A Longitudinal Investigation of Adult-Onset and Adult-
Progression of Myopia in an Occupational Group

Refractive and Biometric Findings

Neville A. McBrien and David W. Adams

Purpose. To investigate the refractive and biometric changes associated with adult-onset and
adult-progression of myopia in an occupational group.

Methods. The sample population consisted of 251 clinical microscopists aged 21 to 63 years.
Subjects had their refraction and ocular dimensions measured on four occasions during a 2-
year period, and a total of 166 subjects (332 eyes) completed the longitudinal aspect of the
study. Refraction was measured objectively with a Canon R-1 autorefractor and subjectively
by an optometrist using standard procedures. Corneal curvature and axial ocular dimensions
were measured with a keratometer and A-scan ultrasonography, respectively.

Results. Of eyes emmetropic at the start of the study, a total of 39% underwent a myopic
change in refraction greater than 0.37 diopter (D), with a mean change of —0.58 *+ 0.04 D
(mean * standard error of the mean; n = 37). This was associated with an elongation of the
vitreous chamber of 0.26 + 0.05 mm (P < 0.01). Eyes emmetropic at the start of the study
that did not undergo a refractive change >0.37 D (n = 58) during the 2-year study period
had a mean change in refraction of 0.02 £ 0.03 D (P = 0.69) associated with a change in
vitreous chamber depth of 0.05 *+ 0.02 mm. Changes in corneal curvature, anterior chamber
depth, or lens thickness between the initially emmetropic groups were not significant. The
median age of onset of myopia in initially emmetropic eyes was 26.3 years. Of eyes that were
myopic at the start of the study, 48% progressed further into myopia by 0.37 D or more
during the 2-year period. The mean increase in myopia for the ‘““myopic progressor’’ group
was 0.77 £ 0.03 D (n = 108 eyes) compared to —0.01 + 0.02 D (n = 115 eyes; P = 0.49) for
myopes who did not undergo a refractive change >0.37 D during the study period. The only
significant difference in ocular component dimension changes during the study period for
these two initially myopic groups was elongation of the vitreous chamber depth (0.24 * 0.04
mm versus 0.03 = 0.03 mm, P < 0.01). The average age of the myopes who progressed further
into myopia during the study was 29.3 years. Axial length—corneal radius ratio at the start of
the study was not significantly different between initially emmetropic eyes in which adult-
onset myopia developed or emmetropic eyes that remained refractively stable. The incidence
of adult myopia development during a 2-year period in this occupational group was 45%.

Conclusions. The structural cause of adult-onset and adult-progression of myopia is vitreous
chamber elongation. Invest Ophthalmol Vis Sci. 1997;38:321-333.

For the majority of the population (approximately
65%), the eye’s growth is regulated so precisely as
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to produce a sharp image of a distant object on the
photoreceptor layer of the retina without the need for
accommodation, thus producing an emmetropic eye.
However, in a significant minority of the population,
there is a breakdown of this regulated growth and
refractive errors develop, particularly that of myopia.
The prevalence of myopia in developed countries is
reported to be between 25% and 30%,"? with higher
levels reported in certain Asian populations.’®

The prevalence of myopia can be broken down
further with respect to the age of onset of the myopia,

321



322 Investigative Ophthalmology & Visual Science, February 1997, Vol. 38, No. 2

with approximately 2% congenital-onset (age, 0 to 6
years), 18% youth-onset (age, 6 to 20 years), and 10%
adult-onset (age, 20 years or older). This classification
of myopia was proposed by Grosvenor* to distinguish
youth-onset myopia, which develops during normal
adolescence, cessates around 15 to 16 years of age,’
and is suggested to have a hereditary influence,’ from
truly adultonset myopia, which occurs in the third
and fourth decades of life and for which an environ-
mental cause has been suggested.” This classification
is based purely on age and does not make any assump-
tions on the causes of myopia and also avoids the
contentious area of adolescent-onset of myopia (age,
16 to 20 years), also termed college age-onset myopia
or late-onset myopia, which may be confounded by
normal ocular growth.

It is well documented that the structural cause
responsible for youth-onset myopia is vitreous cham-
ber elongation.® As the axial growth of the eye is re-
ported to have reached adult emmetropic length by
the age of 13 years,™'? it has been speculated that
adult-onset myopia may not be axial in origin. Studies
have suggested a lenticular cause'' and also a corneal
contribution.'® Cross-sectional studies of late-onset
myopia (i.e., onset after 16 years) in university stu-
dents have, however, indicated vitreous chamber elon-
gation as the ultimate structural cause,'*' a finding
substantiated more recently by a report of a longitudi-
nal study of a similar adolescent-onset (age, 16 years
and older) myopic group.'® However, the choice of
16 years or older as an age of onset for adult myopia
has been questioned by studies, suggesting continued
axial growth of the emmetropic eye up to 18 years of
age.'™'” Evidence indicating continued axial growth
of the emmetropic eye until 18 years of age makes it
difficult to determine if the elongation of the vitreous
chamber in late-onset myopic eyes is just an extension
of normal growth or the result of some new environ-
mental stimulus, as suggested previously.'' Also at-
tempting to delineate youth-onset and young adult-
onset myopia in adolescence might be confounded
further by individual variation in reaching physical
maturity if body growth is related to myopia develop-
ment and progression.'®

The suggestion of an environmental stimulus to
the causation of adult-onset myopia has gained sup-
port because of substantial epidemiologic evidence
that some aspect of the nearwork associated with for-
mal education can lead to myopia.'"* However, as
indicated above, the findings are difficult to interpret
in adolescent populations because of the concurrent
normal growth of the eye. A clearer indication of the
association between nearwork and myopia comes from
studies on the prevalence of refractive errors in partic-
ular occupations, showing a positive correlation be-
tween amount of nearwork and myopia.'"?' These
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studies do not prove a cause and effect relation. How-
ever, work on animal models of refractive develop-
ment has provided direct evidence that restricting vi-
sion to close viewing results in the development of
myopia.?*~**

In an attempt to address definitively the structural
cause of adult-onset myopia, the present longitudinal
study investigated the development of refractive errors
in an occupational group with a minimum age of 21
years. By using such an occupational group, it was
possible to avoid the confound of previous studies that
have used student populations and the more conten-
tious criterion for myopia-onset of 16 years or older.
The occupational group under investigation has been
reported to have a substantially higher prevalence of
myopia than that observed in the general population
and also a higher prevalence of adult-onset or adult-
progression of myopia.”

MATERIALS AND METHODS
Subjects

The occupational group that formed the subject popu-
lation was clinical microscopists. Subjects were drawn
from clinical microscopy departments throughout
Great Britain. The population initially was identified
from results of a postal questionnaire on eye problems
experienced by this particular type of clinical micros-
copist. The results of the questionnaire indicated a
prevalence of myopia of 61%, considerably higher
than that reported for most other graduate-educated
populations.®*~*® Of particular interest, 54 of the 247
replies reported onset of myopia after entry into clini-
cal microscopy (36% of all myopic subjects). The re-
sults of the questionnaire were used only to identify
this particular occupational group and not individual
subjects. No further reference was made to the postal
questionnaire results after identifying that the popula-
tion was likely to be an informative group on which to
conduct a prospective study on adult-onset and adult-
progression of myopia. The data reported in this arti-
cle were from direct personal interview and measure-
ment taken during the study duration.

The 20 largest regional centers for this branch
of clinical microscopy in Great Britain were chosen.
Selection was based purely on size of center with no
reference to questionnaire responses. At each center,
all clinical microscopists were requested to participate
irrespective of age, race, refractive state, or gender to
avoid any selection bias. Only three subjects asked not
to be included, and in each case this was because of
previous ocular disease. A total of 251 subjects (90
men, 161 women) were seen on the first set of visits.
The median age was 29.7 years (range, 21 to 63 years)
at the start of the study.
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This group constitutes approximately 75% of this
type of clinical microscopist in Great Britain. Although
every attempt was made to see subjects at each of the
subsequent visits, 38 (15%) changed occupations or
moved to a center not in the study, so they were not
available for any follow-up. Also, because of various
reasons (e.g., illness, maternity leave), a total of 40
subjects (16%) missed 1 subsequent visit and 7 sub-
jects missed 2 subsequent visits.

This type of clinical microscopist is educated to
degree level or above and works principally within
National Health Service or health trust hospitals.
Their work typically involves long periods (more than
20 hours per week) of high magnification microscopy
(X800 to X1250) interspersed with lower magnifica-
tion microscopy (X125). Other tasks include histo-
logic and histochemical preparatory techniques. The
microscopes used were high-quality binocular micro-
scopes (e.g., Zeiss, Leitz) with infinity-based optics,
which were serviced regularly.

All measurements were conducted at the subject’s
place of work. Subjects at each center were seen a
total of four times during a 2-year period. The intervals
for each set of visits was 6 months between the first
and second visits, 9 months between the second and
third visits, and again 9 months between the third and
fourth visits. At each subsequent visit to a center, no
records were available to the experimenter concern-
ing previous findings, and all analysis was conducted
using codes rather than subjects’ names to avoid any
possibility of bias on subsequent measures. All proce-
dures performed in the study adhered to the Declara-
tion of Helsinki. Informed consent was obtained from
all subjects after they were given an explanation of the
study and ethical committee approval was obtained.

At each visit, detailed history and symptoms were

taken on all subjects, which included details on work-

ing practices as well as more visually related informa-
tion. Particular emphasis was placed on obtaining in-
formation of previous refractive history, and wherever
possible, the subject’s own optometrist or ophthalmol-
ogist was contacted to obtain more quantitative infor-
mation. Information on the number of changes in
prescription requiring a change in refractive correc-
tion since entering clinical microscopy and also the
number and type of refractive changes in the 5 years
before entry was requested. Family history of refractive
errors also was obtained by personal interview.

Measurement of Refractive State

Refractive error was measured both objectively and
subjectively. A Canon (Tokyo, Japan) Autoref R-1 in-
frared autorefractor was used to take objective mea-
sures of the subject’s refraction. This instrument has
been shown to give a valid and reliable estimate of
refractive state.?**” A full binocular-subjective refrac-
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tion with an endpoint of maximum positive sphere
consistent with best vision was carried out on all sub-
jects by the same examiner. Subjects were categorized
into refractive groups based on criteria described pre-
viously.*' Briefly, emmetropes were classed as subjects
whose subjective refractive error was between —0.25
and +0.625 diopter (D), hyperopes were subjects
whose refractive error was = +0.75 D, and myopes
were subjects whose refractive error was —0.375 D or
greater.

The repeatability of the subjective refraction rou-
tine was assessed on a total of 30 subjects. The exam-
iner started from the objective findings (obtained
from the Canon R-1). All trial case lenses had their
value covered and the examiner simply asked the assis-
tant for a stronger- or weaker-powered lens. The sec-
ond refraction routine for each subject was carried
out on a separate day. The 95% confidence interval
for the subjective refraction was 0.37 D. The nearest
clinical step to this value (0.375 D) was taken as the
criterion for a refractive change in this study. All mea-
sures of refractive error were converted from spectacle
refraction to ocular refraction at the corneal apex.
All refractive data reported are ocular refraction or
change in ocular refraction. Analysis of change in re-
fraction was based on the mean equivalent sphere
(sphere power + '/, cylinder power). However, to
analyze accurately any changes in astigmatism between
groups, both in degree and direction, a recently re-
ported™ vectorial analysis of refractive errors also was
undertaken.

Refractive Classification of Subjects

Previous criteria on which myopes have been classified
has been based on several factors (e.g., etiology, age,
degree), and this has led to considerable confusion
in the literature. In an attempt to clarify the situation,
Grosvenor* proposed a classification of myopia based
on age of onset that did not make any assumptions
on the causes of the myopia. In this classification,
adult-onset myopia was defined as myopia with onset
after the age of 20 years, thus avoiding the contentious
area of adolescent-onset of myopia (age, 16 to 20
years) that may be confounded by normal ocular
growth. In the present study, a similar classification
was adopted. Subjects in whom myopia developed
after the age of 20 years were classified as adult-onset
myopes, and subjects in whom myopia developed be-
fore 20 years of age were classed as youth-onset my-
opes. For the cross-sectional analysis, youth-onset my-
opes were segregated into onset before 16 years and
onset between 16 and 20 years to allow comparison
with previous university student-based studies. For
cross-sectional biometry analysis, only the right eye of
subjects was included and classification was based on
the refraction of this eye. Subjects who could not recall
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accurately (1 year) the age of onset of myopia were
excluded from the cross-sectional biometry analysis.

Ocular Biometry Measures

To obtain information on structural correlates to any
observed changes in refractive state during the study
period, measurements of the ocular component di-
mensions were taken using keratometry and A-scan
ultrasonography. Corneal curvature was measured
with a calibrated Javal-Schiotz (Keeler, Windsor, UK)
keratometer. Three measures were taken in the hori-
zontal and vertical meridians. Calibrations were per-
formed before each set of visits using ball bearings of
known curvature.

Axial ocular component dimension measures
were obtained using a Storz A-scan alpha 20/20 biom-
eter, equipped with a 10-MHz focused transducer and
soft probe tip to prevent corneal compression. The
instrument has been found to give valid and reliable
results,”® and the measurement procedure has been
described in detail previously'® and will only be de-
scribed here briefly. The patient’s corneas were anes-
thetized with one drop of 0.4% benoxinate hydrochlo-
ride in each eye. The subject’s full refractive correc-
tion for the eye not under measure was placed in a
Halberg clip situated 12 mm in front of the eye, and
the subject was instructed to view a letter on the 6/9
line of a distant Snellen letter chart. A minimum of 10
acceptable measurements of anterior chamber depth,
lens thickness, and vitreous chamber depth were col-
lected and the procedure then repeated on the other
eye. To be accepted, measurements had to have a
standard deviation of <0.1 mm (the standard devia-
tion of 480 measures taken by the Storz 20/20 in ap-
proximately 0.5 second) and a soft probe compression
of <1 mm. Waveforms also were viewed to ensure that
each waveform had four clean ultrasound peaks. If
this was not the case, the waveform was removed be-
fore any analysis and additional readings were taken.
Before each center was visited, the ultrasound biome-
ter was calibrated against a temperature-controlled
fluid-filled block. Twenty subjects had ultrasound re-
peated on an eye to assess the repeatability of ultra-
sound measures. The second set of 10 waveforms was
collected after the water standoff had been refilled
and the probe tip distance recalibrated. The differ-
ence between repeated measures was 0.01, 0.01, and
0.05 mm for the anterior chamber dépth, lens thick-
ness, and vitreous chamber depth, respectively. The
95% confidence limits were 0.16, 0.11, and 0.09 mm
for the same ocular dimensions, which equate to
<0.25 D for any component.

Measurement of anterior and posterior crystalline
lens curvature using video ophthalmophakometry®*
also was completed on subjects. Recorded Purkinje
images from the fiber optic light sources were digi-
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tized, measured, and converted to lens power using
corneal curvature and axial ocular dimension find-
ings, using an assumed refractive index of 1.4163. Be-
cause of logistic constraints, this measurement was,
unfortunately, only taken at the third (15 months)
and fourth (24 months) measurement sessions.

This article is concerned principally with biome-
tric changes associated with the development of adult
myopia. Therefore, findings on accommodation and
occupational factors, which also were collected, will
be presented and discussed in a separate article.

Statistical Analysis

Data for all subjects from all measurement sessions were
transferred from individual record sheets to a statisti-
cal spreadsheet package on a mainframe computer
(SPSS, Detroit, MI). Results of differences in ocular com-
ponents are presented as mean * standard error of the
mean unless otherwise stated. Analysis of variance was
performed for between-group differences, with multiple
comparison tests (Duncan) used to compare individual
differences. Where required, appropriate statistical pro-
cedures were employed to take account of fellow eye
correlation.” Dependent and independent ¢ statistics
were also utilized for within group analysis. Nonparamet-
ric tests were used where appropriate.

RESULTS
Cross-Sectional Findings

The prevalence of refractive errors in this population,
at the start of the longitudinal study, have been re-
ported previously”® and will only be discussed here
briefly. It was found that of the 502 eyes in the study,
66% of eyes were myopic, 28% emmetropic, and 6%
hyperopic. In terms of subjects, 70.5% of clinical mi-
croscopists had at least one myopic eye. If subjects
who were myopic were classified with regard to their
report of when myopia-onset occurred (where this
could be determined accurately; » = 171 myopes),
37% of subjects were youth-onset myopes (i.e., onset
between 6 and 20 years of age) and 33% were adult-
onset myopes (i.e., onset of myopia after 20 years of
age) with congenital myopes accounting for 1%.
There was no significant difference in onset or pro-
gression of myopia in adulthood between men and
women (P = 0.66).

Table 1 presents the cross-sectional biometric data
on axial ocular component dimensions from the first
visit. Subjects were classified with respect to age of
onset of myopia, based on their own reporting and,
where possible, confirmed by their own practitioner’s
records. Because of the inconsistency among previous
studies on the criteria adopted for classifying adult-
onset myopia, the present study has divided the myo-
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TABLE 1. Cross-Sectional Refractive and Biometric Findings Taken at
the First Measurement Session of the Longitudinal Study

Adult Onset  Youth Onset Myopia Onset
Hyperopia Emmetropia Myopia Myopia 15 to 20 years

Number of subjects 14 68 78 47 38
Ocular refraction

Mean +1.51 +0.10 -1.68 -3.74 —2.46

SEM *0.22 +0.03 *0.13 +0.31 +0.27
Corneal radius (mm)

Mean 7.861 7.892 7.849 7.847 7.854

SEM +0.085 +0.033 +0.034 +0.048 +0.048
Anterior chamber

depth (mm) :

Mean 3.55 3.51 3.69 3.76 3.67

SEM +0.10 +0.04 +0.05 +0.07 +0.08
Lens thickness (mm)

Mean 391 3.96 3.88 3.91 3.98

SEM +0.14 +0.05 +0.05 +0.07 +0.09
Vitreous chamber

depth (mm)

Mean 15.81 16.23 17.14 17.80 17.24

SEM +0.28 +0.08 *0.12 *0.16 +0.19
Axial length (mm)

Mean 23.26 23.69 24.71 25.47 24.89

SEM +0.26 +0.08 *0.12 +0.17 +0.18
Age (years)

Median 29.72 30.83 31.04 30.39 28.77

Range (22-50) (21-61) (22-53) (21-46) (21-64)

Subjects are separated into groups based on their reported age of onset of myopia. Refractive and
biometric data are presented from the right eye only of each subject. Subjects who could not
accurately (1 year) recall the age of onset of myopia were not included in this cross-sectional

analysis.

pic subjects into three groups (for reporting the cross-
sectional biometric results) based on reported age of
onset: Adult-onset myopes (i.e., onset after 20 years of
age), youth-onset myopes (i.e., onset before 15 years
of age), and late adolescent-onset (i.e., onset between
15 and 20 years of age). This gives a clear separation
between adult- and youth-onset myopes while treating
the somewhat contentious age range of 15 to 20 years
separately. This takes into account the conflict among
studies indicating that normal emmetropic axial
growth is complete by 13 years”'® and data suggesting
that normal ocular growth in emmetropic eyes con-
tinue up to 18 years.'®"”

The cross-sectional findings from this large non-
university-based adult population showed that the ma-
jor structural difference between adult-onset myopes
compared to that of emmetropes was vitreous cham-
ber depth (Table 1). Emmetropes had significantly
shorter vitreous chamber depths than all three groups
of myopes (analysis of variance F = 23.9, P < 0.001).
The difference in refractive error between emmet-
ropes and each of the myopic groups was almost fully
accounted for by the difference in vitreous chamber
depth based on schematic modeling. Youth-onset my-
opes had significantly more myopia and deeper vitre-
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ous chamber depths than did adult-onset myopes
(Duncan Multiple Comparison Test P < 0.05). There
were no significant differences in corneal radius be-
tween any of the five groups (F = 0.26, P = 0.9).
Anterior chamber depth was significantly deeper in
both youth-onset and adult-onset myopes when com-
pared to that of emmetropes (analysis of variance F
= 3.04, P < 0.02; Duncan Multiple Comparison Test
P < 0.05). No significant differences were observed
in lens thickness between any of the groups (F = 0.46,
P = 0.76). There was no significant difference in age
between the five cross-sectional groups in Table 1 (P
= 0.49). The median age of reported onset of myopia
in the adult-onset group was 26.3 years.

However, what cannot be determined from the
cross-sectional data is whether any of the observed
structural differences between the groups were pres-
ent before the development of the adult-onset myopia.
Also, no information concerning the chronologic se-
quence of structural changes in ocular component
dimensions was available. A primary aim of the present
study was to monitor the structural changes in the
eye that accompany changes in refractive state from
emmetropia toward myopia and to determine what
factors may influence this change.
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TABLE 2. Classification and Dioptric Thresholds for Groups in the

Longitudinal Study

Change in

Starting Refractive Final Refractive Equivalent

Group Eyes (n) Range (D) Range (D) Sphere (D)
Adult-onset myopic 23 +0.62 to —0.25 -0.37 to —1.25 =-0.37
Emmetropic changing 14 +0.62 to —0.25 +0.25 to —0.25 =-0.37
Emmetropic stable 58 +0.62 to —0.25 +0.62 to —0.25 <-0.37
Myopic progressing 108 ~0.37 to —7.87 —-0.75 to —8.37 =-0.37
Myopic stable 115 —0.37 to —6.25 —-0.37 to —6.37 <-0.37

In this study, =—0.37 D signifies myopia greater than —0.37 D or an increase in myopia of 0.37 D or
greater, whereas <—0.37 D means a refraction less myopic than —0.37 D or change less than

-0.37 D.

Longitudinal Results

A total of 166 subjects (median age, 29.9 years; range,
21 to 55 years) were seen for at least 3 of the 4 data
collection visits, including the first and last measure-
ment session. For the analysis of the longitudinal data,
subjects were classified based on their refractive error
at the start of the study and whether this changed
during the study (Table 2). Emmetropic subjects were
divided into those who underwent a change in refrac-
tive error of <0.37 D and were termed ‘‘emmetropic
stable” and those who underwent a change in refrac-
tion of =0.37 D. Emmetropic subjects who underwent
a refractive change of =0.37 D in one or both eyes
were further subdivided into those who became clini-
cally myopic (manifest refractive error > —0.37 D)
and were termed ‘‘adult-onset myopes’ and those
who, although undergoing a myopic change =0.37 D,
did not reach our criterion of clinical myopia (e.g.,
changed from +0.50 D to plano) and who were
termed ‘“‘emmetropic change.”” Subjects myopic at the
start of the study also were divided into those undergo-
ing a refractive change in at least one eye (myopic
progressors) and those who were stable (myopic sta-
ble) throughout the study period. Because one of the
primary aims of this study was to determine the struc-
tural correlate responsible for observed refractive
changes within eyes, the analysis of refractive and bio-
metric changes was conducted with respect to individ-
ual eyes and not subjects. Where both eyes of a subject
were included in the same group, the values for the
two eyes were averaged and analyzed as a single data
point™ to account for the correlation between fellow
eyes. Analysis of possible risk factors or indicators of
refractive change were carried out with respect to sub-
ject.

Refractive and Biometric Changes in Subjects
Initially Emmetropic

Of the 166 subjects (332 eyes) that were observed for
the duration of the longitudinal study, a total of 45%
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of eyes (n = 151) showed a refractive change toward
myopia of greater than 0.37 D, whereas 55% of eyes
(n = 181) were refractively stable. Of subjects observed
throughout the longitudinal study period, a total of
95 eyes were emmetropic at the start of the study, of
which 37 (39%) underwent a refractive change of
=0.37 D (all in the myopic direction). The mean
change in refraction during the 2-year period of the
study in initially emmetropic eyes showing a refractive
shift of =0.37 D was (mean * standard error of the
mean) —0.58 = 0.04 D (n = 37; P< 0.001). In emmet-
ropic eyes that underwent a significant refractive
change but did not reach our clinical criterion of myo-
pia (= —0.375), the mean change was —0.43 *= 0.02
D (n = 14, P < 0.001). In initially emmetropic eyes
that onset into clinical myopia during the course of
the study, the mean change was —0.68 + 0.04 D (n =
23; P < 0.001). In initially emmetropic eyes that did
not undergo a refractive change of =0.37 D, the mean
change during the 2-year period was 0.02 £ 0.03 D (n
= 58; P = 0.69). Significant differences in refractive
change between the three initially emmetropic groups
were found (F = 47.6, P < 0.001), with significant
differences between the emmetropic stable group and
both the adult-onset group (P < 0.01) and emmet-
ropic change group (P < 0.01; Duncan MCT). There
also was a significant difference (P < 0.01) in refrac-
tive change between the adult-onset myopic group and
the emmetropic change group (Fig. 1A). Vectorial
analysis of refractive change also found significant
changes in the equivalent sphere component (M vec-
tor) for adult-onset myopic eyes and emmetropic
change eyes compared to the emmetropic stable eyes.
However, neither the ], nor J4; component of the astig-
matic error showed any significant change for all three
groups during the 2-year period (P = 0.20).

In adult-onset myopic eyes, the refractive change
was associated with a corresponding drop in unaided
visual acuity during the study period of 0.21 (Snellen
decimal equivalent).’® No change in unaided visual
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FIGURE 1. (A) Change in noncycloplegic ocular refraction
in eyes emmetropic at the start of the longitudinal study.
Time 0 is when the first measurements were collected. Sub-
sequent measures were taken at 6, 15, and 24 months after
this. “Adult-onset” myopic eyes (P < 0.01) and “emmet-
ropic changing™ eyes (P < 0.01) underwent significant myo-
pic changes in refraction during the 2-year period. Error
bars = 1 SEM. (B) Age of onset into clinical myopia for
those subjects classified as having adult-onset myopia de-
velop during the study.

acuity was observed during the study period for stable
emmetropic eyes. There was no significant difference
in the mean age of the three groups of initially emmet-
ropic subjects (P = 0.07). The average (median) age
of onset of myopia in the emmetropes in whom adult-
onset myopia developed was 26.3 years with a range
of 22 to 42 years (Fig. 1B).

The changes in corneal radius and axial ocular
component dimensions for all initially emmetropic
eyes in the longitudinal study are shown in Figures
2A, 2B, 2C, and 2D. To more easily determine the
structural correlate of the observed refractive changes,
ocular components have been plotted on both linear
metric scales (millimeters) and dioptric equivalent
scales (using values from van Alphen®’) to assess the
refractive contribution of any structural change. The
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major structural correlate to the observed refractive
error change was an increase in vitreous chamber
depth. There was a significant difference in vitreous
chamber elongation during the 2-year period between
the three groups who were initially emmetropic (anal-
ysis of variance F = 8.3, P < 0.001). Adult-onset myo-
pic eyes underwent significantly greater vitreous cham-
ber elongation than did emmetropic stable eyes (0.28
#* 0.05 mm versus 0.05 = 0.02 mm, P < 0.01). Emmet-
ropic eyes showing a myopic change but not yet myo-
pic also underwent significantly greater vitreous cham-
ber elongation than did emmetropic stable eyes (0.23
* 0.05 mm versus 0.05 = 0.02 mm, P < 0.02). There
was no significant difference in vitreous chamber elon-
gation between adult-onset myopic eyes and emmet-
ropic eyes undergoing a myopic shift but not reaching
clinical myopia. Initial vitreous chamber depth was not
significantly different between the eyes of the three
groups of emmetropes at the start of the study (F =
2.2, P=0.11).

No significant changes were observed in mean
corneal curvature between the three initially emmet-
ropic groups throughout the study duration (P =
0.22). There also was no significant difference in ini-
tial corneal curvature at the start of the study (P =
0.49) among the three groups. There was no signifi-
cant difference in anterior chamber depth (£ = 0.10)
or lens thickness (P = 0.56) at the start of the study
between any of the initially emmetropic groups.
Changes in anterior chamber depth and lens thickness
were not significantly different at any subsequent visit
among the three groups. However, there was a signifi-
cant reduction in lens thickness in the adult-onset my-
opic eyes by visit 3 (15 months) and visit 4 (24 months)
when compared to the initial lens thickness (P <
0.05), which would offset slightly the myopia caused
by vitreous chamber elongation (Fig. 2C). Analysis of
lens power, as determined from video ophthalmopha-
kometry at visits 3 and 4, showed no significant differ-
ences in absolute power (P = 0.32) among the three
initially emmetropic groups, despite the lens thinning
noted in the adult-onset myopic eyes. Using the
method of Bennett® of calculating crystalline lens
power and using the biometric data (keratometry,
axial dimensions, and refractive error) collected at
all intervals of the longitudinal study also showed no
significant changes in lens power among all five
groups (P = 0.30) during the 2-year study period.

Refractive and Biometric Changes in Subjects
Initially Myopic

For eyes that were already myopic at the start of the study
and that underwent further myopic change of =0.37 D,
the mean change was —0.77 = 0.04 D (n = 108 eyes; P
< 0.001) during the 2-year period (Fig. 3A). Eyes myopic
at the start of the study that did not undergo a refractive
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change of =0.37 D during the study period had a mean
change of —0.01 = 0.02 D (n = 115; P = 0.49). Analysis
of astigmatism changes using vectorial methods found
no significant change in the J, and J4; components for
either myopic group. The refractive error at the initial
visit between the two groups of initially myopic eyes (pro-
gressive versus stable) was not significantly different
(mean * standard deviation, —2.36 = 1.63 D versus
—2.07 + 149 D, P = 0.40).

Although both groups of subjects were myopic at
the start of the longitudinal study, it was found that,
despite being refractively stable during the 2-year
study period, 49% of the myopic stable group (n =
23 of 47 subjects; for 4 myopic stable subjects, it was
not possible to accurately confirm the age of myopia-
onset) actually reported onset into myopia after 20
years of age (i.e., adult-onset myopia). Also, it was
found that 51% of the myopic progressor group (n =
32 of 63 subjects) reported onset into myopia after 20
years of age. Of the remaining 49% of those from the
myopic progressor group who had onset into myopia
before entering their occupation (youth-onset my-

opes), it was found from analysis of their previous
refractive history (based on records from their own
optometrist or ophthalmologist) that 61% of these
subjects had no change in their spectacle correction
for the 5 years before entering their profession (Fig.
3B). However, it could not be confirmed in every case
that the criterion used by the subject’s optometrist to
decide if a change was required was the same as that
used in the present study. The average (median) age
of the myopic progressor group was significantly lower
than the myopic stable group (29.3 years versus 34.4
years, P < 0.05).

Figures 4A, 4B, 4C, and 4D show the measured
changes in corneal radius of curvature and axial ocu-
lar component dimensions for all eyes that were myo-
pic at the start of the study. Once again, vitreous cham-
ber elongation was the major structural correlate to
the refractive change in eyes progressing further into
myopia. There was a significant elongation of the vitre-
ous chamber in eyes progressing further into myopia
(0.24 = 0.03 mm, P < 0.01) during the 2-year period.
The change in vitreous chamber depth in stable myo-
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FIGURE 3. (A) Change in noncycloplegic ocular refraction
in eyes initially myopic at the start of the longitudinal study.
Time 0 is when the first measurements were collected, and
subsequent measures were taken at 6, 15, and 24 months
after this. “Progressing myopic” eyes underwent a signifi-
cant increase in myopia (P < 0.01) after only 6 months and
continued to increase during the 2 years. Error bars = 1
standard error of the mean. (B) Number of changes in
prescription requiring a change in spectacles for the 5 years
before entry into occupation for those subjects who pro-
gressed further into myopia during the study and who wore
amyopic correction before entry into their occupation (49%
of myopic progressor subjects). Sixty-one percent of these
myopic progressor subjects had a stable prescription for the
b years before entry.

pic eyes after 2 years was 0.03 = 0.03 mm (P = 0.49).
Vitreous chamber depth at the start of the study was
not significantly different between the two groups of
initially myopic eyes, although it was slightly longer in
the myopic progressing eyes (mean * standard devia-
tion; 17.39 = 0.91 mm versus 17.08 + 1.01 mm, P =
0.07), which also were slightly more myopic. There
was no significant difference in either initial corneal
curvature (P = 0.1) or change in corneal curvature
at any subsequent measurement session (P = 0.56)
between the two initially myopic groups. It was found
that eyes that progressed further into myopia during
the study period had significantly deeper anterior
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chambers (3.86 mm versus 3.74 mm, P < 0.05) and
thinner lenses (3.74 mm versus 3.86 mm, P < 0.02)
at the start of the study than did eyes whose myopia
remained stable. However, there was no significant
difference between the two groups with respect to
changes in anterior chamber depth (P = 0.3) or lens
thickness (P = 0.2) at the subsequent measurement
sessions. Lens thickness showed a small reduction in
both stable myopic eyes and progressing myopic eyes
during the 2-year study period (P < 0.05).

Refractive and Biometric Changes in Initially
Hyperopic Subjects

There were only 14 eyes that were hyperopic at the
start of the study (> +0.75 D) and observed through-
out the study period. The average equivalent sphere
of these subjects was +2.0 * 0.4 D with a mean vitreous
chamber depth of 16.01 = 0.36 mm. During the 2-
year period, the mean change in equivalent sphere
was —0.25 * 0.13 D, with no significant change in
astigmatism (P = 0.40). The corresponding mean
change in vitreous chamber depth was 0.1 = 0.1 mm.
There was no significant change in anterior chamber
depth or lens thickness.

Comparison of Ocular Components in Youth-
Onset and Adult-Onset Myopia

In an attempt to assess whether the structural causes of
adultonset myopia and youth-onset myopia are the same,
a matched-pair analysis was conducted. Subjects were
paired for degree of myopia (+0.25 D), age (+6 months)
and gender, resulting in 12 pairs of matched subjects. A
matched-pair ¢-test analysis showed no significant differ-
ences in any of the ocular component dimensions be-
tween the two groups of myopes (P = 0.47).

Refractive Change Related to Initial
Refractive Error

Figure 5A compares the mean change in refractive error
with respect to the refractive error at the start of the study
for all eyes. The greater the degree of myopia at the start
of the study, the more likely an eye was to undergo a
myopic change during the study period (P < 0.03). If
only eyes that underwent a refractive change of =0.37 D
during the 2year study period were considered, it was
found that the degree of change (approximately equal
to —0.7 D) was just significantly (P = 0.05) greater in
myopic eyes compared to emmetropic eyes (Fig. 5B).

Ratio of Axial Length to Corneal Radius of
Curvature

It has been proposed previously that the ratio between
axial length and corneal radius of curvature (AL/CR)
is an indicator of future myopic change, a higher ratio
indicating myopia is more likely to develop in an eye.*
Therefore, it was pertinent to assess the present bio-



330 Investigative Ophthalmology & Visual Science, February 1997, Vol. 38, No. 2
051 A CORNEAL CURVATURE L =0.1
0.0 — " Sy 0
-05 L 4041
~—~~ ANTERIOR CHAMBER DEPTH w)
') 0.5 B 1 0.6 |
~ -0 FIGURE 4. Changes in (A)
L C corneal radius, (B) anterior
(¢ 00 —g—— = v 0 (@) chamber depth (corneal
Z — thickness + anterior cham-
< C ber depth), (C) lens thick-
T -ost 06 O ness, and (D) vitreous
O 0.5 c LENS THICKNESS S 0.55 ? chamber depth for all eyes
already myopic at the start
B (@) of the longitudinal study.
0.0 I S — 5 0 I Data are plotted for both
— > the structural change on a
@) prd linear metric scale (milli-
LL:_J -05 L J—o,ss (D) meters) on the right-hand
L 1.0 VITREOUS CHAMBER DEPTH j0.4 1 ordinate axis and for diop-
Lt D ~ tric effect of structural
O . 3 change (D), based on sche-
= o05¢F / lo2 3 matic modeling, on the left-
@ : hand ordinate. Positive val-
= — ues of dioptric change sig-
% 0.0 = = = T T B i 2 0 nify an increase in the
—_ power of the eye (myopia),
()] and negative values signify
-0.5 f . . 1-0.2 a decrease (hyperopic
e —e progressing myopic eyes (n=108) change). The only struc-
¢- —+¢ stable myopic eyes (n=115) tural correlate to the ob-
-1.0 -0.4 served change in ocular

0 6 15
TIME (months)

metric data to determine if this ratio was indeed an
indicator for future myopic change. For eyes initially
emmetropic at the start of the study, the AL/CR ratios
were not significantly different between adult-onset
myopic eyes, emmetropic changing, and emmetropic
stable eyes (3.02 * 0.01, 3.00 = 0.02, 3.01 = 0.01, P
= (0.50) at the initial measurement and therefore were
not indicative of future myopic change. As might be
expected, it was found that eyes already myopic at the
start of the study had significantly higher AL/CR ratios
than did initial emmetropic eyes (3.16 = 0.01 versus
3.01 = 0.01, P < 0.01), because existing myopes also
had significantly longer vitreous chamber depths than
did initial emmetropes. Eyes myopic at the start of the
study that progressed further into myopia did not have
a significantly higher AL/CR ratio than did myopic
stable eyes (3.17 = 0.01 versus 3.15 = 0.01, P = 0.18).

DISCUSSION

A primary finding from this longitudinal study is that
the ultimate structural cause of adult-onset of myopia
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24 refraction was vitreous
chamber elongation. Er-
ror bars = 1 SEM.

(i.e., onset after 20 years of age) was the elongation
of the vitreous chamber. Schematic modeling of re-
fractive and structural changes supports the above
conclusion. Although suggested previously as a cause
of adult myopia,'? the present study found no evi-
dence for changes in corneal curvature contributing
to adult myopia development. Also, no evidence was
found to support the idea that adult-onset myopia is
the result of lenticular changes.'' Any changes in lens
thickness were in the direction of thinner lenses, and
no measured or calculated changes in crystalline lens
power between groups were observed.

In addition, the current longitudinal findings not
only show that the ultimate structural cause of adult-
onset myopia is axial in nature but also that there are
no significant differences in ocular dimensions among
emmetropic eyes before the onset of adult myopia.
No evidence was found to suggest that the vitreous
chamber elongation associated with myopia is pre-
ceded by a corneal steepening. In a study of youth-
onset myopia, it has been reported recently that chil-
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FIGURE 5. (A) Mean change in refractive error during the 2-
year period compared to the refractive error at the start of
the study for all 332 eyes in the longitudinal study. The
ranges of entering mean sphere refraction are = +0.76,
+0.62 to +0.37, +0.25 to +0.12, +0.00 to —0.25, —0.37 to
-0.99, —1.00 to —2.00, —2.00 to —4.00, > —4.0. Error bars
= 1 standard error of the mean; N = 332 eyes. (B) Mean
change in refractive error during the 2-year period com-
pared to refractive error at start of study for only those
eyes that underwent a significant myopic change (—0.37 D)
during the 2-year period. Error bars = 1 SEM; N = 151 eyes.

dren with emmetropia who have two parents with myo-
pia have significantly longer eyes than do children
with emmetropia who have no parents with myopia,
with the suggestion that children in whom myopia
develops have longer eyes even as emmetropes.*’ The
present biometric data do not support a similar possi-
bility for adult-onset myopia development. Adult-onset
myopic eyes did not have longer vitreous chambers
before axial myopia developed than did initially em-
metropic eyes that remained refractively stable.

A previous longitudinal biometric study of late-
onset myopia (i.e., onset after 16 years of age) in a
university student-based population sample'® and sev-
eral cross-sectional studies'®'**' have reported that
late-onset myopia also is caused by vitreous chamber
elongation. Although the current study purposely
avoided this late-onset age range, because of sugges-
tions of continued axial elongation in emmetropic
eyes up to 18 years of age,'>'” it would appear that
the structural cause of the myopia is identical to the
present older adult-onset myopic group.
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The biometric findings on adult progression of
an existing myopia reported in the present study argue
that the structural cause of virtually all adult myopia
development is essentially axial in nature, irrespective
of age of onset. This, of course, does not mean that
the initial stimulus triggering the development of myo-
pia is the same between juvenile-onset and adult-onset
or adult-progression of myopia.

It was found that of the initial myopes who pro-
gressed further into myopia during the study and in
whom myopia developed in youth, approximately 60%
were reported to have no change in correction for the
5 years before entering their occupation. This finding
supports the suggestion that some form of environ-
mental influence in the occupational task triggers this
renewed myopia development. Because the average
age of entry into the occupation is 21 to 22 years, 5
years before entry is 16 to 17 years, which is approxi-
mately the average age of cessation of juvenile-onset
myopia.” For subjects already wearing a myopic correc-
tion who progressed further into myopia, on average
2 years elapsed after starting in the occupation before
renewed progression of myopia required a change in
correction.”” This would argue against simply a contin-
ued progression of juvenile-onset myopia.

If eyes were myopic initially at the start of the
study, they were found to have an increased chance
of having more myopia develop compared to emmet-
ropic and hyperopic eyes, in proportion with the de-
gree of their myopia (Fig. 5A). Thus, as found in a
previous retrospective study in military cadets,** hyper-
opia or emmetropia offers some protection against
adult myopia development or progression. Analysis of
only those eyes in which a significant myopic change
developed in adulthood showed that the degree of
change (approximately equal 0.7 D) was more similar
between refractive groups. This suggests that, for those
subjects susceptible to occupational myopia develop-
ment, the initial refractive state may not be much of
an added protection to the degree of change. Also,
approximately 50% of all the initial myopes in this
occupational group (approximately equal 70% of pop-
ulation sample) had their myopia develop in adult-
hood, predominantly after entry in their chosen occu-
pation. This translates to a prevalence of adult-onset
myopia in this occupational sample of >40%, substan-
tially higher than found in the general population.

The thinning of the crystalline lens found in the
adult-onset myopic group would appear to support a
previous cross=sectional study on late-onset myopia'®
and also a recent report of longitudinal findings in
juvenile-onset myopia® in showing thinner lenses in
myopes. Although the mechanism of this thinning of
the crystalline lens in not known, it is consistent with
some attempt at emmetropization in these longer
eyes. It has been suggested that this might be caused
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by stretching of the lens due to axial and equatorial
growth in both the myopic eye and in the juvenile
emmetropic growing eye,* with the proposal of a sim-
ple mechanical feedback model connecting globe
axis, equator, and crystalline lens.*

Initial suggestions that adult-onset and adult-progres-
sion of myopia might be lenticular or corneal in origin
were proposed, in part because it has been reported that
normal emmetropic axial length is reached by 13 to 15
years of age.”'® It was thought unlikely that the eye could
elongate in the third and fourth decades of life. The
results of the present study clearly show that with a me-
dian age of adult-onset myopia development of 26.3 years,
the vitreous chamber of the eye can elongate by signifi-
cant amounts well into adulthood. The question arises as
to the mechanism of vitreous chamber elongation in
these older eyes. Because normal eye growth in emmet-
ropes is complete by early adolescence, it has been sug-
gested that this continued axial elongation may be be-
cause of mechanical factors that cause a stretching of the
sclera and consequent vitreous chamber elongation.® It
has been postulated that sustained, chronic accommoda-
tion can lead to vitreous chamber elongation and myopia
due to scleral stretching.*® Recent findings based on ani-
mal models of myopia argue against just a passive stretch-
ing of the sclera in axial myopia. Studies in a mammalian
model of axial myopia show that the thinning of the
sclera at the posterior pole of myopic eyes is associated
with a loss of scleral tissue, not just a redistribution, as
would be the case if the sclera simply had been stretched
to cover the enlarged globe.*” Also, in both mammalian
and avian models of axial myopia, changes in synthesis
of scleral proteoglycans have been detected,®* and an
increase in levels of a collagen-degrading enzyme (matrix
metalloproteinase 2) has been found in mammalian
sclera.”® These findings indicate that active scleral tissue
remodeling occurs in axial myopia and also may occur
in relatively mature human eyes.

In conclusion, the data from this biometric study
clearly show that occupational myopia developing in
adulthood is axial in origin, with no other ocular com-
ponent contributing significantly to the myopic
change. The results also show that the structural cause
of progression, in adulthood, of an existing juvenile
myopia also is vitreous chamber elongation. Youth-
onset myopia that has stabilized can once again begin
to progress because of environmental influences pres-
entin certain occupations. The fact that myopia devel-
oped in only approximately 50% of the subjects in this
population of clinical microscopists or that it pro-
gressed into myopia during adulthood suggests two
possibilities. First, some aspect of the occupational
workload or how the eyes respond to the various tasks
differentiates subjects in whom adult-onset or adult-
progression of myopia develops from subjects in
whom an occupational myopia does not develop. Sec-
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ond, there is no difference in the occupational work-
load or measured ocular response to tasks, but certain
subjects have a genetic susceptibility to whatever envi-
ronmental factors present in the occupational task are
responsible for the increased incidence of adult myo-
pia. We presently are analyzing data on proposed oc-
cupational and accommodative risk factors from this
population that hopefully will further elucidate possi-
ble mechanisms for the development of myopia in
adulthood.
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