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ABSTRACT: 

Précis 

Although myopia is often considered a favourable 

prognostic factor in normal-tension glaucoma 

(NTG), a subset of untreated myopic NTG eyes 

showed significant progression within 2 years, even 

under low intraocular pressure (IOP). 

Objective 

To evaluate the natural course and risk factors for 

progressive retinal nerve fibre layer (RNFL) 

thinning in previously stable, treatment-naïve 

myopic NTG eyes. 

Methods 

A total of 111 myopic NTG eyes were included, all 

untreated for ≥1 year and without prior progression. 

RNFL thickness and visual fields were assessed 

every 6–12 months for >2 years. Eyes showing 

progressive structural or functional change formed 

the P(+) group; the remainder formed the P(–) 

group.  

Results 

Progression occurred in 25 eyes (22.5%). A family 

history of glaucoma, higher mean IOP, and higher 

maximum IOP were significantly associated with 

progression and with faster RNFL loss. No eye 

with a mean IOP <11 mmHg showed progression. 

A significant breakpoint at 14.2 mmHg (P = 0.042) 

was identified: above this level, RNFL thinning 

accelerated markedly (R² = 0.252, P = 0.034). 

Conclusion 

Untreated myopic NTG eyes—particularly those 

with a family history of glaucoma or higher IOP—

face an increased risk of early progression. Early 

IOP-lowering treatment should be considered in 

high-risk patients even when clinical stability is 

initially observed. 

 

I. INTRODUCTION 
Optic nerve damage in normal-tension 

glaucoma (NTG) usually progresses more slowly 

than in primary open-angle glaucoma, where 

intraocular pressure (IOP) is high. In the Early 

Manifest Glaucoma Trial, 56% of early-stage NTG 

patients showed progression within six years 

without any IOP-lowering therapy. This suggests 

that nearly half of the untreated patients 

experienced little to no significant decline during 

that time. 

Myopia has been considered a clinical 

feature that might differentiate NTG eyes with 

slower progression rates. Several studies indicate 

that myopia does not necessarily speed up 

glaucomatous damage. One study even found that 

some myopic patients with open-angle glaucoma 

showed no measurable worsening for up to seven 

years without IOP-lowering therapy. High myopia 

has also been viewed as a potential protective 

factor against glaucoma progression. 

Despite this, NTG can still progress, 

sometimes quickly, and can eventually lead to 

blindness in some patients, including those with 

myopic eyes. Research shows that about 40–45% 

of myopic NTG eyes progress within a 3–8-year 

period, even when IOP-lowering treatment is given. 

A recent study involving untreated myopic NTG 

patients found visual field progression in 10.3% of 

cases after three years and 24.8% after five years. 

Currently, lowering IOP is the only proven 

way to slow optic nerve damage in NTG. As a 

result, treatment usually starts right after diagnosis. 

However, this approach may not benefit individuals 

whose disease is less influenced by mechanical 

pressure factors. Given the often slow nature of 

NTG, some patients with mild, non-progressive 

cases might receive more treatment than needed, 

leading to unnecessary side effects, financial strain, 

and medication burden. As the belief grows that 

myopia may be linked to slower glaucoma 

progression, certain myopic NTG patients might 

also be undertreated. Yet, it is still unclear whether 

IOP-lowering therapy is necessary for all myopic 

NTG cases or if some patients could safely delay 

treatment. 
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FIGURE1.Kaplan-

Meiersurvivalcurveforglaucomaprogression. The 

overall survival rate was 93.7% at 3 years (solid 

line) and 75.2% at 5 years (dotted line). Patients 

who could not be followed up were processed as 

censored cases. 

 

In this study, we looked back at Indian 

patients with myopic NTG who were not taking 

IOP-lowering medication for various reasons. Our 

goal was to find out how often disease progression 

occurred in this untreated group and to identify 

traits linked to a higher risk of decline. We 

specifically examined the role of IOP and the 

impact of IOP-lowering therapy in myopic NTG, 

aiming to better understand the IOP levels needed 

to prevent glaucomatous progression. 

 

II. METHODS 
Study Design 

We conducted a retrospective, single-

centred review of treatment-naïve, previously 

stable patients with myopic normal-tension 

glaucoma (NTG) seen at a tertiary health centre. 

Eligible patients had not used intraocular pressure 

(IOP)–lowering therapy for ≥1 year. The 

Institutional Review Board approved the protocol, 

and informed consent was waived because only 

anonymized data were analysed. 

 

Examinations 

All subjects underwent complete 

ophthalmic evaluation, including best-corrected 

visual acuity, Goldmann applanation tonometry, 

refraction, slit-lamp biomicroscopy, gonioscopy, 

stereoscopic disc photography, red-free fundus 

photography, keratometry, central corneal 

thickness, axial length (IOLMaster), spectral-

domain OCT of the circumpapillary retinal nerve 

fibre layer (RNFL), and standard automated 

perimetry (Humphrey 24-2 SITA). 

 

Eligibility 

NTG was characterized by glaucomatous 

optic nerve damage, with or without visual field 

(VF) loss, open angles, and the highest measured 

IOP less than 21 mmHg during office hours. VF 

defects were confirmed with two reliable tests. 

Myopia was defined as an axial length of 24.0 mm 

or greater. 

Inclusion criteria: age 18 years or older, 

best-corrected visual acuity of 20/40 or better, axial 

length between 24.0 and 29.0 mm, and no IOP-

lowering therapy for at least one year after the 

NTG diagnosis. 

Exclusion criteria: VF mean deviation 

(MD) worse than -12 dB, previous ocular trauma, 

intraocular surgery other than uncomplicated 

cataract extraction, retinal or neurologic diseases 

affecting the VF, or systemic medications that 

change IOP. If both eyes met the criteria, one was 

chosen at random. 

Reasons for not receiving treatment 

included patient preference, medication intolerance, 

or clinician evaluation of low progression risk. This 

included stable findings for over one year, early VF 

damage, pretreatment IOP below 15 mmHg, or no 

family history of glaucoma. 

Patients were monitored every 3 to 6 

months for IOP measurement. OCT RNFL and 24-

2 SAP tests were repeated every 6 to 12 months. At 

least five OCT scans were necessary to calculate 

RNFL thinning rates. 

 

TABLE 1. Baseline Characteristics of the Study Subjects 

 Total(n=111) P(+)group(n=25) P(-)group(n=86) P 

Demographic 

characteristics 

    

Age(y) 53.6±12.7 48.5±13.1 55.1±12.3 0.030 

Sex(F),n(%) 47(42.3) 11(44.0) 36(41.9) 0.849 

Family history of 

glaucoma,n(%) 

19(17.1) 7(28.0) 12(14.0) 0.101 

Systemic disease,n(%) 40(36.0) 7(28.0) 33(38.4) 0.342 

Diabetes mellitus,n(%) 14(12.6) 3(12.0) 11(12.8) 0.917 

Systemic hypertension, 32(28.8) 5(20.0) 27(31.4) 0.268 
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n(%) 

Heartdisease, n(%) 12(10.8) 1(4.0) 11(12.8) 0.213 

Untreated follow-up 

duration(mo) 

48.7±26.0 38.0±22.6 51.8±26.2 0.062 

Clinical characteristics     

AXL(mm) 26.51±1.47 26.72±1.22 26.46±1.53 0.390 

CCT(μm) 528.7±55.4 523.5±60.5 529.9±54.4 0.736 

Mean IOP(mmHg) 12.4± 1.7 13.3± 1.4 12.1± 1.7 0.006 

Maximum IOP(mmHg) 13.9± 2.1 15.1± 1.8 13.5± 2.1 0.002 

IOP fluctuation (mmHg) 1.2±1.1 1.3±0.6 1.2±1.2 0.308 

VFMDatbaseline(dB) −2.27±3.01 −2.56±2.66 −2.18±3.14 0.351 

Global RNFLT at 

baseline(μm) 

78.8±12.2 82.1± 8.7 77.8±12.9 0.095 

Rate of global RNFL 

thinning(μm/y) 

−0.7±1.1 −1.7±1.5 −0.4±0.7 <0.00

1 

 

Data are presented as mean ± SD or n(%). 

Pvalues in bold face indicate statistical significance. 

AXL indicates axial length; CCT, central corneal thickness; IOP, intraocular pressure; MD, mean 

deviation; RNFL, retinal nerve fiber layer; RNFLT, retinal nerve fiber layer thickness; VF, visual field.  

 
 

TABLE 2.Comparison of RNFLT and VFMD at Baseline and Final Follow-Ups in Myopic NTG Eyes With and 

Without Glaucoma  

Progression  

 

 P(+)group(n=25) P(-)group(n=86) P* 

RNFLT    

Global RNFLT at baseline(μm) 82.1± 8.7 77.8±12.9 0.095 

Global RNFLT at final follow-up(μm) 78.2± 8.8 76.2±13.3 0.456 

P† <0.001 <0.001 — 

Amont of change in the RNFLT between 

follow-ups(μm) 

VFMD 

−3.9±2.6 −1.6±3.0 <0.00

1 

VFMD at baseline(dB) −2.56±2.66 −2.18±3.14 0.351 

VFMD at final follow-up(dB) −2.16±3.231 −2.48±3.05 0.351 

P† 0.338 0.109 — 

Amount of change in the VFMD 

between follow-ups(dB) 

0.40±1.86 −0.30±1.48 0.239 

 

Data are presented as mean ± SD. 

*Mann-Whitney Utest. 

†Paired T test. 

Pvalues in bold face indicate statistical 

significance. 

MD indicates mean deviation; NTG, normal 

tension glaucoma; RNFLT, retinal nerve fiber 

layer thickness; VF, visual field. 

 

Definition of Progression 

Progression was determined by structural OCT 

RNFL thinning or functional VF deterioration.  

OCT progression required RNFL thinning 

greater than test-retest variability (global >5 μm, 

superior or inferior >8 μm) on two consecutive 

scans. Two masked graders assessed progression, 

and any disagreements were resolved by a third 

reviewer.  

VF progression required three identical 

points on the pattern deviation plot to show 

significant worsening in three consecutive tests 

compared to the baseline.  

Eyes that showed progression were 

classified as P(+) and were recommended to start 

IOP-lowering treatment. The date of confirmed 

progression was used as the survival endpoint. 
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FIGURE 2. Rates of sectoral RNFL thinning in the progression[P (+)] and no-progression [P(–)] groups. ―*‖ 

indicates significant differences.Nindicatesnasal;NI,nasal-inferior;NS,nasal- superior; RNFL, retinal nerve fiber 

layer; T, temporal; TI, temporal- inferior; TS, temporal-superior. 

 

Statistical Analysis 

Interobserver agreement for OCT 

progression was assessed using the kappa statistic. 

Kaplan–Meier curves were constructed for time to 

progression. Continuous variables were compared 

with independent t tests or Mann–Whitney U tests, 

and categorical variables with χ² tests. Cox 

proportional hazards models were used to identify 

predictors of progression. Linear regression 

estimated RNFL thinning rates and factors 

associated with thinning. Variables with P <0.10 in 

univariable analyses were included in multivariable 

models. The Davies test (R version 4.3.1) was used 

to detect structural breakpoints. Other analyses 

were performed with SPSS 27.0. Statistical 

significance was set at P <0.05. 

 

TABLE 3.Factors Associated With Initiation of Medical Treatment Due to Glaucoma Progression in Treatment-

Naïve Myopic NTG 
 

Uni variable analysis Multi variable analysis1 Multi variable analysis 2 

 HR(95%CI) P  HR(95%CI) P  HR(95%CI) P 

Age(per1yolder) 0.970(0.941,1.000) 0.05

4 

 0.985(0.956,1.01

5) 

0.331  0.987(0.957,1.01

9) 

0.424 

Sex(F) 1.162(0.527,2.563) 0.70

9 

 — —  — — 

Family history of glaucoma 2.614(1.077,6.348) 0.03

4 

 3.308(1.341,8.16

2) 

0.009  2.593(1.070,6.28

3) 

0.035 

Systemic disease 0.630(0.263,1.509) 0.30

0 

 — —  — — 

Diabetes mellitus 0.948(0.283,3.179) 0.93

2 

 — —  — — 

Systemic hypertension 0.645(0.241,1.729) 0.38

3 

 — —  — — 

Heart disease 0.258(0.035,1.912) 0.18

5 

 — —  — — 

AXL(per1mmlonger) 1.100(0.805,1.503) 0.54

9 

 — —  — — 

CCT (per1μm thicker) 0.998(0.991,1.006) 0.62

2 

 — —  — — 

Mean IOP(per1mmHg higher) 1.419(1.083,1.860) 0.01

1 

 1.495(1.131,1.97

6) 

0.005  — — 

Maximum IOP (per1 mm Hg 

higher) 

1.221(1.009,1.479) 0.04

0 

 — —  1.207(1.009,1.44

3) 

0.039 

IOP fluctuation (per 1mm Hg 

larger) 

0.864(0.545,1.372) 0.53

6 

 — —  — — 

Global RNFLT at baseline (per 1.019(0.983,1.057) 0.30 — —  — — 
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1μm thicker) 7 

VFMD at baseline (per 1dB 

higher) 

0.984(0.870,1.113) 0.79

7 

 — —  — — 

 

Variables with Pvalue<0.1 in the univariable 

analysis were included in the multi variable 

analysis. 

Pvalues in bold face indicate statistical 

significance. 

AXL indicates axial length; CCT, central corneal 

thickness; HR, hazard ratio; IOP, intraocular 

pressure; MD, mean deviation; NTG, normal 

tension glaucoma; RNFLT, retinal nerve fiber 

layer thickness; VF, visual field. 

 

TABLE 4. Factors Associated With the Rate of Global RNFL Thinning in Treatment-Naïve Myopic NTG 

Univariable Analysis Multi variable analysis 1 Multivariable analysis 2 

 β(95%CI) P β(95%CI) P  β(95%CI) P 

Age (per1yolder) 0.019(0.003,0.034) 0.054 0.013(−0.002,0.029) 0.090  0.013(-0.002,0.029) 0.09

8 

Sex (F) −0.234(−0.647,0.180) 0.709 — — — — 

Family history of 

glaucoma 

−0.624(−1.157,−0.09

2) 

0.034−0.605(−1.123,−0.086)0.023−0.574(−1.100,−0.048

)0.033 

Systemic disease 0.226(−0.200,0.651) 0.300 — — — — 

Diabetes mellitus 0.268(−0.349,0.884) 0.932 — — — — 

Systemic hypertension 0.356(−0.093,0.804) 0.383 — — — — 

Heart disease −0.226(−0.886,0.434) 0.185 — — — — 

AXL (per 1mm longer) 0.071(−0.081,0.224) 0.549 — — — — 

CCT(per 1μm thicker) 0.000(−0.004,0.004) 0.622 — — — — 

Mean IOP(per 1mmHg 

higher) 

−0.168(−0.285,−0.05

2) 

0.011−0.170(−0.284,−0.056)0.004 — — 

Maximum IOP(per 

1mmHg higher) 

−0.110(−0.205,−0.01

6) 

0.040 — —−0.105(−0.198,−0.013)0.026 

IOP fluctuation(per 

1mmHg larger) 

0.030(−0.162,0.222) 0.536 — — — — 

Global RNFLT at baseline 
(per1μm thicker) 

−0.009(−0.026,0.008) 0.307 — — — — 

    VFMD at baseline (per 1dB higher) −0.012(−0.083,0.060) 0.797 — — — — 

 

Variables with Pvalue<0.1 in the univariable 

analysis were included in the multivariable 

analysis. 

Pvalues in bold face indicate statistical significance. 

AXL indicates axiallength; CCT, central corneal 

thickness; IOP, intraocular pressure; MD, mean 

deviation; NTG, normal tension glaucoma; 

RNFL, retinalnerve fiber layer; RNFLT, retinal 

nerve fiber layer thickness; VF, visual field. 

 

 
FIGURE 3. Distributions of the mean IOP in the progression [P(+)] and no-progression [P(–)] groups. None with 

a mean IOP<11 mmHg were in the P(+)group.IOP indicates intraocular pressure. 
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III. RESULTS 
Study Population 

A total of 111 myopic NTG eyes were 

included. Over a mean follow-up of 48.7 ± 26.0 

months, 25 eyes (22.5%) demonstrated progression 

on OCT (n = 24) or visual field (VF) testing (n = 4) 

and were classified as P(+). Interobserver 

agreement for OCT progression was excellent (κ = 

0.921). Kaplan–Meier analysis showed cumulative 

survival rates of 93.7% at 3 years and 75.2% at 5 

years, with a mean survival time of 38.0 ± 22.6 

months. 

 

Baseline Characteristics 

Table 1 summarizes baseline comparisons. 

Relative to P(–) eyes, the P(+) group was younger 

(48.5 ± 13.1 vs 55.1 ± 12.3 years, P = 0.030), had 

higher mean IOP (13.3 ± 1.4 vs 12.1 ± 1.7 mmHg, 

P = 0.006), higher peak IOP (15.1 ± 1.8 vs 13.5 ± 

2.1 mmHg, P = 0.002), and faster RNFL loss (–1.7 

± 1.5 vs –0.4 ± 0.7 μm/year, P < 0.001). No 

significant differences were observed in axial 

length, central corneal thickness, IOP fluctuation, 

baseline global RNFLT, or baseline VF mean 

deviation (MD). 

 

Longitudinal Structural and Functional 

Changes 

Table 2 shows RNFLT and VF outcomes. 

Global RNFLT decreased significantly in both 

groups (P < 0.001), with greater thinning in the 

P(+) eyes (P < 0.001). VF MD remained stable in 

both groups (P = 0.338 and P = 0.109), with no 

intergroup difference at baseline or final follow-up 

(P = 0.239). 

Sectoral analysis (Figure 2) demonstrated 

significantly faster RNFL thinning in the P(+) 

group in the temporal (P = 0.037), temporal-

superior (P = 0.018), nasal-inferior (P = 0.002), and 

temporal-inferior (P = 0.003) regions. 

 

Factors Associated With Progression 

Risk factors for being in the P(+) group 

are summarized in Table 3. On univariable Cox 

analysis, family history of glaucoma, higher mean 

IOP, and higher maximum IOP were significant 

predictors. In multivariable models accounting for 

IOP interactions, family history (HR = 3.308 and 

2.593), higher mean IOP (HR = 1.495), and higher 

maximum IOP (HR = 1.207) remained 

independently associated with progression. 

 

 

 

Factors Associated With Faster RNFL Thinning 

Linear regression results are shown in 

Table 4. Univariable analyses revealed that family 

history, higher mean IOP, and higher maximum 

IOP correlated with faster RNFL loss. In 

multivariable analyses, all three remained 

significant predictors: 

 Family history: β = –0.605 and –0.574 

 Mean IOP: β = –0.170 

 Maximum IOP: β = –0.105 

 

Relationship Between Mean IOP and RNFL 

Thinning 

Figure 3 shows the distribution of mean 

IOP in both groups. Notably, no P(+) eyes had a 

mean IOP < 11 mmHg. Figure 4A demonstrates a 

significant linear relationship between mean IOP 

and the global RNFL thinning rate overall (R² = 

0.058, P = 0.006). This relationship was absent in 

the P(–) group (R² < 0.000, P = 0.918), but strong 

in the P(+) group (R² = 0.157, P = 0.041; between-

group slope difference, P = 0.048). No eye with a 

mean IOP < 11 mmHg showed progressive 

structural damage requiring initiation of IOP-

lowering therapy. 

Davies test identified a significant 

breakpoint at 14.2 mmHg (P = 0.042; Fig. 4B). 

Below this threshold, the slope was not significant 

(R² = 0.007, P = 0.382). Above the breakpoint, 

RNFL thinning increased significantly with higher 

mean IOP (R² = 0.252, P = 0.034; slope difference, 

P = 0.042). 

 

Change in IOP and RNFL Thinning After 

Starting Treatment 

To evaluate treatment effects, follow-up 

was extended in the P(+) group for an additional 

29.8 ± 17.9 months. After initiation of IOP-

lowering therapy, mean IOP, maximum IOP, and 

IOP fluctuation were all significantly reduced 

compared with pre-treatment levels (all P < 0.05; 

Table 5). 

The global RNFL thinning rate improved 

from –1.7 ± 1.5 to –1.2 ± 1.2 μm/year, although 

this change did not reach statistical significance (P 

= 0.223). Despite this improvement, the rate 

remained significantly faster in P(+) eyes compared 

with P(–) eyes (–1.2 ± 1.2 vs –0.4 ± 0.7 μm/year, P 

< 0.001). 

Figure 5 illustrates sectoral changes in the 

P(+) group. RNFL thinning slowed across most 

sectors after treatment, with a significant reduction 

in the temporal-superior sector (P = 0.038). 
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FIGURE 4. A, Relationship between the mean IOP and the rate of RNFL thinning in progression[P(+)] and no-

progression [P(–)]groups. B, ABP in the relationship between the mean IOP and the rate of RNFL thinning 

identified by the Davies test. Rate of RNFL thinning significantly accelerated after the BP of 14.2mmHg.BP 

indicates break point; IOP, intraocular pressure; RNFL, retinal nerve fiber layer. Figure 4 can be viewed in color 

online at www.glaucomajournal.com. 

 

TABLE 5.Changes of IOP and Rate of RNFL Thinning After Initiation of IOP-Lowering Treatment in P(+) 

Group (n=25) 

 Before treatment After treatment P 

Follow-up duration(mo) 38.0±22.6 19.8±17.9 0.006 

Mean IOP(mmHg) 13.3± 1.4 12.1± 1.8 <0.00

1 

Maximum IOP(mmHg) 15.1± 1.8 13.1± 2.3 0.001 

IOP fluctuation(mmHg) 1.3±0.6 0.8±0.5 0.023 

Rate of global RNFLT 

decrease(μm/y) 

−1.7±1.5 −1.2±1.2 0.223 

 

Data are presented as mean ± SD. 

Pvalues in bold face indicate statistical 

significance. 

IOP indicates intraocular pressure; RNFL, retinal 

nerve fiber layer; RNFLT, retinal nerve fiber 

layer thickness. 

 

 

IV. DISCUSSION 
The CNTGS described the natural course 

of untreated NTG, but that group included patients 

at different stages of the disease. This made 

treatment decisions tough for eyes that seemed 

stable at first. While myopia itself does not strongly 

relate to glaucoma progression in adults, myopic 

eyes can still worsen at low IOP levels. In this 

study of myopic NTG patients with at least one 

year of documented stability, 22.5% showed 

progression that needed treatment over about four 

years. 

RNFL thinning was measurable even in 

the P(–) group, but the rate (–0.4 μm/y) was 

comparable to age-related decline. VF MD 

remained unchanged in both groups, likely 

reflecting early-stage disease where structural 

changes precede functional loss. 

Consistent with prior work, IOP remained 

a key determinant of progression in myopic NTG. 

A significant breakpoint was identified at a mean 

IOP of 14.2 mmHg; above this value, RNFL loss 

accelerated. No eye with a mean IOP < 11 mmHg 

progressed, echoing previous reports that single-

digit IOP is generally protective. These findings 

reinforce the pathogenic relevance of IOP even in 

myopic NTG but highlight the need to avoid 

excessively low IOP in highly myopic eyes due to 

the risk of hypotony maculopathy. 

Treatment initiation in the P(+) group led 

to significant drops in mean, maximum, and 

fluctuating IOP. Even though sectoral RNFL 

thinning, especially in the temporosuperior region, 

slowed after treatment, global RNFL thinning still 

happened faster than in untreated stable eyes. This 

might be due to not having enough follow-up time, 

a small sample size, insufficient IOP reduction, or 

http://www.glaucomajournal.com/
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ongoing mechanical stress from earlier axial 

elongation in younger patients.  

Family history came up as an extra risk 

factor for progression, in line with previous NTG 

studies. It’s unclear if this points to early detection 

patterns or genuine genetic risk, and more research 

is needed using modern tools like polygenic risk 

assessment. 

The study has some limitations. It is 

retrospective, has a small sample size, and only 

includes early-stage patients without disc 

hemorrhage, which may affect how widely the 

results apply. We need prospective studies with 

larger and more diverse groups to confirm these 

findings. 

 

FIGURE 5.Changesin the ratesof sectoral RNFL thinning after the initiation of IOP-lowering treatment in the 

progression[P(+)] group. ―*‖ indicates a significant difference. IOP indicates intraocular pressure; N, nasal; NI, 

nasal-inferior;NS,nasal- superior; RNFL, retinal nerve fiber layer; T, temporal; TI, temporal- inferior; TS, temporal-

superior. 

 

V. CONCLUSION 
A notable proportion of myopic NTG eyes 

progressed despite prior stability without treatment. 

Maintaining a low IOP appeared to be the main 

factor associated with stability, while younger age 

and family history were associated with higher 

progression risk. Myopia should not be assumed 

protective, and treatment may need to be initiated 

earlier in myopic NTG eyes with higher-risk 

profiles, even when the disease initially appears 

stable. 
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