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Purpose: To analyze the relationship between visual field (VF) progression and baseline 

refraction in Japanese patients with primary open-angle glaucoma (POAG) including normal-

tension glaucoma.

Patients and methods: In this retrospective study, the subjects were patients with POAG 

who had undergone VF tests at least ten times with a Humphrey Field Analyzer (Swedish 

interactive thresholding algorithm standard, Central 30-2 program). VF progression was defined 

as a significantly negative value of mean deviation (MD) slope at the final VF test. Multivariate 

logistic regression models were applied to detect an association between MD slope deteriora-

tion and baseline refraction.

Results: A total of 156 eyes of 156 patients were included in this analysis. Significant deterioration 

of MD slope was observed in 70 eyes of 70 patients (44.9%), whereas no significant deterioration 

was evident in 86 eyes of 86 patients (55.1%). The eyes with VF progression had significantly 

higher baseline refraction compared to those without apparent VF progression (-1.9±3.8 diopter 

[D] vs -3.5±3.4 D, P=0.0048) (mean ± standard deviation). When subject eyes were classified 

into four groups by the level of baseline refraction applying spherical equivalent (SE): no myo-

pia (SE . -1D), mild myopia (-1D $ SE . -3D), moderate myopia (-3D $ SE . -6D), and 

severe myopia (-6D $ SE), the Cochran–Armitage trend analysis showed a decreasing trend 

in the proportion of MD slope deterioration with increasing severity of myopia (P=0.0002). The 

multivariate analysis revealed that baseline refraction (P=0.0108, odds ratio [OR]: 1.13, 95% 

confidence interval [CI]: 1.03–1.25) and intraocular pressure reduction rate (P=0.0150, OR: 

0.97, 95% CI: 0.94–0.99) had a significant association with MD slope deterioration.

Conclusion: In the current analysis of Japanese patients with POAG, baseline refraction was 

a factor significantly associated with MD slope deterioration as well as intraocular pressure 

reduction rate. When baseline refraction was classified into four groups, MD slope in myopia 

groups was less deteriorated as compared to those in the emmetropic/hyperopic group.

Keywords: primary open-angle glaucoma, normal-tension glaucoma, myopia, refraction, visual 

field progression, MD slope, intraocular pressure reduction rate

Introduction
Several epidemiologic studies have focused on the relationship between myopia and 

development of open-angle glaucoma (OAG).1–12 In the Tajimi Study,8 myopia (odds 

ratio [OR]: 1.85, 95% confidence interval [CI]: 1.03–3.31 for low myopia; OR: 2.60, 

95% CI: 1.56–4.35 for moderate to high myopia) as well as higher intraocular pressure 

(IOP) (OR: 1.12, 95% CI: 1.04–1.21) and older age (OR: 1.06, 95% CI: 1.04–1.08) were 

identified as significant risk factors for having primary open-angle glaucoma (POAG). 
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A meta-analysis of myopia as a risk factor for OAG, which 

combined data from eleven population-based cross-sectional 

studies, also found a pooled OR of 1.92 (95% CI: 1.54–2.38)4 

and concluded that patients with myopia have an increased risk 

of developing OAG.

On the other hand, there is controversy with regard to 

whether myopia is a risk factor for visual field (VF) progres-

sion in OAG. Several studies have reported that myopia is 

a risk factor for the progression.13–15 In contrast, a couple of 

studies have reported that myopia is not a risk factor16–18 or 

that myopia is even a preventive factor for VF progression 

in OAG.19–21 In Japan, the majority of glaucoma is POAG, 

particularly normal-tension glaucoma (NTG).22,23 The preva-

lence of myopia is also high in Japan.24 Understanding the 

relationship between myopia and VF progression in POAG 

may be a clue to proceed with intensive treatment.

Hence, the aim of this analysis was to analyze the asso-

ciation between baseline refraction and VF progression by 

utilizing the longitudinal data of our retrospective observa-

tional study.25 Furthermore, we divided the subject eyes into 

four myopia groups by baseline refraction and analyzed the 

association between myopia and VF progression.

Patients and methods
study design
This was a multicenter, retrospective, observational study.

subjects
The subjects in this analysis were based on our previous study 

data.25 The protocol for this study was approved in advance 

by the Institutional Review Board of Nihonmatsu Eye Hospi-

tal. Informed consent was obtained from the subjects after a 

thorough explanation of the study objective and information 

collection was given in accordance with ethical principles 

based on the Helsinki Declaration. Test data were collected 

separately by each participating facility. Briefly, all subjects 

were patients with POAG or NTG, and one eye from each 

subject which met the inclusion criteria and did not fulfill the 

exclusion criteria was selected. If both eyes met the inclusion 

criteria, the eye with the lower initial mean deviation (MD) 

value was selected for analysis.

The inclusion criteria for this study were: 1) age $20 years; 

2) obvious glaucomatous VF defects in accordance with 

Anderson’s criteria;26 3) Grade 3–4 Shaffer’s grade of ante-

rior chamber angle27 (angle width 20°–45°); 4) VF tests with 

a Humphrey Field Analyzer (Zeiss-Humphrey Systems, San 

Leandro, CA, USA) a total of ten times or more, in principle, 

every 6 months without alteration in strategy (Swedish inter-

active thresholding algorithm standard) or program (C30-2); 

5) ability to measure MD slope by using HfaFiles (Beeline, 

Tokyo, Japan); 6) baseline IOP measured at least three times 

applying a Goldmann applanation tonometer before undergo-

ing treatment; and 7) IOP measured regularly (every 3 months 

in principle) during the follow-up period.

The exclusion criteria were as follows: 1) MD , -20 dB 

on initial VF test; 2) corrected visual acuity (decimal visual 

acuity) during the follow-up period ,0.7; 3) any catch 

trials of VF test (fixation loss, false positives, and false 

negatives) $33%; 4) presence of an ophthalmic disorder other 

than glaucoma affecting the VF, such as temporal VF defects, 

Mariotte blind spot expansion, and VF defects by myopic 

changes in the macular region; 5) previous ophthalmic surgery 

(including intraocular lens implantation) during the follow-up 

period; 6) nonphakic eyes; 7) abnormalities of the anterior 

segment disturbing accurate Goldmann applanation tonom-

eter measurements; 8) history of recurrent uveitis, scleritis, or 

corneal herpes; 9) pregnancy or lactation; 10) severe dementia 

or serious ophthalmic conditions; or 11) judged by an inves-

tigator to be ineligible to participate in this study.

Sex was not considered, and there were no restrictions on 

the type of glaucoma eye drops prescribed for treatment.

Procedure
The primary analysis was to assess interaction between VF 

progression and baseline refraction. VF progression was 

defined as the presence of a significantly negative value 

of MD slope (P,0.05) at the final VF test. The MD value 

and MD slope were calculated using HfaFiles. The Auto 

Kerato-Refractometer was used to measure the degree of 

refraction. By referring to the classification used in the 

Tajimi study,8 baseline refraction of each subject eye was 

divided into four groups according to the level of spherical 

equivalent (SE): emmetropia/hyperopia (SE . -1 diopter 

[D]), mild myopia (-1D $ SE . -3D), moderate myopia 

(-3D $ SE . -6D), and severe myopia (-6D $ SE) group. 

Baseline IOP was defined by calculating the mean value 

of three IOP measurements before glaucoma treatment. 

The mean of all IOP values measured during the follow-up 

period after the start of treatment was regarded as the mean 

IOP in this study. The difference between baseline IOP and 

mean IOP was defined as ΔIOP, and the proportion of ΔIOP 

of baseline IOP was taken as the reduction rate of IOP. 

Long-term IOP fluctuation was calculated as the standard 

deviation of IOP measurements over the follow-up period. 

In the present study, the mean of the highest and second-

highest IOP, as well as the lowest and second-lowest IOP, 

was defined as the maximum IOP and the minimum IOP, 

respectively.
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statistical analysis
Data analysis was performed independently at the Department 

of Gastroenterological Surgery, Okayama University, Japan. 

A t-test or Fisher’s exact test was used for the analysis of 

each factor, depending on the data scale concerned. One-way 

analysis of variance was applied to explore potential factors 

associated with MD slope deterioration. Multivariate logistic 

regression models were applied to detect the significant asso-

ciation between explanatory variables and MD slope deteriora-

tion as an objective variable. OR with 95% CI were calculated 

in the final multivariate analysis. All variables were selected 

as nonmulticollinearity after employment of variables’ cor-

relation coefficient less than 0.3. The analytical software used 

was JMP version 9.0 (SAS Institute Inc., Cary, NC, USA), and 

the level of significance was set at 5% on both sides.

Results
A total of 156 eyes of 156 patients (94 females (60.3%) 

and 62 males (39.7%)) were included for the analysis 

(Table 1).25 The mean age was 64.6 (±12.9 years [standard 

deviation {SD}]). The type of glaucoma was NTG in 141 

eyes (90.4%) and POAG in 15 eyes (9.6%). Baseline refrac-

tion was -2.8±3.7 D, baseline IOP was 16.6±3.7 mmHg, 

initial MD was -7.08±4.21 decibel (dB), final MD 

was -9.42±5.32 dB, number of VF tests was 12.8±2.7 times, 

and the follow-up period was 7.6±2.0 years.

A significant deterioration of MD slope was observed 

in 70 eyes of 70 patients in the MD slope deteriorating 

group (MD slope deteriorating group, 44.9%), whereas no 

significant deterioration was evident in 86 eyes of 86 patients 

in the MD slope nondeteriorating group, 55.1% (Table 2).25 

In the MD slope deteriorating group, age (66.9±11.3 vs 

62.6±13.9 years, P=0.0370), proportion of female patients 

(49 vs 45 patients, P=0.0324), and baseline refraction 

(-1.9±3.8 vs -3.5±3.4 D, P=0.0048) were significantly 

higher compared to the MD slope nondeteriorating group. 

However, there were no significant differences between 

the two groups in terms of initial MD value (-6.60±4.17 

vs -7.48±4.23 dB, P=0.1916).

The proportion of eyes with and without MD slope 

deterioration in each baseline refractive category is shown 

in Figure 1. The Cochran–Armitage trend analysis showed 

a decreasing trend in the proportion of MD slope deteriora-

tion with the increasing severity of myopia (from 62.9% to 

30.0%, P=0.0002). In addition to the baseline refraction, 

one-way analysis of variance showed that age (P=0.0370) 

and IOP reduction rate (P=0.0066) were also factors related 

to MD slope deterioration. Moreover, the rate of hyperopia 

significantly increased with age (P,0.0001), but a correla-

tion between baseline refraction and IOP reduction rate 

was not found to be evident (P=0.1044; one-way analysis 

of variance). Using sex, baseline refraction, IOP reduction 

rate, minimum IOP, and long-term IOP fluctuation, all 

of which showed cross-correlation coefficients less than 

0.3 (Table 2), multiple logistic regression analysis was 

performed by selecting variables in a stepwise method. The 

result showed that baseline refraction (P=0.0108, OR: 1.13, 

95% CI: 1.03–1.25) and IOP reduction rate (P=0.0150, OR: 

0.97, 95% CI: 0.94–0.99) were variables significantly associ-

ated with MD slope deterioration (Table 3).

A comparison of IOP factors between the MD slope 

deteriorating and nondeteriorating group revealed no obvi-

ous differences in mean IOP (13.2±2.2 vs 13.5±2.1 mmHg, 

P=0.3992) and maximum IOP (16.9±3.8 vs 16.7±3.0 mmHg, 

P=0.8147) during the follow-up, but there were significant 

differences between the two groups in terms of baseline IOP 

(15.7±3.6 vs 17.2±3.6 mmHg, P=0.0107), IOP reduction rate 

(14.9%±13.0% vs 20.3%±11.8%, P=0.0066), minimum IOP 

(10.2±2.1 vs 11.0±2.0 mmHg, P=0.0161), and long-term IOP 

fluctuation (1.7±0.9 vs 1.4±0.5 mmHg, P=0.0309) during the 

follow-up (Table 2).25

Discussion
IOP is consistently the major risk factor for the progression 

of OAG.28–31 Our previous analysis of Japanese patients 

with POAG, including NTG,25 also resulted in a significant 

association between IOP-related factors (OR: 0.97, 95% CI: 

Table 1 Patients’ characteristics

Number of subjects 156 eyes of 156 patients

age (years) 64.6±12.9 (28 to 88)
sex, n (%)

Female 94 (60.3)
Male 62 (39.7)

Type of glaucoma, n (%)
nTg 141 (90.4)
POag 15 (9.6)

Baseline refraction (D) -2.8±3.7 (-16 to +2.5)
Baseline iOP (mmhg) 16.6±3.7 (8.0 to 28.6)
initial MD value (dB) -7.08±4.21 (-18.39 to +0.03)
Final MD value (dB) -9.42±5.32 (-25.49 to +0.67)
Number of visual field  
examinations (times)

12.8±2.7 (10 to 25)

Follow-up duration (years) 7.6±2.0 (4.5 to 16.5)

Notes: Data are n (%) or mean ± SD (range); NTG was defined as baseline 
iOP #21 mmHg; POAG was defined as baseline IOP .21 mmhg; Baseline iOP was 
determined by averaging first three measurements taken with Goldmann applanation 
tonometer before initiation of therapy. Copyright © 2015. Dove Medical Press. 
reproduced from naito T, Yoshikawa K, Mizoue s, et al. relationship between 
progres sion of visual field defect and intraocular pressure in primary open-angle 
glaucoma. Clin Ophthalmol. 2015;9:1373–1378.25

Abbreviations: D, diopter; iOP, intraocular pressure; MD, mean deviation; 
dB, decibel; nTg, normal-tension glaucoma; POag, primary open-angle glaucoma; 
sD, standard deviation.
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0.94–0.99 for IOP reduction rate; OR: 1.87, 95% CI: 1.13–3.38 

for long-term IOP fluctuation) and further MD slope 

deterioration. Although several studies indicated that myopia 

may play a role in VF progression in OAG eyes,1–12 there has 

been controversy regarding the relationship between myopia 

and the development of VF defects in OAG.13–21 We, therefore, 

analyzed the association between baseline refraction and VF 

progression employing our previous data of POAG; most of 

the subjects had NTG (90.4%) and more than a half of them 

had myopia (60.3%).25

In the current analysis, baseline refraction (per 1D, 

OR: 1.13, 95% CI: 1.03–1.25, P=0.0108) as well as IOP 

reduction rate (per 1%, OR: 0.97, 95% CI: 0.94–0.99, 

P=0.0150) were observed to be significantly associated with 

Table 2 associations between different factors and MD slope deterioration

Clinical variables MD slope P-valuea

Deteriorating group 
(n=70)

Nondeteriorating group 
(n=86)

age (years) 66.9±11.3 62.6±13.9 0.0370*

sex, n (%)
Female 49 (70.0) 45 (52.3) 0.0324*
Male 21 (30.0) 41 (47.7)

Baseline refraction (D) -1.9±3.8 -3.5±3.4 0.0048*

initial MD value (dB) -6.60±4.17 -7.48±4.23 0.1916

MD slope (dB/year) -0.71±0.45 -0.01±0.28 ,0.0001*

Baseline iOP (mmhg) 15.7±3.6 17.2±3.6 0.0107*

iOP over follow-up (mmhg) 13.2±2.2 13.5±2.1 0.3992

iOP reduction rate (%) 14.9±13.0 20.3±11.8 0.0066*

Maximum iOP (mmhg) 16.9±3.8 16.7±3.0 0.8147

Minimum iOP (mmhg) 10.2±2.1 11.0±2.0 0.0161*

Long-term IOP fluctuation (mmHg) 1.7±0.9 1.4±0.5 0.0309*

Notes: Data are mean ± SD or n (%); Long-term IOP fluctuation was calculated as the SD of IOP measurements over the follow-up period; at-test except sex (Fisher’s exact 
test). *Statistically significant. Copyright © 2015. Dove Medical Press. Reproduced from Naito T, Yoshikawa K, Mizoue S, et al. Relationship between progres sion of visual 
field defect and intraocular pressure in primary open-angle glaucoma. Clin Ophthalmol. 2015;9:1373–1378.25

Abbreviations: D, diopter; dB, decibel; iOP, intraocular pressure; MD, mean deviation; nTg, normal-tension glaucoma; POag, primary open-angle glaucoma; sD, standard 
deviation.

Figure 1 Proportion of eyes with MD slope deterioration or nondeterioration in each refractive category.
Notes: Data are n (%); Myopia was divided into four categories based on se: emmetropia/hyperopia (se . -1D), mild myopia (-1D $ se . -3D), moderate myopia 
(-3D $ se . -6D), and severe myopia (-6D $ se).
Abbreviations: MD, mean deviation; se, spherical equivalent; D, diopter.
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MD slope deterioration. Additionally, we found a decreasing 

trend in the proportion of MD slope deterioration with the 

increasing severity of myopia (P=0.0002). Less extent of 

myopia was a significant risk factor for VF progression.

Araie et al20 reported that less extent of myopia was a 

significant risk factor (per 1D, hazard ratio: 1.17, 95% CI: 

1.01–1.35, P=0.038) for VF progression in treated NTG 

where most patients had mild myopia and IOP during 

follow-up, which averaged 13.2 mmHg. The results of the 

present study, in which patients were observed for a rela-

tively longer period of time (mean follow-up of 7.6 years) 

compared to other studies,16–21 seem to confirm that myopia 

was not a significant risk factor for VF progression in our 

POAG population.

Optic discs in highly myopic eyes are thought to be more 

vulnerable to mechanical insult than nonmyopic ones; there-

fore, it was rather unexpected that higher myopia was not asso-

ciated with a higher risk of VF progression in POAG.13,15,32 In 

highly myopic eyes, structural changes such as elongated axial 

length, tilted optic disc, parapapillary atrophy, and thinning 

of the lamina cribrosa and parapapillary sclera33,34 can cause 

VF defects.35 The myopia-related structural changes may be 

more pronounced if glaucoma is present. Thus, some myopic 

eyes with VF defects tend to be misdiagnosed as NTG, and 

this could have led to the conclusion of a negative associa-

tion between the severity of myopia and VF progression. We, 

therefore, carefully recruited and analyzed subjects with typi-

cal glaucomatous VF changes in accordance with Anderson’s 

criteria26 to exclude the eyes with myopic VF defects.

Although the pathophysiological mechanism of the impact 

of myopia on VF progression in OAG is still unknown, one 

possible hypothesis is that the difference of axial length might 

positively affect IOP fluctuation.36,37 Axial length is one of the 

major factors contributing to myopia. Loewen et al38 reported 

that basal 24-hour habitual IOP fluctuation was negatively 

correlated with axial length in a comparison of healthy adults 

with hyperopia, emmetropia, and myopia. Although there 

were posture-dependent and -independent mechanisms for 

the fluctuation, hyperopic eyes with a shorter axial length 

had a larger 24-hour IOP variation. Jeong et al36 reported 

that POAG eyes with moderate/severe myopia (-6.78 D, 

axial length: 26.47 mm) had a lower acrophase in the cir-

cadian IOP and a smaller range of 24-hour IOP fluctuation 

as compared to POAG eyes with emmetropia/mild myopia 

(-0.74 D, axial length: 23.55 mm). Qiu et al37 reported that 

longer axial length was associated with a smaller chance for 

VF progression in POAG. In this study, although we could 

not collect data of axial length, all subject eyes were phakic. 

As myopia becomes more severe, the axial length of the eye 

generally increases. In studies with animal models, axial 

myopia is structurally characterized by reduction of colla-

gen fiber bundles and the size of individual collagen fibrils 

within the sclera as well as thinning of sclera, resulting in 

low scleral rigidity.39,40 This low scleral rigidity may result 

in more extensile intrascleral and episcleral venous system in 

myopic eyes, leading to less episcleral venous pressure eleva-

tion with increased aqueous outflow, and smaller range of 

short-term IOP fluctuation, when compared to emmetropic/

hyperopic eyes during posture change.

Our study design was multicenter and retrospective in 

nature, and short-term IOP fluctuation was not studied. 

However, long-term IOP fluctuation, which was defined 

as the standard deviation of IOP during follow-up, might 

be a significant risk factor with MD slope deterioration 

(per 1 mmHg, OR: 1.87, 95% CI: 1.13–3.38).25 Several 

studies41–44 reported that long-term IOP fluctuation is a risk 

factor for VF progression. The Advanced Glaucoma Inter-

vention Study42 found that with each 1 mmHg increase in 

IOP fluctuation, the odds of VF progression increased by 

approximately 30% in OAG patients who had larger IOP 

fluctuation. Fukuchi et al43 reported that NTG patients with 

fast VF progression showed larger long-term IOP fluctua-

tion than those with slow progression, but these correlations 

were not seen in POAG patients. Simultaneously, it should 

be noted that the relationship between IOP fluctuation and 

VF progression may differ depending on the magnitude of 

IOP, because it has been suggested that IOP fluctuation has 

a greater impact on progression in eyes with low IOP.44 Our 

study showed that the majority of the subjects were NTG 

patients in whom average IOP was 16.6 mmHg, and so, if 

a large number of patients with higher IOP that exceeded 

21 mmHg were included, the results could have been differ-

ent, and it is conceivable that less cumulative IOP insults in 

myopic eyes might prevent optic nerve injury for glaucoma. 

Even though POAG is a multifactorial disease, patients with 

higher level of IOP are at greater risk of damage to their 

Table 3 Multivariate analysis for prediction of MD slope 
deterioration

Factors Odds ratio (95% CI) P-value

Baseline refraction (per 1D) 1.13 (1.03–1.25) 0.0108*
iOP reduction rate (per 1%) 0.97 (0.94–0.99) 0.0150*

Notes: Baseline refraction and iOP reduction rate treated as explanatory variables. 
MD slope deterioration treated as objective variable. Odds ratios were the values 
with each 1D increase (1D shift toward hyperopia) in baseline refraction or with 
each 1% increase (1% greater rate) in IOP reduction rate. *Statistical significance.
Abbreviations: D, diopter; CI, confidence interval; IOP, intraocular pressure; 
MD, mean deviation.
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optic nerve head, and IOP reduction may contribute more to 

prevent VF progression than small IOP fluctuations as well as 

other disease-associated factors. This may partly explain the 

reason the relationship between myopia and VF progression 

in OAG is overly complicated.

There are some limitations and strengths in this study. 

Since the study design was retrospective, short-term IOP fluc-

tuation was not analyzed, and other possible existing factors 

associated with VF progression were not fully explored. 

In addition, it may be argued that the relatively small number 

of patients in each of the myopic categories may lead to lack 

of statistical power. To validate the current results, future pro-

spective studies with longer follow-up periods are necessary 

to elucidate the causative relationship between myopia and 

VF progression in POAG. Furthermore, it has been previ-

ously reported that disc hemorrhage was an indispensable risk 

factor in VF progression.45 Disc hemorrhage may be a sign 

of the local vascular abnormalities that tends to be associated 

with NTG.46 Although a majority of the subject eyes had 

NTG (90.4%, 141/156 eyes) in this study, we unfortunately 

could not have sufficient data of disc hemorrhage, because 

this was not a study designed prospectively.

Conclusion
In conclusion, the current analysis of Japanese patients with 

POAG indicated that myopia would not cause VF progres-

sion. Meanwhile, hyperopia could lead to the occurrence of 

MD slope deterioration.
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