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Purpose: This study was conducted primarily to measure sub-foveal choroidal thickness

(SFCT) in healthy Nepalese population. Also, the correlation of SFCT with age, inter-eye

difference of SFCT, inter-gender variation and inter-ethnic variation of SFCT was observed.

Materials and methods: A cross-sectional, hospital based study in 162 participants (324

eyes) of six ethnic groups (Brahmin, Chhetri, Newar, Tamang, Muslim, and Gurung) was

conducted. The mean age of participants was 37.37 ± 15.02 years. All the participants underwent

SFCT measurement using Spectral Domain Optical Coherence Tomography (Spectralis HRA

+OCT, Heidelberg Engineering, Germany) with the help of in-built caliber. Age, inter-gender,

inter-eye and inter-ethnic differences in SFCTwere recorded and analyzed.

Results: The average SFCT of right eye (RE) and left eye (LE) was 307.98 ± 74.64 µm and

312.63 ± 76.90 µm respectively, with average SFCT of 310.31 ± 75.70 µm for both eyes. SFCT

of only the REwas selected for further calculation due to insignificant inter-eye difference of SFCT

(p = 0.128). There was a significant negative correlation of SFCTwith age (r = −0.705, p = 0.01). A

regression analysis showed thinning of SFCT by 3.50 ± 0.278 µm per year. In another context,

SFCT of male and female was 305.49 ± 79.72 µm and 313.55 ± 70.76 µm respectively. However,

there was no significant inter-gender difference (p = 0.51). Similarly, inter-ethnic variations of

SFCTwas also statistically non -significant (p = 0.74).

Conclusion: SFCT was negatively correlated with the age of participants, implying a

decrease in choroidal thickness (CT) with an increase in age. Age can be considered as an

important factor in the measurement of SFCT. Gender and ethnic groups did not have a

significant role in the measurement and comparison of SFCT.
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Introduction
Choroid is a highly vascular middle layer sandwiched between inner retinal layer and

outer scleral layer of the eye. Choroid is of paramount importance to retinal and visual

function as it is the source of vascular supply to retinal pigment epithelial cells and the

outer retina. Sub-foveal choroidal thickness (SFCT) is found to vary with age, sex,

axial length, refractive error1 and is also affected by diurnal variation.2 Knowledge

about choroidal thickness (CT) could be of important clinical guide in the diagnosis,

management and in monitoring of certain disease progression.

In 2008, Margolis and Spaide3 first investigated CT using enhanced depth imaging

spectral domain optical coherence tomography (EDI SD-OCT) technique. EDI SD-

OCT is a non-invasive novel technique which enables us to acquire “optical biopsy” of

the posterior segment in vivo which further allows to make qualitative and quantitative
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analysis of posterior segment structure, like choroid. On the

basis of histologic examination, CT ranges from 170 to 220

μm4 However, recent advances in technologies, enhanced

depth imaging using a Heidelberg system, have shown an

approximate SFCT of 300 μm in healthy volunteers3

The aim of this study was to determine a baseline

normative data of SFCT in the healthy Nepalese popula-

tion and observe its correlation with age. Also, Inter-eth-

nic, inter-gender and inter-eye difference of SFCT were

also observed.

Materials And Methods
A cross-sectional study was conducted at B.P. Koirala

Lions Center for Ophthalmic Studies (BPKLCOS), a ter-

tiary level eye center in Kathmandu, Nepal between

October 2017 and September 2018. The study was

approved by the Institutional Review Committee (IRC) at

the Institute of Medicine (IOM), Tribhuvan University.

This study was done as per the declaration of Helsinki.

Written informed consent was obtained from all the parti-

cipants and for the participants below 18 years of age,

parents or a legal guardian provided consent prior to the

study. A purposive sampling technique was used as a

sampling method. A detailed medical and ophthalmic his-

tory including information on systemic disease, ocular

trauma, and ocular surgery were recorded. Only healthy

subjects were enrolled for the study. Healthy subjects were

defined as subjects having no systemic diseases or ocular

pathological conditions that might alter the CT.

Axial lengthwasmeasured using non-contact partial coher-

ence interferometry (IOLmaster, Zeiss 500). CTscanning was

done at sub-foveal region using Spectralis-spectral domain

optical coherence tomography (Heidelberg Engineering) with

software version 6.0. Sections each composed of the 100

averaged scans using eye tracking were obtained in a 5°× 30°

rectangle encompassing the macula and optic nerve. The hor-

izontal section going directly through the center of the fovea

was used for the measurement of CT. SFCT in the enhanced

images was measured as the perpendicular distance between

the outer portion of the hyper-reflective line corresponding to

the RPE (automatically detected by the instrument) to hypo-

reflective line or margin corresponding to the chorio-scleral

junction (Figure 1). The measurement of SFCT was made

manually by a single experienced grader. All images were

taken at routine clinic time (9 a.m. to 12 a.m.), to avoid possible

diurnal variations in CT5

Participants with best corrected visual acuity of 20/20

or better, normal slit-lamp biomicroscopy and funduscopy,

and having well-defined chorioscleral junction were

enrolled in the study. Hyperopic or myopic participants

having refractive error of more than 1D were excluded.

As per the census of Nepal 2011, 168 types of ethnic

groups are found in Nepal. In our study, participants from

Brahmin, Chhetri, Newar, Tamang, Gurung, and Muslim

ethnic groups were selected, which were greater in num-

bers of hospital records. Participants of these ethnic groups

were age and sex matched.

All data are expressed as mean ± standard deviation (SD).

Pearson’s correlation test and regression analysis were used

to observe the association between SFCT and age. An inde-

pendent t-test was used to compare SFCT between male and

female group. The inter-eye difference of SFCT was mea-

sured using a paired t-test. The inter-ethnic difference of

SFCT was calculated using a one way analysis of variance

(ANOVA). P value of <0.05 was considered statistically

significant, with a confidence interval (CI) of 95%.

Results
One hundred and sixty-two normal subjects (324 eyes) were

included in the study, out of which 100 were female and 62

were male. The average age of subjects was 37.37 ± 15.02

years (range 17 to 79 years), with 36.17 ± 15.66 years and

35.96 ± 14.22 years in male and female respectively. There

was no statistically significant age difference between two

genders (p = 0.75). The Brahmin ethnic group represented

32.1% of total sample size, Chhetri represented 25.9%,

Tamang 11.7%, Gurung 11.1%, Newar 9.9%, and Muslim

9.3%. The mean age and SFCT of the different ethnic

groups is shown in Table 2. There was no significant age

difference between different ethnic groups (p = 0.379).

The Mean Spherical Equivalent (MSE) refractive error in

right eye (RE) and left eye (LE) was (0.89 ± 0.53) D and

(0.94 ± 0.52) D respectively. The average axial length of both

eyes was 23.51 ± 0.61 mm. SFCTof RE was 307.98 ± 74.64

Figure 1 EDI-OCT scan of a healthy 24-year-old male showing normal CT with

labeled RPE-Bruch’s membrane junction (hyper-reflective layer) and chorio-scleral

junction (hyporeflective layer).
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µm (Figure 2) and that of LE was 312.63 ± 76.90 µm. In

comparison, there was no statistically significant inter-eye

difference of SFCT (p = 0.128). According to gender, SFCT

in males and females was 305.49 ± 79.72 µm and 313.55 ±

70.76 µm respectively. Inter-gender differences of SFCTalso

had a statistically insignificant value (p = 0.51). The inter-

ethnic variation of SFCTwas also statistically non-significant

(p = 0.74).

Hence, only data from RE were analyzed in relation to

age, sex and ethnicity. On stratifying the cohort of partici-

pants into age groups of 10 years (Table 1), SFCTwas found

to be the highest in the age group 10–19 years with a value

of 373.27 ± 53.35 µm, and minimum in the age group 70–79

years with a value of 151.66± 64.37 µm. SFCTwas found to

be negatively correlated with age (r = −0.705, p = 0.01)

(Figure 3). Regression analysis showed thinning of SFCT

by 3.50 ± 0.278 µm per year.

Discussion
The choroidal layer is involved in the pathogenesis of different

kinds of ocular diseases in the posterior segment of the human

eye. Knowledge about CT is of utmost importance in the

diagnosis and management of certain chorioretinal pathologi-

cal conditions. The mean SFCT of the Nepalese population

was found to be closer to the reported SFCT thickness of

Singapore population6 (375.15 ± 6.58 µm), Japanese

population7 (354 ± 111µm) and Spanish population8 (257.4 6

± 99.3 µm). Reports by Chhablani et al9 from the Indian

population measured SFCT o 216.4 ± 30.03 μm using Cirrus

high definition (HD-OCT). These discrepancies between the

findings of the Nepalese and Indian populationmight be due to

racial differences and the use of different imaging devices

(Cirrus high definition (HD) OCT, Carl Zeiss Meditec, Inc.,

Dublin, CA, USA. software Version 5.0.0.326). We used

Heidelberg Spectralis OCT (Heidelberg, Germany) for chor-

oidal imaging.

In the Nepalese population, SFCT showed strong nega-

tive correlation with age (r = −0.705, p = 0.001). A simple

linear regression analysis showed thinning of SFCT by

3.50. ± 0.218 µm per year. This finding is closer to the

data reported by Tuncer et al10 from Turkey which showed

thinning of SFCT by 3.14 µm per year. However, Flores-

Figure 2 Histogram showing SFCT of the participants (RE only).

Table 1 Mean Age AndMean SFCT (RE) Of Participants In Different

Age Groups

Range Of Age

(Years)

No. Of

Eyes

Mean Age ±

SD

Mean SFCT ±

SD

10–19 18 18.27 ± 1.61 373.27 ± 52.97

20–29 52 26.04 ± 2.88 344.01 ± 53.47

30–39 37 35.83 ± 2.89 326.00 ± 63.94.

40–49 21 45.00 ± 3.01 266.33 ± 29.64

50–59 16 55.75 ± 3.03 233.56 ± 50.21

60–69 15 64.53 ± 2.67 217.93 ± 46.30

70–79 3 74.66 ± 3.61 151.66 ± 64.37

Table 2 Mean Age And Mean SFCT In Different Ethnic Groups

Ethnicity No. Of

Eyes

Mean Age ±

SD

Mean SFCT ±

SD

Chhetri 42 35.50 ± 13.87 304.28 ± 81.64

Bahun 52 39.28 ± 16.84 301.65 ± 73.59

Newar 26 39.93 ± 9.16 303.00 ± 65.89

Tamang 19 35.21 ± 16.59 304.68 ± 68.89

Muslim 15 37.13 ± 15.48 327.40 ± 49.91

Gurung 18 35.50 ± 15.15 326.66 ± 92.95

Figure 3 Scatter plot showing negative correlation between SFCT (RE) and Age

(r = −0.705).
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Moreno et al8 reported thinning of SFCT by 2.6 µm per

year. The thinning of SFCT with advancing age supports

the idea of histologic studies, which showed a decrease in

the vascular density and the diameter of capillary vessels

in relation to age.11 It is hypothesized that, this very age

related thinning of SFCT might account for various age

related chorioretinal pathologies.

Though SFCT of the LE in our study was slightly

greater than that of the RE, the inter-eye difference of

SFCT was not statistically significant (p = 0.128). The

finding is in accordance with the findings of Spaide

et al.3 Also, SFCT was found to be slightly less in males

than in females, however, the inter-gender difference was

not statistically significant (p = 0.51). SFCT of the Muslim

ethnic group was highest, followed by Gurung, Tamang,

Chhetri, Newar, and Brahmin, but the difference of mean

SFCT was not statistically significant (p = 0.74). Similar

findings with statistically non-significant differences of

SFCT were reported by Karapetyan et al12 among ethnic

groups of whites, Africans and Asians.

There is no availability of data regarding the SFCTof the

different ethnic groups of Nepal against which we could

compare our findings. The potential limitations of this

study include a small sample size which may not be enough

to represent the entire Nepalese population and manual mea-

surement of SFCT. Any further studies that will address the

limitations of this study will bring more insights in under-

standing the SFCT of the Nepalese population.

Conclusion
The SFCT reported from this study is comparable to the

data reported from other parts of the country. Further, our

findings are in accordance with previous studies in demon-

strating that SFCT decreases with increasing age. Nepalese

male have thinner choroid than female. There is no sig-

nificant inter-ethnic difference of SFCT in the healthy

Nepalese population. The normative data of CT of the

healthy Nepalese population reported from this study will

be the baseline data to conduct future studies on the

affected Nepalese population.
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