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Abstract 
Aim: To evaluate the choroidal thickness in patients with different refractive status measured by 
spectral-domain optical coherence tomography. 
Material and methods: This cross-sectional observational study consisted of 60 subjects, who visited 
the out-patient department of Ophthalmology, Chattrapati Shivaji Subharti Hospital, Meerut, India and 
were randomly selected over a period of 1 year. Subjects were classified into three groups based on 
refractive error: those with a +1 diopter or greater refractive power were assigned to the hyperopia 
group; those with a diopter lower than +1 and greater than –1 were assigned to the emmetropia group; 
and those with a –1 diopter or lower diopter were assigned to the myopia group. All patients underwent 
a clinical history taking and a complete ophthalmic examination. OCT scanning was performed using 
Optovue RTvue 100 which utilises spectral domain (SD)-OCT. The choroid was visualized by 
enhanced depth imaging (EDI) technique. Choroidal scans were obtained for all the eyes using 
enhanced depth imaging (EDI) using spectral-domain optical coherence tomography (SD-OCT). Data 
was recorded in excel sheet and subjected to statistical analysis.  
Results: Compared to emmetropic participants, myopic subjects had significantly thinner choroid in all 
the regions. Choroid of hyperopic subjects was significantly thicker than that of emmetropic subjects in 
most regions. Linear correlation testing revealed a close correlation between refractive error and 
choroidal thickness in all of the regions. 
Conclusion: High myopes have significantly thinner choroids than the emmetropic controls at all the 
retinal points studied, with the thinnest choroid at 1.5 mm nasal to the fovea. 
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Introduction 
The choroid plays a crucial role in maintaining retinal and visual functions, such as 
providing nutrients to the external retina and the retinal pigment epithelial cells and 
supplying blood to the anterior layer of the optic nerves [1]. The development of optical 
coherence tomography (OCT) has enabled direct observation of the choroid in vivo, and 
allows quantitative observations, such as measuring its thickness. As a result, OCT has been 
used in many studies [2-6]. 
The choroidal thickness is known to vary with factors including ethnicity, age, and time of 
day and with ocular factors including axial length and refractive errors [7-9]. Various studies 
have reported that greater axial length and myopia are associated with a thinner choroid [10]. 
Few studies have investigated the distribution of the choroid thickness according to 
refractive error in children of a similar age, and no such study has been conducted in 
children. 
Morphologic changes in the choroid and retina of myopic eyes have been well studied in 
adults, but they are poorly understood in children [11–16]. Few studies have described retinal 
and choroidal thickness in children with different refractive states [17–19], but none have 
studied both characteristics in the same cohort. Hence this study was conducted to compare 
the distribution of choroid thickness in patients with refractive errors, such as hyperopia or 
myopia, with that in people without refractive errors, using Spectral-Domain imaging OCT. 
The objectives of the study are as follows: 
1. To study changes in the choroid by measuring the choroidal thickness in myopic, 

hypermetropic and emmetropic eyes. 
2. To correlate the choroidal thickness with the refractive error and the axial length. 
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Materials and Methods 
This cross-sectional observational study consisted of 60 
subjects, who visited the out-patient department of 
Ophthalmology, Chattrapati Shivaji Subharti Hospital, 
Meerut, India and were randomly selected over a period of 1 
year. Prior approval from the institutional review board of 
the institute was taken and informed consent was obtained 
from each subject. The subjects were recruited according to 
the following inclusion and exclusion criteria:  
 

Inclusion criteria 
All non smokers participants having no history of ocular or 
systemic pathology and were not using any medications. 
Participants had normal levels of stereo-acuity and healthy 
cornea with no contraindication to contact lens wear based 
on slit lamp bio-microscopy. None of the myopic 
participants were under any myopia control treatment (e.g 
atropine, multi-focal spectacle or contact lenses). 
 

Exclusion criteria 
Eyes with any previous retinal or choroidal pathology, with 
severe media opacities preventing fundus assessment, intra-
ocular pressure (IOP) > 21 mmHg or with any one 
characteristic glaucomatous disc change, patients on 
medications known to cause maculopathy, patients with 
known neuro-ophthalmological diseases, patients of 
diabetes, hypertension and/or Koch’s disease were 
excluded. 
Subjects were classified into three groups based on 
refractive error: those with a +1 diopter or greater refractive 
power were assigned to the hyperopia group; those with a 
diopter lower than +1 and greater than –1 were assigned to 
the emmetropia group; and those with a –1 diopter or lower 
diopter were assigned to the myopia group. 
A written informed consent was obtained from all subjects 
before acquisition of the OCT scan. All patients underwent 
a clinical history taking and a complete ophthalmic 
examination. OCT scanning was performed using Optovue 
RTvue 100 which utilises spectral domain (SD)-OCT. The 

choroid was visualized by enhanced depth imaging (EDI) 
technique. Choroidal scans were obtained for all the eyes 
using enhanced depth imaging (EDI) using spectral-domain 
optical coherence tomography (SD-OCT). The retina 
crossline scan has 32 frames averaged, 16 per direction, 
with tracking in the horizontal and vertical macular scans. 
Measurements of choroidal thickness were performed 
manually using the calipers provided by the software at the 
center of the fovea 500 and 1000 μm away from the fovea in 
the cardinal directions. Choroidal thickness was measured 
from the outer limit of the retinal pigment epithelium to the 
choroid–scleral junction. Macular thickness was evaluated 
using macular maps (EMM5). 
In addition, subjects underwent a slit lamp examination, 
cycloplegic refraction, best-corrected visual acuity 
assessment, fundoscopy, and measurement of axial length 
and posterior choroidal thickness. For cycloplegic 
refraction, 1% cyclopentolate hydrochloride was 
administered dropwise, twice or more, into each eye at 5-
minute intervals; 30 to 40 minutes after its administration, 
refractive errors were measured when pupil dilation and loss 
of light reflex were confirmed. 
 

Statistical analysis 
Data was analysed using SPSS version 24. Continous data 
was presented as mean±SD. Categorical and continuous 
data between the groups was compared using chi square and 
anova test respectively. Intergroup comparison was done by 
t test and the level of significance (p value) was set at <0.05. 
 

Results 
The mean age among the myopic, emmetropic and 
hyperopic was 28.91±6.78, 30.43±7.22 and 29.87±5.69 
years respectively. All the variables viz. BMI (kg/m2), axial 
length (mm) and intraocular pressure (mm Hg) was 
comparable among the groups as p>0.05. Mean refractive 
error was -1.75±1.05, 0.20±0.25 and 1.12±0.62 among the 
myopic, emmetropic and hyperopic respectively with 
statistically significant difference (table 1). 

 
Table 1: Characteristics of the study population 

 

Parameters 
Myopic (N=20) Emmetropic (N=20) Hyperopic (N=20) 

p value 
Mean SD Mean SD Mean SD 

Age (in years) 28.91 6.78 30.43 7.22 29.87 5.69 0.54 

BMI (kg/m2) 23.38 4.56 22.29 3.71 22.87 3.92 0.32 

Axial Length, mm 24.06 0.77 23.24 0.72 22.79 0.83 0.11 

Intraocular Pressure, mm Hg 17.58 2.32 17.09 2.51 18.10 2.79 0.16 

Male, N (%) 9 45 12 60 8 40 0.38 

*: statistically significant 

 
The thickness of the choroid was more in horizontal scans 
as compared to vertical scans in all the three groups. 
Compared to emmetropic participants, myopic subjects had 

significantly thinner choroid while choroid of hyperopic 
subjects was significantly thicker than that of emmetropic 
subjects (table 2). 

 
Table 2: Topographic characteristics of choroidal thickness in Myopic, Emmetropic, and Hyperopic Subjects 

 

Choroid Thickness 
Myopic (N=20) Emmetropic (N=20) Hyperopic (N=20) 

p value 
Mean SD Mean SD Mean SD 

Horizontal 223.49 47.81 237.92 42.38 268.76 45.17 <0.01* 

Vertical 221.55 46.14 234.09 43.57 265.18 40.39 <0.01* 

*: statistically significant 

 
Axial length and refractive error were independently related 
to central fovea choroidal thickness. The correlation R2 of 
the regression model was 0.18 (P< .05). According to the 
model, every 1-mm increase in axial length is associated 

with a 14.49 mm decrease in central foveal choroidal 
thickness. Linear correlation testing revealed a close 
correlation between refractive error and choroidal thickness 
(table 3). 
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Table 3: Systematic/ocular independent variables associated with 
choroid layers 

 

Variables Axial Length Refractive Error 

Unstandardized Coefficients -14.49 9.47 

Standardized Coefficients -0.24 0.20 

p value 0.03 0.18 

r2 0.18 

 

Discussion 
Our results indicated that myopic subjects had a thinner 
choroid. Central foveal choroidal thickness was closely 
correlated with axial length and refractive status. To the 
authors’ knowledge, this study is one of the scarce studies to 
investigate the Spectral-Domain Optical Coherence 
Tomography findings of choroidal thickness together in 
adult age groups of different refractive status. 
In our study, compared to emmetropic participants, myopic 
subjects had significantly thinner choroid. Choroid of 
hyperopic subjects was significantly thicker than that of 
emmetropic subjects in most regions. Similarly in a study by 
Sumeet Chopra et al. [20], the choroidal thickness in high 
myopic eyes was significantly less and in high 
hypermetropic eyes significantly more than in the controls 
and the thickest choroid present subfoveally in high 
hypermetropic eyes. This was in accordance with the 
previous studies conducted on hypermetropic anisometropic 
amblyopic subjects by Mori et al. [21], Tenlik et al. [22] and 
Tomo Nishi et al. [23], in which SFCT was significantly 
greater than in the normal fellow eyes. The greater values of 
mean CT in these previous studies might be because they 
had taken ‘amblyopic’ subjects, in contrast to our study in 
which high hypermetropic subjects, with a BCVA of 6/9 or 
better, were included. 
According to results from some animal studies, changes in 
choroidal thickness may be due to the maintenance of clear 
vision. Previous studies in chicks, marmosets and macaques 
have led to the hypothesis that induced myopic defocus 
leads to choroidal thickening due to adjustment of the retina 
location and to maintain clear vision. This could result 
because in myopic defocus the image plane is in front of the 
retina so that a thickening of the choroid pushes the retina 
forward the image plane. Data from previous studies have 
shown that choroidal thickening, as a part of this 
compensation, inhibits the penetration of various growth 
factors that function as mechanical barriers and slows the 
growth of sclera [24, 25]. Thus, results from these studies are 
consistent with data from this study showing that refractive 
error leads to choroidal thickening in hyperopia in order to 
maintain clear vision and to choroidal thinning in myopia [3]. 
In the present study, there was negative correlation between 
choroidal thickness and axial length. Tomo Nishi et al. [23] 
also found a statistically significant negative correlation 
between the CT and the AL. Similarly Sumeet Chopra et al. 
[20] too revealed strong negative correlation between the 
axial length (AL) and the CT. 
This study was limited by its cross-sectional design, as 
changes over time could not be investigated. Thus, future 
longitudinal studies are needed to measure changes over 
time to determine whether changes in the choroid occur due 
to refractive power. 

 

Conclusion 
High myopes have significantly thinner choroids than the 
emmetropic controls. With an increase in the degree of 
myopia, the choroidal thickness decreases. High 

hypermetropes on the other hand, have significantly thicker 
choroids, as compared to the emmetropic controls. To the 
best of our knowledge, this is one of the fewest study, at 
least in the Western UP, Indian population, that has 
compared the changes in choroidal thickness in high myopic 
and high hypermetropic eyes, with emmetropic healthy 
control eyes, together, in the same study. However, further 
longitudinal studies are required to be conducted to evaluate 
the changes in choroidal thickness with time, that is, 
whether the choroidal thickness changes with increasing age 
and the changing refractive error. 
 

References 
1. Nickla DL, Wallman J. The multifunctional choroid. 

Prog Retin Eye Res 2010;29:144-68. 
2. Povazay B, Hermann B, Unterhuber A, et al. Three-

dimensional optical coherence tomography at 1050 nm 
versus 800 nm in retinal pathologies: enhanced 
performance and choroidal penetration in cataract 
patients. J Biomed Opt 2007;12:041211. 

3. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth 
imaging spectral-domain optical coherence 
tomography. Am J Ophthalmol 2008;146:496-500. 

4. Margolis R, Spaide RF. A pilot study of enhanced 
depth imaging optical coherence tomography of the 
choroid in normal eyes. Am J Ophthalmol 
2009;147:811-5. 

5. Spaide RF. Age-related choroidal atrophy. Am J 
Ophthalmol 2009;147:801-10. 

6. Torres VL, Brugnoni N, Kaiser PK, Singh AD. Optical 
coherence tomography enhanced depth imaging of 
choroidal tumors. Am J Ophthalmol 2011;151:586-
93.e2. 

7. Ikuno Y, Kawaguchi K, Nouchi T, Yasuno Y. 
Choroidal thickness in healthy Japanese subjects. Invest 
Ophthalmol Vis Sci 2010;51:2173-6. 

8. Wei WB, Xu L, Jonas JB, et al. Subfoveal choroidal 
thickness: the Beijing Eye Study. Ophthalmology 
2013;120:175-80. 

9. Tan CS, Ouyang Y, Ruiz H, Sadda SR. Diurnal 
variation of choroidal thickness in normal, healthy 
subjects measured by spectral domain optical coherence 
tomography. Invest Ophthalmol Vis Sci 2012;53:261-6. 

10. Read SA, Collins MJ, Vincent SJ, Alonso-Caneiro D. 
Choroidal thickness in myopic and nonmyopic children 
assessed with enhanced depth imaging optical 
coherence tomography. Invest Ophthalmol Vis Sci 
2013;54:7578-86. 

11. Wong AC, Chan CW, Hui SP. Relationship of gender, 
body mass index, and axial length with central retinal 
thickness using optical coherence tomography. Eye 
2005;19(3): 292–297. 

12. Lim MC, Hoh ST, Foster PJ, et al. Use of optical 
coherence tomography to assess variations in macular 
retinal thickness in myopia. Invest Ophthalmol Vis Sci 
2005; 46(3):974–978. 

13. Yamashita T, Tanaka M, Kii Y, Nakao K, Sakamoto T. 
Association between retinal thickness of 64 sectors in 
posterior pole determined by optical coherence 
tomography and axial length and body height. Invest 
Ophthalmol Vis Sci 2013; 54(12):7478–7482. 

14. Pang Y, Goodfellow GW, Allison C, Block S, Frantz 
KA. A prospective study of macular thickness in 
amblyopic children with unilateral high myopia. Invest 
Ophthalmol Vis Sci 2011; 52(5):2444–2449. 

http://www.ophthalmoljournal.com/


International Journal of Medical Ophthalmology http://www.ophthalmoljournal.com/ 

~ 99 ~ 

15. Lam DS, Leung KS, Mohamed S, et al. Regional 
variations in the relationship between macular thickness 
measurements and myopia. Invest Ophthalmol Vis Sci 
2007;48(1):376–382. 

16. Luo HD, Gazzard G, Fong A, et al. Myopia, axial 
length, and OCT characteristics of the macula in 
Singaporean children. Invest Ophthalmol Vis Sci 
2006;47(7):2773–2781. 

17. Nishida Y, Fujiwara T, Imamura Y, Lima LH, 
Kurosaka D, Spaide RF. Choroidal thickness and visual 
acuity in highly myopic eyes. Retina 2012;32(7):1229–
1236. 

18. Read SA, Alonso-Caneiro D, Vincent SJ, Collins MJ. 
Longitudinal changes in choroidal thickness and eye 
growth in childhood. Invest Ophthalmol Vis Sci 2015; 
56(5):3103–3112. 

19. Zhang Z, He X, Zhu J, Jiang K, Zheng W, Ke B. 
Macular measurements using optical coherence 
tomography in healthy Chinese school age children. 
Invest Ophthalmol Vis Sci 2011;52(9):6377–6383. 

20. Chopra S, Kaur S. Choroidal thickness in high 
refractive errors using spectral-domain optical 
coherence tomography. Indian J Clin Exp Ophthalmol 
2019;5(2):236-40. 

21. Mori T, Sugano Y, Maruko I, Sekiryu T. Subfoveal 
Choroidal Thickness and Axial Length in Preschool 
Children with Hyperopic Anisometropic Amblyopia. 
Curr Eye Res 2015;40:954–61. 

22. Tenlik A, Güler E, Kulak AE, Totan Y, Dervişoğulları 
MS, Gürağaç FB. Evaluation of Choroidal Thickness in 
Amblyopia Using Enhanced Depth Imaging Optical 
Coherence Tomography. Curr Eye Res 
2015;40(10):1063–7. 

23. Nishi T, Ueda T, Hasegawa T, Miyata K, Ogata N. 
Choroidal thickness in children with hyperopic 
anisometropic amblyopia. Br J Ophthalmol 
2014;98:228–32. 

24. Hung LF, Wallman J, Smith EL 3rd. Vision-dependent 
changes in the choroidal thickness of macaque 
monkeys. Invest Ophthalmol Vis Sci 2000;41:1259-69. 

25. Troilo D, Nickla DL, Wildsoet CF. Choroidal thickness 
changes during altered eye growth and refractive state 
in a primate. Invest Ophthalmol Vis Sci 2000;41:1249-
58. 

http://www.ophthalmoljournal.com/

