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Purpose: To perform a preliminary evaluation of the applicability of automatic spectral domain 

optical coherence tomography (ASD-OCT) for glaucoma mass screening in a population-based 

setting.

Methods: Information using ASD-OCT (thicknesses of the macular retinal nerve fiber layer 

[mRNFL], disc retinal nerve fiber layer [dRNFL], ganglion cell layer [GCL] + inner plexiform 

layer [IPL]; GCL+, and ganglion cell complex [GCL + IPL + RNFL; GCL++]) was obtained 

from 245 eyes of 123 glaucomatous subjects and 1,454 eyes of 727 normal subjects. For all four 

measurements, each grid was scored as follows: 2= within 95% of the normal database; 1= within 

5%; and 0= within 1%. The sums of each grid (mRNFLs, dRNFLs, GCL+s, and GCL++s) were 

used as indicators. The effectiveness was estimated by the area under the receiver operating 

characteristic curve (AUC-ROC). The appropriate algorithm was then applied to 10,145 eyes 

of 5,088 subjects from the general population (mean age: 50.1±10.3 years).

Results: AUC-ROC of mRNFLs, dRNFLs, GCL+s, and GCL++s was 0.927 (95% confidence 

interval [CI] =0.903–0.950), 0.919 (95% CI =0.899–0.940), 0.972 (95% CI =0.958–0.986), 

and 0.972 (95% CI =0.957–0.986), respectively. The discriminant analysis demonstrated that 

the canonical correlation coefficients of mRNFLs, dRNFLs, GCL+s, and dGCL++s were 0.07, 

0.255, 0.661, and 0.207, respectively. AUC-ROC of the discriminant value was 0.971 (95% 

CI =0.956–0.986). The sensitivity/specificity using GCL+s (cutoff =160) was 81.6%/99.9%. 

This algorithm was applied to the general population, and 1,658 eyes (16.3%) were found to 

be positive for glaucoma.

Conclusion: In the case–control setting, ASD-OCT showed a relatively high performance, and 

the thickness of the GCL + IPL was the best predictor. However, further prospective studies 

are needed, in which the results of this study are compared to the general population, because 

the false-positive rate of glaucoma seems to be high.

Keywords: automatic spectral domain optical coherence tomography, glaucoma mass screen-

ing, population based, applicability

Introduction
Glaucoma is a leading cause of blindness and its prevalence increases with aging.1 The 

prevention of glaucoma-induced visual-field loss is an important public health issue 

to maintain the quality of life in aging populations.2 However, several problems need 

to be addressed for the primary and secondary prevention of glaucoma. Glaucoma is 

asymptomatic until its end stage,1 resulting in .75% patients not receiving medical 

treatment in Japan.3 Thus, the development of an ideal mass screening program is a 

very important challenge for the maintenance of public health.
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We have established a glaucoma mass screening program 

using frequency-doubling technology (FDT) perimetry. 

FDT perimetry is particularly applicable for screening in 

the Japanese population.4,5 However, Iwase et al6 reported 

that FDT perimetry is not sufficiently sensitive for early-

stage glaucoma, despite it being highly specific. As the most 

important concern for a technique in a population-based set-

ting is a high positive predictive value combined with high 

sensitivity, we believe that accurate fundus examination in 

addition to FDT perimetry is ideal.

Optical coherence tomography (OCT) has recently 

been shown to effectively detect glaucomatous optic nerve 

neuropathy.7 More recently, automatic spectral domain 

(ASD)-OCT has been developed. ASD-OCT scans of an eye 

can be completed within a minute without the requirement 

of specialist technicians. The present study is a preliminary 

evaluation of the applicability of ASD-OCT for glaucoma 

mass screening in a large population-based setting.

Methods
The study protocol was approved by the ethics review boards 

of Hitachi Hospital and Tokai University School of Medicine. 

Informed consent was obtained from participants by means 

of an electronic form.

Subjects were participating in annual health checkups 

performed in the Hitachi Health Center. This health checkup 

included mass screening for glaucoma using FDT perim-

etry (screening mode C-20-1; Carl Zeiss AG, Oberkochen, 

Germany) and digital fundus photography (Maestro, Topcon 

Corp., Tokyo, Japan). Glaucomatous subjects were screened 

when their visual-field abnormality (VFA) was detected by 

FDT or glaucomatous disc findings (ie, cup-to-disc ratio of 

.0.7, disc hemorrhage, disc notching, and nerve fiber bundle 

defects) were detected by a fundus examination. Final diag-

nosis was performed by ophthalmologists on the basis of a 

complete ophthalmic examination.

FDT test
VFA was determined by our FDT-VFA protocol.4 Briefly, 

reliable criteria for FDT perimetry were a maximum 

false positive of 1/3 and maximum fixation errors of 1/3. 

Reproducibility was ensured by repeating the evaluation 

and confirming findings when VFAs were detected by the 

initial FDT perimetry. A positive result was defined when 

the spots of the VFA in the retest were the same or were in 

contact with the abnormal ones detected in the first test. The 

decision algorithm defined FDT results as positive when the 

FDT perimetry showed one or more spot of VFA with “mild 

relative loss” located within the four spots in the center on 

the nasal side, two or more spots of VFA with “mild rela-

tive loss” in any location, or one or more spot of VFA with 

“moderate relative loss” or “severe loss” in any spots.

OCT measurement
Automatic OCT was performed in all participants, using a 3D 

OCT-1 Maestro machine (Topcon Corp., Tokyo, Japan). The 

spectral domain OCT datasets were obtained using the 3D 

wide scan protocol in which data were obtained in 12×9 mm2 

areas (128 scan lines, each comprising 512 A-scans) 8° from 

the central fixation point within approximately 1.3 seconds’ 

duration. Registration of the photographs of the fundus and 

the OCT images was automatically confirmed using an 

OCT projection image and the localization of major retinal 

vessels. The disc center was determined as the barycenter of 

the closed spline curve fitted to seven manually determined 

points on the disc edge in color fundus photographs obtained 

simultaneously using the non-mydriatic fundus camera func-

tion of the instrument; it was then extrapolated in all OCT 

images thereafter.

The 3D wide scan demonstrated the retinal thickness 

map. The thicknesses of the retinal nerve fiber layer (RNFL), 

ganglion cell layer (GCL), inner plexiform layer (IPL), 

GCL + IPL (“GCL+”) and GCL + IPL + RNFL (“GCL++”) 

in 10×10 grids in the macular layer were obtained (Figure 1). 

The measurement of disk RNFL:dRNFL was obtained in 

twelve segments in the disc layer (Figure 1). The measure-

ments were expressed in three grades, namely, the thickness 

within the 95th, 5th, and 1st percentiles of the database among 

normal subjects.

Study subjects
On initial screening, 123 glaucomatous subjects were identi-

fied. These included those subjects with a present history of 

glaucoma. All subjects were diagnosed with glaucoma by 

ophthalmologists on the basis of a complete ophthalmologi-

cal examination. The mean ± standard deviation (SD) age of 

the subjects was 55.7±8.5 years with a male:female ratio of 

114:9. From a total of 2,922 subjects who underwent screen-

ing on the basis of a company code, 727 were arbitrarily 

selected as normal for enrollment in the study because they 

did not show: 1) any grade of abnormalities in the FDT test; 

2) matched findings with Mayama’s protocol8 in the OCT 

test; 3) any abnormalities on fundus examination; and 4) poor 

quality of OCT images. Their mean age was 48.5±9.4 years 

with a male:female ratio of 648:79.
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Applicability for general population
We also investigated whether the study protocol was appli-

cable in the general population. We evaluated 10,145 eyes 

of 5,088 subjects (mean age: 50.1±10.3 years; male:female 

ratio: 4,531:557) using ASD-OCT, FDT perimetry, and 

fundus examination.

Statistical analysis
The grade of thickness in each grid was scored as follows: 

2= within 95% of the normal eye, 1= within 5% of the nor-

mal eye, and 0= within 1% of the normal eye. The score in 

each 100 grid (10×10) of the mRNFL, GCL+, and GCL++ 

were added to mRNFLs, GCL+s, and GCL++s. The score 

in each twelve grid of dRNFL was added to dRNFLs. The 

effectiveness of the analysis was estimated by calculating 

the area under the receiver operating characteristic curve 

(AUC-ROC). Then, a discriminant formula was created 

using discriminant analysis. Statistical significance for 

comparisons between two groups was determined using 

the Mann–Whitney U-test. A P-value of ,0.05 was con-

sidered significant. All statistical analyses were performed 

using IBM SPSS version 22 (IBM Corporation, Armonk, 

NY, USA).

Results
The distribution of the mRNFLs, dRNFLs, GCL+s, and 

GCL++s values between the normal and glaucomatous eyes 

are shown in Figure 2. The median [interquartile range] of 

mRNFLs, dRNFLs, GCL+s, and GCL++s was significantly 

(P,0.001) higher in the normal subjects (197 [6] vs 130 

[45.6], 24.0 [2.0] vs 13.0 [9], 199.0 [4.0] vs 107.0 [80], and 

200.0 [2] vs 107.0 [92], respectively). In addition, the distri-

bution of mRNFLs, dRNFLs, GCL+s, and GCL++s stratified 

by FDT results are shown in Figure S1.

Comparisons of ROC curves of mRNFLs, dRNFLs, 

GCL+s, and GCL++s between the normal and glaucomatous 

eyes are shown in Figure 3. AUC-ROC values are summa-

rized in Table 1. AUC-ROC of GCL+s was similar to that 

of GCL++s.

In the discriminant analysis, the canonical correlation 

coefficients of mRNFLs, dRNFLs, GCL+s, and dGCL++s 

were 0.07, 0.255, 0.661, and 0.207, respectively. AUC-ROC 

of the discriminant value was 0.971 (95% confidence interval 

[CI] =0.956–0.986), which was similar to that of GCL+s.

According to these analyses, GCL+s was the best 

candidate for predictor, and the appropriate cutoff value 

was 160 according to the ROC curve. The results are shown 
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Figure 1 An example of the location pattern of 10×10 grids in the 6×6 mm analysis area and 3.4 mm diameter circle centered on the disc.
Abbreviations: S, superior; N, nasal; I, inferior; T, temporal.
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Figure 2 Distribution of four measurements between glaucoma-positive and glaucoma-negative (normal) subjects.
Notes: Thicknesses of the macular retinal nerve fiber layer (mRNFL), disc retinal nerve fiber layer (dRNFL), ganglion cell-inner plexiform layer (GCL + IPL; GCL+), and 
ganglion cell complex (GCL + IPL + RNFL; GCL++) were measured in 245 eyes of 123 glaucomatous subjects and in 1,454 eyes of 727 normal subjects. The grade of thickness 
in each grid was scored as follows: 2= within 95% of the normal database, 1= within 5%, and 0= within 1%. The distribution of the sum of each grid (dRNFLs (A), GCL+s (B), 
GCL++s (C), and mRNFLs (D)) is shown.

in Table 2. The sensitivity and specificity values of GCL+s 

were 81.6% (200/245) and 99.9% (1,452/1,454), respec-

tively; the positive predictive value was 99% (200/202).

Applicability for general population
We applied the protocol for a general population of subjects. 

Of the 10,145 eyes tested using the ASD-OCT test, 1,658 

(16.3%) were found to be positive. The cross tables of FDT 

perimetry and fundus examination are shown in Table 3. Of 

the 544 eyes tested with FDT-VFA, 406 (74.6%) were found 

to be positive according to the ASD-OCT test. The kappa 

value was 0.313. Of the 210 eyes with fundus test abnormali-

ties, 187 (89%) were positive according to ASD-OCT, and 

the kappa value was 0.170.

Discussion
This is, according to our knowledge, the first study to apply 

ASD-OCT for glaucoma mass screening in a large general 

population. In the case–control setting, the performance 

of ASD-OCT for glaucoma mass screening was relatively 

high. The sensitivity and specificity was 81.6 % and 99.9%, 

respectively, whereas the positive predictive value was 99%.  

Thus, we confirmed the applicability of the ASD-OCT test 

for glaucoma mass screening.

Several studies have reported algorithms for identify-

ing glaucoma using SD-OCT. Yoshida et al9 showed that  

AUC-ROC was 0.983 using the Random Forest Classifier 

method. In the current study, although the simply summed 

values of measurements were used, AUC-ROC was 0.972, 

which was comparable to that reported by Yoshida et al.9 

However, these studies8,9 were conducted in hospital-based 

case–control settings. In contrast, we created a reasonable 

study algorithm in a population-based case–control setting 

and then applied that to a population-based setting; in the 

latter setting, the glaucoma positive rate was 16.3%, which 

seemed remarkably high. In addition, we applied the protocol 
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Figure 3 Receiver operating characteristic (ROC) curve using four measurements.
Notes: Thicknesses of macular retinal nerve fiber layer (mRNFL), disc retinal nerve 
fiber layer (dRNFL), ganglion cell-inner plexiform layer (GCL + IPL; GCL+), and 
ganglion cell complex (GCL + IPL + RNFL; GCL++) were measured in 245 eyes 
of 123 glaucomatous subjects and in 1,454 eyes of 727 normal subjects. In all four 
measurements, each grid was scored as follows: 2= within 95% of normal database; 
1= within 5%; 0= within 1%). The ROC curve was made using the four measurements 
of the sum of each grid (mRNFLs, dRNFLs, GCL+s, and GCL++s).

Table 1 The area under the receiver operating characteristic 
curve (AUC-ROC)

Index AUC-ROC 95% confidence interval

mRNFLs 0.927 0.903 0.950
dRNFLs 0.919 0.899 0.940
GCL+s 0.972 0.958 0.986
GCL++s 0.972 0.957 0.986

Abbreviations: mRNFLs, sum of the score in macular retinal nerve fiber layer; dRNFLs, 
sum of the score in disk retinal nerve fiber layer; GCL+s, sum of the score in ganglion 
cell-inner plexiform layer; GCL++s, sum of the score in ganglion cell complex.

used by Mayama et al8 to our study population (5,208 sub-

jects; mean age, 48 years). In the Mayama et al study,8 the 

glaucoma positive rate was 13.3% (694 subjects; Nakano, 

unpublished data, 2016). This rate was also high because the 

subjects were enrolled from the general population and had 

a mean age of 50 years. According to the Tajimi Study,3 the 

prevalence of glaucoma in the Japanese general population 

is estimated to be ,5%. Thus, it seems possible that the 

previous studies and our current study may have included 

subjects falsely diagnosed with glaucoma. OCT has a supe-

rior ability to detect other ophthalmic diseases, including 

cataract, myopia, superior segmental optic hypoplasia, and 

optic nerve hypoplasia, and other neurological diseases, such 

as Alzheimer’s disease and pituitary tumor.10–13 This may also 

account for the higher rates of false positives for glaucoma. 

Therefore, further follow-up studies are needed to determine 

Table 2 Performance of automatic spectral domain-optical 
coherence tomography (ASD-OCT) screening in a case–control 
setting

ASD-OCT screening Normal Glaucoma Total

Negative 1,452 45 1,497
(GCL+s .=160) (97.0%) (3.0%) (100%)

(99.9%) (18.4%) (88.1%)
Positive 2 200 202
(GCL+s ,=160) (1.0%) (99.0%) (100%)

(0.1%) (81.6%) (11.9%)
Total 1,454 245 1,699

(85.6%) (14.4%) (100%)
(100%) (100%) (100%)

Notes: GCL+s: sum of the score in ganglion cell-inner plexiform layer. Upper and lower 
values in parenthesis represent the percentage in each row and column, respectively.

Table 3 Results of automatic spectral domain-optical coherence 
tomography (ASD-OCT) screening in a population setting of the 
general workers

ASD-OCT screening Total

Negative Positive

FDT test
Negative 8,349 (87) 1,252 (13) 9,601 (100)
Positive 138 (25.4) 406 (74.6) 544 (100)

Fundus test
Negative 8,464 (85.2) 1,471 (14.8) 9,935 (100)
Positive 23 (11) 187 (89) 210 (100)
Total 8,487 (83.7) 1,658 (16.3) 10,145 (100)

Note: Data are expressed as n (%).
Abbreviation: FDT, frequency doubling technology perimetry.

whether the subjects with a positive ASD-OCT test actually 

have glaucoma, or other diseases.

In this study, the GCL+ thickness was found to be the most 

important predictor of glaucoma. With regard to detection 

ability, there is currently a debate on glaucoma prediction 

based on evaluations of the papilla or macula, because the 

initially injured portion varies with each case. GCL+ of the 

macula was better able to detect parafoveal scotoma within 

10° from the center, and RNFL of the papilla was able 

to detect scotomas of the peripheral nasal step exceeding 

10° from the center.14 However, a recent systematic review 

reported that the range of sensitivity was 65%–75% when the 

specificity was 90%–95%. The sensitivity of analysis on the 

papilla was slightly superior to that of the macula.7

This study had several limitations. First, the severity 

grade of the glaucomatous eye was unknown because we 

did not obtain information from the standard perimetric 

test. This was because the study subjects were enrolled 

from the general population and not from a hospital-based 

population. As they were from the general population, the 

severity of the glaucoma detected may show a bias toward 

being mild. Second, glaucomatous subjects could have been 

present among those subjects who were screened as normal. 
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To minimize this problem, we screened and analyzed a large 

number of eyes. Third, our data were biased toward those 

obtained from men. This institute belongs to a large electronic 

company. Thus, participants in the health checkup (study 

population) were industrial employees. In this company, 

employees were predominantly men. Fourth, the case–control 

setting is ideally matched for major confounding factors, 

such as age and sex. In the OCT equipment, OCT results 

were adjusted for age based on normal data in the database. 

Because sex was not previously reported to be a confound-

ing factor in the case of glaucoma in Japanese patients,3 we 

simply compared between subjects diagnosed with glaucoma 

and normal subjects. Despite these limitations, our data sug-

gest that further prospective studies are needed to assess the 

usefulness of ASD-OCT for glaucoma mass screening in the 

general population.
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Figure S1 The distribution of dRNFLs (A), GCL+s (B), GCL++s (C), and mRNFLs (D), stratified by FDT results.
Notes: According to FDT results, each grade in a field was scored as follows: 0= normal, 1= mild relative loss, 2= moderate relative loss, and 3= severe loss. Total score was 
summed among 17 areas and was classified into four grades as an FDT score: 0, 1–10, 11–20, and 21–. The distribution of the sum of each grid (dRNFLs (A), GCL+s (B),  
GCL++s (C) and, mRNFLs (D)) is shown.
Abbreviations: dRNFLs, sum of the score in disc retinal nerve fiber layer; FDT, frequency-doubling technology; GCL+s, sum of the score in ganglion cell-inner plexiform 
layer; GCL++s, sum of the score in ganglion cell complex; mRNFLs, sum of the score in macular retinal nerve fiber layer.
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