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Purpose: Ocular parameters are not only useful for diagnosing diseases but also for guiding treatment approaches. A lot of previous 
studies have reported ocular parameters and its relations before cataract surgery. However, despite ethnic differences in ocular 
biometry, few reports have dealt with Japanese. Hence, this retrospective cross-sectional study aimed to measure parameters of 
preoperative cataract patients and examines the correlations between each parameter in Japanese elderly people.
Patients and Methods: The 210 subjects had their ocular axial lengths measured with OA-2000. The endpoints were ocular axial 
length (AL), central corneal thickness (CCT), average anterior corneal radius of curvature (CR), white-to-white (WTW), anterior 
chamber depth (ACD), and lens thickness (LT). Our analyses utilized the eye with the longer AL in each person. Each parameter was 
analyzed for correlations in a round-robin manner. Regression analyses were performed on parameters correlated with AL.
Results: The parameters correlated with AL were CR (r = 0.33, P < 0.0001), WTW (r = 0.29, P < 0.0001), ACD (r = 0.59, P < 
0.0001), and LT (r = −0.30, P < 0.0001). These parameters related to AL in all simple regression equations (CR (P < 0.0001), WTW 
(P = 0.0002), ACD (P < 0.0001), LT (P = 0.0001)). In multiple regression analyses, CR, ACD, and LT might relate to AL (CR (P = 
0.0002), ACD (P < 0.0001), LT (P = 0.018)). LT tended to be thinner as AL increased, while CR, WTW, and ACD tended to 
increase.
Conclusion: This information may be useful in developing strategies for ophthalmic surgery, as it provides information on the 
location of intraocular tissues. Various parameters have been used in intraocular lens (IOL) power calculations in recent years and 
knowledge of the interrelationship among parameters may be useful in determining IOL power according to ethnicity in the future.
Keywords: preoperative cataract patients, central corneal thickness, average anterior corneal radius of curvature, white-to-white, 
anterior chamber depth, lens thickness

Introduction
Originally, ocular biometry required the use of multiple instruments such as ultrasound, or laser for measuring ocular 
axial length (AL), anterior chamber depth (ACD), and lens thickness (LT), autorefractometers for refractive power, and 
pachymeters for corneal thickness. Each parameter had to be measured separately using different instruments. However, 
in recent years, the OA-2000 (TOMEY Corporation, Nagoya, Japan) and IOL Master 700 (Carl Zeiss Meditec AG, Jena, 
Germany) based on Swept-source optical coherence tomography (SS-OCT) have been developed. These instruments 
allow for the measurement of multiple parameters without the need for multiple instruments.

Measurement of parameters can provide valuable insights into various diseases. For instance, thin corneal thickness 
has been associated with open-angle glaucoma,1 while a shallow anterior chamber is significantly related to angle-closure 
glaucoma.2 Moreover, long-axial eyes have been found to have thinned choroid and sclera.3,4 Parameters are not only 
useful for diagnosing diseases but also for guiding treatment approaches. For example, knowledge of LT is essential in 
developing strategies for cataract surgery. Additionally, when inserting instruments into the anterior chamber, it is 
important to consider the positional relationship between the cornea, iris, and lens to avoid damaging ocular tissues.
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OA-2000 offers the advantage of simultaneously measuring multiple parameters within seconds using the SS-OCT 
method. This eliminates the need for multiple devices and reduces the burden on patients during testing. The use of 
a single method also ensures consistency in measurement techniques and reduces the potential for systematic errors.

Although there have been a lot of previous ocular biometric studies dealing with correlations between AL and various 
parameters, there have been no reports from Japan dealing with multiple ocular parameters simultaneously using a single 
machine. Papers reported from Japan in the past, to the best of our knowledge, have been concerned with the distribution 
of ocular biometry5,6 and its correlation with age.7 It has been reported that there are ethnic differences in ocular 
parameters,1,8–11 and the correlations between parameters in Japanese may help us understand the characteristics of the 
Japanese eye shape. In this study, OA-2000 was utilized to comprehensively measure parameters in preoperative cataract 
patients and investigated the correlations between each parameter in Japanese elderly people.

Methods
This study was conducted as a retrospective cross-sectional review. The subjects were 210 patients who visited our 
outpatient department from April 1, 2018 to March 31, 2020 and had their AL measured before cataract surgery. OA- 
2000 (TOMEY Corporation, Nagoya, Japan) was used for AL measurement. The measurement method was done with 
nonmydriasis. The measurement was completely automatic. No manual modifications were made. The study focused on 
six parameters: AL, central corneal thickness (CCT), average anterior corneal radius of curvature (CR), transverse 
corneal diameter known as white-to-white (WTW), ACD, and LT. All these parameters were measurable, and the longer 
AL was mainly employed for each person. Signal-to-noise ratio (SNR) value over 2.1 was used as a criterion for 
adoption.12

The statistical analysis methods were as follows. First, a Spearman’s rank correlation coefficient test was conducted to 
analyze the correlation of each parameter in a round-robin manner. Second, simple regression analyses were performed 
on the parameters correlated with AL, with AL as the objective variable and each parameter as the explanatory variable. 
Finally, multiple regression analyses were conducted between AL and the selected parameters, with AL as the objective 
variable and the appropriate parameters as the explanatory variables.

All analyses were performed using JMP Pro version 16 (SAS Institute Inc., Cary, NC, USA). The statistical 
significance level was < 0.05. This study was conducted in accordance with the Declaration of Helsinki and received 
approval from the Ethics Committee of Saitama Medical University (approval number: 2414). The consent of the 
subjects was obtained in an opt-out format. The need for informed consent was waived by the Ethics Committee of 
Saitama Medical University because of the retrospective nature of the study. Confidentiality of each patient’s personal 
information obtained in this study was ensured so that it would not be leaked to third parties.

Results
Correlation Analyses
Table 1 shows the overall mean values. Table 2 presents the correlation results between AL and each parameter. 
Parameters correlated with AL were CR (r = 0.33, P < 0.0001), WTW (r = 0.29, P < 0.0001), ACD (r = 0.59, P < 
0.0001), and LT (r = −0.30, P < 0.0001). Weak positive correlations were observed between AL and CR, AL and WTW, 
and a positive correlation between AL and ACD. A weak negative correlation was found between AL and LT. No 
correlation was found between AL and CCT (r = 0.12, P = 0.095). Other significant correlations included CR and WTW 

Table 1 Overall Means, Maximum and Minimum Values, and Coefficient of Variations

All (n=210, Female = 102,  
Male = 108)

Age AL (mm) CCT (µm) CR (mm) WTW (mm) ACD (mm) LT (mm)

Average ± SD 70.21 ± 12.09 25.00 ± 2.27 527.46 ± 33.19 7.65 ± 0.26 11.65 ± 0.53 3.15 ± 0.42 4.68 ± 0.49

Max 95 34.74 602 8.72 12.98 4.42 5.83

Min 23 21.89 451 6.94 10.00 2.14 3.18
CV (Coefficient of Variation) 15.28 9.07 6.29 3.38 4.51 13.27 10.54
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(r = 0.43, P < 0.0001), WTW and ACD (r = 0.22, P = 0.0017), and ACD and LT (r = −0.72, P < 0.0001). The present 
study identified the strongest negative correlation between ACD and LT.

Simple Regression Analyses
Simple regression analyses were performed on CR, WTW, ACD, and LT that were correlated with AL. Table 3 shows the 
results of simple regression analyses, and Figure 1 shows the results of plotting predicted AL and actual AL values. The 
parameters possibly related to AL in all simple regression equations (CR (P < 0.0001), WTW (P = 0.0002), ACD (P < 
0.0001), LT (P = 0.0001)). However, all had low coefficients of determination (CR (R2 = 0.092), WTW (R2 = 0.063), 
ACD (R2 = 0.27), and LT (R2 = 0.067)). Based on the plots of predicted AL and actual AL values, it is difficult to predict 
AL for either parameter (Figure 1). Thus, none of the simple regression equations hold.

Multiple Regression Analyses
Multiple regression analyses were performed by selecting parameters. Table 3 shows multiple regression analyses, while 
Figure 2 illustrates the results of plotting predicted AL and actual AL values.

First, multiple regression analysis was performed on all parameters (Multiple Regression Analysis No.1). CCT and 
WTW had no effect on AL (CCT (P = 0.073), WTW (P = 0.25)).

Second, a multiple regression analysis was also performed, excluding CCT and WTW (Multiple Regression Analysis 
No.2). CR, ACD, and LT may have related to AL (CR (P = 0.0002), ACD (P < 0.0001), LT (P = 0.018)). The coefficient 
of determination adjusted for degrees of freedom was low (Adjusted R2 = 0.33). However, upon examining the plots of 
predicted AL and actual AL values (Figure 2), a slight linear relationship between the two variables can be observed. 
Hence, this multiple regression equation may explain some trends.

Discussion
Although correlations between AL and parameters have been reported in the past, few studies have reported all of these 
parameters simultaneously (Table 4). Yin et al13 reported correlations for the same parameters as ours. The study differed 
from ours in that it found a significant relationship between AL and CCT. The other correlation coefficients are 
significant as in the present study, but the values are slightly different. Ocular geometry may differ slightly even 
among the same Asian population.

In our simple regression analyses, AL was influenced by CR, WTW, ACD, LT. Similar findings have been reported in 
previous studies (CR,13 WTW,13,18 ACD,13,18,27 and LT13). However, except for the study by Yin et al13 almost all of 
these parameters have not been examined together. In these studies, the same parameters as in our study were measured 
using a single machine. Additionally, Yin et al13 and Nangia et al27 have reported that CCT was associated with AL, but 
the steepness of regression line in each study was small. Therefore, the effect of CCT on AL seems to be small.

The relationship between AL and CCT was investigated by Shimmyo et al35 (R2 = 0.00728) and Chen et al31 

(R2 = 0.0028). However, similar to the current results, there were no significant correlations found between AL 
and CCT. Recent studies with correlation analyses reported significant but low correlations between AL and 
CCT.13–15,19,20,27,30,31,34,35 Therefore, it is believed that AL does not vary with changes in CCT.

Table 2 Correlation Coefficients Between Each Parameter

Parameters AL CCT CR WTW ACD

CCT r = 0.12, P = 0.095 – – – –
CR r = 0.33, P < 0.0001* r = 0.13, P = 0.053 – – –

WTW r = 0.29, P < 0.0001* r = −0.097, P = 0.16 r = 0.43, P < 0.0001* – –

ACD r = 0.59, P < 0.0001* r = 0.023, P = 0.74 r = 0.077, P = 0.26 r = 0.22, P = 0.0017* –
LT r = −0.30, P < 0.0001* r = −0.0025, P = 0.97 r = 0.029, P = 0.67 r = −0.12, P = 0.073 r = −0.72, P < 0.0001*

Notes: Values with “*” represent statistical significance. 
Abbreviations: AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to-white; ACD, anterior 
chamber depth; LT, lens thickness.
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Table 3 Simple and Multiple Regression Analyses

Independent 
Variable

Simple Regression Analysis Multiple Regression Analysis No.1 Multiple Regression Analysis No.2

Regression  
Coefficient (95% 

Confidential Interval)

P value R2 Regression  
Coefficient (95% 

Confidential Interval)

P value Adjusted R2 Regression  
Coefficient (95% 

Confidential Interval)

P value Adjusted R2

Intercept – – – −8.57 (−18.28 to 1.13) 0.083 0.34 −4.54 (−13.39 to 4.31) 0.31 0.33

CCT – – – 0.0071 (−0.00066 to 0.015) 0.073 – –
CR 2.66 (1.52 to 3.80) < 0.0001* 0.092 1.55 (0.45 to 2.66) 0.0059* 1.93 (0.94 to 2.92) 0.0002*

WTW 1.09 (0.51 to 1.66) 0.0002* 0.063 0.32 (−0.23 to 0.86) 0.25 – –

ACD 2.83 (2.19 to 3.46) < 0.0001* 0.27 3.27 (2.40 to 4.14) < 0.0001* 3.38 (2.52 to 4.24) < 0.0001*
LT −1.19 (−1.80 to −0.58) 0.0001* 0.067 0.84 (0.12 to 1.56) 0.023* 0.88 (0.16 to 1.60) 0.018*

Notes: All analyses have AL as the objective variable and each parameter as an explanatory variable. Values with “*” represent statistical significance.
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There have been some reports on correlation analysis of significant negative relationship between AL and corneal 
power.18,27,30,33 Furthermore, multiple studies with correlation analyses have reported significant positive correlations 
between AL and CR.13,20,26,37 Considering these facts, the increase in CR associated with AL elongation is thought to 
result in corneal flattening and decrease corneal power.

In relation to the relationship between AL and WTW, Park et al30 (R2 = 0.0786) reported similar findings to the 
present study. As AL increases, WTW also increases. Similarly, Jivrajka et al33 (R2 = 0.1792) reported a similar 
relationship between AL and ACD. As AL increases, ACD seems to increase as well. Previous studies with correlation 
analyses showed significant positive correlations between AL and WTW,13–15,17,18,22,25,28–30 and between AL and 
ACD.13–15,17,18,21–31,33,36,37 However, Wei et al38 reported that there is no linear increasing relationship between AL 
and WTW, with WTW reaching its maximum at ALs of 24.5 to 26 mm and gradually decreasing. Therefore, the present 
result on the association between AL and WTW may not necessarily apply in all cases.

The relationship between AL and LT was discussed in Jivrajka et al33 (R2 = 0.0321), which made a similar report. 
Previous studies with correlation analyses pointed out several significant negative correlations between the 
two,13,14,16,17,22,27,32,33,36,37 suggesting that LT becomes thinner as AL increases. However, Meng et al39 reported no 

Figure 1 Plots of predicted AL versus actual AL using simple regression analyses. Predicted AL and actual AL with CR as the explanatory variable (A). Predicted AL and 
actual AL with WTW as the explanatory variable (B). Predicted AL and actual AL with ACD as the explanatory variable (C). Predicted AL and actual AL with LT as the 
explanatory variable (D). Red and Blue lines represent each regression line and mean value. Red zones represent 95% confidential intervals for each regression line.
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linear decreasing relationship between AL and LT. According to their report, LT deceased with increasing AL in normal 
and moderate myopic eyes, while it conversely increased in the other AL groups. Therefore, the present result on the 
association between AL and LT may not also apply in all cases.

Our multiple regression analysis revealed that CR, ACD, and LT were significant parameters for predicting AL. 
Previous studies conducted multiple regression analyses with AL as the dependent variable, but the overlapping 
parameters with our study were different. Specifically, Yin et al13 included CCT, CR, ACD, and LT as significant 
parameters; Nangia et al27 included ACD and LT; and Park et al30 included ACD. The explanatory variables used in each 
study were different. However, all reports included ACD, suggesting that it is the parameter most closely related to AL. 
Additionally, among these studies, only Park et al30 used multiple instruments to measure the same parameters as we did.

Since studies of Yin et al13 and Nangia et al27 did not mention R2, we did not know how well the regression equation 
could predict AL. Park et al30 obtained a much higher coefficient of determination with age, spherical equivalent of 
refractive error, corneal curvature (diopter), ACD, and retinal nerve fiber layer (RNFL) thickness as explanatory variables 
(R2 = 0.918). From this point of view, AL cannot be predicted with a high probability using only the data obtained from 
OA-2000 as in our study.

We would like to share useful information in clinical practice from these results. There is something that should be 
considered during cataract surgery for the long-axial eye. Since WTW increases as AL increases, it is difficult to give 
a guideline for the size of continuous curvilinear capsulorhexis (CCC) with WTW. To accurately determine the size of 
CCC, a CCC marker should be used. Since ACD deepens with AL elongation, it should be noted that the lens is in 
a deeper position in the long-axial eye. In addition, since the lens is thinner in the long-axial eye, we must be aware of 
posterior capsule rupture during cataract surgery. In situations where it is not possible to measure all parameters, this 
information is also useful in developing surgical strategies because it provides information about the location of 
intraocular tissues.

We would like to mention the possibility that this study may be related to the determination of intraocular lens (IOL) 
power in the future. The conventional IOL power calculation formulas, represented by the Sanders-Retzlaff-Kraff 
/Theoretical (SRK/T) formula,40 have been based on preoperative AL, corneal power, and expected postoperative 
anterior chamber depth (effective lens position). Recently, with the introduction of the Barrett Universal II formula,41 

IOL power calculations are now based on AL, corneal power, and ACD (LT and WTW are optional). More recently, the 
Hill-Radial Basis Function (Hill-RBF) method42 and the Kane formula43 using artificial intelligence have been intro-
duced. Hill-RBF method outputs IOL power considering subject’s parameters, relying on the large training dataset of AL, 
corneal power, ACD, and postoperative spherical equivalent power (details unknown). The Kane formula adds gender to 

Figure 2 Plots of predicted AL versus actual AL using multiple regression analyses. AL predicted and AL actual values with all parameters as explanatory variables (A). AL 
predicted and AL actual values with parameters, excluding CCT and WTW as explanatory variables (B).
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Table 4 A Sampling of Previous Studies Dealing with Correlation Analyses Between AL and Parameters, Including Parameters Similar to Those in the Present Study

Study Name Country Year of Publication CCT (µm) CR (mm) WTW (mm) ACD (mm) LT (mm)

Present study Japan – 0.12; P = 0.095 0.33; P < 0.001* 0.29; P < 0.001* 0.59; P < 0.001* −0.30; P < 0.001*

Kim et al14 Korea 2023 0.071; P < 0.001* NR 0.285; P < 0.001* 0.503; P < 0.001* −0.288; P < 0.001*

Miao et al15 China 2022 0.15; P < 0.001* NR 0.21; P < 0.001* 0.32; P < 0.001* NR
Feng et al16 China 2021 NR NR NR NR −0.176; P ≤ 0.001*

Lei et al17 China 2021 NR NR 0.325; P < 0.01* 0.544; P < 0.01* −0.212; P < 0.01*

Natung et al18 India 2019 NR NR 0.205; P = 0.000* 0.298; P = 0.000* NR
Hashmani et al19 Pakistan 2019 0.149; P = 0.030* NR NR NR NR

Muthu Krishnan et al20 South India 2019 0.211; P = 0.008* 0.287; P = 0.000* NR NR NR

Huang et al21 Western China 2018 NR NR NR 0.542; P < 0.01* NR
Ferreira et al22 Portugal 2017 NR NR 0.454; P < 0.001* 0.571; P < 0.001* −0.334; P < 0.001*

Chen et al23 South China 2016 NR NR NR 0.652; P < 0.001* NR

Fernández-Vigo et al24 Spain 2016 NR NR NR 0.625; P < 0.001* NR
Cui et al25 Southern China 2014 NR NR 0.185; P < 0.01* 0.385; P < 0.01* NR

Yin et al13 China 2012 0.11; P < 0.001* 0.52; P < 0.001* 0.06; P = 0.001* 0.34; P < 0.001* −0.11; P < 0.001*

The Singapore Indian Eye Study26 Singapore 2011 NR 0.48; P < 0.05* NR 0.47; P < 0.01* NR
Nangia et al27 India 2010 0.09; P < 0.001* NR NR 0.19; P < 0.001* 0.03; P = 0.06

Hoffmann et al28 Germany 2010 NR NR 0.294; P < 0.001* 0.324; P < 0.001* NR
Fotedar et al29 Australia 2010 NR NR 0.343; P < 0.0001* 0.424; P < 0.0001* NR

Park et al30 Korea 2010 −0.049; P < 0.511 NR 0.279; P < 0.001* 0.506; P < 0.001* NR

Chen et al31 Republic of China 2009 −0.053; P = 0.233 NR NR 0.651; P < 0.001* NR
Praveen et al32 India 2009 NR NR NR NR −0.01; P < 0.001*

Jivrajka et al33 USA 2008 NR NR NR 0.423; P < 0.001* −0.179; P < 0.001*

Oliveira et al34 USA 2006 0.07; P = 0.4 NR NR NR NR
Shimmyo et al35 USA 2005 0.0853; F = 0.0049 NR NR NR NR

Osuobeni et al36 Saudi Arabia 1999 NR NR NR 0.56; P < 0.05* −0.32; P < 0.05*

Carney et al37 Australia 1997 NR 0.409; P = 0.0001* NR 0.515; P = 0.0001* −0.089; P = 0.3484

Notes: NR denotes data not reported. Values with “*” represent statistical significance.
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AL, corneal power, and ACD, and optionally considers LT and CCT to obtain IOL power. IOL formulas have transitioned 
from an era in which only AL and corneal power were considered as parameters to an era in which a variety of 
parameters are considered to determine IOL power. Further development of parameter research such as ours may lead to 
the selection of the optimal IOL power for each ethnic group.

This report is based on data derived from a single machine. It does not consider age, gender, stature, weight, refractive 
power, and social life circumstances (eg, medical history, educational background, and frequency of reading books), as 
reported in previous reports.5,7,13,14,18,21,25–27,29,44–46 In addition, unlike previous reports,5,6,15,17,38,39 we did not perform 
our analyses stratified by each axial length. Therefore, it is possible that good results were not obtained. Moreover, since 
our hospital is a medical institution that handles difficult cases, there may be a selection bias.

Conclusion
In summary, LT tended to be thinner as AL increased, while CR, WTW, and ACD tended to increase. These findings not 
only provide an opportunity to notice points to be considered in cataract surgery in cases of the long-axial eye, but also 
may lead to determination of IOL power for each ethnic group with awareness of the relationship between parameters in 
the future.

Abbreviations
AL, ocular axial length; CCT, central corneal thickness; CR, average anterior corneal radius of curvature; WTW, white-to 
-white; ACD, anterior chamber depth; LT, lens thickness.
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