
INTRODUCTION

The role of axial myopia as a risk factor for the de-
velopment of chronic open-angle glaucoma as well
as a risk factor for the amount of glaucomatous op-
tic neuropathy is unclear. Epidemiologic studies have
shown that myopic subjects compared with hyper-
opic subjects have a statistically significantly higher
probability to show glaucomatous optic nerve dam-

age (1, 2), in agreement with preceding studies in which
axial myopia was considered to be a risk factor for
glaucomatous optic neuropathy (3-10). In contrast,
Quigley and colleagues did not find a clear relation-
ship between myopia and the eventual development
of glaucomatous visual field in the follow-up exami-
nation of 647 ocular hypertensive subjects (11). Re-
cent randomized clinical trials revealed varying re-
sults suggesting that myopia may or may not be a
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predictive factor for the development and progres-
sion of glaucomatous optic nerve damage (12-16). 

Since the ophthalmoscopic appearance and the his-
tology of the optic nerve head in normal eyes as well
as in eyes with glaucoma is markedly different be-
tween subjects with high myopia versus subjects with-
out high myopia (17-20), we evaluated whether the
amount of glaucomatous optic nerve damage in re-
lation to intraocular pressure varies between chron-
ic open-angle glaucoma eyes with high myopia ver-
sus non-highly myopic eyes with chronic open-angle
glaucoma. The hypothesis was that in optic discs of
comparable size in eyes with established glaucoma,
the glaucomatous damage may be larger in highly my-
opic eyes than in eyes with no myopia, and that the
damage to the optic nerve may be more pronounced
in the highly myopic eyes despite similar intraocular
pressure measurements. If there is a difference with
more marked optic nerve damage in the highly my-
opic eyes, it could point towards a higher glaucoma
susceptibility in highly myopic eyes, and could ex-
plain the discrepancies between the studies examin-
ing the role myopia may play in glaucoma, since in
most studies a distinction of high myopia versus mod-
erate myopia has not been made. 

PATIENTS AND METHODS

The comparative clinical observational study included
1841 eyes (915 right eyes) of 1100 patients (541 women)
with primary or secondary open-angle glaucoma. All
patients had an open anterior chamber angle and were
prospectively and consecutively evaluated. The total
study population was divided into a highly myopic study
group consisting of 25 eyes ((10 right eyes; 19 pa-
tients (10 women)) and a non-highly myopic control
group including 1081 patients ((531 women; 1816 eyes
(905 right eyes)). High myopia was defined as a my-
opic refractive error equal to or higher than –8
diopters. The highly myopic study group was further
subdivided into a subgroup with an optic disc area of
more than 2.70 mm2 and another subgroup including
the remaining eyes with an optic disc area of 2.70
mm2 or less (Tab. I). Mean age was significantly low-
er in both study groups than in the non-highly myopic
control group (Tab. I). The methods applied in the study
adhered to the tenets of the declaration of Helsinki

for the use of human subjects in biomedical research.
Informed consent was obtained from each subject be-
fore enrollment. The patients were part of an ongo-
ing prospective study on the progression of glauco-
ma (Erlangen Glaucoma Register). The institutional
Review Board/Ethics Committee had approved the study.

The control group consisted of 274 (274/1816=15.1%)
eyes with preperimetric glaucoma defined by glaucoma-
tous abnormalities of the optic nerve head and normal
white-on-white visual fields, and 1542 (1542/1816
=84.9%) eyes with chronic open-angle glaucoma with
glaucomatous visual field defects. 

Definition criteria for glaucoma were glaucomatous
changes of the optic nerve head including an unusually
small neuroretinal rim area in relation to the optic disc
size, an abnormal shape of the neuroretinal rim, cup-to-
disc diameter ratios being vertically higher than horizon-
tally, and localized or diffuse retinal nerve fiber layer
defects (21). The control group included eyes with primary
open-angle glaucoma (n=1146; 63.1%), secondary open-
angle glaucoma due to reasons such as pseudoexfolia-
tion or primary melanin pigment dispersion syndrome
(n=453; 24.9%), and normal-pressure glaucoma (n=217;
11.9%). In the eyes with primary open-angle glaucoma,
no obvious reason for the elevation in intraocular pressure
could be detected. Criteria for the diagnosis of normal-
pressure glaucoma were maximal intraocular pressure
readings equal to or less than 21 mmHg in at least two
24-hour pressure profiles obtained by slit lamp applana-
tion tonometry and containing measurements at 5 PM, 9
PM, midnight, 7 AM, and noon. 

The highly myopic study group included 14 (56%)
eyes with primary open-angle glaucoma without evi-
dent reason for an increase in elevation of intraocu-
lar pressure, 7 (28%) eyes with normal-pressure glau-
coma, and 4 (16%) eyes with pseudoexfoliative glau-
coma. Results of visual field examinations were not
taken to characterize the patients of the study group
since high myopia by itself might have led to peri-
metric defects. For the diagnosis of glaucoma in the
study group, the same diagnostic criteria for glauco-
ma were used as in the control group. Study group
and control group did not vary significantly (p>0.05)
in their composition with respect to the various types
of chronic open-angle glaucoma. 

Intraocular pressure was measured by Goldmann
applanation tonometry. For 1607 (87.4%) of all 1841
eyes included in the study, at least one day-and-night
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intraocular pressure profile was performed contain-
ing measurements at 5 PM, 9 PM, midnight, 7 AM,
and noon. The percentage of eyes with intraocular
pressure profiles did not vary between the study group
(23/25 or 92%) and the control group (1586/1816 or
87.3%). For the statistical analysis, we took the high-
est intraocular pressure measurements and the low-
est measurements (Tab. I). 

For all eyes, 15° color stereo optic disc transparencies
were taken using a Zeiss telecentric fundus camera
(30° fundus camera, equipped with a 15° converter;
Zeiss, Oberkochen, Germany). 

The disc slides were morphometrically analyzed as
described previously (22, 23). Outcome measures were
size of the optic disc, optic cup, and alpha zone and
beta zone of parapapillary atrophy. All statistical analy-
ses were performed using SPSSWIN (release 11.5). 

RESULTS

In the study group, optic disc size was significantly
(p<0.001) larger, and alpha zone and beta zone of
parapapillary atrophy were significantly larger
(p<0.001) than in the control group. Neuroretinal rim
area was smaller, however not significantly (p=0.18)
smaller, in the study group than in the control group
(1.02±0.50 mm2 versus 0.94±0.65 mm2) (Tab. I). 

Taking into account the physiologic correlation be-
tween optic disc size, optic cup area, and neuroretinal
rim size in normal eyes (24), a control group was
formed adjusted for optic disc size with the study
group. This second control group consisted of 579
eyes of patients with a mean age of 60.4±16.2 years
and a mean refractive error of –0.38±1.55 diopters
(–7.75 diopters to +3.63 diopters). 

Comparing the study group with the control group
adjusted for optic disc area showed that the neu-
roretinal rim area was significantly (p=0.039) small-
er in the study group than in the adjusted control
group (0.94±0.65 mm2 versus 1.13±0.55 mm2). 

Mean maximal intraocular pressure measurements
(19.9±5.8 mmHg versus 20.1±4.9 mmHg; p=0.51) and
the mean minimal intraocular pressure measurements
(13.6±3.5 mmHg versus 13.7±3.2 mmHg; p=0.99) were
slightly lower, however not significantly lower, in the
study group than in the control group. At the same
level of intraocular pressure and with both groups

adjusted for optic disc area, the neuroretinal rim area
was smaller in the study group than in the control
group.

Since highly myopic eyes are characterized by a
secondary or acquired macrodisc (17, 18), we fur-
ther divided the study group into eyes with an optic
disc area of more than 2.70 mm2 and eyes with an
optic disc area equal to or less than 2.70 mm2 (Tab.
I). We chose an optic disc area of 2.70 mm2 as cut-
off point, since it was approximately the mean op-
tic disc area in the control group (Tab. I). 

As for the total study group, the study group with
a large optic disc area differed significantly in area
of beta zone of parapapillary atrophy from the con-
trol group (Tab. I). 

Neuroretinal rim was smaller, however not signifi-
cantly smaller, in the newly formed study group com-
pared with the control group (0.92±0.81 mm2 vs 1.02±0.50
mm2; p=0.16). 

Maximal and minimal intraocular pressure mea-
surements and the mean maximal and mean minimal
intraocular pressure values were significantly lower
in the highly myopic study group with a large optic
disc area than in the control group (Tab. I). 

Applying Bonferroni’s method to correct for per-
forming multiple statistical comparisons revealed
that the differences in optic disc size and size of
parapapillary atrophy between study group and con-
trol group remained statistically significant. In a sim-
ilar manner, the majority of the differences in in-
traocular pressure between study group and con-
trol group remained significant or borderline sig-
nificant (Tab. I). 

Within the control group, neuroretinal rim area was
not significantly correlated with refractive error (cor-
relation coefficient r=0.03; p=0.41) as has already
been shown in a previous study (25). 

Correspondingly, a multiple logistic regression
analysis including the parameters maximal intraoc-
ular pressure, minimal intraocular pressure, optic disc
size, neuroretinal rim area, and refractive error
showed that neuroretinal rim area was not signifi-
cantly (p=0.97) associated with the refractive error.
In a parallel manner, the moderately myopic eyes with
a myopic refractive error ranging between 0 diopters
and –8 diopters did not differ significantly in neu-
roretinal rim area from non-myopic eyes (0.94 ± 0.52
mm2 vs 1.00 ± 0.47 mm2; p=0.33). 
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DISCUSSION

In the lamina cribrosa of the optic nerve, tissue pres-
sure is reduced from the pressure level of the intraocular
space to the pressure level of the retrolaminar space
(25-27). Since the lamina cribrosa is not indefinitely
thin (28), the pressure reduction does not occur in an
indefinitely thin layer of the lamina cribrosa, but the
pressure may decrease gradually or in steps along
the whole thickness of the lamina cribrosa. The pres-
sure gradient across the lamina cribrosa is depen-
dent on the difference in pressure between the in-
traocular pressure and the pressure in the retrobul-
bar space surrounding the optic nerve – i.e., the cere-
brospinal fluid space – and the thickness of the lam-

ina cribrosa. At a given difference between intraocu-
lar pressure and cerebrospinal fluid pressure, the pres-
sure gradient will be steeper in eyes with a thinner
lamina cribrosa. Assuming that a steep pressure gra-
dient may be related to the barotraumatic damage to
the optic nerve within the lamina cribrosa, one may
postulate that eyes with a thin lamina cribrosa may
be more glaucoma susceptible than eyes with a thick
lamina cribrosa. 

Due to the stretching of the globe in high myopia,
the optic nerve head is secondarily enlarged (17, 18).
It leads to a stretching and thinning of the lamina cribrosa
(20). The pathophysiologic consequence may be that
the trans lamina pressure difference occurs over a
shorter distance resulting in a steeper pressure gra-

TABLE I - COMPOSITION OF THE STUDY GROUP AND CONTROL GROUP (Mean ± SD)

Control Total p1 value Study p2 value
group study group, disc

group area >2.7 mm2

No. 1816 25 15
Age (yr) 62.3±15.8 47.5±13.8 <0.001 45.3±14.9 <0.001
Refractive error (D) 0-0.35±1.47 -10.88±4.27 <0.001 -11.97±5.14 <0.001
Range -7.88 to+3.75 -24.25 to -8.0 <0.001 -24.25 to -8.00
Optic disc area (mm2) 2.73±0.73 3.59±1.70 <0.001 4.52±1.59 <0.001
Min. diameter (mm) 1.75±0.23 1.86±0.39 <0.001 2.07±0.34 <0.001
Max. diameter (mm) 1.97±0.27 2.38±0.70 <0.001 2.75±0.68 <0.001
Neuroret. rim (mm2) 1.02±0.50 0.94±0.65 0.18 (n.s.) 0.92±0.81 0.16
Parapap. atrophy (mm2)
Alpha zone 0.77±0.69 1.24±1.29 <0.001 1.56±1.53 0.16
Beta zone 0.74±1.71 2.66±3.07 <0.001 3.59±3.58 <0.001
Intraocular pressure (IOP) (mmHg)
Mean highest IOP 20.9±5.9 20.1±4.9 0.87 (n.s.) 17.7±4.1 0.028
1st highest IOP value 23.8±7.4 22.4±7.1 0.29 (n.s.) 19.6±4.1 0.014
2nd highest IOP value 21.5±6.3 20.7±5.0 0.77 (n.s.) 18.4±4.1 0.044
3rd highest IOP value 20.2±5.8 19.5±4.9 0.74 (n.s.) 17.2±4.1 0.024
4th highest IOP value 19.3±5.6 18.7±4.6 0.93 (n.s.) 16.5±4.0 0.046
5th highest IOP value 18.6±5.5 18.0±4.4 0.88 (n.s.) 15.9±3.8 0.034
Mean minimal IOP 13.7±3.7 13.7±3.2 0.77 (n.s.) 12.2±2.3 0.038
1st lowest IOP value 12.7±3.9 12.4±2.8 0.82 (n.s.) 11.1±2.2 0.077
2nd lowest IOP value 13.2±3.5 13.0±2.8 0.77 (n.s.) 11.1±2.2 0.050
3rd lowest IOP value 14.0±3.6 13.9±3.4 0.69 (n.s.) 12.2±2.4 0.025

Non-highly Total highly p1 value Highly myopic p2 value
myopic myopic study group, 

control group study group disc area > 2.7mm2

4th lowest IOP value 14.7±3.8 14.6±3.8 0.67 (n.s.) 12.9±2.8 0.028
5th lowest IOP value 15.2±4.0 15.1±3.8 0.64 (n.s.) 13.4±2.6 0.035

p value= Statistical significance of difference between the non-highly myopic control group and the whole highly myopic study group (p1 value),
and between the non-highly myopic control group and the highly myopic study group with an optic disc area > 2.7 mm2 (p2 value) 
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dient. One may, therefore, assume that highly myopic
eyes with a large optic disc as compared with non-
highly myopic eyes may have a higher glaucoma sus-
ceptibility at a given intraocular pressure. 

This assumption is supported by the results of the
present study. The highly myopic study group with a
large optic disc had vary significantly lower intraocu-
lar pressure measurements than the control group, where-
as both groups did not vary significantly in neuroreti-
nal rim area (Tab. I). As a corollary, neuroretinal rim
was significantly smaller in the study group than in the
eyes of a control group adjusted for optic disc size
with the study group. Additionally, intraocular pres-
sure measurements were lower, however not signifi-
cantly lower, in the study group. This suggests that at
the same level of intraocular pressure and with both
groups adjusted for optic disc area, neuroretinal rim
area was significantly smaller in the highly myopic eyes
than in the non-highly myopic eyes. Pointing towards
a higher glaucoma susceptibility in highly myopic eyes
with large optic discs compared with non-highly my-
opic eyes, this may fit with the histomorphometry of
the lamina cribrosa in highly myopic eyes and with the
pathophysiologic role the anatomy of the lamina
cribrosa may play. Correspondingly, moderately my-
opic eyes with chronic open-angle glaucoma and nor-
mal-sized optic discs do not differ in neuroretinal rim
area from non-myopic eyes (29). 

There are limitations of the present study. Study group
and control group included patients with primary open-
angle glaucoma and secondary chronic open-angle
glaucoma, such as pseudoexfoliative glaucoma and
pigmentary glaucoma. Since intraocular pressure is
usually higher in pseudoexfoliative glaucoma than in
primary open-angle glaucoma, a difference in the com-
position of the patient groups might have led to a bias.
Study group and control group, however, did not vary
significantly in the proportion of primary open-angle
glaucoma versus secondary open-angle glaucoma. Ad-
ditionally, due to the bright fundus reflex in highly my-
opic eyes, pseudoexfoliative material on the lens sur-
face may have been more difficult to be detected in
the highly myopic eyes, falsely decreasing the per-
centage of pseudoexfoliative glaucoma in the highly
myopic group. The study included all patients with
glaucoma who attended the eye department in the
study period, and for whom morphometric optic disc
measurements obtained by planimetry of optic disc

photographs were available. Since normal-pressure
glaucoma in non-highly myopic subjects was one of
the primary scientific foci of the department, there
was a tendency towards taking optic disc pho-
tographs preferentially from patients with normal-pres-
sure glaucoma. This may have led to a falsely high
proportion of normal-pressure glaucoma patients, and
thus a reduction of the mean intraocular pressure, in
the non-highly myopic control group. This serves, how-
ever, to support the conclusion of the study. In the
highly myopic study group, elevated intraocular pres-
sure may have been the primary diagnostic parame-
ter to detect glaucoma, since the abnormal appear-
ance of the optic nerve head and the difficult inter-
pretation of visual field examinations in highly myopic
patients may relatively decrease the importance the
optic disc examination and perimetry may have for
detection of glaucoma. This may have artificially in-
creased the mean intraocular pressure in the highly
myopic study group. This possible flaw in the study
may serve to support the conclusions of the study. In
addition to stretching and thinning of the lamina cribrosa,
it is possible that high myopia causes stretching and
thinning of the cornea and may affect the measure-
ment of intraocular pressure because a thin cornea
may lead to an underestimation of intraocular pres-
sure. In a recent histomorphometric study, however,
corneal thickness was statistically independent
(p=0.36) of the axial length of the globe (own data).
Highly myopic eyes may develop glaucoma much soon-
er than non-highly myopic eyes, and hence the dif-
ferences in neuroretinal rim area may reflect the longer
duration of glaucoma in highly myopic eyes. Indeed,
the data presented in Table I suggest that glaucoma
in highly myopic eyes develops earlier, since the pa-
tients in the highly myopic study group were signifi-
cantly younger than the patients in the non-highly my-
opic control group. Simultaneously, however, this sug-
gests that even if glaucoma develops earlier in high-
ly myopic subjects, diagnosis of glaucoma was made
earlier in the highly myopic patients than in the non-
highly myopic subjects so that the duration of glau-
coma may have been comparable between both groups,
or at least not longer in the study group than in the
control group. 

In conclusion, the results of the present study may
suggest that highly myopic eyes with chronic open-
angle glaucoma may have lower intraocular pressure
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measurements than non-highly myopic eyes with chron-
ic open-angle glaucoma at a given amount of glau-
comatous optic nerve damage. This agrees with the
Early Manifest Glaucoma Trial in which the prevalence
of glaucoma increased with increasing myopia, and
in which the association between myopia and glau-
coma was strong at lower intraocular pressure levels,
and weakened gradually with increasing intraocular
pressure (13). Pathogenetically, the situation for high-
ly myopic eyes with myopic stretching and thinning
of the lamina cribrosa (20) may be similar as for eyes

with advanced glaucoma in which the lamina cribrosa
is also decreased in thickness (30, 31), and for which
an increased risk for further progression of glaucoma
as compared to eyes with early glaucoma has been
shown (15, 32-34). 
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