J,	Ellwein	LB.	Refractive	
error	study	in	children:	Sampling	and	measurement	methods	for	
a	multi‑country	survey.	Am	J	Ophthalmol	2000;129:421‑6.

7.	 Pokharel	GP,	Negrel	AD,	Munoz	 SR,	 Ellwein	 LB.	 Refractive	
error	study	 in	children:	Results	 from	Mechi	Zone,	Nepal.	Am	J	
Ophthalmol	2000;129:436‑44.

8.	 Saxena	R,	Vashist	P,	Tandon	R,	Pandey	RM,	Bhardawaj	A,	Menon	V,	
et al.	Prevalence	of	myopia	and	 its	 risk	 factors	 in	urban	 school	
children	 in	Delhi:	The	North	 India	Myopia	Study	 (NIM	Study)	
PLoS	One	2015;10:e0117349.

9.	 Saxena	R,	Vashist	P,	Tandon	R,	Pandey	RM,	Bhardwaj	A,	Gupta	V,	
et al.	 Incidence	 and	progression	of	myopia	 and	associated	 risk	
factors	in	urban	school	children	in	Delhi:	The	North	India	Myopia	
Study	(NIM	study).	PLoS	One	2015;12:e0189774.

10.	 Saxena	R,	Vashist	P,	Menon	V.	Is	myopia	a	public	health	problem.	
Indian	J	Community	Med	2013;38:83‑5.

11.	 Saxena	R,	Vashist	P,	 Singh	D,	Tandon	R.	Preventing	 childhood	
blindness	 synergy	 between	 ophthalmology	 and	 community	
medicine.	Indian	J	Community	Med	2015;40:149‑51.

12.	 World	Health	Organization.	Cummulative	 official	 updates	 to	
ICD	–Feb	2009.	Available	from:	http://www.Who.int/clasificationd/
icd/Officialupdates	Combined	1996‑2008.	VOLUME1.pdf.	 [Last	
accessed	on	2019	Jul].

13.	 Wani	RT.	Socioeconomic	status	scales‑modified	Kuppuswamy	and	
Udai	Pareekh’s	scale	updated	for	2019.	J	Family	Med	Prim	Care	
2019;8:1846‑9.

14.	 Zadnik	K,	Mutti	DO,	Mitchell	GL,	Jones	LA,	Moeschberger	ML.	The	
association	between	parental	myopia,	near	work,	and	children’s	
refractive	error.	Invest	Ophthalmol	Vis	Sci	2001;42:S301.

15.	 Limburg	H,	Vaidyanathan	K,	Dalal	HP.	Cost	effective	screening	
of	 school	 children	 for	 refractive	 errors.	World	Health	 Forum	
1995;16:173‑8.

16.	 Registrar	General	 and	Census	Commissioner,	 India.	Census	of	
India	2011.	New	Delhi:	Ministry	of	Home	Affairs,	Government	of	
India,	2011.

17.	 Morgan	 IG,	 Ohno‑Matsui	 K,	 Saw	 SM.	 Myopia.	 Lancet	
2012;379:1739‑48.

18.	 Holden	B,	Sankaridurg	P,	Smith	E,	Aller	T,	Jong	M,	He	M,	et al. 
Myopia,	 an	underrated	 global	 challenge	 to	 vision:	Where	 the	
current	data	takes	us	on	myopia	control.	Eye	2014;28:142‑6.

19.	 Kumar	 S,	 Gupta	 N,	 Velpandian	 T,	 Gupta	 V,	 Vanathi	 M,	
Vashist	P,	 et al.	Myopia,	melatonin	and	conjunctival	ultraviolet	
autofluorescence:	A	comparative	cross‑sectional	study	in	Indian	
Myopes.	Curr	Eye	Res	2021;46:1474‑81.

20.	 Holden	 BA,	 Fricke	 TR,	Wilson	 DA,	 Jong	M,	 Naidoo	 KS,	
Sankaridurg	P,	et al.	Global	prevalence	of	myopia	and	high	myopia	
and	 temporal	 trends	 from	2000	 through	2050.	Ophthalmology	
2016;123:1036‑42.

21.	 He	M,	Xiang	F,	Zeng	Y,	Mai	 J,	Chen	Q,	Zhang	J,	et al.	Effect	of	
time	 spent	 outdoors	 at	 school	 on	 the	development	of	myopia	
among	 children	 in	China:	A	 randomized	 clinical	 trial.	 JAMA	
2015;314:1142‑8.

22.	 Rose	KA,	Morgan	 IG,	 Ip	 J,	Kifley	A,	Huynh	S,	 Smith	W,	 et al. 
Outdoor	activity	reduces	 the	prevalence	of	myopia	 in	children.	
Ophthalmology	2008;115:1279‑85.

23.	 Rose	KA,	Morgan	IG,	Smith	W,	Burlutsky	G,	Mitchell	P,	Saw	SM.	
Myopia,	lifestyle,	and	schooling	in	students	of	Chinese	ethnicity	
in	Singapore	and	Sydney.	Arch.	Ophthalmol	2008;126:527‑30.

24.	 Jones‑Jordan	LA,	Sinnott	LT,	Cotter	SA,	Kleinstein	RN,	Manny	RE,	
Mutti	DO,	 et al.	 Time	 outdoors,	 visual	 activity,	 and	myopia	
progression	in	juvenile‑onset	myopes.	Invest	Ophthalmol	Vis	Sci	
2012;53:7169‑75.

25.	 Uzma	N,	Kumar	BS,	Khaja	Mohinuddin	Salar	BM,	Zafar	MA,	
Reddy	VD.	A	 comparative	 clinical	 survey	of	 the	prevalence	of	
refractive	error	and	eye	diseases	in	urban	and	rural	school	children.	
Can	J	Ophthalmol	2009;44:328‑33.

26.	 Rajendran	K,	Haneef	M,	Chandrabhanu	K,	 Krishamoorthy,	
Muhammed	M,	Pillai	RT.	A	prevalence	study	on	myopia 	among	
school	going	children	in	a	rural	area	of	South	India.	Indian	J	Clin	
Pract	2014;25:374‑80.

27.	 Wadhwani	M,	Vashist	P,	Singh	SS,	Gupta	V,	Gupta	N,	Saxena	R.	
Prevalence	and	causes	of	childhood	blindness	in	India:	A	systematic	
review.	Indian	J	Ophthalmol	2020;68:311‑5.

28.	 Agarwal	D,	Saxena	R,	Gupta	V,	Mani	K,	Dhiman	R,	Bhardawaj	A,	
et al.	Prevalence	of	myopia	in	Indian	school	children:	Meta‑analysis	
of	last	four	decades.	PLos	One	2020;15:e0240750.

29.	 Wadhwani	M,	Vashist	P,	Senjam	SS,	Gupta	V,	Saxena	R,	Tandon	R.	
A	 population‑based	 study	 on	 the	 prevalence	 and	 causes	 of	
childhood	blindness	and	visual	impairment	in	North	India.	Indian	
J	Ophthalmol	2021;69:1381‑7.




