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Abstract: 

Purpose: To evaluate effect of Hypertension on choroidal thickness using spectral-domain optical 
coherence tomography (SD-OCT). 

Methods: 72 eyes with hypertensive retinopathy from 36 patients in the age group of 40-65 years with 
hypertension (systolic blood pressure [SBP] ≥140 mm Hg or diastolic blood pressure [DBP] ≥90 mm Hg) 

and 72 eyes of 36 age matched controls were included in hypertensive and control groups, respectively. 

SD-OCT was performed on the patients in both the groups and sub-foveal choroidal thickness was 

measured. SD-OCT morphologic findings were evaluated and were compared between hypertensive 

subjects and the controls. Associations between clinical findings, OCT image features, and Keith-

Wagener-Barker (KWB) hypertensive retinopathy grades were examined. 

Results: Mean age was 52.9 ± 1.9 years in hypertensive subjects and 53.5 ± 2.8 years in the control group 
(p = 0.742). All choroidal thickness measurements (mean choroidal thickness, sub-foveal choroidal 

thickness, all nasal and all temporal choroidal thicknesses) were significantly lower in hypertensive 

subjects (p<0.003 for sub-foveal, p = 0.002 for Nasal; and p = 0.01 for temporal). The correlations 

between choroidal thickness measurements and blood pressure (SBP, DBP, MAP) were insignificant 

(p>0.05). There was statistically significant correlation between SBP and retinopathy grading (r = 0.214 p 

= 0.034) but statistically insignificant correlation between DBP (r = 0.215, P = 0.129) and MAP (r = 
0.234, P = 0.081). 

Conclusions: The results of this study demonstrated that there is detrimental effect on choroidal thickness 

in patients with systemic arterial hypertension as compared to age matched healthy subjects. 

Keywords: Choroid, choroidal thickness, enhanced depth imaging OCT, spectral ‑ domain OCT, 
systemic hypertension, blood pressure. 

 
Introduction 

About 25% of the world’s adult population is affected by systemic arterial hypertension and is estimated to 

increase to 29% by 2025 [1]. Approximately 90% of hypertensive cases are classified as essential 

hypertension, where the precise cause is unknown, and it has widespread effects on the eyes [2]. An overall 

prevalence of 26.7-33% was reported in a meta-analysis of hypertension in India [3]. 

Systemic hypertension remains a major health problem worldwide with silent and multisystem 

complications. The consequences of hypertension on ocular structures include hypertensive retinopathy, 

choroidopathy, optic neuropathy, retinal vascular occlusions, age‑ related macular degeneration, glaucoma, 

etc. [4] Hypertension is associated with vascular abnormalities in the brain, heart, kidneys, and eyes. 

Hypertension may cause retinal hemorrhages, cotton wool spots, intraretinal lipid accumulation, and vessel 

closure in the retinal capillaries and choriocapillaris. Based on these fundoscopic features, Keith et al. 

developed a classification system for hypertensive retinopathy to categorize these signs into four groups of 

severity [5]. 
Providing vascular supply to the outer retinal layers, providing nourishment and oxygen, clearing waste 

products, and helping in temperature regulation of the outer coats of the eyeball are the main functions of the 

choroid. The choroidal blood flow is maintained by autoregulatory mechanism [6]. 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 [7]. As the blood supply of 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. 

Spectral-domain optical coherence tomography (SD-OCT) provides visualization and measurement of the 

microstructure of the retinal layers and choroidal structure non-invasively. Spectral-domain optical coherence 

tomography (OCT) has revolutionized our ability to visualize structural abnormalities in the retina and 

choroid. 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 

sclerochoroidal interface with precise measurement of choroidal thickness. 
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There are studies describing the correlation of choroidal thickness with various parameters like age, gender, 

refractive status, axial length and racial variation [8, 9]. Owing to the limited studies describing the correlation 

of hypertension with choroidal thickness and effect on visual acuity, this study was planned to compare the 

choroidal thickness in hypertensive subjects with age‑ matched healthy individuals by EDI enabled SD‑
OCT and to study the association of grades of hypertensive retinopathy with best corrected visual acuity. 

 

Methods 
This prospective comparative study was conducted at the ophthalmology departments of two tertiary care 

institutes in North India for a duration of 1 year from Jan 2019 to Dec 2019. The study group comprised 72 

eyes of 36 adult individuals who were diagnosed with essential hypertension from the internal medicine 

department. The control group comprised 72 eyes of 36 healthy age-matched subjects selected from other 

patients visiting ophthalmology outpatient department. 

Patients and control subjects with clear ocular media and no ocular or other systemic diseases were included. 

Hypertension was defined as systolic blood pressure (SBP) >140 mm Hg and/or diastolic blood pressure 

(DBP) >90 mm Hg according to the 2013 European Society of Hypertension/European Society of 

Cardiology Guidelines for the management of arterial hypertension [10]. The mean arterial pressure (MAP, 

mm Hg) was calculated as follows: MAP = (SBP + 2DBP)/3. The blood pressure measurements were 

performed on the right upper arm by auscultation after subjects had been seated for at least 15 minutes. 

Mercury sphygmomanometers were used and the appropriate adult cuff size was applied. Ophthalmic 

examinations were performed after the blood pressure measurement. 

The exclusion criteria included diabetic retinopathy, macular edema, any type of previous retinal treatment 

(macular laser photocoagulation, vitrectomy, intravitreal steroids and/or antiangiogenic drugs), history of any 

intraocular surgery, refractive error at the higher axis >3 D, glaucoma, ocular hypertension, uveitis, other 
retinal diseases, neurodegenerative disease (e.g., Alzheimer, Parkinson, dementia), and media opacities. Each 

subject underwent full ophthalmic examination including refractive error, best spectacle-corrected visual 

acuity, anterior segment findings, intraocular pressure (Goldmann applanation tonometry) and 90-D lens 

fundoscopy. 

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 ensuring adequate signal strength (at least 7) in each of the scanned images. To measure 

the choroidal thickness, Macular 5 Line Raster scan protocol with enhanced depth imaging (EDI) mode was 

followed at three locations in each eye (subfoveal, 500μm nasal to fovea and 500μm temporal to fovea) and 
thickness was measured 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 hyper-

reflective outer border of the retinal pigment epithelial-Bruch’s membrane layer (RPE‑ BM) and the 

sclerochoroidal interface. 

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. A value of P < 0.05 was considered as 

statistically significant. 

 

Results 

Demographic and Clinical Data 

Table 1 shows demographic and clinical features of the groups. Differences in age, sex, spherical 

equivalents, and IOP between the groups were not significant. The SBP, DBP and MAP were significantly 

higher in the hypertension group. None of the patients had hypertensive retinopathy higher than grade 3 

according to the Keith-Wagener-Barker classification. Mean disease duration after diagnosis was 5.8 ± 1.7 
years (min-max 3-12 years) in the hypertension group. 

 
Table 1: Demographic and clinical features of hypertensives and control subjects 

 

 Hypertension, mean ± SD (min-max) Control, mean ± SD (min-max) p 

Age (years) 52.9±1.9 (40-65) 53.5±2.8 (40-65) 0.742 

Male/Female n/(%) 21/15 (58.3/41.7) 25/11 (69.4/30.6) 0.874 

SBP (mm Hg) 160.4±10.6 (140-190) 112.3±9.6 (90-130) <0.001 

DBP (mm Hg) 98.8±7.5 (90-120) 82.5±8.2 (65-85) <0.001 

MAP (mm Hg) 118.6±8.2 (106-145) 98.4±7.8 (80-116) <0.001 

IOP (mm Hg) 15.6±2.4 (10-21) 15.2±2.0 (10-21) 0.624 

Spherical equivalent, D -0.21±0.69 (-2.75 to +2.50) -0.15±0.50 (-1.75 to +1.50) 0.478 

 

No statistically significant difference was found between the mean age, gender distribution, spherical 
equivalent and mean IOP 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 < 0.001). 
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Choroidal Thickness 

The mean choroidal thickness (mean of nasal, sub-foveal and temporal regions) in control group was 

300.87±49.41μm, which was significantly higher (P = 0.001) than mean choroidal thickness in the 

hypertensive group (259.22±51.94μm). 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 = 

0.003, 0.002, 0.01 respectively) for all locations. The choroidal thickness values of both the groups at 

different locations were shown in Table 2, Fig. 1. 

 
Table 2: Choroidal thickness measurements between controls and hypertensives 

 

Choroidal Thickness (μm) Control (n = 72) Hypertensive (n = 72) p 

Subfoveal 305.53 ± 50.67 261.45 ± 55.45 0.003 

Nasal 297.61 ± 48.31 257.65 ± 51.14 0.002 

Temporal 299.47 ± 49.25 258.57 ± 49.25 0.01 

Mean 300.87 ± 49.41 259.22 ± 51.94 0.001 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Choroidal thickness measurements between controls and hypertensives 

 
The correlations between blood pressure (SBP, DBP and MAP) and choroidal thickness in all locations were 

not significant (Table 3). 

 
Table 3: Correlation analysis results between choroidal thickness and blood pressure 

 

Choroidal Thickness 
r 
p 

SBP DBP MAP 

Subfoveal 
r 
p 

-0.152 
0.174 

0.051 
0.721 

-0.073 
0.417 

Nasal 
r 

p 

-0.161 

0.159 

0.041 

0.719 

-0.085 

0.451 

Temporal 
r 

p 

-0.161 

0.147 

0.025 

0.815 

-0.088 

0.348 

Mean 
r 

p 

-0.112 

0.342 

0.073 

0.513 

-0.043 

0.706 

Fundoscopic grading, KWB 
r 

p 

0.214 

0.034 

0.215 

0.129 

0.234 

0.081 

 

Discussion 
Choroid supplies oxygen and nutrients to the retinal layers between retina pigment epithelium and up to 

the inner nuclear layer. It also plays a role in waste removal and temperature regulation of the eye [11]. 

Therefore, healthy choroidal vasculature is essential for the normal functioning of the retina. Choroid also 

has one of the highest blood flow rates in the body [12]. There have been various studies describing 

choroidal thickness in different posterior segment ocular disorders. The thickness of choroid is found to be 

increased in polypoidal choroidal vasculopathy, central serous chorioretinopathy and Vogt‑ Koyanagi‑
Harada syndrome [13-16]. Whereas, studies performed on disorders like macular hole, high myopia, chorio-

retinal atrophies have reported a thinner choroid [17-19]. 

In our study, we evaluated the choroidal thickness in normotensive as well as hypertensive individuals in 

the absence of any other ocular disorders and also looked for any correlation of choroidal thickness with 

blood pressure. In our study, both the controls and hypertensives were comparable with regard to age, 

refractive status and intra ocular pressure, thus ruling out any possible impact of these parameters on the 

measurement of choroidal thickness. 
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Chhabalani et al. conducted a study on the choroidal thickness profile in 211 eyes of healthy Indian 

subjects and 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 [20]. Jo et al. studied choroidal 

thickness changes after acute diabetic control in type 2 diabetic patients. The authors reported significantly 

increased choroidal thickness 2 weeks after eucaloric diet, glucose control and blood pressure control. 

They also found statistically significant correlations between the changes in choroidal thickness and the 

changes in SBP, DBP, MAP, BMI, and AL and mean ocular perfusion pressure. The findings in that study 
cannot be compared with our findings because of the potentially confounding effect of diabetes and acute 

diabetic control [21]. 

In contrast to our findings, Gök et al. reported similar subfoveal choroidal thickness between patients with 

essential hypertension and healthy controls [22]. 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 [23]. In a study conducted on 68 eyes of 34 individuals in the age 

group of 40-60 years including hypertensive group and control group by Waghamare SR et al., they found 

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 [24]. 

In our study, there was significantly decreased choroidal thickness in the hypertensive group as compared 

to the control group. This finding of our study was in agreement with a study by Akay 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) [25]. A retrospective study done by Masis et al. involving 112 

hypertensive patients and 15 healthy individuals also revealed significant choroidal thinning in 

hypertensive subjects [26]. 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 [27]. 

 
Conclusion 

In conclusion, we found choroidal thickness is decreased in sub-foveal, nasal and temporal quadrants 

significantly in hypertensive subjects as compared to normal individuals. The choroidal thickness in the 

hypertensive subjects did not have a significant correlation with SBP. There was statistically significant 

correlation between SBP and retinopathy grading (r = 0.214 p = 0.034). Thus, by using SD-OCT for the 

measurement of choroidal thickness we can assess the effect of systemic hypertension on the eye before 

other clinically detectable fundus changes of hypertension become appreciable. 
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