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Purpose: The purpose of this study was to clarify differences between highly myopic and 

non-myopic primary open-angle glaucoma (POAG) patients, including normal-tension glau-

coma patients.

Patients and methods: A total of 269 POAG patients were divided into two groups: patients 

with $26.5 mm of axial length (highly myopic group) and patients with ,24.0 mm of axial 

length (non-myopic group).

Results: We analyzed 53 highly myopic and 93 non-myopic POAG patients. Age at first visit of 

the highly myopic group was significantly less than that of the non-myopic group (P,0.0001). 

Baseline intraocular pressures (IOPs) showed no significant differences. Follow-up IOPs of the 

non-myopic group were significantly lower than those of the highly myopic group (P=0.0009). 

According to the mean deviation definition of progression, the cumulative probability of non-

progression of visual field (VF) loss was significantly greater in the highly myopic group (10-year 

survival rate, 73.7%±6.8%) than in the non-myopic group (10-year survival rate, 46.3%±5.8%; 

log-rank test, P=0.0142). The occurrence of disk hemorrhage (DH) in the non-myopic group 

(1.60±3.04) was significantly greater than that in the highly myopic group (0.93±2.13, P=0.0311). 

The cumulative probability of DH was significantly lower in the highly myopic group (10-year 

survival rate, 26.4%±5.4%) than in the non-myopic group (10-year survival rate, 47.2%±6.6%, 

P=0.0413).

Conclusion: Highly myopic POAG is considered as a combination of myopic optic neuropathy 

and glaucomatous optic neuropathy (GON). If GON is predominant, it has frequent DH and 

more progressive VF loss. However, when the myopic optic neuropathy is predominant, it has 

less DH and less progressive VF loss.

Keywords: myopic glaucoma, disk hemorrhage, open-angle glaucoma, visual field defect 

progression, high myopia

Introduction
Meta-analyses of epidemiological surveys have reported that myopia is a risk factor 

for glaucoma. The odds ratio of glaucoma with high myopia is an average of 2.46 

(1.93–3.15).1–11 The Tajimi Study, a Japanese population-based survey of glaucoma, 

reported that intraocular pressure (IOP), myopia, and age were significant risk factors 

for primary open-angle glaucoma (POAG), including normal-tension glaucoma 

(NTG).6 There have been numerous explanations for the possible relationship between 

myopic eyes and glaucoma. Fong et al12 reported that myopia affects the lamina cribrosa 

with elongation of the axial length. Progressive tilting of the optic disk with a nasal 

shift of the temporal optic disk margin and simultaneous development/enlargement of 
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peripapillary atrophy (PPA) occur in childhood with myopic 

shift. These findings indicate that the lamina cribrosa, thought 

to be a principal site of glaucomatous damages, also shifts 

in the nasal direction in eyes with a tilted disk. This myopic 

tilting of the optic disk may generate tensile stretch on the 

temporal side of the lamina cribrosa and the retinal ganglion 

cell axons. Furthermore, direct damage to the retinal nerve 

fibers caused by a sharp angle of scleral bending, such as 

mechanical damage and excessive tension to the retinal nerve 

fibers, is one of the mechanisms by which visual field (VF) 

defects occur in highly myopic eyes.13

In myopic glaucoma, the optic disk is secondarily 

enlarged by elongation of the eyeball, leading to extension 

and thinning of the lamina cribrosa, and increased sensitivity 

to changes in IOP.14–18

Jonas and Budde15 reported that myopic eyes often suffer 

from glaucoma because of a rapid pressure slope between 

the ocular space and cerebrospinal space by thinning of the 

lamina cribrosa. They reported that the calculated trans-

lamina cribrosa pressure difference showed a better correla-

tion with glaucoma and the amount of glaucomatous optic 

neuropathy (GON) in POAG and NTG patients.19 Recent 

studies have clarified these differences in clinical character-

istics between highly myopic and non-myopic glaucomatous 

eyes. Yoshino et al20 reported that the rate of progression of 

VF defects was similar among POAG patients with high 

myopia and non-high myopia who were under treatment. 

Yamada et al investigated the relationship between the 

microstructure of the PPA β-zone that was classified on the 

basis of the presence or absence of Bruch’s membrane (BM). 

They suggested that the PPA+BM
 width may be an important 

risk factor for VF field progression in POAG, including high 

myopia, and the PPA−BM
 width may have a protective effect 

for VF progression in this type of POAG.21

Because the percentage of myopia, especially high 

myopia, is high in Asian populations,22,23 it is important to 

better understand the relationships between high myopia 

and the degree of VF defect progression in patients with 

glaucoma. Myopic glaucoma cases may have both myopic 

changes and glaucomatous changes. Therefore, to clarify 

the effects of high myopia, we analyzed the clinical features 

of POAG patients with high myopia, with special atten-

tion to the presence of disk hemorrhage (DH) over a long 

follow-up period.

Patients and methods
This study protocol was reviewed and approved by the institu-

tional review board of Fukui-ken Saiseikai Hospital. Because 

of the retrospective nature of the study, the committee waived 

the requirement for patient informed consent. All study proce-

dures adhered to the tenets of the Declaration of Helsinki.

Patients
We retrospectively reviewed the records of consecutive 

patients who were diagnosed to have POAG, including 

NTG, in our hospital from 1997 to 2014 at the Glaucoma 

Service in the Department of Ophthalmology of Fukui-ken 

Saiseikai Hospital. Over the entire follow-up period, only 

one ophthalmologist (KN) followed up all patients.

The diagnostic criteria for POAG were, 1) normal open 

angle; 2) glaucomatous changes in the VF with optic nerve 

cupping; and 3) the absence of other optic neuropathies. 

POAG was diagnosed according to the guidelines of the Japan 

Glaucoma Society24 and the European Glaucoma Society.25

Eyes were included in this study when they met all the 

following criteria:

1.	 POAG diagnosed at the Fukui-ken Saiseikai Hospital 

and followed up for .3 years at 2-month intervals by 

the same examiner (KN);

2.	 visual acuity .20/20 during the study period, and 

data available until cataract surgery due to cataract 

progression;

3.	 eyes with clear fundus photography at baseline and at 

every follow-up; and

4.	 in cases when both eyes met the enrollment criteria, only 

the right eye was selected for analysis.

Eyes were excluded in this study when they met all the 

following criteria:

1.	 a combination of congenital optic disk anomalies or 

retinal diseases, including pathological myopia;

2.	 the possibility of other optic nerve diseases;26

3.	 intracranial lesions or trauma possibly associated with 

VF defects;

4.	 eyes with previous laser treatments or ocular surgeries 

except for cataract surgery at baseline; and

5.	 the number of VF tests ,7.

Patients were examined every 2 months. During these vis-

its, all patients underwent a complete ophthalmic examination, 

including measurement of uncorrected and best-corrected 

visual acuities using the 5-m Landolt chart, slit-lamp biomi-

croscopy, IOP measurements using a Goldmann applanation 

tonometer, dilated stereoscopic fundus examination of the 

optic nerve, stereo disk photography with a 3-Dx simultaneous 

stereo disk camera (Kowa, Nagoya, Japan), and standard auto-

mated perimetry (SAP) using a Humphrey 750 Visual Field 

Analyzer (HFA; Carl Zeiss Meditec, Dublin, CA, USA).

SAP was conducted at intervals of 3–6 months. Mean 

deviation (MD) was measured using the Central 30–2 Full 
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Threshold program of the Humphrey 750 Visual Field 

Analyzer or standard strategies of the Swedish Interactive 

Threshold Algorithm. The criteria for a reliable SAP were 

both a false positive and false negative #33% and a fixation 

loss ,20%. The progression rate of VF defects was evaluated 

by the MD slope of the HFA. Linear regression analysis was 

performed using a Windows-based personal computer pro-

gram, HFA Files, version 5 (Beeline Office, Tokyo, Japan), 

to calculate the MD slope. Any reliable results as described 

earlier were included in the analyses.

Refraction was measured with an autorefractor–keratometer 

(ARK-900; Nidek, Gamagori, Japan). Axial length was mea-

sured using the IOL Master (Carl Zeiss Meditec, Dublin, 

CA, USA). To clarify the effects of high myopia, we divided 

our cases into two groups comprising eyes with an axial 

length $26.5 mm (highly myopic group) and eyes with an 

axial length ,24.0 mm (non-myopic group). There are many 

cases that our group followed up for the long term in this 

research. As a result, 27.4% of all cases were cataract surgeries 

during follow-up. The authors adopted the axial length for an 

evaluation of the refraction, because the cases existed, where 

a refraction state changed in post-cataract surgery existed.

DH was defined as an isolated hemorrhage seen in the optic 

disk tissue or in the peripapillary retina that reached the disk 

rim. Fundus photographs including stereoscopic images were 

taken at every visit to confirm the existence of DH. The data 

were analyzed using the Kaplan–Meier life table method to 

calculate the cumulative probabilities of DH occurrence. When 

the first occurrence of DH was observed, the follow-up evalu-

ation was assumed to have reached its end point. The survival 

curves were compared using the log-rank test.

The VF loss progression was judged to have reached its 

end point when the perimetric progression definition was first 

detected, involving .3 decibels demonstrated twice during 

the follow-up period compared with two baseline values. 

Any perimetric result with an artifact was excluded. The data 

were analyzed using the Kaplan–Meier life table method to 

calculate the cumulative probabilities of a stable VF.

Statistical analyses were performed using SPSS statistical 

software, version 16.0 for Windows (SPSS Inc., Chicago, 

IL, USA). The chi-square test was used for comparison of 

sex differences. Other parameters were compared using the 

Mann–Whitney U test. The survival curves were compared 

using the log-rank test. A P-value ,0.05 was considered 

statistically significant.

Results
A total of 146 eyes of 269 POAG patients satisfied both 

the enrollment and exclusion criteria and were analyzed. 

Table 1 Clinical features in the non-myopic group and highly 
myopic group

Non-myopic 
group

Highly 
myopic group

P-value

AL ,24.0 mm AL $26.5 mm

93 eyes 53 eyes

Age at first visit (years) ,0.0001
Mean ± SD 62.6±10.2 51.1±9.9
Range 27–85 28–74

Sex (male/female) 36/57 40/13 ,0.0001
Refractive error (D) ,0.0001

Mean ± SD −0.0±1.4 −8.6±2.8
Range 3.25 to −5.5 −3.5 to −16.5

Axial length (mm) ,0.0001
Mean ± SD 23.0±0.7 27.6±1.0
Range 21.39–23.99 26.50–31.73

Follow-up period (years) 0.0406
Mean ± SD 12.2±4.0 10.6±4.1
Range 5.2–21.2 5.5–18.7

Baseline IOP (mmHg) 0.0636
Mean ± SD 16.3±4.5 17.8±4.8
Range 9–32 10.3–35

Follow-up IOP (mmHg) 0.0009
Mean ± SD 12.8±2.5 13.8±2.3
Range 8.5–26.9 7.2–20.4

IOP reduction (%) 0.8823
Mean ± SD 17.7±16.1 18.7±16.8
Range −32–49 −18–79

IOP fluctuation (mmHg) 0.0099
Mean ± SD 7.6±3.2 6.2±1.6
Range 3–20 3–12

Central corneal thickness (μm) 0.4029
Mean ± SD 538.7±35.0 546.3±37.1
Range 441–614 438–644

Number of visual field tests 0.0171
Mean ± SD 24.0±8.7 20.5±7.3
Range 9–48 9–36

Baseline MD (dB) 0.2229
Mean ± SD −6.12±5.14 −7.72±6.21
Range 1.51 to −26.66 −0.05 to −21.22

Final MD (dB) 0.9919
Mean ± SD −10.22±7.33 −10.29±7.42
Range 0.88 to −29.92 −0.30 to −26.34

MD slope (dB/year) 0.0183
Mean ± SD −0.383±0.547 −0.192±0.275
Range 0.35 to −3.65 0.33 to −0.93

DH number 0.0311
Mean ± SD 1.60±3.04 0.93±2.13
Range 0–19 0–12

Abbreviations: AL, axial length; D, diopters; IOP, intraocular pressure; MD, mean 
deviation; dB, decibel; DH, disk hemorrhage.

Of the enrolled eyes, 53 patients were highly myopic 

(age, 51.1±9.9  years) and 93 patients were non-myopic 

(62.6±10.2 years). Age at first visit of the highly myopic group 

was significantly less than that of the non-myopic group 

(P,0.0001). The mean follow-up period was 10.6 years and 

12.2 years (highly myopic group versus non-myopic group, 

respectively). A comparison of clinical background data 

between the two groups is shown in Table 1.
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Refractive error of the highly myopic group was sig-

nificantly more myopic than that of the non-myopic group 

(−8.6±2.8  diopters [D] versus −0.0±1.4  D, respectively; 

P,0.0001). Axial length of the highly myopic group was 

significantly longer than that of the non-myopic group 

(27.6±1.0 mm versus 23.0±0.7 mm, respectively; P,0.0001). 

Baseline IOP showed no significant difference between the two 

groups (highly myopic group, 17.8±4.8 mmHg versus non-

myopic group, 16.3±4.5 mmHg, respectively; P=0.0636). The 

follow-up IOPs of the non-myopic group were significantly 

lower than those of the highly myopic group (12.8±2.5 mmHg 

versus 13.8±2.3 mmHg, respectively; P=0.0009). IOP fluc-

tuations of the non-myopic group were significantly higher 

than those of the highly myopic group (7.6±3.2 mmHg versus 

6.2±1.6 mmHg, respectively; P=0.0099).

The MD slope of the non-myopic group was sig-

nificantly greater than that of the highly myopic group 

(−0.383±0.547  dB/year versus −0.192±0.275  dB/year, 

respectively; P=0.0183). According to the MD definition of 

progression, the cumulative probability of non-progression of 

VF loss was significantly greater in the highly myopic group 

(10-year survival rate, 73.7%±6.8%) than in the non-myopic 

group (10-year survival rate, 46.3%±5.8%; log-rank test, 

P=0.0142; Figure 1). The occurrence of DH in the non-my-

opic group (1.60±3.04) was significantly greater than that in 

the highly myopic group (0.93±2.13, P=0.0311). The cumula-

tive probability of DH was significantly lower in the highly 

myopic group (10-year survival rate, 26.4%±5.4%) than in 

the non-myopic group (10-year survival rate, 47.2%±6.6%, 

P=0.0413; Figure 2).

Discussion
We divided our cases into two groups involving a group 

with $26.5 mm of axial length (highly myopic group) and 

a group with ,24.0 mm of axial length (non-myopic group). 

In 2,514 Japanese schoolchildren from 7 years to 12 years 

of age, spherical equivalents of refraction were negatively 

correlated with the axial length (y=−0.404x +23.43, r=−0.640, 

P,0.0001).27 The mean axial length in healthy Japanese 

controls was 23.3 mm. Therefore, we defined the non-myopic 

group as those with eyes ,24.0 mm of axial length.28

The optic disk becomes tilted as the axial length elongates 

in early adulthood. When posterior staphyloma develops in 

early middle age, optic disk structural changes also occur. 

These changes may result in the fragility of the supporting 

tissue in the lamina cribrosa and in dynamic imbalances 

due to structural changes in the environment of the optic 

nerve head. This may lead to myopic optic neuropathy with 

GON.13,15 Therefore, the structural change in the highly 

myopic group may be different from the structural change in 

the non-myopic glaucoma group. As a result, the ages at first 

visit of the highly myopic group were significantly less than 

those of the non-myopic group in the present study.

The MD slope of the highly myopic group was −0.192 dB/

year. The mean progression rate of the total VF in Japanese 

open-angle glaucoma patients was −0.41 dB/year using the 

MD slope.29 The cumulative probability of non-progression 

of VF loss was significantly greater in the highly myopic 

group than in the non-myopic group. If highly myopic glau-

coma patients are older than late middle age, deformation 

of the peripapillary sclera by a tilted disk and elongation of 

Figure 2 The cumulative probability of occurrence of DH in the highly myopic 
group and the non-myopic group.
Notes: The cumulative probability of DH incidences was significantly greater in the 
non-myopic group (10-year survival rate, 47.2%±6.6%) than in the highly myopic 
group (10-year survival rate, 26.4%±5.4%; log-rank test, P=0.0413).
Abbreviation: DH, disk hemorrhage.

Figure 1 The cumulative probability of non-progression of VF loss in the highly 
myopic group and the non-myopic group.
Notes: The cumulative probability of non-progression of VF loss was significantly 
greater in the highly myopic group (10-year survival rate, 73.7%±6.8%) than in the 
non-myopic group (10-year survival rate, 46.3%±5.8%; log-rank test, P=0.0142).
Abbreviation: VF, visual field.
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axial length could be complete.13,15 Therefore, the rate of VF 

loss progression in highly myopic glaucoma patients may be 

slow. The myopia-related structural changes may be more 

confused on whether glaucoma is present or not. Thus, some 

myopic eyes with VF defects tend to be misdiagnosed as 

glaucoma, and this might have led to the conclusion of the 

significantly faster MD slope of the non-myopic group than 

that of the highly myopic group.30

The occurrence of DH in the non-myopic group was sig-

nificantly greater than that in the highly myopic group. The 

cumulative probability of DH incidences was significantly 

lower in the myopic group than in the non-myopic group. 

DH has been reported to be a significant negative prognostic 

factor in patients with glaucoma. As the occurrence of DH 

increases, the MD slope (r=−0.263, P=0.0056) and the rate 

of retinal nerve fiber layer defects enlargement (r=0.410, 

P,0.0001) significantly increase.31 Park et al32 reported that 

age and baseline IOP were significantly related to MD slope 

in the myopic group (eyes with $24.0 mm of axial length), 

which was only due to the presence of DH in the non-myopic 

group (eyes with ,24.0 mm of axial length).

DH has been reported to be a significant negative prog-

nostic factor in patients with glaucoma and may be a sign 

of progressive damage of retinal nerve fiber layer, leading 

to the functional deterioration of the VF.33–43

We consider that the lower incidence of DH could be 

related to the slower rate of VF deterioration in highly 

myopic eyes.

There are potential limitations to this study. First, it was 

a hospital-based study with inclusion criteria and exclu-

sion criteria. There was therefore the possibility of bias by 

the inclusion and exclusion criteria and by referral of the 

patients by the ophthalmologists. Second, it was possible to 

include patients with simple myopic optic neuropathy without 

glaucoma. For differentiation of myopic optic neuropathy 

patients, by recognizing the defect of VF in fundus findings, 

including the optic nerve, we believe that the probability 

of a definitive glaucoma diagnosis is high. Thus, we diag-

nosed glaucoma with high myopia. Third, it is possible that 

some DHs may have occurred but regressed between each 

examination. Kitazawa et al37 reported that 92% of all DHs 

were present for at least 4 weeks, recurrences were seen in 

64% of the eyes, and 92% of these occurred within 28 weeks 

following the previous hemorrhage. Examinations every 

2 months in this study were therefore sufficient to detect 

the DH. Fourth, the mean follow-up period in this study 

was .10 years. During this period of time, lens opacity could 

have been affected by perimetries.44 However, because the 

enrolled corrected visual acuity cases were .20/20, it was 

thought that there was minimal influence from lens opacities. 

Moreover, we analyzed the patient data before performing 

cataract surgery.

Conclusion
Highly myopic glaucoma is considered to be a combination 

of myopic optic neuropathy and GON. We hypothesize that if 

GON is predominant, it has frequent DHs, which may cause 

more progression in VF losses. However, when the myopic 

optic neuropathy is predominant, it has less DHs and may 

result in less progressive VF loss.
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