
1Scientific RepoRtS |         (2019) 9:15337  | https://doi.org/10.1038/s41598-019-51920-4

www.nature.com/scientificreports

Refractive error and biometrics of 
anterior segment of eyes of healthy 
young university students in Japan
Kumiko Kato1*, Mineo Kondo1, Maki takeuchi1 & Koji Hirano2

To determine the parameters of the anterior segment of eyes that are significantly associated with the 
refractive error in healthy young Japanese university students. This was a cross-sectional observational 
study of 229 healthy Japanese university students (men: women,147:82) whose age ranged between 
20 to 29 years. Univariate and multivariate linear regression analyses were performed to identify 
the factors that were significantly correlated with the refractive error. The independent variables 
included age, sex, axial length, anterior chamber depth, corneal diameter, curvature of anterior 
surface of cornea, and central corneal thickness. The mean refractive error (spherical equivalent) was 
−4.1 ± 2.7 diopters (D) with a range of −12.5 to +0.5 D, and the mean axial length was 25.4 ± 1.3 mm 
with a range of 22.4 to 29.0 mm. Pearson univariate correlation analysis found that the refractive 
error was significantly and negatively correlated with the axial length (R = −0.82, P < 0.001), deeper 
anterior chamber (R = −0.30, P < 0.001), and larger corneal diameter (R = −0.21, P = 0.001). Multiple 
regression analysis showed that the refractive error was significantly associated with a longer axial 
length (P < 0.001), a deeper anterior chamber (P < 0.001), and a flatter corneal curvature (P < 0.001).
The biometric values of the anterior segment of the eyes should make the eye more hyperopic which 
would reduce the myopia-inducing lengthening of the axial length.

Axial myopia is associated with a longer axial length (AL)1, and the elongation of the AL can lead to structural 
changes of the retina2,3, choroid4–6, and sclera7–9 mainly in the posterior pole. The changes induce a thinning of 
the sclera, choroid, and retina, and the thinning can lead to sight-threatening complications including retinal 
detachments, choroidal neovascularization, glaucoma, and macular atrophy4–6.

The stromal and endothelial cells of the cornea are derived from the neural crest cells, and both the sclera and 
stroma of the cornea consist of type I collagen10,11. The biomechanical changes of the sclera in myopic eyes are due 
to a net loss of the collagen matrix and subsequent thinning of the sclera12. It seems reasonable to assume that the 
changes in the sclera that occur during the elongation of the eye also occur in the cornea.

There have been many studies that focused on the differences in the values of the anterior segment parameters 
of myopic eyes from that of emmetropic eyes. Significant correlations have been found between the refractive 
error and the anterior chamber depth (ACD)13,14, corneal diameter15,16, corneal curvature17,18, central corneal 
thickness19–22, and density of the corneal endothelial cells23,24. However, the strength of the correlations varied 
according to the race and age of the individuals. The prevalence of myopia is also known to vary with age25, eth-
nicity26, and level of education27, and a higher prevalence of myopia has been reported in university students in 
Japan and other East Asian countries28.

There have been many studies performed on the ocular biometry but most of the studies were conducted 
on older individuals13,25,29,30 or on a wide range of ages ranging from adolescence to the elderly15,19,20,23,31–33. 
Considering that aging could be a confounding factor when the ocular biometry is determined, it is reasonable 
to design a research to minimize the effect of aging. A Medline search did not extract any studies reporting on 
the correlations between the degree of myopia and the biometrics of the anterior segment of the eye of younger 
Japanese individuals.

Thus, the purpose of this study was to determine whether there are significant correlations between the refrac-
tive error and the AL of the eye and the values of the different parameters of the anterior segment of the eye in 
healthy young Japanese university students.
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Results
The demographics of the 229 eyes of 229 young subjects are shown in Table 1. There were 147 men (64.2%) and 82 
women (35.8%), and the mean age was 23.1 ± 1.7 years with a range of 20 to 29 years. There were 198 of myopia 
(86.4%) and 57 of high myopia (24.8%). The decimal BCVA was ≥ 1.0 in all subjects, and none of the eyes had 
complications associated with myopia.

A scatter plot of the refractive errors (ordinate) and AL (abscissa) is showed in Fig. 1, a scatter plot of the 
refractive errors (ordinate) and ACD (abscissa) in showed in Fig. 2. There were significant differences in the sex, 
AL, ACD, corneal diameter, and corneal curvature (radius of corneal curvature). The men had significantly longer 
AL, deeper AC, larger corneal diameter, and flatter cornea (Table 1).

The distribution of the refractive errors in men and women is shown in Fig. 3. There was no sex difference in 
the refractive errors. Pearson univariate correlation analyses showed that the refractive error was significantly and 
negatively correlated with the AL (R = −0.85 to −0.82, P < 0.001) and the ACD (R = −0.37 to −0.26, P < 0.001 
for all) for all subjects and for the men and women separately (Table 2). There was a weak but significant posi-
tive correlation between the refractive error and central corneal thickness for all subjects and for women alone 
(R = 0.14, P < 0.031 for all; and R = 0.30, P = 0.006 for women). The corneal diameter was weakly correlated with 
the refractive error in all subjects and also for men and women separately (R = −0.25 to −0.20, P < 0.05). The 
correlation between the refractive error and the corneal curvature was not significant (P > 0.05). The correlations 
between the refractive error and the corneal endothelial cell density, the standard deviation of corneal endothelial 
cell density, and the percentage of hexagonal endothelial cells were not significant (data was not shown).

Multivariate linear regression analyses were performed with the refractive error as the dependent variable 
and AL, ACD, corneal diameter, corneal curvature, and central corneal thickness as the independent variables 
(Table 3). The analyses showed that the AL, corneal curvature, and ACD explained 86–89% of the refractive error 
variations for all the subjects (R2 = 0.86) and the men subjects (R2 = 0.89), and the AL and the corneal curvature 

Variables Overall Men Women P-value

Age (years)
23.07 ± 1.74 23.21 ± 1.61 22.83 ± 1.96 0.046*

23 (22~24) 23 (22~24) 23 (22~23)

Refractive error (diopters)
−4.06 ± 2.70 −4.14 ± 2.71 −3.92 ± 2.70 0.493*

−4 (−6.00~−2.00) −4 (−6.06~−2.13) −4.00 (−5.91~−1.91)

Axial length (mm)
25.35 ± 1.31 25.63 ± 1.31 24.87 ± 1.17 <0.001†

25.27 (24.41~26.30) 25.67 (24.64~26.50) 24.73 (24.14~25.54)

Anterior chamber depth (mm)
3.80 ± 0.26 3.85 ± 0.27 3.72 ± 0.24 <0.001†

3.79 (3.63~3.95) 3.86 (3.67~4.01) 3.73 (3.56~3.84)

Central corneal thickness (µm)
533.79 ± 34.75 534.13 ± 33.79 533.18 ± 36.63 0.844†

533 (510~556) 532 (511~552) 536 (503~557)

Corneal diameter (mm)
12.05 ± 0.39 12.11 ± 0.37 11.94 ± 1.17 0.002†

12.08 (11.79~12.31) 12.15 (11.86~12.34) 11.93 (11.67~12.36)

Corneal curvature (mm)
7.83 ± 0.23 7.87 ± 0.22 7.75 ± 0.23 <0.001*

7.81 (7.69~7.97) 7.84 (7.74~8.02) 7.77 (7.59~7.91)

Table 1. Difference of demographics between men and women. Data are expressed as means ± standard 
deviations in the upper section and median and range in the lower section. *Difference in medians between 
men and women Mann-Whitney test. †Difference in means between men and women X2 test.

Figure 1. Scatterplots showing the relationship between the refractive error (spherical equivalent) and the axial 
length. The refractive error is significantly correlated with the axial length (R = −0.82, P < 0.001).
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explained 86% of the refractive error in women (R2 = 0.86). The most important contributor to the refractive 
error was the AL followed by the corneal curvature (Table 3).

Discussion
Tideman et al. reported that the prevalence of visual impairment rose with increasing axial length and spherical 
equivalent34. Therefore, it is important evaluating structural changes associated with myopia to develop strategies 
preventing progression of myopia and its complications. The prevalence of myopia (<−0.5 D) in our cohort was 
86.4% which was twice that of a population-based study held in Japan in 1997 to 2000 of an elderly population 
which was 40 to 79 years old31. The higher rate of myopia in university students has also been reported in univer-
sity students in China35. In our cohort, the prevalence of high myopia (<−6.0 D) was 24.8% which was higher 
than the high myopia ratio of 19.5%35. In addition, the mean AL in our study group was about 1.3 mm longer 

Figure 2. Scatterplots showing the relationship between the refractive error (spherical equivalent) and the 
anterior chamber depth. The refractive error is significantly correlated with the anterior chamber depth 
(R = −0.30, P < 0.001).

Figure 3. Histogram showing frequency (%) of refractive error in men and women. The difference between 
men and women was not significant.

Overall Men Women

R P-value R P-value R P-value

Axial length −0.82 <0.001 −0.84 <0.001 −0.85 <0.001

Anterior chamber depth −0.30 <0.001 −0.26 0.001 −0.37 <0.001

Central corneal thickness 0.14 0.031 0.03 0.715 0.30 0.006

Corneal diameter −0.21 0.001 −0.20 0.017 −0.25 0.023

Corneal curvature 0.00 0.964 0.03 0.743 −0.03 0.805

Table 2. Univariate correlation between refractive error (spherical equivalent) and biometric parameters of the 
anterior segment. R; Coefficient of correlation.
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than that of the university students in England28. Our study group consisted of many myopic subjects, and it was 
suitable to examine a correlation between the refractive error and ocular biometry.

Our results showed that the AL, the corneal curvature, and the ACD were significantly correlated with the refrac-
tive error. The significantly longer AL should lead to higher myopia, but the flatter cornea and deeper anterior 
chamber would reduce the refractive error (Table 3). A flatter cornea has lower refractive power and the overall 
refractive power of the eye will be lower, and the light will focus on a point farther from the cornea, i.e., a hyperopic 
shift. When the anterior chamber gets deeper, the distance between the cornea and crystalline lens increases because 
the summed power of two lenses is equal to their sums minus the distance between the lenses divided by the index 
of refraction of the medium. This will also lead to a hyperopic shift. These results indicate that the overall refractive 
power of the anterior segment of the eye is decreasing, a hyperopic shift, while the AL is increasing, a myopic shift. 
These compensatory changes lead to an emmetropization of the eye. Our results are in good agreement with the 
results of earlier studies conducted in other countries that showed that the cornea is flatter in myopic subjects24,29,30.

A deeper anterior chamber in myopic subjects has been reported to be present in middle age and elderly indi-
viduals in many studies13,29,32,36,37. However, the relationship between the central corneal thickness and myopia is 
contradictory. Some studies reported that the central corneal thickness was not significantly correlated with the 
myopia33,36,38,39, other studies reported that there was a positive correlation between the central corneal thickness 
and the myopia19,40, and other studies reported a negative correlation between them20,22,24. Although, studies that 
reported a significant correlation between the central corneal thickness and refractive error, the correlation coef-
ficients were relatively weak, and the significant correlation was seen in only the simple linear regression analysis. 
The contribution of the central corneal thickness to the refractive error was not significant in the multiple regres-
sion analysis, and we suggest that the correlation between the central corneal thickness and myopia is very weak.

Several population-based studies have reported that men were slightly but statistically significantly more 
myopic than women36,41,42. Sex differences in the corneal curvature, AL, and ACD have also been reported in 
population-based studies32,35,36. In our study, there was no significant difference in the refractive error between men 
and women but there were significant differences in the AL, ACD, and corneal curvature. Thus, women have slightly 
shorter AL, shallower ACD, and steeper cornea. Considering that the ACD is an important contributor to the refrac-
tive error in multiple regression analysis in men but not in women, anatomical differences in the sexes may exist.

There are some limitations of our study. First, this was a cross-sectional study at one time point, and a pro-
spective longitudinal study is needed to determine the anatomical changes of the eye with the progression of axial 
myopia. However, our results can be referential data that compared emmetropic and myopic individuals in young 
Japanese university individuals. Second, our study population was relatively small compared with past studies. 
Third, we did not collect data on the radius of curvatures and thicknesses of the crystalline lens. In the future, we 
intend to increase the number of subjects and examine other components of the anterior segment of the eye, e.g., 
the lens, in young Japanese university students.

The biometric evaluations of the different components of the anterior segment of the eye indicate that the 
values would make the eyes more hyperopic which would counteract the increase in the axial length which would 
make the eye more myopic.

Methods
Study design. Two hundred and seventy-four healthy volunteers were recruited form the students of the 
Faculty of Medicine, Mie University School of Medicine. The procedures used in this cross-sectional study were 
approved by the Institutional Review Board of the Mie University Hospital (No. 3086), and they were performed 
in accordance with the tenets of The Declaration of Helsinki. The students were informed on the purpose of this 
study, and a signed written informed consent form was obtained from all before the examinations.

Variables
Partial regression 
coefficient β P-value VIF R2 value

Overall

Axial length −2.244 −1.091 <0.001 1.563

0.864

Anterior chamber depth 2.134 0.209 <0.001 1.518

central corneal thickness 0.001 0.007 0.799 1.070

corneal diameter −0.013 −0.002 0.949 1.505

corneal curvature 5.733 0.487 <0.001 1.372

Men

Axial length −2.252 −1.092 <0.001 1.478

0.891

Anterior chamber depth 2.344 0.233 <0.001 1.404

central corneal thickness −0.001 −0.007 0.816 1.042

corneal diameter −0.062 −0.008 0.794 1.333

corneal curvature 5.93 0.474 <0.001 1.299

Women

Axial length −2.339 −1.014 <0.001 1.452

0.86

Anterior chamber depth 0.626 0.055 0.377 1.729

central corneal thickness 0.001 0.009 0.849 1.164

corneal diameter 0.352 0.054 0.351 1.792

corneal curvature 4.481 0.384 <0.001 1.435

Table 3. Multivariate analysis of the associations between refractive error (spherical equivalent) and biometric 
parameters of the anterior segment. βStandardized partial regression coefficients. VIF: Variance inflation factor.
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Subjects. We collected data from 274 of students. The inclusion criteria were: age from 20 to 29 years, absence 
of any corneal disease that could affect the corneal curvature, such as pterygium, keratoconus, and other corneal 
degeneration or dystrophy. Eyes with a history of ocular surgery and trauma were excluded. We screened for ocu-
lar fundus diseases by optical coherence tomography and fundus examinations. Forty-five students were excluded 
because of a loss of some of their data. In the end, 229 eyes of 229 normal subjects were studied. The values of only 
right eye of each subject was used in the statistical analyses.

ophthalmological examinations. The ophthalmological examinations were begun at 15:00 h in all par-
ticipants to minimize the daily fluctuation of the ocular biometrics by the biorhythm, and all of the data were 
collected in a non-cycloplegic state by well-trained examiners. The best-corrected visual acuity (BCVA) was 
measured with a Landolt C chart. The refractive error (spherical equivalent) was measured to the closest 0.25 
diopter (D). The radius of curvature of the anterior surface of the cornea (corneal curvature) was measured with 
an auto-refractometer (RC-5000®; Tomey, Nagoya, Japan), and the average of the longest and the shortest radius 
of curvature of the anterior surface of the cornea was used for the statistical analyses. The axial length (AL) and 
the anterior chamber depth were measured by an optical biometer (OA 2000®; Tomey, Nagoya, Japan). The ACD 
was measured as the distance from the anterior corneal apex to the anterior apex of the crystalline lens in the 
images of the optical biometer. The corneal diameter was measured by a corneal topographer (OPD scan II®; 
NIDEK Co., LTD, Tokyo, Japan), the central corneal thickness, corneal endothelial cell density, the standard 
deviations of corneal endothelial cell density, and percentage of hexagonal endothelial cell were determined by a 
corneal endothelial cell analyzer (EM-4000®; Tomey, Nagoya, Japan).

Statistical analyses. We analyzed the data for all subjects and also separately for men and women. The 
significance of the differences in the sex distribution was determined by t-tests or Mann-Whitney U tests. The 
coefficients of correlation were calculated to evaluate the significance of the association between the refractive 
error and the AL, ACD, corneal diameter, central corneal thickness, and corneal curvature. Multiple regression 
analyses were used to assess the contribution of AL, ACD, central corneal thickness, corneal diameter, and cor-
neal curvature to the refractive error. Prior to these examinations, we confirmed that the data were normally 
distributed by Shapiro-Wilk test. The results were considered statistically significant when P < 0.05. Statistical 
analyses were performed with a commercial statistical software package (SPSS for Windows, version 22.0, SPSS 
Inc., Chicago, IL).

The datasets generated during and analyzed during the current study are not publicly available due to our 
Institutional Review Board regulations but are available from the corresponding author on request.
Received: 24 July 2018; Accepted: 9 October 2019;
Published: xx xx xxxx

References
 1. Morgan, I. G., Ohno-Matsui, K. & Saw, S. M. Myopia. Lancet 379, 1739–1748, https://doi.org/10.1016/s0140-6736(12)60272-4 

(2012).
 2. Ohsugi, H., Ikuno, Y., Oshima, K., Yamauchi, T. & Tabuchi, H. Morphologic characteristics of macular complications of a dome-

shaped macula determined by swept-source optical coherence tomography. American journal of ophthalmology 158, 162–170.e161, 
https://doi.org/10.1016/j.ajo.2014.02.054 (2014).

 3. Caillaux, V. et al. Morphologic characterization of dome-shaped macula in myopic eyes with serous macular detachment. American 
journal of ophthalmology 156, 958–967.e951, https://doi.org/10.1016/j.ajo.2013.06.032 (2013).

 4. Fujiwara, T., Imamura, Y., Margolis, R., Slakter, J. S. & Spaide, R. F. Enhanced depth imaging optical coherence tomography of the 
choroid in highly myopic eyes. American journal of ophthalmology 148, 445–450, https://doi.org/10.1016/j.ajo.2009.04.029 (2009).

 5. Liang, I. C. et al. Comparison of Clinical Features in Highly Myopic Eyes with and without a Dome-Shaped Macula. Ophthalmology 
122, 1591–1600, https://doi.org/10.1016/j.ophtha.2015.04.012 (2015).

 6. Wei, W. B. et al. Subfoveal choroidal thickness: the Beijing Eye Study. Ophthalmology 120, 175–180, https://doi.org/10.1016/j.
ophtha.2012.07.048 (2013).

 7. Norman, R. E. et al. Dimensions of the human sclera: Thickness measurement and regional changes with axial length. Experimental 
eye research 90, 277–284, https://doi.org/10.1016/j.exer.2009.11.001 (2010).

 8. Olsen, T. W., Aaberg, S. Y., Geroski, D. H. & Edelhauser, H. F. Human sclera: thickness and surface area. American journal of 
ophthalmology 125, 237–241 (1998).

 9. Vurgese, S., Panda-Jonas, S. & Jonas, J. B. Scleral thickness in human eyes. PloS one 7, e29692, https://doi.org/10.1371/journal.
pone.0029692 (2012).

 10. Newsome, D. A. et al. Detection of specific collagen types in normal and keratoconus corneas. Investigative ophthalmology & visual 
science 20, 738–750 (1981).

 11. Rehnberg, M., Ammitzboll, T. & Tengroth, B. Collagen distribution in the lamina cribrosa and the trabecular meshwork of the 
human eye. The British journal of ophthalmology 71, 886–892 (1987).

 12. Liu, S. et al. Scleral Cross-Linking Using Riboflavin UVA Irradiation for the Prevention of Myopia Progression in a Guinea Pig 
Model: Blocked Axial Extension and Altered Scleral Microstructure. PloS one 11, e0165792, https://doi.org/10.1371/journal.
pone.0165792 (2016).

 13. Jivrajka, R., Shammas, M. C., Boenzi, T., Swearingen, M. & Shammas, H. J. Variability of axial length, anterior chamber depth, and 
lens thickness in the cataractous eye. Journal of cataract and refractive surgery 34, 289–294, https://doi.org/10.1016/j.jcrs.2007.10.015 
(2008).

 14. Chung, H. J. & Park, C. K. The Distinct Biometric Features of High Myopia Compared to Moderate Myopia. Current eye research 41, 
1580–1583, https://doi.org/10.3109/02713683.2015.1130229 (2016).

 15. Alfonso, J. F. et al. Pupil size, white-to-white corneal diameter, and anterior chamber depth in patients with myopia. J Refract Surg 
26, 891–898, https://doi.org/10.3928/1081597x-20091209-07 (2010).

 16. Zha, Y., Feng, W., Han, X. & Cai, J. Evaluation of myopic corneal diameter with the Orbscan II Topography System. Graefe’s archive 
for clinical and experimental ophthalmology = Albrecht von Graefes Archiv fur klinische und experimentelle Ophthalmologie 251, 
537–541, https://doi.org/10.1007/s00417-012-2069-6 (2013).

 17. Goss, D. A. & Jackson, T. W. Clinical findings before the onset of myopia in youth. I. Ocular optical components. Optom Vis Sci 72, 
870–878 (1995).

https://doi.org/10.1038/s41598-019-51920-4
https://doi.org/10.1016/s0140-6736(12)60272-4
https://doi.org/10.1016/j.ajo.2014.02.054
https://doi.org/10.1016/j.ajo.2013.06.032
https://doi.org/10.1016/j.ajo.2009.04.029
https://doi.org/10.1016/j.ophtha.2015.04.012
https://doi.org/10.1016/j.ophtha.2012.07.048
https://doi.org/10.1016/j.ophtha.2012.07.048
https://doi.org/10.1016/j.exer.2009.11.001
https://doi.org/10.1371/journal.pone.0029692
https://doi.org/10.1371/journal.pone.0029692
https://doi.org/10.1371/journal.pone.0165792
https://doi.org/10.1371/journal.pone.0165792
https://doi.org/10.1016/j.jcrs.2007.10.015
https://doi.org/10.3109/02713683.2015.1130229
https://doi.org/10.3928/1081597x-20091209-07
https://doi.org/10.1007/s00417-012-2069-6


6Scientific RepoRtS |         (2019) 9:15337  | https://doi.org/10.1038/s41598-019-51920-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

 18. Li, S. M. et al. Corneal Power, Anterior Segment Length and Lens Power in 14-year-old Chinese Children: the Anyang Childhood 
Eye Study. Scientific reports 6, 20243, https://doi.org/10.1038/srep20243 (2016).

 19. Hwang, Y. H., Kim, H. K. & Sohn, Y. H. Central corneal thickness in a Korean population: the Namil Study. Investigative 
ophthalmology & visual science 53, 6851–6855, https://doi.org/10.1167/iovs.12-10173 (2012).

 20. Hashemi, H. et al. The distribution of corneal thickness in a 40- to 64-year-old population of Shahroud, Iran. Cornea 30, 1409–1413, 
https://doi.org/10.1097/ICO.0b013e31822018dd (2011).

 21. Bao, F. J., Yu, A. Y., Kassem, W., Wang, Q. M. & Elsheikh, A. Biometry of the cornea in myopic chinese patients. J Refract Surg 27, 
345–355, https://doi.org/10.3928/1081597x-20101105-02 (2011).

 22. AlMahmoud, T., Priest, D., Munger, R. & Jackson, W. B. Correlation between refractive error, corneal power, and thickness in a large 
population with a wide range of ametropia. Investigative ophthalmology & visual science 52, 1235–1242, https://doi.org/10.1167/
iovs.10-5449 (2011).

 23. Sheng, H. & Bullimore, M. A. Factors affecting corneal endothelial morphology. Cornea 26, 520–525, https://doi.org/10.1097/
ICO.0b013e318033a6da (2007).

 24. Chang, S. W., Tsai, I. L., Hu, F. R., Lin, L. L. & Shih, Y. F. The cornea in young myopic adults. The British journal of ophthalmology 85, 
916–920 (2001).

 25. Sawada, A., Tomidokoro, A., Araie, M., Iwase, A. & Yamamoto, T. Refractive errors in an elderly Japanese population: the Tajimi 
study. Ophthalmology 115, 363–370.e363, https://doi.org/10.1016/j.ophtha.2007.03.075 (2008).

 26. Hyman, L. et al. Relationship of age, sex, and ethnicity with myopia progression and axial elongation in the correction of myopia 
evaluation trial. Arch Ophthalmol 123, 977–987, https://doi.org/10.1001/archopht.123.7.977 (2005).

 27. Saw, S. M. et al. IQ and the association with myopia in children. Investigative ophthalmology & visual science 45, 2943–2948, https://
doi.org/10.1167/iovs.03-1296 (2004).

 28. Logan, N. S., Davies, L. N., Mallen, E. A. & Gilmartin, B. Ametropia and ocular biometry in a U.K. university student population. 
Optom Vis Sci 82, 261–266 (2005).

 29. Chen, H., Lin, H., Lin, Z., Chen, J. & Chen, W. Distribution of axial length, anterior chamber depth, and corneal curvature in an aged 
population in South China. BMC Ophthalmol 16, 47, https://doi.org/10.1186/s12886-016-0221-5 (2016).

 30. Kim, J. H. et al. Age-related differences in ocular biometry in adult Korean population. BMC Ophthalmol 16, 146, https://doi.
org/10.1186/s12886-016-0328-8 (2016).

 31. Shimizu, N. et al. Refractive errors and factors associated with myopia in an adult Japanese population. Jpn J Ophthalmol 47, 6–12 
(2003).

 32. Sng, C. C. et al. Determinants of anterior chamber depth: the Singapore Chinese Eye Study. Ophthalmology 119, 1143–1150, https://
doi.org/10.1016/j.ophtha.2012.01.011 (2012).

 33. Fam, H. B. et al. Central corneal thickness and its relationship to myopia in Chinese adults. The British journal of ophthalmology 90, 
1451–1453, https://doi.org/10.1136/bjo.2006.101170 (2006).

 34. Tideman, J. W. et al. Association of Axial Length With Risk of Uncorrectable Visual Impairment for Europeans With Myopia. JAMA 
ophthalmology 134, 1355–1363, https://doi.org/10.1001/jamaophthalmol.2016.4009 (2016).

 35. Sun, J. et al. High prevalence of myopia and high myopia in 5060 Chinese university students in Shanghai. Investigative 
ophthalmology & visual science 53, 7504–7509, https://doi.org/10.1167/iovs.11-8343 (2012).

 36. Zocher, M. T. et al. Biometry and visual function of a healthy cohort in Leipzig, Germany. BMC Ophthalmol 16, 79, https://doi.
org/10.1186/s12886-016-0232-2 (2016).

 37. He, M., Huang, W., Zheng, Y., Alsbirk, P. H. & Foster, P. J. Anterior chamber depth in elderly Chinese: the Liwan eye study. 
Ophthalmology 115(1286–1290), 1290.e1281–1282, https://doi.org/10.1016/j.ophtha.2007.12.003 (2008).

 38. Wang, Q., Liu, W., Wu, Y., Ma, Y. & Zhao, G. Central corneal thickness and its relationship to ocular parameters in young adult 
myopic eyes. Clinical & experimental optometry, https://doi.org/10.1111/cxo.12485 (2016).

 39. Shimmyo, M. & Orloff, P. N. Corneal thickness and axial length. American journal of ophthalmology 139, 553–554, https://doi.
org/10.1016/j.ajo.2004.08.061 (2005).

 40. Su, D. H. et al. Central corneal thickness and its associations with ocular and systemic factors: the Singapore Malay Eye Study. 
American journal of ophthalmology 147, 709–716.e701, https://doi.org/10.1016/j.ajo.2008.10.013 (2009).

 41. Hashemi, H., Khabazkhoob, M., Iribarren, R., Emamian, M. H. & Fotouhi, A. Five-year change in refraction and its ocular 
components in the 40- to 64-year-old population of the Shahroud eye cohort study. Clin Exp Ophthalmol 44, 669–677, https://doi.
org/10.1111/ceo.12753 (2016).

 42. He, M. et al. Refractive error and biometry in older Chinese adults: the Liwan eye study. Investigative ophthalmology & visual science 
50, 5130–5136, https://doi.org/10.1167/iovs.09-3455 (2009).

Acknowledgements
We thank Eriko Uchiyama, Miharu Kitamura, Daisuke Kurose, Ryunosuke Nagashima, Takumi Ohashi, Sayo 
Morita, Asako Sugawara for performing ophthalmologic examinations in our subjects. We thank Norio Sugimoto 
of the Sugimoto data analysis service for critical discussion on statistical analysis. We also thank Professor 
Emeritus Duco I. Hamasaki of the Bascom Palmer Eye Institute of the University of Miami (Miami, FL, USA) 
for critical discussion and final manuscript revisions. KK received honoraria from Alcon, Eizai, Otsuka, and 
Santen. MK is a consultant to Senjyu, and received financial research support from Alcon, Hoya, Nidek, Novartis, 
Otsuka, Pfizer, Santen, and Senjyu, and honoraria from Alcon, Bayer, Hoya, Nidek, Novarits, Otsuka, Pfizer, 
Sanofi, Santen, Sanwa, and Senjyu. KH and MT has no financial disclosures. Grant-in-Aid for Scientific Research 
C (KK, 16K11266; MK, 26462683) from Ministry of Education, Culture, Sports, Science and Technology. (http://
www.jsps.go.jp/).

Author contributions
K.K. and K.H. designed the study. K.K. and M.T. collected the data. K.K. and M.K. analyzed the data. K.K., K.H. 
and M.K. wrote the manuscript. All authors reviewed the manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.K.
Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1038/s41598-019-51920-4
https://doi.org/10.1038/srep20243
https://doi.org/10.1167/iovs.12-10173
https://doi.org/10.1097/ICO.0b013e31822018dd
https://doi.org/10.3928/1081597x-20101105-02
https://doi.org/10.1167/iovs.10-5449
https://doi.org/10.1167/iovs.10-5449
https://doi.org/10.1097/ICO.0b013e318033a6da
https://doi.org/10.1097/ICO.0b013e318033a6da
https://doi.org/10.1016/j.ophtha.2007.03.075
https://doi.org/10.1001/archopht.123.7.977
https://doi.org/10.1167/iovs.03-1296
https://doi.org/10.1167/iovs.03-1296
https://doi.org/10.1186/s12886-016-0221-5
https://doi.org/10.1186/s12886-016-0328-8
https://doi.org/10.1186/s12886-016-0328-8
https://doi.org/10.1016/j.ophtha.2012.01.011
https://doi.org/10.1016/j.ophtha.2012.01.011
https://doi.org/10.1136/bjo.2006.101170
https://doi.org/10.1001/jamaophthalmol.2016.4009
https://doi.org/10.1167/iovs.11-8343
https://doi.org/10.1186/s12886-016-0232-2
https://doi.org/10.1186/s12886-016-0232-2
https://doi.org/10.1016/j.ophtha.2007.12.003
https://doi.org/10.1111/cxo.12485
https://doi.org/10.1016/j.ajo.2004.08.061
https://doi.org/10.1016/j.ajo.2004.08.061
https://doi.org/10.1016/j.ajo.2008.10.013
https://doi.org/10.1111/ceo.12753
https://doi.org/10.1111/ceo.12753
https://doi.org/10.1167/iovs.09-3455
http://www.jsps.go.jp/
http://www.jsps.go.jp/
http://www.nature.com/reprints


7Scientific RepoRtS |         (2019) 9:15337  | https://doi.org/10.1038/s41598-019-51920-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-51920-4
http://creativecommons.org/licenses/by/4.0/

	Refractive error and biometrics of anterior segment of eyes of healthy young university students in Japan
	Results
	Discussion
	Methods
	Study design. 
	Subjects. 
	Ophthalmological examinations. 
	Statistical analyses. 

	Acknowledgements
	Figure 1 Scatterplots showing the relationship between the refractive error (spherical equivalent) and the axial length.
	Figure 2 Scatterplots showing the relationship between the refractive error (spherical equivalent) and the anterior chamber depth.
	Figure 3 Histogram showing frequency (%) of refractive error in men and women.
	Table 1 Difference of demographics between men and women.
	Table 2 Univariate correlation between refractive error (spherical equivalent) and biometric parameters of the anterior segment.
	Table 3 Multivariate analysis of the associations between refractive error (spherical equivalent) and biometric parameters of the anterior segment.




