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PURPOSE. To explore the associations between macular choroidal and retinal thickness
and axial elongation in non-myopic and myopic junior students.

METHODS. In this school-based longitudinal observational study, axial length was
measured by optical low-coherence reflectometry, and choroidal thickness and retinal
thickness were measured by spectral-domain optical coherence tomography. Myopia was
defined as non-cycloplegic objective spherical equivalent refraction ≤ −0.50 diopters.
Structural equation modeling and multiple linear regression models were used to analyze
the associations between baseline choroidal and retinal thickness with axial elongation.

RESULTS. Out of 1307 students examined at baseline in 2017, 1197 (91.58%) returned for
follow-up examination in 2018, with a median age of 12.00 years (interquartile range
[IQR], 1.00) and included 667 boys (55.72%). Within a 1-year period, the median axial
elongation of right eyes was 230 μm (IQR, 180) in boys and 200 μm (IQR, 160) in girls
(P = 0.032). The thinner temporal choroidal thickness was associated with greater 1-year
axial elongation only in myopic students (β, −0.20; 95% confidence interval [CI], −0.37,
−0.03), the thinner temporal retinal thickness was associated with greater 1-year axial
elongation in both non-myopic (β, −2.67; 95% CI, −4.52, −0.82) and myopic (β, −0.99;
95% CI, −1.68, −0.30) students, after adjustment for sex, age, and height. Subfoveal
and nasal choroidal and retinal thickness were not significantly associated with axial
elongation in either non-myopic or myopic students.

CONCLUSIONS. A thinner temporal choroid at age 12 years may predict greater 1-year axial
elongation in myopic students, and a thinner temporal retina may predict greater 1-year
axial elongation in both non-myopic and myopic students. This finding may help to
identify children at risk and control axial elongation with potential preventive strategies.
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The prevalence of myopia has been observed to increase
markedly in recent decades, especially in China, and

approximately half of the world population could be affected
by the year 2050.1 Myopia may become one of the leading
causes of irreversible vision impairment worldwide,2 due to
myopia-related complications including myopic maculopa-
thy and optic nerve damage.3 The mechanical stretching
caused by axial elongation of the eye globe may play a major
role in these ocular complications.4 Thus, knowledge about
the physiologic mechanisms of axial elongation would allow
better control of the development and progression of ocular
complications related to myopia.

Macular choroidal thickness is correlated negatively with
axial length, decreasing with increasing levels of myopia and
decreasing with age in adults.5 During active accommoda-
tion, the choroid thins and axial length increases propor-

tional to the accommodative effort.6 Young adults with
thicker choroids and who exhibit longitudinal choroidal
thickening show slower axial eye growth.7 In cross-sectional
studies on children, thinner macular choroidal thickness was
found to be associated with longer axial length and higher
levels of myopia, as in adults.8,9 Longitudinal studies carried
out on children have reported that the choroid increased
in thickness during follow-up. This increase was smaller in
eyes that added greater axial length and had relatively nega-
tive refractive development; in some cases, choroid thick-
ness decreased.10,11 In a 1-year longitudinal study, choroidal
thinning was found to occur early in myopic progression.12

These findings support a potential role for the choroid in
the mechanisms regulating eye growth in childhood, and
a thinner choroid may predict the onset or progression of
myopia.11
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In addition to choroidal thickness, retinal thickness
may also correlate with refractive error and axial length.
Subfoveal retinal thickness was found to increase with
increasing axial length and myopia degree, whereas
parafoveal retinal thickness decreased with increasing axial
length.13,14 Some other studies found no association between
macular retinal thickness and axial length.15,16 Few studies
have described the association of both retinal and choroidal
thickness with axial length in the same cohort. One cross-
sectional study found that choroidal thickness but not retinal
thickness correlated closely with axial length and refractive
diopters in Chinese children.9 A longitudinal study indicated
that choroidal thickness decreased in all subfields during
myopic shift, whereas the thickness of the retinal layers
increased or was unchanged in most subfields.12 Also, the
sample sizes of previous longitudinal studies on choroidal
and retinal thickness and axial length were relatively small.
It has been suggested that the choroid and retina might thin
during development of myopia and axial elongation, and
an association between longer eye at baseline and greater
subsequent axial eye elongation has been found.17 Whether
macular choroid and retina thinning precedes axial elon-
gation in non-myopic children and myopic children is still
unclear. The purpose of this longitudinal study with a larger
sample was to evaluate the association between baseline
macular choroidal and retinal thickness and the rapidity of
axial elongation in non-myopic and myopic junior students.

METHODS

Study Population

A multistage cluster randomized sampling was used. Six
districts were randomly selected from the original 16
districts in Beijing, then nine junior high schools were
randomly selected, and grade 7 students from these schools
were selected in 2017. All students provided verbal consent,
and their parents provided informed consent before the
ophthalmic examination. Approval for this study was
obtained from the human research ethics committee of Capi-
tal Medical University and Beijing Tongren Hospital. Mean-
while, all procedures used in this study adhered to the tenets
of the Declaration of Helsinki.

Data Collection

The participants underwent an ophthalmic examination at
both the baseline survey and follow-up after 1 year. The
ophthalmic examination included the measurement of biom-
etry using optical low-coherence reflectometry (Lenstar 900
Optical Biometer; Haag-Streit, Koeniz, Switzerland); three
measurements were automatically performed and then aver-
aged. Axial elongation was calculated as the axial length at
follow-up minus the axial length at baseline. Refractometry
was performed by autorefractometry (KR-8900 autorefrac-
tor; Topcon, Tokyo, Japan) in a non-cycloplegic state; three
measurements were automatically obtained and then aver-
aged. Spherical equivalent (SE) was calculated as the spher-
ical value plus half of the cylindrical value, and myopia was
defined as SE ≤ −0.50 diopter (D).17

Optical coherence tomography (OCT) images of the
choroid and retina were obtained from the right eyes of
students through the use of spectral-domain OCT (Spec-
tralis; Heidelberg Engineering, Heidelberg, Germany). An
enhanced depth imaging system utilizing 9-mm line scans

and an eye-tracking system was used to obtain horizon-
tal sections through the fovea. The wavelength of the OCT
instrument was 870 nm, with an axial resolution of 5 μm and
a scanning speed of 40,000 A-scans per second. Each radial
OCT image was the average of 30 B-scans. The ophthalmic
examination was carried out by trained ophthalmologists
and optometrists.

The OCT images at baseline were analyzed by a trained
ophthalmologist (Y.G.) using Eye Explorer 5.3.3.0 (Heidel-
berg Engineering) in a masked manner. Choroidal thick-
ness was measured manually from the outer portion of the
hyperreflective line corresponding to the retinal pigment
epithelium (RPE) to the inner surface of the sclera, and
retinal thickness was measured from the internal limit-
ing membrane to the interface between the photorecep-
tor outer segments and RPE. Eye Explorer software was
used to segment layers, and if automatic segmentation errors
occurred then manual segmentation by the trained ophthal-
mologist was performed. The thicknesses of the choroid and
retina in the subfoveal region and at a distance of 3000 μm
nasally and temporally to the foveola determined by the
software were measured (Fig. 1). To determine intramea-
surement variability, one ophthalmologist (Y.G.) randomly
selected the images of 100 eyes of 100 participants and
measured them twice in a masked manner with an interval of
2 weeks. The intrameasurement variability that resulted from
variation in the measurements obtained by this measurer
was greater than 0.93 (intragroup correlation coefficient
[ICC]) for the measurements of choroidal and retinal thick-
ness.

Height (cm) was measured by an ultrasonic
height/weight survey meter (NHN-318; Omron, Kyoto,
Japan). Age was the span between the survey date and the
birth date of students.

Statistical Methods

Only the data of right eyes were included in the analysis
because of the high correlation of refractive error between
the two eyes (correlation coefficient r = 0.80). Kolmogorov–
Smirnoff tests were used to examine the normal distribution
of continuous variables. Continuous variables for normal
distributions were expressed as mean ± SD; otherwise, they
were expressed as median (interquartile range [IQR]). Cate-
gorical variables were expressed as number (percentage).
Also, t-tests were used to compare continuous variables of
normal distributions between two groups, Wilcoxon’s rank-
sum tests were used to compare continuous variables non-
normally distributed between two groups, and the χ2 test
was used to compare categorical variables. Analysis of vari-
ance (ANOVA) was used to evaluate intergroup differences
in 1-year axial elongation.

Structural equation modeling was applied to measure
latent choroidal and retinal thickness as the choroidal and
retinal thicknesses at subfovea, at 3000 μm nasal to fovea,
and at 3000 μm temporal to fovea. The structural equa-
tion modeling was performed using the SAS CALIS proce-
dure (SAS Institute, Cary, NC, USA) based on the variance–
covariance matrix and the maximum likelihood method,
which encompassed the measurement model and regres-
sion analysis. The structural equation modeling used in
this study, presented in Supplementary Figure S1, followed
the standard conventions in which latent variables are
portrayed as ovals and manifest variables are portrayed
as rectangles. Associations of latent choroidal and retinal
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FIGURE 1. Enhanced depth imaging OCT was used to measure the thicknesses of the choroid and retina in the subfoveal region and at
a distance of 3000 μm nasally and temporally to the foveola on horizontal scans of right eyes were measured. Choroidal thickness (line)
was defined as the vertical distance from the RPE to the inner surface of the sclera; retinal thickness was defined as the distance from the
internal limiting membrane to the interface between photoreceptor outer segments and the RPE.

thickness with 1-year axial elongation were assessed using
two structural equation models; model 1 was unadjusted,
and model 2 was adjusted for sex, age, and height. The
associations among choroidal and retinal thicknesses at
subfovea, at 3000 μm nasal to fovea, and at 3000 μm tempo-
ral to fovea at baseline with 1-year axial elongation were
assessed using two linear regression models, where model
1 was unadjusted, and model 2 was adjusted for sex, age,
and height. In the sensitivity analysis, the choroidal and
retinal thicknesses at subfovea, at 3000 μm nasal to fovea,
and at 3000 μm temporal to fovea at baseline were sepa-
rately divided into four categories according to quartiles
(Q1, Q2, Q3, Q4). The differences in 1-year axial elongation
among the quartiles of choroidal and retinal thickness were
assessed using two models, where model 1 was an unad-
justed ANOVA, and model 2 was adjusted for sex, age, and
height in multiple regression analyses. The thickest quartile
was used as reference in these two models. The association
analyses are presented based on the presence of myopia at
baseline.

Statistical analysis was performed using SAS 9.4 (SAS
Institute). P < 0.05 was considered statistically significant,
and all P values were two sided.

RESULTS

In 2018, 1197 individuals (91.59% of the 1307 students exam-
ined for axial length at baseline) returned for the follow-up
examination. There were no differences in sex, age, height,
or baseline axial length between the students who attended
both examinations and those participated only in the base-
line examination. Of the 1197 participants, 667 were boys
(55.72%) are and 530 were girls (44.28%), with a median
age of 12.00 years (IQR, 1.00). The median 1-year increase
in axial length that occurred from 12 years of age to 13
years was 220 μm (IQR, 180). The median SE at baseline
was −2.07 D (IQR, 3.13); 984 students were myopic (SE ≤
−0.50 D). There were significant differences between boys
and girls in axial length at baseline (median, 24.66 vs. 24.18
mm; P < 0.001), axial elongation (median, 230 vs. 200 μm;
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TABLE 1. Characteristics of the Grade 7 Students According to Sex in Beijing, China

Median (IQR)

Parameters Total (n = 1197) Boys (n = 667) Girls (n = 530) P

Age (y) 12.00 (1.00) 12.00 (1.00) 12.00 (1.00) 0.038
Height (cm) 160.10 (10.25) 163.00 (11.50) 158.50 (7.20) <0.001
Spherical equivalent (D) −2.07 (3.13) −2.00 (3.00) −2.19 (3.12) 0.171
Axial length at baseline (mm) 24.43 (1.59) 24.66 (1.55) 24.18 (1.57) <0.001
Axial elongation (μm) 220 (180) 230 (180) 200 (160) 0.032
Subfoveal choroidal thickness (μm) 262 (97) 263 (93) 262 (102) 0.946
Nasal choroidal thickness (μm) 155 (66) 151 (59) 159 (76) 0.045
Temporal choroidal thickness (μm) 276 (80) 279 (79) 270 (82) 0.093
Subfoveal retinal thickness (μm) 215 (20) 217 (22) 213 (20) 0.002
Nasal retinal thickness (μm) 296 (25) 298 (25) 294 (24) <0.001
Temporal retinal thickness (μm) 260 (18) 262 (17) 257 (16) <0.001

Wilcoxon rank-sum tests were performed.
Bold indicates statistical significance.

TABLE 2. Association of Choroidal and Retinal Thickness With One-Year Axial Elongation (μm)

Model 1 Model 2

Parameters β (95% CI) P β (95% CI) P

Non-myopic students
Choroidal thickness −0.10 (−0.32, 0.13) 0.393 −0.09 (−0.32, 0.14) 0.452
Retinal thickness −0.17 (−0.35, 0.02) 0.077 −0.19 (−0.38, −0.003) 0.046

Myopic students
Choroidal thickness −0.10 (−0.18, −0.02) 0.017 −0.09 (−0.17, −0.01) 0.022
Retinal thickness −0.08 (−0.18, 0.01) 0.092 −0.09 (−0.19, 0.001) 0.052

Latent choroidal thickness and retinal thickness were measured as choroidal and retinal thickness at subfovea, at 3000 μm nasal to fovea,
and at 3000 μm temporal to fovea. Structural equation modeling:

model 1, unadjusted structural equation model;
model 2, structural equation model adjusting for sex, age, and height.
Bold indicates statistical significance.

P = 0.032), nasal choroidal thickness (median, 151 vs. 159
μm; P = 0.045), subfoveal retinal thickness (median, 217 vs.
213 μm; P = 0.002), nasal retinal thickness (median, 298 vs.
294 μm; P < 0.001), and temporal retinal thickness (median,
262 vs. 257 μm; P < 0.001) (Table 1).

The median choroidal thickness was greatest at the
temporal region (subfoveal, 262 μm; nasal, 155 μm; tempo-
ral, 276 μm), and the median retinal thickness was greatest at
the nasal region (subfoveal, 215 μm; nasal, 296 μm; tempo-
ral, 260 μm). Compared with non-myopic students, myopic
students had greater median axial elongation (105 vs. 240
mm; P < 0.001) but thinner median subfoveal choroidal
thickness (320 vs. 258 μm; P < 0.001), nasal choroidal thick-
ness (186 vs. 151 μm; P < 0.001), temporal choroidal thick-
ness (310 vs. 272 μm; P < 0.001), nasal retinal thickness (301
vs. 295 μm; P < 0.001), and temporal retinal thickness (264
vs. 259 μm; P < 0.001).

One-Year Axial Elongation in Non-Myopic
Students at Baseline

In the non-myopic students, the latent choroidal thickness
at baseline measured by subfoveal, nasal, and temporal
choroidal thickness was not associated significantly with
axial elongation, as determine by the structural equation
modeling (P > 0.05) (Table 2, Supplementary Fig. S1). Also,

the subfoveal, nasal, and temporal choroidal thickness was
not associated significantly with axial elongation, as deter-
mined by the linear regression models (P > 0.05) (Table 3,
Fig. 2). In the sensitivity analysis (Supplementary Table S1,
Supplementary Fig. S2), students who had the smallest nasal
choroidal thickness had greater axial elongation compared
with the group with the greatest nasal choroidal thickness
when adjusted for age and height (difference, 93.49 μm;
95% CI, 5.26, 181.71). Among the different quartile groups
of subfoveal or temporal choroidal thickness, there was no
significant difference in axial elongation (P > 0.05).

The latent retinal thickness at baseline measured by
subfoveal, nasal, and temporal retinal thickness was not
significantly associated with greater axial elongation based
on unadjusted structural equation modeling (β, −0.17; 95%
CI, −0.35, 0.02) but was significantly associated when
adjusted for sex, age, and height (β, −0.19; 95% CI, −0.38,
−0.003) in non-myopic students (Table 2, Supplementary
Fig. S1). The thinner temporal retinal thickness at base-
line was significantly associated with greater axial elonga-
tion in the crude linear regression model (β, −2.59; 95% CI,
−4.44, −0.75) and when adjusted for sex, age, and height
(β, −2.67; 95% CI, −4.52, −0.82) (Table 3, Fig. 2). Neither
subfoveal thickness nor nasal retinal thickness was associ-
ated significantly with axial elongation (P > 0.05). In the
sensitivity analysis (Supplementary Table S1, Supplemen-
tary Fig. S2), compared with the group of students with the
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TABLE 3. Associations of Choroidal and Retinal Thickness at Different Regions With One-Year Axial Elongation (μm)

Model 1 Model 2

Parameters β (95% CI) P β (95% CI) P

Non-myopic students
Subfoveal choroidal thickness −0.11 (−0.48, 0.26) 0.565 −0.07 (−0.45, 0.31) 0.725
Nasal choroidal thickness −0.30 (−0.71, 0.11) 0.145 −0.30 (−0.73, 0.12) 0.158
Temporal choroidal thickness 0.00 (−0.38, 0.38) 0.999 0.02 (−0.37, 0.40) 0.930
Subfoveal retinal thickness −1.45 (−2.94, 0.03) 0.056 −1.47 (−3.02, 0.08) 0.063
Nasal retinal thickness −0.51 (−1.74, 0.72) 0.415 −0.70 (−1.96, 0.56) 0.272
Temporal retinal thickness −2.59 (−4.44, −0.75) 0.006 −2.67 (−4.52, −0.82) 0.005

Myopic students
Subfoveal choroidal thickness −0.12 (−0.26, 0.02) 0.098 −0.11 (−0.25, 0.03) 0.112
Nasal choroidal thickness −0.14 (−0.32, 0.04) 0.127 −0.12 (−0.30, 0.06) 0.195
Temporal choroidal thickness −0.19 (−0.36, −0.02) 0.027 −0.20 (−0.37, −0.03) 0.022
Subfoveal retinal thickness −0.03 (−0.59, 0.53) 0.917 −0.04 (−0.60, 0.53) 0.896
Nasal retinal thickness −0.28 (−0.79, 0.22) 0.274 −0.34 (−0.85, 0.17) 0.190
Temporal retinal thickness −0.89 (−1.57, −0.22) 0.010 −0.99 (−1.68, −0.30) 0.005

Model 1, unadjusted linear regression model; model 2, linear regression model adjusting for sex, age, and height. Bold indicates statistical
significance.

FIGURE 2. Scatterplot of choroidal thickness and retinal thickness and 1-year axial elongation in non-myopic and myopic students.
(A) Subfoveal choroidal thickness. (B) Nasal choroidal thickness. (C) Temporal choroidal thickness. (D) Subfoveal retinal thickness.
(E) Nasal retinal thickness. (F) Temporal retinal thickness.

greatest subfoveal retinal thickness, students in the second
thinnest group had 81.02-μm higher axial elongation when
adjusted for age and height (95% CI, 19.98, 142.41). With
regard to temporal retinal thickness, compared with students
with the greatest thickness, students in the thinnest group
had 71.92-μm greater axial elongation when adjusted for age
and height (95% CI, 0.19, 143.65). Students in the second
thinnest group had 71.07-μm greater axial elongation when
adjusted for age and height (95% CI, 15.50, 126.63). Among
the different quartile groups of nasal retinal thickness, there
was no significant difference in axial elongation (P > 0.05).

One-Year Axial Elongation in Myopic Students at
Baseline

Among the myopic students, thinner latent choroidal thick-
ness at baseline measured by subfoveal, nasal, and temporal
choroidal thickness was significantly associated with greater
axial elongation in crude structural equation model (β,
−0.10; 95% CI,−0.18,−0.02) and when adjusted for sex, age,
and height (β,−0.09; 95% CI,−0.17,−0.01) (Table 2, Supple-
mentary Fig. S1). Thinner temporal choroidal thickness
was significantly correlated with greater axial elongation
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in the crude linear regression model (β, −0.19; 95% CI,
−0.36, −0.02) and when adjusted for sex, age, and height
(β, −0.20; 95% CI, −0.37, −0.03) (Table 3, Fig. 2). Neither
subfoveal nor nasal choroidal thickness was associated
significantly with axial elongation (P > 0.05). In the sensi-
tivity analysis (Supplementary Table S2, Supplementary Fig.
S3), compared with students with the greatest temporal
choroidal thickness, students with the thinnest had 34.75-μm
greater axial elongation when adjusted for age and height
(95% CI, 6.85, 62.66). Among the different quartile groups of
subfoveal or nasal choroidal thickness, there was no signif-
icant difference in axial elongation (P > 0.05).

The latent retinal thickness at baseline, as measured by
subfoveal, nasal, and temporal retinal thickness, was not
significantly associated with axial elongation in crude struc-
tural equation modeling (β, −0.08; 95% CI, −0.18, 0.01)
or when adjusted for sex, age, and height (β, −0.09; 95%
CI, −0.19, 0.001) in myopic students (Table 2, Supplemen-
tary Fig. S1). Thinner temporal retinal thickness at base-
line was significantly associated with greater axial elonga-
tion in the crude linear regression model (β, −0.89; 95% CI,
−1.57, −0.22) and when adjusted for sex, age, and height
(β, −0.99; 95% CI, −1.68, −0.30) (Table 3, Fig. 2). Subfoveal
and nasal retinal thickness was not associated significantly
with axial elongation (P > 0.05). In the sensitivity analysis
(Supplementary Table S2, Supplementary Fig. S3), compared
with students with the greatest temporal retinal thickness,
students in the thinnest group had 46.44-μm greater axial
elongation when adjusted for age and height (95% CI, 18.74,
74.14). Students in the second thinnest group had 29.67-μm
greater axial elongation when adjusted for age and height
(95% CI, 1.18, 58.15), and students in the third thinnest
group had 43.35-μm greater axial elongation when adjusted
for age and height (95% CI, 15.20, 71.50). Among the differ-
ent quartile groups of nasal retinal thickness, there was no
significant difference in axial elongation (P > 0.05).

DISCUSSION

This prospective cohort study showed that a thinner tempo-
ral choroid at age 12 years was associated with greater
subsequent 1-year axial elongation in myopic students, and
a thinner temporal retina at age 12 years was associated
with greater subsequent 1-year axial elongation in both non-
myopic and myopic students.

The median axial length growth rate of 220 μm (IQR,
180) in the present study is markedly higher compared with
previous studies. For example, the median 5-year increase
in axial length for 714 Danish adolescents 11.5 years old
was 248 μm (IQR, 225).17 The mean 18-month increase in
axial length for 101 Australia children 13.1 ± 1.4 years old
was 105 ± 155 μm,18 and the axial length growth rate of
2408 6-year-old Dutch children in a recent 3-year longitudi-
nal study was 210 ± 80 μm/year.19 This difference may be
due to differences in genetic composition, lifestyle patterns,
a more competitive educational system in East and South-
east Asian countries,20 and higher myopia progression rates
in Asian populations.21 In addition, the different axial elon-
gation rates might be partly explained by the baseline char-
acteristics of the children in this study, such as age, axial
length (24.43 mm; IQR, 1.59), and SE (−2.07 D; IQR, 3.13)
compared with 23.2 mm (IQR, 0.8) and 0.0 D (IQR, 0.6) for
the 11.5-year-old Danish adolescents and 22.36 mm (IQR,
0.75) in the 6-year-old European children.17,19 As axial eye
growth speed decreases with increasing age,19 the longer

baseline axial length and greater myopic SE were predica-
tors for larger subsequent eye length growth.17

Axial length increased more in boys than girls in this
study.Wang and coworkers22 suggested that changes in axial
length and height with age are concomitant, and children
with earlier peak height velocity experience earlier peak SE
and axial length velocity and age of myopia onset.23 Boys
are usually taller, grow faster, and have larger eye size than
girls.24 Sex and hormonal status have been indicated to influ-
ence choroidal blood flow25 and retinal thickness.26

In the present study, 1-year axial elongation increased by
0.20 μm for every decrease of 1 μm in temporal choroidal
thickness in myopic students 12 years of age. Compared
with students with the greatest temporal choroidal thick-
ness, myopic students in the thinnest group had 34.75-
μm greater axial elongation. Previous cross-sectional studies
in children or young adults have found that subfoveal27,28

and parafoveal choroids27 are thinner in longer eyes, and
it has been suggested that the thinning of ocular tissues
is caused by axial eye elongation. A study in children 10
to 15 years of age indicated that the magnitude of differ-
ence in choroidal thickness associated with myopia appears
greater than would be predicted by simple passive choroidal
thinning with axial elongation.29 In addition, several longi-
tudinal studies have demonstrated a thickening of choroid
during the follow-up periods, with the subfoveal10,11,18 and
parafoveal choroid10,18 thickening being less or thinning
among children undergoing faster axial eye growth. A
recent 1-year longitudinal study of 118 Chinese children
7 to 12 years of age found that increases in axial length
are not related to decreases in subfoveal or parafoveal
choroidal thickness.12 These findings suggest that reduced
choroidal thickness may not be simply explained by the
secondary stretching effects of eye elongation and support
a potential role for the choroid in the mechanisms regu-
lating eye growth in childhood. The 5-year longitudinal
study in Danish adolescents found that a thin subfoveal
choroid at age 11 years did not predict axial eye elongation
from ages 11 to 16 years, although 5-year axial elongation
increased by 0.17 μm for every decrease of 1 μm in subfoveal
choroidal thickness at baseline when not adjusted in myopic
students.17 Consistent with this finding, the present study
also observed no association between subfoveal choroidal
thickness and 1-year axial elongation in either non-myopic
or myopic students, whereas 1-year axial elongation was
found to increase by 0.20 μm for every decrease of 1
μm in temporal choroidal thickness in myopic students
12 years of age. It has been suggested that the choroidal
changes may represent a balance between a thickening of
the choroid related to normal ocular growth and a thin-
ning of the choroid related to the rapid axial eye growth.18

This may explain why no association between baseline
choroidal thickness and axial elongation was found in non-
myopic students in this study. The association between thin-
ner choroidal thickness and greater axial elongation found
in this study may contribute to the control of excessive axial
elongation, as axial elongation is accompanied by ocular
complications.4

Animal studies of experimental myopia have discovered
that transient alterations in choroidal thickness precede
changes in axial length.30,31 The choroid has been impli-
cated in the modulation of eye growth due to its rapid thin-
ning in response to hyperopic defocus (image plane behind
the retina), in order to adjust the position of the retina (axial
length) to optimize image quality.32 Similarly, in human eyes,
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the choroid thins rapidly in response to hyperopic defocus
imposed by a negative-powered lens33 or sustained accom-
modation.34 The choroid may have a direct influence on eye
growth by secreting growth factors that act on the sclera.35

Or, it may act as a barrier to the diffusion of growth factors or
signaling molecules from retina36 or as a mechanical buffer
to expansion of the eye globe.37 Obviously, the exact role of
the choroid in the control of eye growth is still a matter of
speculation that should be investigated in more longitudinal
studies.

Similar to this study, a previous study in a pediatric
population reported that choroidal thickness was high-
est in the temporal choroid. Ruiz-Moreno and colleagues38

suggested that the higher metabolic needs of the foveal
retina compared with the surrounding environment may
cause a reduction in the temporal choroidal thickness
while sparing the subfoveal choroid. The thinning of the
choroid is most evident on the temporal side during
myopia progression, possibly due to stretching of the tempo-
ral choroid and sclera.39 Jin and coworkers found that,
after orthokeratology treatment, the increase in choroid
thickness was greatest in the temporal zones.40 It has
been hypothesized that the nonvascular smooth muscle
cells and intrinsic choroidal neurons are involved in
the modulation of choroidal thickness to stabilize the
foveal position during accommodation.41 Because they are
most numerous within the central–temporal quadrant of
the choroid,42,43 the resultant choroidal thinning during
accommodation would be most pronounced within the
temporal region.6 Such observations suggest that tempo-
ral choroidal thickness may be more sensitive and may
partly explain our finding that a thinner temporal choroid
but not subfoveal choroid was associated with greater axial
elongation.

In this study, 1-year axial elongation increased by 2.67
μm in non-myopic students and by 0.99 μm in myopic
students for every decrease of 1 μm in temporal retinal
thickness at baseline. Compared with students with the
greatest temporal retinal thickness, non-myopic students
had 71.92-μm and myopic students in the thinnest group
had 46.44-μm greater axial elongation. Consistently, some
cross-sectional studies have shown myopic axial elonga-
tion of the globe to be associated with thinning of the
parafoveal retina, whereas central foveal retinal thickness
was not found to decrease with longer axial length.14,44 Some
other studies have reported that the retina was thicker in the
central fovea but thinner in the parafoveal regions in partic-
ipants with myopia.13,45 In contrast, several studies have
found no relationship between subfoveal or parafoveal reti-
nal thickness and axial length.15,16 Vincent and colleagues46

observed no significant differences between more and less
myopic eyes for measures of retinal thickness at any loca-
tions. A 1-year longitudinal study in Chinese children found
that the thickness of the retinal layers increased or was
unchanged in most subfields during myopic shift, and the
changes in the parafoveal or perifoveal retinal layers were
not related to changes in axial length.12 Such inconsistency
may be due to the population differences and different
study designs. As the thinner temporal retina was asso-
ciated with greater axial elongation in both non-myopic
and myopic students in the present study, the retina might
play some role in the axial elongation. Additional longi-
tudinal studies on the mechanism would contribute to
our ability to address ocular complications related to axial
elongation.

Foveal retinal thickness did not decrease with longer
axial length in previous studies, suggesting that there may
be a mechanism to maintain the stability of foveal reti-
nal thickness, which would be important for the devel-
opment of normal visual function.44 This suggestion is in
agreement with the finding that best-corrected visual acuity
was independent of axial length in eyes without myopic
retinopathy,47 which could explain our finding that thin-
ner foveal retinal thickness was not associated with greater
axial elongation in junior students. Studies have reported
that the refractive state of the peripheral retina can affect eye
growth.48,49 Also, it has been presumed that the equatorial to
retroequatorial region is the sensory part of the mechanism
for emmetropization.14 Thus, the temporal retina might play
a bigger role in regulating axial growth than the subfoveal
retina.

The strengths of this study include its school-based
prospective cohort design and large sample size, which
provided greater insights into axial elongation compared
with cross-sectional studies. There are also some limita-
tions of this study. First, the extremely narrow age range
of the children might influence the generalization of our
findings to other populations with different ages, although
it allowed for robust analysis. Second, the follow-up dura-
tion was 1 year; thus, only short-term associations between
choroidal and retinal thickness and axial elongation were
observed. Longer follow-up is needed in future prospec-
tive cohort studies. Third, refractometry was performed in a
non-cycloplegic state, which could have reduced the reliabil-
ity of refractive error determination in the children because
of accommodation, thus overestimating negative refractive
power.50 Some of the students in the myopic group might
have been emmetropic or hyperopic, which could limit the
power to detect associations in the subgroup of myopic
students, and such associations should be verified. The asso-
ciation between choroidal and retinal thickness and axial
elongation in non-myopic students should be further stud-
ied. In addition, there is evidence that cycloplegia might
influence choroidal thickness. One study found a decrease of
choroidal thickness with cycloplegia,51 and another demon-
strated an increase.52 Finally, no provision was made to
perform the measurements of choroidal and retinal thick-
ness at the same time of day for all participants. Diurnal vari-
ations in choroidal thickness have been reported, although
retinal thickness was not found to exhibit significant diurnal
variation in normal individuals.53 However, the time of day
when such measurements are made should be taken into
account in future studies.

CONCLUSIONS

A thinner temporal choroid may predict greater axial elon-
gation over the subsequent year in myopic students, and
a thinner temporal retina at 12 years of age may predict
greater axial elongation in both non-myopic and myopic
students. Subfoveal and nasal choroidal and retinal thick-
ness was not associated with axial elongation in either non-
myopic or myopic students. Knowledge regarding the mech-
anisms involved will lead to better management and control
of axial elongation. Recognizing thinner temporal choroidal
and retinal thickness as being a predictive factor for axial
elongation could allow earlier identification of children at
risk and who would benefit from potential preventive strate-
gies.
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