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PURPOSE. We examined choroidal thickness (ChT) and its spatial distribution across the
posterior pole in pediatric subjects with normal ocular health and minimal refractive error.
METHODS. ChT was assessed using spectral domain optical coherence tomography (OCT) in
194 children aged 4 to 12 years, with spherical equivalent refractive errors between þ1.25
and 0.50 diopters sphere (DS). A series of OCT scans were collected, imaging the choroid
along 4 radial scan lines centered on the fovea (each separated by 458). Frame averaging was
used to reduce noise and enhance chorioscleral junction visibility. The transverse scale of
each scan was corrected to account for magnification effects associated with axial length.
Two independent masked observers segmented the OCT images manually to determine ChT
at foveal center, and averaged across a series of perifoveal zones over the central 5 mm.
RESULTS. The average subfoveal ChT was 330 6 65 lm (range, 189–538 lm), and was
influenced significantly by age (P ¼ 0.04). The ChT of the 4- to 6-year-old age group (312 6
62 lm) was significantly thinner compared to the 7- to 9-year-olds (337 6 65 lm, P < 0.05)
and bordered on significance compared to the 10- to 12-year-olds (341 6 61 lm, P ¼ 0.08).
ChT also exhibited significant variation across the posterior pole, being thicker in more
central regions. The choroid was thinner nasally and inferiorly compared to temporally and
superiorly. Multiple regression analysis revealed age, axial length, and anterior chamber depth
were associated significantly with subfoveal ChT (P < 0.001).
CONCLUSIONS. ChT increases significantly from early childhood to adolescence. This appears to
be a normal feature of childhood eye growth.
Keywords: choroid, pediatric, optical coherence tomography, refractive error

he vascular choroid lines the posterior eye, and has a range
of important and diverse anatomic and physiologic roles,1
including supplying the outer retina with oxygen and
nutrients,2 ocular temperature regulation,3 the regulation of
IOP,4 and the absorption of light.5 There also is evidence,
primarily from research with animal models,6–8 that the choroid
has an important role in the modulation of refractive state and
may be involved in the development of refractive errors.
Improvements in noninvasive ocular imaging technology
mean that the in vivo human choroid now can be imaged and
measured reliably using Fourier domain OCT (FD-OCT).9,10 A
number of recent studies using commercially available and
custom developed FD-OCT devices have provided a range of
new insights into the structural characteristics of the normal in
vivo human choroid in adult populations.10–19 These studies
have estimated the average thickness of the choroid in the
subfoveal region of adults (over 18 years of age) with good
ocular health to be between 192 and 354 lm. Regional
differences in choroidal thickness across the posterior pole also
have been reported in normal adults, with the choroid typically
found to be thinner in regions nasal and inferior to the
fovea.11,12,15,17 Studies also have documented a significant
decrease in choroidal thickness of normal adult eyes with
age10,11,13 and with increased levels of myopia/longer axial
length.11,15,16,18 A variety of different ocular diseases, including
retinitis pigmentosa,20 central serous chorioretinopathy,21 agerelated macular degeneration,22 diabetic retinopathy,23 glaucoma,24 and a range of different inherited retinal diseases,25 also

have been found to be associated with changes in the thickness
of the choroid.
Although the understanding of the characteristics of the in
vivo choroid has increased substantially in recent years, to date
only a few studies have examined the thickness of the choroid
in children.26–28 Until recently, the main knowledge of
choroidal thickness in childhood was derived primarily from
histologic measures on postmortem eyes.29 Three recent
studies have used FD-OCT to examine the in vivo choroidal
thickness in relatively small populations of children.26–28 These
studies limited their assessment of choroidal thickness either to
subfoveal locations only,26 a series of discrete locations along a
horizontal scan line,28 or a horizontal and vertical scan line
centered on the fovea.27 An improved understanding of the
characteristics of the normal thickness of the choroid in
childhood should assist the diagnosis of choroidal abnormalities
associated with eye disease, as well as understanding the
changes that occur in the choroid associated with the normal
growth of the eye, and in the development of refractive error.
In our study we aimed to investigate the in vivo thickness of the
choroid in a normal pediatric population, using high resolution
FD-OCT, employing a scanning protocol that allows regional
changes in choroidal thickness to be evaluated, accounting for
transverse magnification effects associated with each subject’s
individual axial length. The latter correction was neglected in
the three studies cited above. Given that previous studies have
noted significant changes in choroidal thickness with refractive
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FIGURE 1. Overview of the OCT scanning protocol and image analysis performed on the OCT scans captured for each subject. OCT images from 4
radial scan lines centered on the fovea (a), each consisting of 30 individual B-scans (b) were captured. The individual B-scans from each scan line
then were registered and averaged to create averaged B-scan images (c). Manual segmentation then defined the outer border of the RPE (green line
in [d]) and inner border of the chorioscleral interface (blue line in [d]) in each image. The subfoveal choroidal thickness and average choroidal
thickness within regions A (foveal region), B (parafoveal region), and C (perifoveal region) across the central 5 mm of the scan then were
determined in each of the manually segmented averaged B-scans (d). Two experienced masked observers performed the manual segmentation.

error,30–33 in our study we have included only children with
low levels of refractive error.

METHODS
Subjects and Procedures
All children (n ¼ 735) attending a primary school in Brisbane,
Australia, were invited to participate in our study. A total of 226
children aged 4 to 12 years agreed to participate. Approval
from the Queensland University of Technology human research
ethics committee was obtained before the study, and written
informed consent was provided by all participating children
and their parents. Any children who were too young to give
written consent provided verbal assent to participate. All
participants were treated in accordance with the tenets of the
Declaration of Helsinki. All children underwent a series of
vision screening tests to ascertain their visual acuity, ocular
biometry, refraction, and ocular health status. These tests
included measures of unaided and best corrected monocular
visual acuity, noncycloplegic distance retinoscopy and subjective refraction, binocular vision measures, color vision
screening, slit-lamp biomicroscopy, and 3D retinal OCT
imaging. Ocular dimensions were measured using an optical
biometer (Lenstar LS 900; Haag Streit AG, Koeniz, Switzerland),
which is designed to measure with high precision, various
ocular dimensions, including central corneal thickness (CCT),
anterior chamber depth (ACD), lens thickness (LT), and axial
length (AxL, defined as the distance from the anterior cornea
to the retinal pigment epithelium).34
Of the 226 children participating, 196 met the inclusion
criteria of having a spherical equivalent refraction þ1.25 to
1.25 diopters sphere (DS); normal visual acuity in both eyes

Downloaded from iovs.arvojournals.org on 06/26/2019

of 0.1 logMAR or better; no evidence of amblyopia or
strabismus; no history of ocular disease, surgery, or injury;
and no history of systemic disease or systemic medications
with known ocular effects. Eligible children all had chorioretinal OCT images captured and analyzed to determine choroidal
thickness. Of the 196 subjects included, the chorioscleral
interface could not be detected reliably in the OCT scans of 2
subjects, whose data, thus, were not included in analyses.
The 194 children included in the final analysis of choroidal
thickness had a mean 6 SD age of 8.2 6 1.9 (range, 4–12
years) and 51% were female. Their mean spherical equivalent
refraction was þ0.05 6 0.21 (range, þ1.25 to 0.50 DS), and
the mean best corrected logMAR visual acuity was 0.04 6
0.06 (range, 0.1 to 0.18). The majority of participating
children were of Caucasian ethnic origin (n ¼ 176), with the
remaining children having East Asian (n ¼ 6), Middle Eastern (n
¼ 5), South American (n ¼ 3), Melanesian (n ¼ 2), or Indian (n ¼
2) ethnic origins.
Following the initial vision screening, each subject then
had images of their posterior eye collected using a spectral
domain OCT instrument (Copernicus SOCT-HR; Optopol
Technology SA, Zawiercie, Poland). This instrument makes
use of the principle of OCT, and includes a super-luminescent
diode light source with a peak wavelength of 850 nm
(bandwidth 100 nm). It offers an axial resolution of 3 lm in
retinal tissue, a transverse resolution of 12 to 18 lm, and a
scanning speed of 52,000 A-scans per second. Similar OCT
devices have been found to provide reliable measurements of
choroidal thickness.35 For each subject, chorioretinal OCT
scans were captured on one randomly selected eye only.
Figure 1 illustrates the scanning protocol used in the study
along with representative images from one subject. For these
images, the instrument’s ‘‘chorioretinal’’ imaging mode was
used (which focuses the instrument closer to the posterior
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eye than the standard ‘‘vitreoretinal’’ imaging mode to
enhance the signal from the choroid) in combination with
the ‘‘cross’’ scanning protocol, which captures multiple sets
of 2 perpendicular line scans centered on the fovea. For each
OCT measurement, a series of ‘‘cross’’ scans were collected
on each subject, including horizontal/vertical and 458/1358
‘‘cross’’ scans. This scanning protocol resulted in the
acquisition of 3 series of 4 radial line scans, each separated
by 458, and all centered on the fovea (Fig. 1a). Each of the line
scans consisted of 30 B-scans, and 999 A-scans per B-scan. The
2 series of 4 radial line scans that exhibited the best image
quality for each subject (as defined by the instruments’ quality
index [QI], the clearest chorioscleral interface, and evidence
of the most central fixation [deepest foveal pit]) were saved
for additional analysis. Only OCT scans with an average image
QI of >4/10 were included, as per the manufacturer’s
instructions (average 6 SD QI from all measurements was
6.7 6 1.1). Although detecting the chorioscleral boundary
can be difficult in individual B-scans with QI values <5, the
improvement in image quality achieved by averaging multiple
scans from the same individual (method described in detail
below) allowed the RPE and chorioscleral interface to be
detected reliably in all of the averaged images for our 194
subjects.

Data Analysis
Following the capture of the raw OCT images, custom written
software was used to register and align the multiple B-scans
along each scan line, to create averaged OCT images with
reduced speckle noise, and enhanced visibility of the
chorioscleral interface using a previously documented method.36 These averaged images then were analyzed by two
independent masked observers to manually segment the outer
border of the RPE and the inner border of the chorioscleral
interface across the 6 mm length of each scan to determine
choroidal thickness. Each observer manually selected a series
of points along the two boundaries, and a smooth function (a
series of spline fits) then was fit automatically to these points
to define the boundaries (initially the observers used 14 points
along each boundary, but additional points could be added by
the observers if the resulting line did not fit the boundary
adequately). Each observer also manually selected the point in
the image representing the center of the fovea (i.e., the deepest
point of the central foveal pit). The results from the 2
observers then were averaged. The transverse scale of the
scans also was adjusted based upon each subject’s axial length
measurements to account for magnification factors associated
with different eye sizes, using an approach similar to that of
Wagner-Schuman et al.37 Our method has been outlined in
detail previously.38
Based upon this analysis, the average subfoveal thickness
was calculated in each image as the distance from the outer
boundary of the RPE to the inner boundary of the
chorioscleral interface at the center of the fovea. The average
choroidal thickness within a series of different zones in the
central 5 mm surrounding the fovea in each scan also was
calculated. Figure 1d provides examples of segmented OCT
images and an illustration of the different zones over which
the choroidal thickness was averaged for each subject. The
average thickness from foveal center to 0.5 mm away from the
fovea was calculated (on either side of foveal center in each
averaged scan) and was referred to as the ‘‘foveal’’ zone
thickness. The average thickness from 0.5 mm away from
foveal center to 1.5 mm from foveal center was calculated and
referred to as the parafoveal zone thickness. The average
thickness from 1.5 mm from the foveal center out to 2.5 mm
on either side of the fovea was referred to as the perifoveal
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zone choroidal thickness. Analysis of the images from the 4
radial scan lines for each subject, therefore, defined the
choroidal thickness across the foveal, parafoveal, and
perifoveal region in each of 8 different locations: temporal,
superior-temporal, superior, superior-nasal, nasal, inferiornasal, inferior, and inferior-temporal.
The choroidal thickness results from the two independent
masked observers generally correlated closely and exhibited
good agreement. For the subfoveal choroidal thickness, the
interobserver correlation (R2) was 0.99, with a mean interobserver difference of 1 6 6 lm (95% limits of agreement, þ10
to 12 lm). For all of the average thickness measures across
each of the considered regions outside of the foveal center, the
interobserver correlation was 0.96 with a mean difference of
þ0.2 6 15 lm (95% limits of agreement, þ29 to 28 lm).
A two-way ANOVA was performed to examine the influence
of age and sex on subfoveal choroidal thickness (and ocular
biometry) in the population. For this analysis, the subjects
were divided into 3 groups based upon their age: 4- to 6-yearolds (n ¼ 57), 7- to 9-year-olds (n ¼ 99), and 10- to 12-year-olds
(n ¼ 38). Post hoc Tukey tests were used to explore between
group differences. To examine the variation in choroidal
thickness across the posterior pole, a repeated measures
ANOVA was performed with two within-subjects factors
(including choroidal location [temporal, superior-temporal,
superior, superior-nasal, nasal, inferior-nasal, inferior, or
inferior-temporal], and choroidal zone/region [foveal, parafoveal, and perifoveal]) and two between-subjects factors (age
group and sex). Finally, stepwise multiple regression analysis
was used to examine the influence of demographic (age and
sex) and biometric (axial length, central corneal thickness,
anterior chamber depth, and lens thickness) factors on
subfoveal choroidal thickness. Only predictor variables contributing significantly to the regression model (P < 0.05) were
included in the final model.

RESULTS
Subfoveal Choroidal Thickness
The mean subfoveal choroidal thickness for the entire
population of 194 children was 330 6 65 lm, ranging from
189 to 538 lm. ANOVA revealed a significant influence of age
upon the subfoveal choroidal thickness (P ¼ 0.04), with the
subfoveal choroid of the 4- to 6-year-old age group (mean 6 SD
thickness, 312 6 62 lm) being thinner on average than the
subfoveal choroidal thickness in the 7- to 9-year-old (337 6 65
lm) and 10- to 12-year-old (341 6 61 lm) age groups (Fig. 2a).
The subfoveal choroidal thickness of the 4- to 6-year-olds was
significantly thinner than the 7- to 9-year-olds on post hoc
Tukey testing (P < 0.05), and bordered on significance when
compared to the 10- to 12-year-olds (P ¼ 0.08). The pattern of
change in choroidal thickness appears to be defined by a
relatively rapid increase in thickness in early childhood,
followed by an apparent plateau in thickness change in older
childhood (Fig. 2a). A similar pattern of thickness change with
age also was observed when the data were stratified into 4 age
groupings instead of 3 age groupings (data not shown).
Univariate linear regression analysis revealed a highly significant positive association between subfoveal choroidal thickness and age (slope ¼ 8.6, r ¼ 0.26, P < 0.001, Fig. 2b). The
average subfoveal choroidal thickness in the male subjects was
321 6 64 lm and in the female subjects it was 339 6 64 lm;
however, this difference in subfoveal choroidal thickness with
sex did not reach statistical significance (P ¼ 0.2). There was
no significant sex by age interaction (P ¼ 0.4).
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FIGURE 2. The influence of age upon subfoveal choroidal thickness. The average subfoveal choroidal thickness in the 4- to 6-year-old (n ¼ 57), 7- to
9-year-old (n ¼ 99), and 10- to 12-year-old (n ¼ 38) age groups (a), and a scatter plot of subfoveal choroidal thickness with age (b). Error bars in (a)
represent 61 SEM.

Topographical Choroidal Thickness

prominent choroidal thinning in more peripheral regions
observed in the nasal, superior-nasal, and inferior-nasal
locations, compared to the other locations. Similar to the
subfoveal data, the topographic choroidal thickness data also
showed a significant influence of age (P ¼ 0.03), with the
younger age group (4–6-year-olds) exhibiting thinner choroids
on average than the older age groups (Figs. 3b–d). There were
no significant age by location or age by region interactions,
suggesting a similar pattern of change with age in the different
regions and locations. There was no significant influence of sex
on the topographic choroidal thickness data (P > 0.05).

Table 1 and Figure 3 illustrate the topographic changes in
choroidal thickness across the central 5 mm region surrounding the fovea. Repeated measures ANOVA revealed choroidal
thickness to vary significantly with retinal region (P < 0.001).
On average, the choroid was thickest in more central regions
closer to the foveal center. The mean foveal region choroidal
thickness (329 6 64 lm) was significantly thicker than the
mean parafoveal choroidal thickness (318 6 60 lm), which
was significantly thicker than the mean perifoveal choroidal
thickness (296 6 51 lm, P < 0.001 for all comparisons). For
the average of all subjects, the thickest choroid (337 6 65 lm)
was located along the oblique scan line in a superior-temporal
location, 0.9 mm from the foveal center. For the 4- to 6-year-old
age group, the thickest choroid (322 6 60 lm) was located
along the vertical scan line in a superior location, 1.5 mm from
the foveal center. For the 7- to 9-year-olds the average thickest
choroid (344 6 63 lm) was located along the oblique scan line
in a superior-temporal location 0.8 mm from the foveal center.
The thickest choroid of the 10- to 12-year-olds (350 6 58 lm)
was located along the horizontal scan line in a temporal
location 0.9 mm from the foveal center.
Significant variation in choroidal thickness also was noted
with retinal location (P < 0.001), with the choroid being
significantly thinner in nasal locations compared to temporal
locations, and significantly thinner in inferior locations
compared to superior locations (P < 0.05, all comparisons,
Fig. 3a). A significant region by location interaction also was
found (P < 0.001), which appears to be due to a more

Ocular Biometry and Factors Associated With
Choroidal Thickness
Table 2 illustrates the mean ocular biometric measurements for
the 3 different age groups examined. Two-way ANOVA revealed
a significant influence of age for all of the biometric variables
examined (all P < 0.05). Significantly longer axial lengths,
deeper anterior chambers, and thinner crystalline lenses were
observed in the older age groups compared to the younger age
groups (P <0.05 for all post hoc comparisons). The 10- to 12year-old children had significantly thicker corneas compared to
the 7- to 9-year-old children (mean difference 0.015 mm, P ¼
0.033). Significant sex effects (P < 0.05) also were observed for
a number of the biometric variables, with male subjects
exhibiting significantly longer AxLs (mean AxL of 23.00 6 0.75
mm in males and 22.55 6 0.61 mm in females, P < 0.001),
deeper anterior chambers (mean ACD of 3.03 6 0.23 mm in
males and 2.94 6 0.23 mm in females, P ¼ 0.003), and thicker

TABLE 1. Mean Choroidal Thickness for All Participating Children Averaged Across Each of the Choroidal Regions Within the Eight Different
Locations Measured
Mean 6 SD Choroidal Thickness, lm, n ¼ 194
Foveal
Temporal
Superior-temporal
Superior
Superior-nasal
Nasal
Inferior-nasal
Inferior
Inferior-temporal
Mean of all locations

333
334
332
329
323
325
328
329
329
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6
6
6
6
6
6
6
6
6

64
64
64
65
65
65
65
65
64

Parafoveal
331
336
335
313
285
303
321
323
318

6
6
6
6
6
6
6
6
6

63
60
61
65
63
64
63
64
60

Perifoveal
318
328
331
279
215
268
312
315
296

6
6
6
6
6
6
6
6
6

61
55
59
61
56
59
59
63
51

Mean of All Regions
327
333
333
307
274
299
320
322

6
6
6
6
6
6
6
6

63
60
61
67
76
67
62
64
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FIGURE 3. Topographic choroidal thickness maps, based upon the choroidal thickness data derived from the 4 radial line scans centered on the
fovea, illustrating the average choroidal thickness across the central 5 mm region surrounding the fovea. The average choroidal thickness data for all
subjects (a), and for the 4- to 6-year-old (b), 7- to 9-year-old (c), and 10- to 12-year-old (d) age groups is shown. The values on each of the maps
indicate the mean choroidal thickness for each of the 8 measured locations, with the standard deviation in parentheses (note the value in the central
foveal zone represents the average of all 8 locations). The small white circle on each map marks the average location of the thickest choroid in each
of the maps.

corneas (mean CCT of 0.556 6 0.033 mm males and 0.543 6
0.033 mm in females, P ¼ 0.002).
Stepwise multiple regression analysis to examine biometric
(CCT, ACD, LT, and AxL) and demographic factors (age and sex)
associated with subfoveal choroidal thickness revealed that
age, AxL, and ACD all were associated significantly with
choroidal thickness (Table 3). The final regression model,
including these predictors, was highly statistically significant (P
< 0.001), with a correlation coefficient (R) of 0.364. Age
exhibited a positive association with subfoveal choroidal
thickness (B ¼ 9.3, P < 0.001) and appeared to be the
strongest predictor in the model (inclusion of age increased the
R2 of the model by 0.06, P ¼ 0.003). AxL exhibited a negative
association with choroidal thickness (B ¼ 26.1, P ¼ 0.001),
and its inclusion in the model increased the R2 by 0.04 (P ¼
0.015). ACD was associated positively with choroidal thickness
(B ¼ 59.7, P ¼ 0.02), and the inclusion of ACD increased the R2
of the model by 0.04 (P ¼ 0.016). None of the other considered

predictor variables contributed significantly to the variation
observed in subfoveal choroidal thickness.

DISCUSSION
Only a limited number of studies have examined choroidal
thickness in childhood, and to our knowledge, these choroidal
thickness measures with OCT in our study represent the
largest population of pediatric subjects to have in vivo
choroidal thickness measurements assessed to date. In our
population of 194 children aged 4 to 12 years, we found a
mean subfoveal choroidal thickness of 330 lm and, consistent
with previous studies in adults,12,17 subfoveal choroidal
thickness exhibited substantial variation between individuals.
The three previous studies examining in vivo choroidal
thickness with OCT in children have reported mean subfoveal
choroidal thickness values of 337 lm (from 23 Japanese

TABLE 2. Summary of the Mean Ocular Biometric Variables for the Population, Including CCT, ACD, LT, and AxL
Mean Biometric Parameter, mm
4–6 y
CCT, n ¼ 194
ACD, n ¼ 193
LT, n ¼ 149
AxL, n ¼ 194

0.548
2.89
3.66
22.40

6
6
6
6

0.027
0.25
0.19
0.68

7–9 y
0.546
3.01
3.52
22.84

6
6
6
6

0.032
0.20
0.16
0.61

10–12 y
0.561
3.05
3.49
23.13

6
6
6
6

0.04
0.25
0.13
0.78

Mean of All Subjects
0.550
2.99
3.56
22.77

6
6
6
6

0.033
0.23
0.18
0.72

Note the ACD values are from 193 subjects and LT are from 149 subjects, as a reliable signal from the anterior lens was not visible in the biometry
A-scan data for 1 subject and from the posterior lens for 45 subjects.
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TABLE 3. Results From the Stepwise Multiple Regression Analysis
Examining Biometric and Demographic Factors Associated With
Subfoveal Choroidal Thickness

Predictor
Variables
Age
AxL
ACD

Unstandardized
Coefficients

Standardized
Coefficients

B (SE)

b

Significance
(P)

9.3 (2.7)
26.1 (8.0)
59.7 (24.5)

0.29
0.30
0.22

<0.001
0.001
0.02

R2 of the regression model was 0.132 (P < 0.001).

children aged under 20 years),26 343 lm (from 30 Korean
children aged 4–10 years),27 and 313 lm (from 43 children
aged 3–18 years),28 which are in relatively close agreement
with the values found in our current study. The use of a larger
sample size of children with minimal refractive error, coupled
with the scanning and analysis protocol used (including the
correction of transverse magnification), allows our current
study to provide a more detailed examination of the changes in
choroidal thickness with age and the topographic changes in
thickness across the central posterior pole in childhood than
has been performed previously.
Fujiwara et al.26 and Ruiz-Moreno et al.28 both reported that
children less than 10 years of age exhibited a thicker choroid
compared to their other participants examined (children older
than 10 years of age and adults); however, neither of these
studies further stratified their pediatric subjects to examine
age-related changes in choroidal thickness in early childhood.
The use of a larger population of children in our current study
has allowed us to examine the changes in choroidal thickness
with age in younger children in more detail. This analysis
showed that in early childhood (4–6 years) the choroid is
significantly thinner than in the older age groups of children
examined. The changes in choroidal thickness observed
throughout childhood, as seen in Figure 2, appear to be
characterized by a relatively rapid increase in early childhood,
followed by a plateau in thickness change in the older age
groups examined. Given that our pediatric population did not
include children with significant refractive errors, this increase
in choroidal thickness observed from early childhood to
adolescence appears to be a characteristic associated with
the eye’s natural growth in childhood. A similar pattern of
growth (i.e., rapid growth in early childhood, followed by a
plateau in growth in adolescence) also has been described in
emmetropic children for other ocular structures, including the
anterior chamber and vitreous chamber.39 Although to our
knowledge this is the first study to report an increase in in vivo
choroidal thickness from early childhood into adolescence in
human eyes, two previous studies examining choroidal
thickness changes in developing primates also have reported
an increase in choroidal thickness associated with normal
postnatal eye growth in macaques7 and marmosets.8
The exact mechanism underlying the changes observed in
choroidal thickness in early childhood is not clear; however,
the changes cannot be accounted for by a passive stretch
mechanism with eye growth, as this would predict a thinning
of the choroid rather than the observed thickening. Therefore,
the thickening of the choroid may reflect normal growth in the
vascular and connective tissue structure of the choroid, or
alternatively could represent changes in blood flow with age.
While changes in ocular blood flow have been documented in
adults with age,40,41 to date ocular blood flow changes have
not been examined in early childhood to our knowledge. Troilo
et al. hypothesized that the thickening of the choroid observed
in the normal development of the primate eye may function to
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slow the growth of the eye during development, either by
providing a barrier to diffusion of growth factors, or as a
mechanical buffer to limit the eye’s axial elongation.8 It is
conceivable that the thickening of the choroid observed in our
population of children could have a similar function to slow
eye growth, given that the age at which the increases in
choroidal thickness were observed appears to precede the age
at which axial eye growth has been reported to slow in
Caucasian emmetropic children.39
One of the choroid’s primary physiologic roles is to provide
the outer retina with oxygen and nutrients.2 Therefore, the
changes in choroidal thickness that we have found with age in
our population potentially could relate to changes in the
structure and associated physiologic demands of the outer
retina occurring with age. There is evidence from in vivo42,43
and histologic44 studies that the central retina undergoes
substantial changes postnatally and into childhood. Increases
in the thickness of the central retina,42,43 changes in foveal
morphology,42,43 and changes in photoreceptor characteristics
(e.g., photoreceptor width, length, and packing density)44 all
have been documented to occur in normal growth from birth
to childhood, with some studies suggesting that aspects of
retinal morphology don’t reach adult levels until the early
teenage years.44 The increased metabolic demand of a more
densely packed foveal cone photoreceptor mosaic with age
may be one factor related to the increased choroidal thickness
we have observed from early childhood to adolescence.
A large number of recent studies have examined in vivo
choroidal thickness in adults, and these studies have provided
estimates of average subfoveal choroidal thickness ranging
from 192 to 354 lm in a diversity of populations. There is clear
evidence from a number of these cross-sectional studies that
adult choroidal thickness undergoes significant decreases with
aging and estimates of a mean decrease in choroidal thickness
of 15 to 20 lm per 10 years of age10,12,26 have been made. A
recent study examining choroidal thickness in Danish young
adults aged in their 20s reported an average subfoveal
choroidal thickness of 344 lm.16 Our finding of a mean
choroidal thickness in our older children (aged 10–12 years) of
341 lm, suggests that by the age of 12 years, the choroidal
thickness approaches adult values. Therefore, it appears that
choroidal thickness increases from early childhood to adolescence, reaches a peak between 10 and 20 years of age, and
then exhibits a gradual decrease into older adulthood.
Previous studies of choroidal thickness in children have
reported only subfoveal thickness measures,26 or have
determined choroidal thickness at discrete points along a
horizontal,28 or a horizontal and vertical scan line through the
fovea.27 The scanning protocol used in our current study
allows a more comprehensive examination of the spatial
distribution of choroidal thickness across the posterior pole.
On average, the thickest choroid was located slightly superiorly
in the majority of subjects, but generally in relatively close
proximity to the foveal center, and there was a tendency for
the choroid to thin in more peripheral locations. The rate of
thinning from center to more peripheral locations also
exhibited significant inferior-superior and nasal-temporal asymmetries. A range of factors, such as the topographic characteristics of the retina, the influence of other ocular anatomic
structures, and the eye’s optical properties, all potentially
could contribute to the regional changes in choroidal thickness
observed across the central 5 mm of the posterior pole.
The increased metabolic demand of the outer retina
associated with the high density of cone photoreceptors at
the foveal center, and the peak in rod photoreceptor density
typically that has been found to occur within the central 3 to 5
mm in the superior retina,45,46 may contribute to the increased
choroidal thickness found in central and superior regions.
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Previous studies12,17 in adults and children27 also have noted
the choroid to be slightly thicker in more superior locations.
Anatomic restrictions related to the position of the posterior
scleral foramen, and the entrance of the ciliary arteries and
nerves into the posterior globe also are likely to contribute to
aspects of observed regional changes in choroidal thickness,
such as the prominent thinning of the choroid in nasal regions,
which also has been a consistent finding in previous studies of
adults10–15,17,18 and children.27,28 We also found evidence of a
thinner choroid in inferior and inferior-nasal locations in our
pediatric population. Previous studies that have mapped the
distribution of choroidal thickness in adult subjects also have
reported choroidal thinning in inferior-nasal locations.12,14,15,17
It has been hypothesized that the inferior-nasal thinning of the
choroid may be related to the embryologic closure of the
inferior fetal fissure in this general location.12,17 The fact that a
thinner choroid in inferior-nasal locations also was observed in
our population of children tends to support this theory. The
optics of the eye also could influence the choroidal thickness
characteristics, given the findings from animal research6–8 and
recently from humans47,48 that optical defocus can induce
changes in the thickness of the choroid. If optical defocus
contributes to the topographic features of choroidal thickness,
then it is more likely to be associated with asymmetric blur
associated with higher order aberrations (such as vertical and
horizontal coma) than more symmetrical blur associated with
defocus and astigmatism, due to the asymmetric nature of the
choroidal thickness changes from center to periphery. As only
subjective refractions were measured in our study, further
research involving measures of wavefront aberrations and
choroidal thickness is required to address this issue.
Multiple regression analysis revealed that the two main
predictors of subfoveal choroidal thickness in this population
were age and axial length, with the significant positive
association between age and choroidal thickness appearing
to be the most important predictor. Axial length exhibited a
negative correlation with choroidal thickness. Given that axial
length also was found to be related strongly to age, a strong
negative association between axial length and choroidal
thickness would be expected to result in a decrease in
choroidal thickness with age rather than the observed increase.
However, the relationship between axial length and choroidal
thickness in this population was weak, and was statistically
significant only in the multiple regression analysis when age
also was included in the model. Therefore, axial length and
choroidal thickness exhibited a significant increase with age,
but there was a tendency within each of the different age
groups tested for longer eyes to exhibit thinner choroids. It
should be noted that, although age and axial length were
associated significantly with subfoveal choroidal thickness, the
variation in demographic and biometric parameters examined
in our study only account for a relatively small percentage
(13%) of the variance in choroidal thickness in this population.
Future studies examining a wider range of ocular and
demographic parameters may help to understand better the
factors influencing choroidal thickness in childhood.
A limitation of our current study is the cross-sectional
design, which makes it difficult to attribute causation or to
understand the time course of any changes. Longitudinal
studies will help to clarify the time course of changes in
choroidal thickness throughout childhood. None of our
subjects exhibited significant refractive errors, thereby minimizing the potential confounding influence of refractive error
on choroidal thickness. Previous findings in animal models
indicate that significant choroidal thinning occurs during
myopia development6–8 and a marked thinning of the choroid
also has been found in adult human subjects with high
myopia,30–33 which suggests a potentially important role for
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the choroid in the development of refractive errors. Therefore,
longitudinal studies of choroidal thickness in childhood,
including myopic participants, will be important for improved
understanding of the influence of refractive error upon
choroidal thickness, and the temporal relationship between
choroidal thickness changes, and the development and
progression of childhood myopia. Such future studies should
take account of the normal changes in choroidal thickness that
we have found with age in our study.
In conclusion, we have examined the choroidal thickness of
a relatively large population of children, without substantial
refractive errors. We found a significant increase in choroidal
thickness from early childhood into adolescence, which
appears to be a normal feature of ocular growth. Future
longitudinal studies will assist in clarifying the time course of
change in choroidal thickness with age and the potential
influence of refractive error development in childhood upon
these changes.
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