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Purpose:	 Glaucoma	 is	 the	 leading	 cause	 of	 irreversible	 blindness	 in	 the	world.	 The	 current	 study	 aims	
to	 estimate	 prevalence,	 features,	 and	 associations	 of	 open	 angle	 glaucoma	 (OAG)	 in	 a	 rural	 and	 urban	
East Indian population. Methods:	This	 is	a	population	based	cross	sectional	 study	with	 two	arms,	 rural	
(28	contiguous	villages	from	13	Gram	Panchayats	in	Balagarh	Police	Station,	Hooghly	district)	and	urban	
(Kolkata).	Individuals	residing	in	the	study	area	aged	40	years	and	above	were	included	using	multistage	
random	cluster	sampling.	All	subjects	underwent	a	detailed	ophthalmic	examination	at	our	base	hospitals	
including	applanation	tonometry,	ultrasound	pachymetry,	gonioscopy,	and	frequency	doubling	technology	
perimetry.	The	primary	outcome	was	the	prevalence	of	POAG	(95%	CI).	Age		and	gender	specific	prevalence	
estimates	were	calculated.	Multiple	logistic	regressions	were	used	to	analyze	the	risk	factors.	Results: Data 
from	7128	and	6964	subjects	aged	40	years	or	older	from	Kolkata	city	and	Hooghly	district,	respectively	were	
analyzed.	In	the	urban	population,	2.10%	(95%	CI:	1.99–2.21%)	had	POAG	and	0.15%	(95%	CI:	0.13–0.17%)	
had	secondary	OAG.	In	the	rural	population,	1.45%	(95%	CI:	0.59–2.31%)	had	POAG	and	0.10	±	0.03%	(95%	
CI:	0.07–0.13%)	had	secondary	OAG.	Conclusion:	The	study	concludes	that	higher	age,	higher	vertical	cup	
disc	ratio	(VCDR),	and	lower	central	corneal	thickness	(CCT)	are	important	independent	predictors	of	OAG	
and	emphasizes	that	increased	intraocular	pressure	(IOP)	is	not	POAG.	Gonioscopy,	disc	evaluation,	and	
screening	perimetry	need	to	be	incorporated	in	the	detection	protocol	for	glaucoma	if	we	intend	to	lighten	
the	burden	of	blindness	due	to	glaucoma.
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Glaucoma	is	the	leading	cause	of	irreversible	blindness	in	the	
world.[1]	Studies	have	shown	that	60.5	million	people	worldwide	
had	glaucoma	in	2010,	and	this	included	8.4	million	people	with	
bilateral	blindness	due	to	glaucoma.[2]	According	to	Quigley	
et al.,	there	will	be	79.6	million	people	with	glaucoma	by	2020,	
and	of	 these,	 74%	will	have	open-angle	glaucoma	 (OAG).[3] 
The	irreversible	and	relatively	asymptomatic	nature	of	damage	
caused	by	glaucoma	makes	it	a	greater	public	health	challenge	
than	 cataracts,	which	 is	 the	 leading	 cause	 of	 blindness	
globally.[4]

The	Hooghly	River	Glaucoma	 Study	 (HRGS)	was	 the	
largest	population-based	cross-sectional	glaucoma	prevalence	
study	from	a	rural	and	urban	population	 in	Eastern	India,	
which	 spanned	 from	April	 2011	 to	 January	 2014.[5] In the 
present	 paper,	we	 discuss	 the	 prevalence,	 features,	 and	
associations	of	OAG	in	a	rural	and	urban	population	from	
Eastern India.

Methods
The	methodology	 of	HRGS	 has	 been	 discussed	 in	 detail	
elsewhere.[5]	This	cross-sectional	study	was	approved	by	the	
institutional	ethics	committee	and	adheres	to	the	tenets	of	the	
Declaration	of	Helsinki.

Kolkata	 city,	 our	 urban	 study	 area,	 is	 divided	 into	
15	boroughs	and	141	wards.[6-8]	Subjects	were	enumerated	from	
8	randomly	selected	divisions	from	each	of	these	15	boroughs.	
The	rural	study	area	consisted	of	28	contiguous	villages	from	
13	Gram	Panchayats	 in	Balagarh	Police	Station	of	Hooghly	
district	 in	West	Bengal.	After	 the	 enumeration	 of	 subjects	
at	field	visits,	 residents	of	Kolkata	were	 transported	 to	our	
urban	examination	center,	a	 tertiary	eye	hospital	 in	Kolkata	
and	 those	 from	Hooghly	District	were	 transported	 to	 our	
rural	examination	center	in	Kuliapara	village,	Balagarh	Police	
Station	for	hospital-based	examination.	After	consenting,	the	
subjects	proceeded	through	various	ophthalmic	examinations	
and	diagnostic	procedures,	which	have	been	discussed	in	detail	
elsewhere.[5]

The	 current	 paper	 deals	 with	 OAG.	 The	 following	
definitions,	based	on	the	ISGEO	guidelines,[9] were used for 
the	current	work.	A	diagnosis	of	glaucoma	was	made	in	the	
HRGS	when	the	subjects	fulfilled	two	or	more	of	the	following	
criteria:
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a.	 Intraocular	pressure	by	Goldman	Applanation	Tonometry	
≥22	mm	Hg,

b.	 Vertical	cup-disc	ratio	(VCDR)	≥0.6	in	either	eye	or	VCDR	
asymmetry	of	≥0.2,

c.	 Shaffer	Grading	of	3	or	more	for	at	least	180°	in	both	eyes	
by	gonioscopy,

d.	 Frequency	doubling	 technology	perimetry	 (FDP)	 results	
suggestive	 of	 glaucomatous	damage,	 as	 interpreted	 by	
three	senior	trained	glaucoma	specialists.	Based	on	ISGEO	
guidelines,	 the	presence	of	 a	 cluster	of	 three	 contiguous	
points	at	the	5%	level	or	less	on	the	pattern	deviation	plot	
of	 the	N-30	 threshold	 test	was	 taken	 to	be	 indicative	of	
glaucomatous	damage.

Among	 the	 subjects	diagnosed	with	glaucoma,	patients	
with	a	history	of	use	of	the	topical	steroids	in	the	last	6	months,	
history	 of	 trauma	 or	 ocular	 surgery	 (excluding	 squint	 or	
oculoplastic	 surgeries),	history	of	 chronic	uveitis,	 evidence	
of	 pseudoexfoliation	 or	 pigment	 dispersion	 on	 slit-lamp	
examination	 and	 those	with	hyper	mature	 or	 intumescent	
cataract	were	grouped	under	secondary	glaucoma.

Statistical analysis
The	data	 collected	 from	both	 the	 rural	 and	urban	 cohorts	
were	 analyzed	 using	 SPSS	 Statistics	 software	 package	
version	13	(SPSS	Inc.,	Chicago,	IL). P < 0.05	was	taken	to	be	
statistically	significant	and P < 0.001	was	taken	to	be	statistically	
highly	significant.	The	primary	outcome	was	the	prevalence	of	
primary	open-angle	glaucoma	(POAG)	with	a	95%	confidence	
interval.	Age-	 and	gender-specific	prevalence	 estimates	 of	
POAG	were	also	calculated.	Multiple	logistic	regressions	were	
used	to	analyze	the	risk	factors	for	POAG.	The	independent	risk	
factors	analyzed	include	age,	sex,	intraocular	pressure	(IOP),	
and	central	corneal	thickness	(CCT).

Results
The	HRGS	analyzed	data	 from	7128	 subjects	 from	Kolkata	
metropolitan	city	in	the	urban	phase	(response	rate	98%)	and	
6964	subjects	from	Hooghly	district	in	the	rural	phase	(response	
rate	94%).	Data	from	this	largest	Indian	glaucoma	prevalence	
study	 has	 already	 been	 published	 earlier.[5]	 230	 subjects	
(3.23%;	95%	confidence	interval	[CI]:	2.93–3.53%)	were	detected	
to	have	glaucoma	in	our	urban	population	using	the	modified	
the	International	Society	of	Geographical	and	Epidemiologic	
Ophthalmology	 (ISGEO)	 criteria	with	 53.42%	being	male	
whereas	188	subjects	(2.70%;	95%	CI:	1.09–4.31%)	were	suffering	
from	glaucoma	in	the	rural	group	with	55.31%	being	male.	The	
prevalence	of	glaucoma	increased	with	age	in	both	urban	and	
rural	study	divisions.	Findings	from	the	subjects	with	POAG	
are	discussed	here	in	detail.

In	the	urban	study	population,	161	subjects	had	OAG,	out	
of	which	11	subjects	had	secondary	OAG.	 In	 the	secondary	
glaucoma	subgroup,	five	subjects	had	pigmentary	glaucoma,	
three	 had	 pseudoexfoliation	 syndrome,	 two	 had	 uveitic	
glaucoma,	 and	 a	 single	 eye	 had	 neovascular	 glaucoma	
secondary	 to	uncontrolled	diabetes	mellitus.	Hence,	 in	 the	
urban	study	population,	2.10%	(95%	CI:	1.99–2.21%)	had	POAG	
and	0.15%	(95%	CI:	0.13–0.17%)	had	secondary	OAG.	In	the	
rural	study	population,	108	subjects	had	OAG,	out	of	which	
7	 subjects	had	 secondary	glaucoma.	 In	 the	 secondary	OAG	
subgroup,	one	subject	had	pigmentary	glaucoma,	three	had	
pseudoexfoliation	syndrome,	two	had	uveitic	glaucoma,	and	

Figure 1: Distribution of vertical cup-disc ratio (VCDR) in subjects 
detected with primary open-angle glaucoma (POAG) in the urban and 
rural study populations of the Hooghly River Glaucoma Study (HRGS)

Figure 2: The distribution of intraocular pressure (IOP) in subjects 
diagnosed with POAG in the urban and rural divisions of the HRGS

Figure 3: Prevalence of POAG at various IOP levels in the rural and 
urban divisions of the HRGS
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Table 1: Multiple logistic regressions for risk factors for 
primary open‑angle glaucoma (POAG) in the urban and 
rural divisions of HRGS

Urban Rural

POAG Odds ratio for 
POAG (95% CI)

POAG Odds ratio for 
OAG (95% CI)

Total 150 101

40-49 years 33 1.0 27 1.0

50-59 years 36 2.6 (2.09-3.11) 31 2.62 (1.18-4.06)

60-69 years 51 4.2 (3.84-4.56) 25 4.24 (2.0-6.48)

>=70 Years 30 5.2 (4.8-5.6) 18 5.27 (2.37-8.17)

Male 80 1.0 54 1.0

Female 70 0.94 (0.55-1.33) 47 0.97 (0.55-1.39)

IOP 150 2.4 (1.8-3.0) 101 2.7 (1.7-3.7)
CCT 150 2.1 (1.2-3.0) 101 1.9 (0.3-3.5)

IOP: Intraocular pressure, CCT: Central corneal thickness, POAG: Primary 
open-angle glaucoma, HRGS: Hooghly river glaucoma study

Table 2: The age and sex distribution of subjects detected with POAG in the two divisions of the HRGS

Age groups 
(yrs)

Subjects detected with POAG in urban division Subjects detected with POAG in rural division P (urban vs 
rural, total n)

Total Males Females Total Males Females

Total 150 80 70 101 54 47 0.03*

40-49 33 20 13 27 14 13 0.19

50-59 36 18 18 31 17 14 0.21

60-69 51 28 23 25 14 11 0.04*
>=70 30 14 16 18 9 9 0.06

*P<0.05 taken to be statistically significant, POAG: Primary open‑angle glaucoma, HRGS: Hooghly river glaucoma study

Table 3: Distribution of IOP in the subjects not detected to have glaucoma and comparison of the same with those 
detected with POAG in each of the two divisions of the HRGS

Rural Urban

IOP in “normal 
subjects”

IOP in 
POAG group

P (IOP normal 
POAG)

IOP in “normal 
subjects”

IOP in 
POAG group

P (IOP normal 
POAG)

Total 17.20 24.8 <0.001 17.40 23.8 <0.001*

40-49 16.20 23.9 <0.001 16.34 22.9 <0.001*

50-59 16.71 24.1 <0.001 16.75 23.2 <0.001*

60-69 17.10 24.9 <0.001 17.12 23.7 <0.001*
>=70 18.20 25.2 <0.001 18.24 24.2 <0.001*

*P<0.001: Statistically highly significant, POAG: Primary open‑angle glaucoma, IOP: Intraocular pressure, HRGS: Hooghly river glaucoma study

a	single	eye	had	neovascular	glaucoma	secondary	to	central	
retinal	 venous	 obstruction.	 In	 the	 rural	 study	population,	
1.45%	 (95%	CI:	 0.59-2.31%)	 had	 POAG	 and	 0.10	 ±	 0.03%	
(95%	CI:	0.07–0.13%)	had	secondary	OAG.

Fig.	1	shows	the	distribution	of	VCDR	in	subjects	detected	
with	POAG	 in	 the	urban	 and	 rural	 study	divisions	 of	 the	
HRGS.	It	is	evident	that	in	the	urban	division,	27.3%,	31.3%,	
and	32%	of	subjects	with	POAG	had	a	VCDR	of	0.6,	0.7,	and	0.8,	
respectively.	Similarly,	in	the	rural	divisions,	28.7%,	26.7%,	and	
29.7%	of	subjects	with	POAG	had	a	VCDR	of	0.6,	0.7,	and	0.8,	
respectively.	So,	in	both	the	divisions,	the	majority	of	subjects	
detected	with	POAG	had	VCDR	between	0.6	and	0.8	and	the	
average	VCDR	in	both	the	groups	was	0.65.

Table	 1	 shows	multiple	 logistic	 regressions	 for	 age,	 sex,	
IOP,	and	CCT	as	risk	factors	for	POAG	in	the	urban	and	rural	
divisions	of	HRGS.	It	is	evident	that	increasing	age,	IOP,	and	
CCT	are	important	risk	factors	for	POAG.

Fig.	2	shows	the	distribution	of	IOP	in	subjects	diagnosed	
with	POAG	in	the	urban	and	rural	divisions	of	the	HRGS.	It	
is	evident	that	the	majority	of	the	subjects	had	IOP	between	
23	mm	Hg	and	26	mm	Hg	in	both	the	divisions.	Table	2	shows	
the	age	and	sex	distribution	of	subjects	detected	with	POAG	
in	the	rural	and	urban	divisions	of	the	HRGS.

Table	3	shows	the	distribution	of	 IOP	 in	 the	subjects	not	
detected	to	have	glaucoma	and	comparison	of	the	same	with	
those	detected	with	POAG	in	the	rural	and	urban	divisions	
of	the	HRGS.	The	IOP	in	the	POAG	group	was	significantly	
higher	compared	to	the	normal	population.

Fig.	3	shows	the	prevalence	of	POAG	at	various	IOP	Levels	
in	the	rural	and	urban	divisions	of	the	HRGS.	Nearly	all	the	
subjects	with	an	IOP	of	over	31	mm	Hg	in	both	the	divisions	
were diagnosed with POAG.

Discussion
The	prevalence	of	POAG	was	higher	in	the	urban	population	
as	compared	to	the	rural	population	and	the	difference	was	
found	to	be	statistically	significant	[Table	2].	Similar	findings	
were	reported	in	the	Chennai	Glaucoma	Study	(CGS)[10,11] and 
the	Andhra	Pradesh	Eye	Disease	Study	(APEDS).[12]	Since	the	
age	and	sex	compositions	of	the	rural	and	urban	divisions	in	
the	HRGS	were	similar,	the	significant	differences	between	the	
two	divisions	in	glaucoma	prevalence	could	be	attributed	to	
genetic	differences	between	the	two	groups.

In	chronic	and	silent	disease,	such	as	POAG,	having	sound	
knowledge	 of	 the	 risk	 factors	 helps	 in	planning	 strategies	
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for	early	detection	of	the	disease.[11]	Increasing	age	has	been	
found	to	be	an	important	risk	factor	for	the	incidence	of	POAG	
across	the	studies.[13-15]	In	both	the	urban	and	rural	divisions	
of	the	HRGS,	increasing	age	has	been	found	to	be	statistically	
associated	with	the	increasing	prevalence	of	POAG.	The	relative	
risk	 of	 POAG	was	 found	 to	 be	 quadrupled	 in	 those	 aged	
60–69	years	and	was	five	times	more	in	those	aged	>=70	years,	
very	similar	to	the	findings	of	previous	glaucoma	prevalence	
studies,	including	the	CGS.	This	emphasizes	that	community	
glaucoma	screening	programs	should	especially	screen	those	
above	60	years.	Though	males	were	found	to	be	at	a	slightly	
higher	risk	for	the	development	of	POAG	in	both	the	divisions,	
the	association	was	not	statistically	significant,	similar	to	the	
findings	of	the	CGS	and	the	Los	Angeles	Latino	Eye	Study.

The	mean	VCDR	in	both	divisions	was	0.4	with	0.6	being	
the	97.5th	percentile.	However,	in	the	POAG	group,	the	average	
VCDR	was	0.65	for	both	the	rural	and	urban	divisions	and	this	
was	significantly	higher	than	the	overall	population	examined	
by	us	(P	<	0.001).	The	97.5th	VCDR	percentile	was	0.8.	In	the	
ocular	hypertension	study,	thinner	CCT	was	associated	with	
the development of POAG[16] and the EMGT also found thinner 
CCT	 to	be	a	 risk	 factor	 for	progression	 in	 eyes	with	higher	
baseline	IOP.[17]	Our	study	also	found	a	significant	relationship	
between	lower	CCT	and	POAG	in	both	the	divisions	(P	<	0.05).	
It	 is	 postulated	 that	 eyes	with	 a	 thinner	CCT	may	 have	
increased	elasticity	of	the	lamina	cribrosa	and	susceptibility	
for	optic	nerve	damage.[18]

IOP	is	universally	recognized	as	one	of	the	most	important	
modifiable	risk	factors	for	the	development	of	POAG,	our	study	
also	concludes	similarly.	The	average	IOP	across	various	age	
groups	was	statistically	significantly	higher	(P	<	0.001)	in	those	
with	POAG	as	compared	to	normal	subjects.	More	than	50%	of	
all	included	subjects	with	an	IOP	of	more	than	23	mm	Hg	were	
detected	with	POAG.	However,	 it	 is	also	worth	mentioning	
that	about	1%	of	the	subjects	detected	with	POAG	in	both	the	
urban	and	rural	groups	had	an	IOP	of	<=18	mm	Hg.	Hence,	
IOP	assessment	alone	as	a	primary	screening	tool	is	likely	to	
have	poor	yield,	similar	to	the	findings	reported	in	the	Chennai	
Eye	Disease	Incidence	Study.[11]

Conclusion
Based	on	 the	 results	of	our	 study,	we	 strongly	 recommend	
that	 increased	 IOP	 is	 not	 to	 be	 considered	 as	 POAG.	
Gonioscopy,	disc	 evaluation,	 and	 screening	perimetry	need	
to	be	 incorporated	in	the	detection	protocol	for	glaucoma	if	
we	intend	to	lighten	the	burden	of	blindness	due	to	glaucoma.	
Clinical	assessment	of	the	optic	disc	and	further	substantiation	
with	a	portable	perimeter	like	the	FDP	is	likely	to	substantially	
increase	the	yield	of	glaucoma	screening	programs.
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