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Comparison of choroidal thickness in systemic hypertensive subjects with 
healthy individuals by spectral domain optical coherence tomography
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Purpose: The	 purpose	 of	 the	 study	was	 to	 compare	 the	 choroidal	 thickness	 in	 normal	 population	 and	
hypertensive	patients	and	to	assess	the	possible	effect	of	hypertension	on	choroidal	thickness	using	Spectral	
Domain	Optical	Coherence	Tomography	(SD‑OCT).	Methods:	This	was	a	comparative	cross‑sectional	study.	
A	total	of	68	eyes	of	34	individuals	in	the	age	group	of	40–60	years	were	included	in	both	the	hypertensive	
group	and	control	group.	Individuals	with	refractive	error	beyond	±	3	D	and	posterior	segment	pathology	
were	excluded.	The	choroidal	thickness	was	measured	at	the	sub‑foveal	region,	500	µm	nasal	and	500	µm 
temporal	to	the	fovea	on	SD‑OCT	with	enhanced	depth	imaging	(EDI)	mode.	Systolic	blood	pressure	(SBP),	
Diastolic	 blood	 pressure	 (DBP),	 and	Mean	 arterial	 pressure	 (MAP)	 were	 recorded	 in	 all	 individuals.	
Duration of hypertension was also noted in hypertensive individuals. Results:	 The	 choroidal	 thickness	
at	 all	 locations	was	 significantly	 lower	 in	 the	hypertensive	group	 (subfoveal,	 nasal,	 temporal	 and	mean	
choroidal	thickness	253.24	±	63.96	µm,	249.35	±	63.57	µm,	250.01	±	63.37	µm,	250.87	±	63.38	µm,	respectively)	
as	compared	to	the	control	group	(subfoveal,	nasal,	temporal	and	mean	choroidal	thickness	301.25	±	55.79	
µm,	 298.97	 ±	 57.07	µm,	 299.49	 ±	 55.06	µm,	 299.90	 ±	 55.50	µm,	 respectively).	 The	 choroidal	 thickness	 in	
the	 hypertensive	 group	 also	 had	 a	 significant	 negative	 correlation	with	 the	 SBP	 (Spearman	 correlation	
coefficient,	 rho	=	–0.35, P =	0.003)	and	 the	duration	of	hypertension	 (rho	=	 ‑0.25, P =	0.037).	Conclusion: 
The	study	demonstrated	decreased	choroidal	thickness	in	systemic	hypertensive	subjects	as	compared	to	
age‑matched	healthy	individuals.	The	choroidal	thickness	in	hypertensive	subjects	also	had	a	significant	but	
weak	negative	correlation	with	SBP	and	duration	of	hypertension.
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Collected	data	from	different	regions	of	the	world	have	shown	a	
rise	in	the	prevalence	of	hypertension	and	estimated	the	global	
burden	of	hypertension	to	increase	sharply.[1]	A	meta‑analysis	
of	hypertension	 in	 India	 reported	 an	overall	prevalence	of	
26.7–33%.[2]

The	 consequences	of	 hypertension	on	ocular	 structures	
include	 hypertensive	 retinopathy,	 choroidopathy,	 optic	
neuropathy,	retinal	vascular	occlusions,	age‑related	macular	
degeneration,	 glaucoma,	 etc.[3] Although hypertensive 
retinopathy	has	been	vastly	studied	in	the	past,	data	regarding	
the	choroidal	changes	in	systemic	hypertension	is	still	evolving.

The	main	 function	of	 the	 choroid	 is	 to	provide	vascular	
supply to the outer retinal layers, provide nourishment and 
oxygen,	clear	waste	products,	and	help	in	temperature	regulation	
of	 the	outer	coats	of	 the	eyeball.	The	choroidal	blood	flow	is	
maintained	by	 autoregulatory	mechanism.[4]	 The	 choroidal	
arteries	have	a	shorter	course	with	 fewer	branches,	and	they	
supply	 the	 choriocapillaris	 at	 right	 angles.	 These	 unique	
features	predispose	 the	 choroidal	 vasculature	 to	 systemic	
hypertension.[5]	Compromised	choroidal	circulation	can	hamper	
the	vital	structures	like	photoreceptors,	optic	nerve,	and	retinal	
nerve	fiber	layer.	Considering	the	blood	supply	to	the	retina	is	
partly	through	the	choroid,	there	could	be	a	possibility	of	the	

choroid	being	affected	earlier	in	systemic	hypertension.	Thus,	
studying	the	choroidal	circulation	and	thickness	can	benefit	in	
detecting	early	ocular	changes	in	systemic	hypertension.

Imaging	of	the	choroid in vivo can	be	performed	by	various	
modalities	 including	Fundus	fluorescein	angiography	 (FFA),	
Indocyanine	green	 angiography	 (ICGA),	Optical	 coherence	
tomography	 (OCT),	 ultrasonography,	Magnetic	 resonance	
imaging	(MRI).[6‑9]	Although	each	of	these	modalities	has	their	
own	set	of	 advantages	and	disadvantages,	OCT	has	gained	
popularity	 in	 the	 recent	 era,	 as	 it	 is	 a	 rapid,	 non‑invasive,	
repeatable	 and	 easily	 available	 investigative	 device	with	
provision	of	quantitative	estimation.[10]	Newer	deeper	penetration	
OCT	technologies	like	Enhanced	depth	Imaging	(EDI)	enabled	
Spectral	Domain	OCT	(SD‑OCT)	or	swept‑source	OCT	(SS‑OCT)	
have	enabled	better	delineation	of	sclero‑choroidal	interface	with	
precise	measurement	of	choroidal	thickness.

Multiple	authors	have	studied	the	correlation	of	choroidal	
thickness	with	various	parameters	like	age,	gender,	refractive	
status,	 axial	 length,	 and	 racial	 variation.[11,12]	A	 conflicting	
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data	of	association	of	 the	choroidal	 thickness	with	systemic	
hypertension	was	described	in	a	handful	number	of	reports	
in	the	literature.	Few	of	these	available	studies	are	limited	by	
absence	of	age‑matched	comparative	arm.	Correlation	analysis	
of	choroidal	thickness	with	blood	pressure	in	the	hypertensive	
individuals was done in very few isolated reports.[13‑18]

Hence,	keeping	these	lacunae	of	literature	in	mind,	we	aimed	
to	compare	the	choroidal	thickness	in	hypertensive	subjects	with	
age‑matched	healthy	individuals	by	EDI	enabled	SD‑OCT	and	
to	 look	 for	any	correlation	between	choroidal	 thickness	and	
blood	pressure	parameters	in	hypertensive	subjects.

Methods
This	prospective	 comparative	 study	was	 conducted	 at	 the	
ophthalmology	department	of	a	tertiary	care	institute	in	North	
India	for	1	year	from	July	2018	to	June	2019.	The	study	followed	
the	tenets	of	the	Declaration	of	Helsinki	and	was	approved	by	
the	Institutional	Ethics	Committee.	The	study	group	comprised	
68	 eyes	 of	 34	 adult	 individuals	who	were	diagnosed	with	
essential	hypertension	from	the	internal	medicine	department	
and	 life‑style	 clinic	 of	 our	 institute.	 The	 cut‑off	 value	 for	
hypertension	was	decided	as	systolic	blood	pressure	(SBP)	≥140	
mm	Hg	and	diastolic	blood	pressure	 (DBP)	≥90	mm	Hg.[19] 
However,	any	individual	with	SBP	more	than	180	mm	Hg	and/
or	DBP	more	than	110	mm	Hg	were	excluded	from	the	study.
The	 control	group	comprised	68	eyes	of	 34	age‑matched	

normotensive	individuals,	selected	from	other	patients	visiting	
ophthalmology outpatient department or from healthy hospital 
staffs.	The	normotensive	control	individuals	were	categorized	
as	group	A	and	the	hypertensive	individuals	were	categorized	
as	group	B	for	the	sake	of	description.	Demographics	of	all	the	
individuals	including	age,	gender,	and	systemic	disease	status	
were	noted	for	both	the	groups.	An	age	limit	of	40–60	years	was	
applied	for	both	groups.	Individuals	with	clear	optical	media	
and	good	fixation	were	included	in	the	study.	The	exclusion	
criteria	of	 the	 study	were	 individuals	with	ocular	posterior	
segment	 pathology,	 history	 of	 ocular	 trauma	 or	 surgery,	
refractive	error	beyond	+3.0	to	–3.0	diopters,	glaucoma,	ocular	
hypertension, uveitis, and any neurodegenerative disorders.
Comprehensive	 ophthalmic	 evaluation	 including	

best‑corrected	 visual	 acuity,	 refraction,	 intraocular	
pressure	 (IOP)	 by	Goldman	 applanation	 tonometry,	 axial	
length	(AL)	by	optical	biometer	(Lenstar	LS	900,	Haag‑Streit,	
USA),	slit‑lamp	biomicroscopic	evaluation	of	anterior	segment	
and	 fundus	 evaluation	with	 90D	 lens	were	performed	 on	
each	 individuals	 of	 both	 groups.	 The	 blood	pressure	 (BP;	
mm	Hg)	measurements	(SBP	and	DBP)	were	taken	by	mercury	
sphygmomanometers on the right upper arm with appropriate 
adult	cuff	size.	Subjects	were	seated	for	at	least	ten	minutes	
prior to BP measurement. An average of two BP measurements 
were	noted.	The	mean	arterial	pressure	(MAP,	mm	Hg)	was	
calculated	as	follows:	MAP	=	(SBP	+	2DBP)/3.
All	individuals	in	the	study	and	control	group	were	subjected	

to	Spectral	Domain	Optical	Coherence	Tomography	(SD‑OCT;	
CirrusTM,	 Carl	 Zeiss	Meditec,	Dublin,	CA)	 after	 adequate	
pupillary	dilation.	All	images	were	taken	by	a	single	operator	
ensuring	adequate	signal	strength	 (at	 least	8)	 in	each	of	 the	
scanned	images.	Measurements	were	performed	in	between	
12	pm	to	3	pm	in	all	individuals	to	avoid	any	diurnal	variation	
of	 choroidal	 thickness. Macular	Line	Raster	 scan	protocol	
with	enhanced	depth	 imaging	 (EDI)	mode	was	 followed	 to	
measure	 the	 choroidal	 thickness	 at	 three	 locations	 in	 each	
eye	(subfoveal,	500	µm	nasal	to	fovea	and	500	µm temporal 
to	 fovea)	using	 the	 in‑built	 calliper	 function.	Both	 the	 eyes	
of	 each	 individual	were	 subjected	 to	 scan	 sequentially.	The	

choroidal	 thickness	was	measured	 as	 the	 perpendicular	
distance	between	the	hyperreflective	outer	border	of	the	retinal	
pigment	epithelial–Bruch’s	membrane	layer	(RPE‑BM)	and	the	
sclero‑choroidal	 interface	by	 a	 single	 experienced	observer	
blinded	to	the	diagnosis	of	the	individuals.	A	representative	
image	of	measurement	of	choroidal	thickness	in	a	normal	and	
hypertensive	subject	was	shown	in	[Fig.	1].
Data	 entry	 was	 done	 in	 a	 Microsoft	 Excel	 Spread	

Sheet	 (Microsoft	 Corporation,	USA)	 and	 analyzed	 using	
Statistical	Package	for	the	Social	Sciences	(SPSS),	version	23.	
Values	were	 expressed	as	mean	±	 standard	deviation	 (SD).	
Independent t‑test,	Chi‑square	 test	 and	Mann–Whitney	U 
test	were	applied	to	the	appropriate	values	after	checking	the	
normality	of	the	data.	Correlations	between	the	variables	were	
analyzed	by	Spearman’s	correlation	coefficient	(rho).	A	value	
of P <	0.05	was	considered	as	statistically	significant.

Results
No	statistically	significant	difference	was	found	between	the	
mean	age,	gender	distribution,	mean	IOP	and	mean	AL	between	
the	two	groups.	All	the	blood	pressure	(BP)	parameters	(SBP,	
DBP,	MAP)	were	significantly	higher	 in	hypertensive	group	
as	compared	to	control	group	(P	<	0.01).	The	mean	duration	
of	hypertension	after	diagnosis	was	4.41	±	2.87	years	 (range	
1‑10	years;	median	three	years	with	interquartile	range	2‑7	years)	
in	the	hypertensive	group.	Twenty‑three	subjects	(67.6%)	were	
hypertensive	for	≤5	years	as	compared	to	11	subjects	(32.4%)	
who	were	hypertensive	for	>5	years	in	the	hypertensive	group.	
The	demographic	data	and	clinical	parameters	of	both	groups	
were	summarized	in	Table	1.

The	mean	choroidal	 thickness	 (mean	of	nasal,	 subfoveal	
and	 temporal	 regions)	 in	 control	 group	was	 299.90	 ±	 55.5	
µm,	which	was	 significantly	higher	 (P	 <	 0.0001)	 than	mean	
choroidal	thickness	in	the	hypertensive	group	(250.87	±	63.38	
µm).	Similarly,	the	independent	subfoveal,	nasal	and	temporal	
choroidal	thickness	was	also	found	to	be	statistically	higher	in	
control	group	as	compared	to	hypertensive	group	(P	<	0.001	for	
all	locations;	significance	of P value did not alter when repeated 
measure	analysis	was	considered).	The	subfoveal	choroid	was	
thicker	than	the	nasal	and	the	temporal	choroid	in	both	groups.	

Figure 1: Representative image showing measurement of choroidal 
thickness at subfoveal location, 500 µm nasal to fovea and 500 µm 
temporal to fovea in a normal (a) and a hypertensive (b) subject
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The	choroidal	thickness	values	of	both	the	groups	at	different	
locations	were	shown	in	Table	2.

A	statistically	 significant	negative	 correlation	was	 found	
between	the	choroidal	thickness	at	all	locations	and	the	SBP	in	
the	hypertensive	group	(subfoveal	rho	=	‑0.37, P =	0.002;	nasal	
rho	=	‑0.35, P =	0.003;	temporal	rho	=	‑0.36, P =	0.003).	However,	
the	correlation	of	choroidal	thickness	with	DBP	and	MAP	were	
statistically	insignificant	in	the	hypertensive	group	(rho	=	0.04, 
P =	0.737	and	rho	=	‑0.02, P =	0.102,	respectively).	The	correlation	
analysis	between	the	choroidal	thickness	at	all	locations	and	SBP	
in	the	hypertensive	group	was	depicted	in	multiple	scatterplot	
diagrams in [Fig.	2].	None	of	the	BP	parameters	(SBP,	DBP,	
and	MAP)	had	any	 statistically	 significant	 correlation	with	
choroidal	 thickness	 at	 any	 location	 (subfoveal,	 nasal	 and	
temporal)	in	the	control	group.	Correlation	analyses	between	
the	choroidal	thickness	and	BP	parameters	(SBP,	DBP,	MAP)	
in	the	hypertensive	group	were	summarized	in	Table	3.

Further,	 correlation	 analysis	 between	 the	 choroidal	
thickness	and	the	duration	of	hypertension	(years)	revealed	
that	the	mean	choroidal	thickness	had	a	significant	negative	
correlation	with	duration	of	hypertension	(rho	=	‑0.25, P =	0.037)	
in hypertensive group.

Discussion
The	choroidal	thickness	in	different	posterior	segment	ocular	
disorders	have	been	studied	by	various	authors	 in	the	past.	
The	thickness	of	choroid	is	found	to	be	increased	in	polypoidal	
choroidal	 vasculopathy,	 central	 serous	 chorioretinopathy	
and	Vogt‑Koyanagi‑	Harada	syndrome.[20‑23]	Whereas,	studies	
performed	 on	 disorders	 like	macular	 hole,	 high	myopia,	
chorioretinal	atrophies	have	reported	a	 thinner	choroid.[24‑26] 
Other	than	these	posterior	segment	ocular	disorders,	conflicting	
association	of	choroidal	thickness	with	systemic	hypertension	
has	been	 reported	 in	 few	 studies	 in	 the	 literature.[13‑18] The 
objective	of	 the	current	study	was	to	evaluate	 the	choroidal	

thickness	in	normotensive	as	well	as	hypertensive	individuals	
in	the	absence	of	any	other	ocular	disorders	and	also	to	look	
for	any	correlation	of	choroidal	thickness	with	blood	pressure	
in hypertensive individuals.
In	our	study,	both	the	groups	were	comparable	with	regard	

to	age,	axial	length,	refractive	error,	and	intra	ocular	pressure,	
thus	reducing	any	possible	impact	of	these	parameters	on	the	
measurement	of	choroidal	thickness.	Moreover,	the	choroidal	
thickness	was	also	measured	between	12	pm	to	3	pm	 in	all	
individuals to avoid any diurnal variation.
Few	studies	are	available	regarding	the	choroidal	thickness	

in	healthy	individuals.	A	pilot	study	to	evaluate	the	choroidal	
thickness	using	EDI	tool	of	OCT	was	conducted	by	Margolis	
et al.	on	54	healthy	eyes	with	mean	age	group	of	50.4	years.	
They	 observed	 a	 topographic	 variation	 in	 the	 choroidal	
thickness	within	the	posterior	pole.	They	found	the	choroid	
to	be	 thickest	 at	 the	 sub‑foveal	 region	 (mean	287	 ±	 76	µm)	
compared	to	the	nasal	and	temporal	region	and	hypothesized	
that	 sub‑foveal	 region	 is	 relatively	 thicker	due	 to	 a	greater	
metabolic	demand	as	 compared	 to	other	 regions.[9] Another 
study	on	the	choroidal	thickness	profile	in	211	eyes	of	healthy	
Indian	subjects	by	Chhabalani	et al.	also	revealed	that	choroidal	
thickness	varies	 according	 to	 the	 location.	They	also	 found	
thinner	choroid	in	the	nasal	region	and	a	thicker	choroid	in	
the	 sub‑foveal	 region.[27]	Measurement	values	of	 sub‑foveal	
choroidal	 thickness	and	 its	 topographical	variations	nasally	
and	temporally	in	both	normotensive	and	hypertensive	groups	
of	our	study	are	consistent	with	the	above	mentioned	studies.
In	a	study	by	Sansom	et al.,	a	modest	negative	correlation	

was	found	between	subfoveal	choroidal	thickness	and	SBP	in	
normal	individuals.	However,	this	study	did	not	include	any	
hypertensive individual.[28]

In	our	study,	we	found	significantly	decreased	choroidal	
thickness	 in	 the	 hypertensive	 group	 as	 compared	 to	 the	
control	 group.	This	 is	 in	 agreement	with	 a	 study	by	Akay	

Table 1: Comparison of demographic data, clinical and blood pressure parameters between Group A and Group B

Parameters Group P

A (Control) (n=68 eyes 
of 34 individuals)

B (Hypertensive) (n=68 
eyes of 34 individuals)

Age (Years) 50.24±5.86 51.59±7.07 0.1821

Age   0.7312

40‑50 Years 16 (47.1%) 17 (50.0%)

51‑60 Years 18 (52.9%) 17 (50.0%)

Gender 1.0002

Male 17 (50.0%) 17 (50.0%)

Female 17 (50.0%) 17 (50.0%)

IOP (mmHg)† 14.4±3.3 15.6±3.4 0.133, 0.153

Axial Length (mm)† 22.90±1.00 22.92±0.90 0.8833, 0.8723

Duration of Hypertension (Years) ‑ 4.41±2.87 ‑

Duration of Hypertension   1.0002

≤5 Years 0 (0%) 23 (67.6%)

>5 Years 0 (0%) 11 (32.4%)

Systolic BP (mmHg)* 117.53±7.80 147.65±9.48 <0.0011

Diastolic BP (mmHg)* 72.65±5.07 94.41±5.00 <0.0011

MAP (mmHg)* 84.86±8.35 112.15±4.22 <0.0011

*Significant at P<0.05, †Significance of P value did not change for these parameters when repeated measure analysis was considered (the former P value was 
obtained without considering repeated measures and the latter P value was obtained after considering repeated measures); 1: Wilcoxon‑Mann‑Whitney U Test, 
2: Chi‑Squared Test, 3: t‑test
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et al.,	who	in	their	prospective,	case‑control	study	involving	
80	hypertensive	patients	and	80	control	individuals	also	found	
decreased	choroidal	thickness	in	systemic	arterial	hypertension.	
However, this study was done in a relatively younger age 
group	(20‑29	years)	as	compared	to	our	study	and	included	
patients	with	 clinically	 visible	 changes	 of	 hypertensive	
retinopathy also (upto grade two hypertensive retinopathy 
according	to	Keith‑Wagner	classification).	In	our	study,	we	also	
found	significant	negative	correlation	of	choroidal	thickness	
with	SBP	and	duration	of	hypertension,	contrary	to	the	finding	
reported	by	Akay	et al.	who	did	not	find	any	such	correlation.[13]

In	another	prospective	study	by	Ellakwa	et al.	comprising	
50	hypertensive	and	50	normotensive	 subjects,	 significantly	
decreased	choroidal	thickness	was	found	in	the	hypertensive	
group	as	 compared	 to	normotensive	group.	The	age	 range	
in	 this	 study	was	almost	 similar	 (50‑70	years)	 to	our	 study	
population	(40‑60	years),	although	the	authors	did	not	perform	
any	correlation	analysis	between	the	choroidal	thickness	and	
blood	pressure	among	the	hypertensive	individuals.[14]

A	retrospective	study	done	by	Masis	et al.	 involving	112	
hypertensive	patients	and	15	healthy	individuals	also	revealed	
significant	choroidal	thinning	in	hypertensive	subjects.[15]

Few	 hypothesis	 have	 been	 postulated	 to	 explain	 the	
above	mentioned	choroidal	thinning	in	chronic	hypertensive	
individuals.	 Choriocapillaris	 receive	 rich	 sympathetic	
innervations.	 In	 response	 to	 raised	 blood	 pressure,	 the	
aggravated	sympathetic	stimulus	causes	vasoconstriction	of	the	
vessels	which	in	turn	can	lead	to	the	thinning	of	the	choroidal	
layer	in	hypertensive	subjects.	Geraci	et al.	studied	choroidal	
thickness	 and	 renal	hemodynamic	 changes	based	on	 renal	
resistive	index	in	subjects	with	essential	hypertension.	They	
explained	that	the	pathophysiological	mechanism	of	arterial	
stiffening	 leads	 to	 increased	hemodynamic	pressure	on	 the	
choroidal	circulation	causing	vascular	damage	and	reduced	

choroidal	 thickness.	Also,	 endothelial	dysfunction	 increases	
the	passage	of	strong	vasoconstrictors	which	further	increases	
the	vasoconstriction	eventually	leading	to	ischemia	which	may	
also	contribute	to	thinning	of	the	choroidal	layer	further.[29]

Contrary	to	the	above	studies	and	hypothesis,	few	authors	
did	 not	 find	 any	difference	 in	 the	 choroidal	 thickness	 in	
chronic	hypertensive	patients.	Gok	et al.	in	their	prospective,	
cross‑sectional	study	involving	116	hypertensive	patients	and	
116	control	subjects,	did	not	reveal	any	significant	difference	
in	subfoveal	choroidal	thickness	among	the	two	groups.	The	
authors	in	this	study	postulated	that	the	choroidal	vasculature	
remains	 relatively	protected	 even	 in	 the	 setting	of	 chronic	
hypertension	due	to	it’s	 intrinsic	property,	as	this	choroidal	
network	has	a	critical	role	in	retinal	nourishment	and	has	to	
maintain	a	optimal	perfusion	pressure.	This	might	be	the	reason	
of	unaltered	choroidal	thickness	in	hypertensive	individuals.[17]

Balmforth et al.	in	their	three‑arm	comparative	study	involving	
patients	with	hypertension,	 chronic	 kidney	disease	 (CKD)	
and	healthy	control	group	demonstrated	 reduced	choroidal	
thickness	 in	CKD	patients	as	 compared	 to	hypertensive	and	
normal	control	group.	But,	no	difference	of	choroidal	thickness	
was	seen	in	between	hypertensive	and	normal	individuals.[16] 
Niknam	et al.	used	laser	doppler	flowmetry	to	determine	the	
choroidal	haemodynamics	 in	 systemic	hypertensive	patients	
and	concluded	systemic	hypertension	does	not	have	any	large	
effect	on	the	choroidal	circulation	in	hypertensives.[18]

Subfoveal	choroidal	thickness	was	reported	to	be	increased	
in	acute	hypertension	due	to	accumulation	of	interstitial	fluid	
as	a	result	of	hypertensive	choroidopathy.[30]	Acute	rise	in	blood	
pressure	may	cause	breakdown	of	autoregulatory	mechanism,	
leading	to	choroidal	ischemia	with	subsequent	choriocapillaris	
and	RPE	necrosis.[31]	This	in	turn	leads	to	increased	permeability	
of	 choriocapillaris	 and	 interstitial	 fluid	 accumulation.[32] 
However,	the	sequence	of	pathophysiologic	events	is	different	
in	acute	rise	of	blood	pressure	as	compared	to	chronic	essential	
hypertension,	which	might	explain	the	observed	differences	in	
choroidal	thickness	in	these	two	scenarios.
Our	 study	 has	 few	 limitations	 too.	 The	 sample	 size	

was	 relatively	 small.	Measurement	 of	 choroidal	 thickness	
was	performed	by	 a	 single	observer	manually.	 For	precise	
measurements,	additional	image	analysis	software	can	be	used	
to	avoid	variations	in	measurements.	Early	treatment	of	Diabetic	
Retinopathy	Study	 (ETDRS)	grid	defined	sectoral	 choroidal	
volume	assessment	could	have	given	more	holistic	representation	
of	the	total	choroidal	thickness	instead	of	measurement	of	point	
choroidal	thickness.	This	study	was	a	cross‑sectional	study	and	
did	not	have	 long	 term	follow‑up	of	hypertensive	or	control	
group	 to	 study	 the	 longitudinal	 effect	 of	 hypertension	on	
choroidal	morphology.	Further,	correlation	analysis	of	choroidal	
thickness	and	blood	pressure	measurements	were	based	on	

Table 3: Correlation analysis between the choroidal thickness and the blood pressure parameters in Group B (hypertensive)

Location Correlation
Coefficient with P

SBP DBP MAP Duration of hypertension

Mean CT rho
P

‑0.35
0.003

0.04
0.737

‑0.02
0.102

‑0.25
0.037

Subfoveal CT rho
P

‑0.37
0.002

0.05
0.660

‑0.20
0.108

‑0.27
0.025

Nasal CT rho
P

‑0.35
0.003

0.05
0.673

‑0.19
0.124

‑0.24
0.047

Temporal CT rho
P

‑0.36
0.003

0.03
0.807

‑0.21
0.082

‑0.25
0.039

CT: Choroidal thickness; rho: Spearman’s correlation coefficient

Table 2: Comparison of Choroidal thickness 
measurements between Group A and Group B

Parameters Group P

A (Control) 
(n=68)

B (Hypertensive) 
(n=68)

Subfoveal CT (µm)* 301.25±55.79 253.24±63.96 <0.0011

Nasal CT (µm)* 298.97±57.07 249.35±63.57 <0.0013

Temporal CT (µm)* 299.49±55.06 250.01±63.37 <0.0011

Mean CT (µm)* 299.90±55.50 250.87±63.38 <0.0011

*Significant at P<0.05, 1: Wilcoxon‑Mann‑Whitney U Test, 3: t‑test; 
CT: Choroidal thickness; Significance of P value did not change for none of 
these parameters when repeated measure analysis was considered
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fixed	time	measurement	of	blood	pressure	instead	of	24‑hour	
ambulatory	blood	pressure	measurement.

Most of the patients in our hypertensive group were on 
anti‑hypertensive	medications,	which	might	have	contributed	
to	the	choroidal	flow	alteration,	ultimately	impacting	choroidal	
thickness.	However,	few	authors	did	not	find	any	significant	
change	 in	 choroidal	 blood	 flow	with	 antihypertensive	
medications,[18]	justifying	the	rationale	of	incorporating	patients	
with	anti‑hypertensive	medications	in	the	hypertensive	arm	
of our study.

A	recent	 review	on	 choroidal	 thickness	 in	patients	with	
cardiovascular	diseases	have	 suggested	 that	 the	 choroidal	
thickness	 and	 blood	 flow	may	 be	 linked	 to	 smoking,	
hyperlipidaemia	and	coronary	artery	disease	also.[33] As many 
of	these	parameters	often	co‑exist	in	hypertensives,	choroidal	
thickness	depends	upon	interplay	of	these	various	associated	
parameters.	Most	 of	 the	 available	 studies	 in	 the	 literature	
including	ours	have	not	taken	into	account	of	these	parameters	
while	assessing	choroidal	thickness	in	hypertensives.	Future	
studies	 should	 address	 this	 shortcoming	 and	 also	 try	 to	

Figure 2: Scatterplot presentation of correlation analysis between the systolic blood pressure and mean choroidal thickness (a), subfoveal 
choroidal thickness (b), nasal choroidal thickness (c) and temporal choroidal thickness (d) in Group B. The blue lines represent the general trend 
of correlation between the two variables. The shaded grey areas represent the 95% confidence interval of these trendlines
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investigate	 the	 role	 of	 choroidal	 thickness	 as	 a	 potential	
biomarker	for	various	cardiovascular	diseases.

The	OCT	device	gives	quantitative	and	qualitative	estimate	of	
static	choroidal	structure	rather	than	the	exact	choroidal	blood	
flow.	Interpretation	of	choroidal	changes	due	to	hypertension	
is	based	on	assumptions	of	alterations	 in	choroidal	 thickness	
secondary	to	hemodynamic	alteration	at	microstructural	level.	
Hence,	 the	 pathophysiology	 behind	 choroidal	 changes	 in	
hypertension	should	additionally	be	investigated	by	a	flow‑based	
study	 rather	 than	only	 structural	 assessment.	 Swept‑source	
OCT	and	OCT‑angiography,	which	are	 recent	 additions	 to	
the	armamentarium	of	choroidal	imaging	may	provide	novel	
insights	regarding	choroidal	changes	in	hypertensive	individuals	
in	future	larger	prospective	comparative	studies.

Conclusion
In	 conclusion,	we	 found	 choroidal	 thickness	 is	 decreased	
significantly	in	hypertensive	subjects	as	compared	to	normal	
individuals.	 The	 choroidal	 thickness	 in	 the	 hypertensive	
subjects	also	had	a	significant	negative	correlation	with	SBP	and	
the	duration	of	hypertension.	Thus,	measurement	of	choroidal	
thickness	by	OCT	can	be	used	as	a	non‑invasive	biomarker	to	
assess	 the	effect	of	systemic	hypertension	on	 the	eye	before	
other	 clinically	detectable	 fundus	 changes	of	hypertension	
become	appreciable.
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