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ABSTRACT

Purpose. Anisometropia shows an exponential increase in prevalence with increasing age based on cross-sectional studies.
The purpose of this study was to evaluate longitudinal changes in anisometropia in all refractive components in older
observers and to assess the influence of early cataract development.

Methods. Refractive error was assessed at two time points separated by approximately 12 years in 118 older observers (aged
67.1 and 79.3 years at the two test times). Anisometropia defined as greater than or equal to 1.00 D was calculated for all
refractive components. The subjects had intact ocular lenses in both eyes throughout the study. Lens evaluations were
performed at the second test using the Lens Opacities Classification System lII.

Results. All refractive components approximately doubled in prevalence of anisometropia. Spherical equivalent aniso-
metropia changed from 16.1 to 32.2%. Similar changes were found for spherical error (17 to 38.1%), primary astigmatism
(7.6 to 17.8%), and oblique astigmatism (14.4 to 29.7%). Many who did not have anisometropia at the first visit subse-
quently developed anisometropia (e.g., 26.3% for spherical error and 22.9% for oblique cylinder). The onset of aniso-
metropia occurred at all ages within the studied age range, with no particular preference for any one age. A small number
lost anisometropia over time. Individual comparisons of refractive error changes in the two eyes in combination with nuclear
lens changes showed that early changes in nuclear sclerosis in the two eyes could account for a large proportion of an-
isometropia (~40%), but unequal hyperopic shift in the spherical component in the two eyes was the primary cause of the
anisometropia.

Conclusions. Anisometropia is at least 10 times more common in the elderly than in children, and anisometropia develops
in all refractive components in the oldest observers. Clinicians need to be aware of this common condition that could lead to
binocular vision problems and potentially cause falls in the elderly.

(Optom Vis Sci 2014;91:60-67)
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cylinder

uman refractive error undergoes significant changes
throughout the life span. Even after adulthood is reached,
refractive error changes. Cross-sectional studies have found
an increase in hyperopia or decrease in myopia with increasing age
followed by myopia in some studies in the very old in association
with development of cataracts'~> (see Hyman® for review).
Kempen et al.” estimated the prevalence of refractive error by
pooling the data from several large population surveys in the
United States and Western Europe involving 29,000 or more
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adult observers older than 40 years. Refractive error was charac-
terized using the eye with the highest error (spherical equivalent of
+3.00 diopters (D) or more, —1.00 D or more, and —5.00 D or
more). For white observers, the prevalence of spherical equivalent
of +3.00 D or more increased from about 3.6% in the 40 to
49—year age range to about 25% in the older than 80—year age
group—a factor of about 7 increase in prevalence of significant
hyperopia. This is a surprisingly high percentage considering that
this is the spherical equivalent and astigmatism increases signifi-
cantly with age, which would decrease the hyperopic spherical
equivalent. In our own previously published data in 569 older
observers, the prevalence of equivalent sphere of +3.00 D or more
increased from 6.1% in the youngest group (59 to 65 years) to
10.4% for those older than 80 years.?

In the Kempen et al.” study, spherical equivalent myopia of 1 D
or more decreased significantly from about 41% in the 40 to
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49—year age group (combining men and women) to about 19% in
those older than 80 years (a factor of 2 decrease in prevalence).
Our previous data show similar changes from 30.7 to 18.4% from
the youngest group to those older than 80 years.® In the Kempen
et al.” study, the rate of myopia for the oldest group was higher
than for middle-aged groups, suggesting a quadratic shape to the
prevalence of myopia of 1 D or more versus age. The prevalence of
high myopia (—5.00 D or more) decreased slowly with age. Rates
for men and women were similar for whites, and the rates for
whites were quite different from those for blacks and Hispanics.
The biggest differences were seen for black men, who showed a
much lower prevalence of hyperopia of +3.00 D or more and who
also showed a more significant decrease in the prevalence of
myopia of —1.00 D or more from 22.5% for the youngest group
to 2.8% for the oldest group. Substantial sex and race differences
in refractive error changes with age were present.

The Beaver Dam Study” presented group longitudinal changes
in equivalent sphere during a period of 10 years and found that
younger people became more hyperopic whereas older people
became more myopic. The size of the group changes were fairly
small, with changes of +0.54 D for those 43 to 59 years, —0.03 D
for those 60 to 69 years, and —0.41 D for those 70 years and older
at baseline. They also found a birth cohort effect: when comparing
people of the same age across examinations, those born in more
recent years had more myopia than those born in eatlier years.
Astigmatism and anisometropia were not addressed. The Blue
Mountains Eye study came to similar conclusions regarding hy-
peropia and myopia.? In addition, they showed a 10% increase in
against-the-rule astigmatism during the 10-year time span.

Another manuscript from the Blue Mountains study in a large
group of Australian participants'® demonstrated an increase in
prevalence and severity of anisometropia (=1 D in spherical
equivalent) with increasing age and also reported associations
between anisometropia, cataract, and higher refractive errors.
Similar findings have been reported in adult Chinese observers.'!

The summary paper of Weale'? presented convincing evidence
of an increase in anisometropia (>1 D in spherical equivalent) with
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FIGURE 1.

Linear and exponential model of the prevalence of 1 D of anisometropia
(spherical equivalent) from Weale'? as a function of age. The data points
show the percentage of anisometropia for the participants in a subgroup of
the SKI study. N = 569.
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increasing age using cross-sectional data from many different
studies in different countries. The prevalence ranged from less
than a few percent in infants to about 7 to 10% at age 40 to
50 years and at least 15% or much more at age 80 years depending
on the study. Weale'? found that a linear function fit the data as
well as an exponential function with age. His fitted functions are
shown in Fig. 1, which shows the prevalence of anisometropia of
1 D or more for the spherical equivalent refractive error as a
function of age. The addition of our cross-sectional data from the
Smith-Kettlewell Institute (SKI) study (569 observers with intact
lenses®) in Fig. 1 clearly shows that an exponential function is a better
fit to the darta of our older observers than a linear function. Our cross-
sectional results® showed an increase in the percentage of subjects
with anisometropia for spherical equivalent (>1 D) from 10% in
those younger than 65 years to 25% in subjects older than 85 years.
To evaluate what refractive components are responsible for
this large increase in anisometropia in the oldest old, we present
individual longitudinal refractive data on anisometropia for 118
older observers for spherical equivalent, spherical error, and primary
and oblique astigmatism for a period of 12.2 years on average.

METHODS

Subjects
The SKI study is a longitudinal study in Marin County, Calif,

evaluating changes in vision function and visual performance
in the elderly. The initial population was randomly selected
(N =900), and a total of four follow-up tests have been completed
during a period of 15.4 years.>'>™'> No exclusion criteria were
used other than age (must be 55 years and older). At the subse-
quent follow-up visits 596, 452, and 254 and 190 of the original
participants were retested. The participants selected for this eval-
uation of anisometropia were a subset of the SKI study population.
Participants who had medical records that included refraction at
the baseline visit and who completed three follow-up visits in the SKI
study were included. Only subjects with intact ocular lenses in both
eyes throughout the entire period were included. A total of 118 people
were included. The average age for the 118 people at the two as-
sessment times was 67.1 (SD, 6.0) yearsand 79.3 (SD, 4.9) years, with
12.2 years between tests on average. Subjective refractive error was
collected from medical records the first time of testing. At the second
time, the refractive error was determined using subjective refraction.
The same examiner conducted all the subjective refractions.

One examiner graded all lenses at the second visit for nuclear,
cortical, and posterior subcapsular cataract using the Lens Opacities
Classification System III (LOCS III) system at the slit lamp exami-
nation.'® None of the participants had nuclear cataract scores greater
than 2.0, which means that they would not be characterized as having
nuclear cataract according to common use of this scale.!”-'®

This research followed the tenets of the Declaration of Helsinki.
Informed consent was obtained from the subjects after explanation
of the nature and possible consequences of the study. This research
was approved by the appropriate institutional review board.

Analysis of Refractive Components

Anisometropia was calculated for equivalent sphere, spherical error,
primary astigmatism (with-the-rule or against-the-rule astigmatism
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TABLE 1.

Increase in Anisometropia in Older Adults—Haegerstrom-Portnoy et al.

Changes in prevalence of anisometropia in refractive components for an approximately 12-year period and incidence of

anisometropia of 1.00 D or more

Diopters of anisometropia 0.00-0.99 D, % 1.00-1.99D, % 2.00D+,% All 1.00 D+, % Incidence 1.00 D+, %
Equivalent sphere First time 83.9 10.2 5.9 16.1 21.2
Second time 67.8 19.5 12.7 32.2
Spherical error First time 83.0 11.9 5.1 17.0 26.3
Second time 61.9 24.6 13.5 38.1
Primary astigmatism  First time 92.4 6.8 0.8 7.6 12.7
Second time 82.2 13.6 4.2 17.8
Oblique astigmatism  First time 85.6 11.9 2.5 14.4 229
Second time 70.3 21.2 8.5 29.7

[minus cylinder axis 180 or 90]), and oblique astigmatism. Vector
analysis was used to determine the primary and oblique astigma-
tism.'”?° Primary astigmatism was calculated as minus cylinder
power X cosine (2 axis”). The formula for the oblique astigmatism
was minus cylinder power X sin (2x axis’). Anisometropia was
defined as the difference between the two eyes of at least 1.00 D.

RESULTS

Table 1 shows the distribution of anisometropia in the popu-
lation at the two test times for equivalent sphere, spherical error,
primary astigmatism (with-the-rule or against-the-rule astigma-
tism [minus cylinder axis 180 or 90]), and oblique astigmatism.
Anisometropia for equivalent sphere of 1.00 D or more increased
from 16.1 to 32.2% during the approximate 12-year period,
whereas anisometropia of the spherical error increased from 17.0
to 38.1% and primary astigmatism anisometropia increased from
7.6 to 17.8%. Oblique astigmatism also increased from 14.4 to
29.7%. In short, the prevalence approximately doubled for each
component of anisometropia. The incidence of anisometropia is also
listed in the table (the percentage of people who did not have an-
isometropia the first time but who developed it by the second time).
The difference between the sum of the prevalence at the first time and

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5 1
0.0

Anisometropia SE (D)

75 80 85 90 95 100

Age

50 55 60 65 70

FIGURE 2.

Individual changes in anisometropia for equivalent sphere for those 44
participants who showed at least 1 D of anisometropia for equivalent sphere
at either the first or second visit (or both) are shown as a function of age (in
years). The dashed horizontal line indicates 1 D of anisometropia.

the incidence values compared with the prevalence at the second time
is caused by people who had anisometropia at the first time only.

Fig. 2 shows the individual changes in anisometropia for
equivalent sphere for those 44 participants who showed at least
1 D of anisometropia for equivalent sphere at either the first or
second visit (or both) as a function of age (years). The first data
point is plotted at the age at the time of the refraction. A line
connects the two data points for each observer but, of course, we
are not implying a linear change in refraction. The most common
pattern is an increase in anisometropia from less than 1 D to more
than 1 D, but a small percentage of participants also lost large
amounts of anisometropia and some who already had significant
amounts of anisometropia developed more. For example, one
observer approximately 79 years old had 1.5 D of anisometropia,
which increased to 4.25 D at approximately 88.5 years old. Onset
of anisometropia occurred over the studied age span, with no
particular concentration at any one age. The average time between
visits was approximately 12 years.

Fig. 3 shows the individual changes with age in anisometropia
for spherical error for those 51 participants who showed at least 1 D
of anisometropia for spherical error at either the first or the second
visit (or both). The pattern is similar to that for equivalent sphere,
with most people who develop anisometropia having no difference
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FIGURE 3.

Individual changes in anisometropia for spherical error for those 51 par-
ticipants who showed at least 1 D of anisometropia for spherical error at
either the first or second visit (or both) are shown as a function of age (in
years). The dashed horizontal line indicates 1 D of anisometropia.
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in spherical error at the first visit. A small number lose their sig-
nificant anisometropia, whereas a handful of others maintain theirs.

There is no relationship between spherical error (RE) first time
and change in anisometropia for sphere (7= 0.16, p = 0.09) and no
statistically significant relationship between change in anisome-
tropia for sphere with age (» = 0.02, p = 0.86). There is also no
relation between equivalent sphere (RE) first time and change/
decade in anisometropia for equivalent sphere (7= 0.11, p = 0.22).

In addition to the changes in the spherical component, there are
also changes in the degree of anisometropia for primary cylinder
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and considerable changes in oblique cylinder. Fig. 4 shows the
individual changes for primary cylinder (axis 180 or 90). Twenty-
three participants had 1 D of anisometropia in the primary
cylindrical component at either or both testing times. The devel-
opment of primary cylinder anisometropia occurred primarily in
the younger age groups, whereas several participants lost their
primary cylinder. Fig. 5 shows the individual changes in oblique
cylinder. Forty-five participants had 1 D of anisometropia of
oblique astigmatism at either or both times. The pattern is similar
to the primary cylinder, with most people developing anisome-
tropia of the oblique cylinder but some also lose the anisometropia
of the oblique component that they had. The development of the
anisometropia of the oblique cylinder component occurred over a
wider range of ages than for the primary cylinder anisometropia.

It has long been reported that nuclear sclerosis is associated with
the development of myopia, and many modern population studies
find large refractive changes caused by lens changes but there are
also studies that disagree.*17

Fig. 6 shows some examples of refractive changes in individuals
with the addition of quantification of lens changes. The figure shows
the spherical error for both eyes as a function of age. The lenses were
graded at the slit lamp using LOCS IIL.'° The lens score is noted on
the graph for each individual. In some cases, it is clear that lens
changes are likely to be responsible for the increase in anisometropia.

For example, subject 923A (top left) has less than 1 D of an-
isometropia at the first visit. This subject has considerably more
nuclear sclerosis in the left eye (1.6 vs. 1.0) at the second visit,
and this eye has undergone a myopic shift, whereas the right eye,

4.0 /
8 35
5 a0 /
g 25 N / / /
T X /I /
S s /X )7 o
@
€ 1.0 4
g 0.5 \
: ) \
00 50 55 60 65 70 75 80 8 90 95 100
Age

FIGURE 4.

Individual changes in anisometropia for primary cylinder (axis 90 or 180) for
those 23 participants who showed at least 1 D of anisometropia for primary
cylinder at either the first or second visit (or both) are shown as a function of
age (in years). The dashed horizontal line indicates 1 D of anisometropia.

865 90 95 100
FIGURE 5.

Individual changes in anisometropia for oblique cylinder for those 45
participants who showed at least 1 D of anisometropia for oblique cylinder
at either the first or second visit (or both) are shown as a function of age
(in years). The dashed horizontal line indicates 1 D of anisometropia.

which has more cortical spoking, changed in the hyperopic di-
rection, resulting in 2.75 D of spherical anisometropia at the
age of 83 years. Subject 1098A (top right) also showed a 1.5-D
myopic shift for the eye with the larger amount of nuclear sclerosis
(1.8 vs. 1.0). The left eye had minor lens changes and increased in
hyperopia by 1.0 D.

The middle panels show examples where each eye has the same
lens code and the refraction changed in the hyperopic direction in
one eye while the other eye remained stable. For example, subject
511 (middle right) had significant anisometropia of 1.75 D at the
first visit, which increased to 3.25 D at the second visit. Clearly,
myopia induced by lenticular sclerosis is not the reason for the
significant anisometropia in this case because the lens code is the
same in each eye. The bottom panels of Fig. 6 show two partic-
ipants with no discernable lens changes who also developed sig-
nificant anisometropia.

Individual analysis of the refractive changes and the lens scores
indicated that unequal development of nuclear sclerosis in the two
eyes could explain the spherical error anisometropia in about 40%
of subjects who developed 1 D or more of anisometropia; but in
the remaining subjects, other factors must be responsible for these
changes in the spherical error. When spherical equivalent is used,
many people developed anisometropia from changes in the power
and/or axis of the cylinder components.

DISCUSSION

Increased prevalence of anisometropia for spherical equivalent
refractive error with increasing age after reaching adulthood has
been reported by many different studies.>'*!'"*!"23 In our own
cross-sectional study,® more than 25% of the participants in the
oldest age group (85 years and older) showed anisometropia of 1 D
or more for spherical equivalent. This is a surprisingly high pro-
portion of the oldest old. Every component of the refractive error
showed similar trends: anisometropia of the sphere component of
43% and primary cylinder anisometropia of more than 25%.

The current longitudinal study showed that 16.1% had an-
isometropia for equivalent sphere at the first visit (aged 67.1 years),
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which nearly doubled at the second visit, on average, 12 years
later (to 32.2%). In the longitudinal data presented here, all com-
ponents of the refractive error showed a near doubling at the second
visit. The incidence of anisometropia ranged from a low of 12.7%
for primary cylinder to a high 0f26.3% for spherical error (Table 1).
Figs. 2 to 5 show that the onset of anisometropia occurred at all ages
within the studied age range, with no particular preference for any
one age.
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Increase in Anisometropia in Older Adults—Haegerstrom-Portnoy et al.

Because more people have anisometropia in the oblique cyl-
inder component rather than the primary cylinder component
(Figs. 4, 5), this suggests that axis changes from with-the-rule to
against-the-rule with age may be responsible if the axis is changing
faster in one eye than the other. It is well known that the astig-
matic axis changes from with-the-rule (minus cylinder axis 180)

to against-the-rule (minus cylinder axis 90) with increasing
1,8,24
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Individual examples of spherical error in the two eyes for the two test times. The individual lens codes for the two eyes are shown for each participant.
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TABLE 2.

65

Example of anisometropia produced by only unequal changes in cylinder axis in the two eyes without a power change

Primary  Primary Aniso. Oblique  Oblique Aniso.

cylinder  cylinder primary cylinder  cylinder oblique
Refractive error Right eye Left eye RE, D LE, D cylinder, D RE, D LE, D cylinder, D
First time Plano-2.00 x 180  Plano-2.00 x 180 2.00 2.00 0.00 0.00 0.00 0.00
Second time Plano-2.00 x 060  Plano-2.00 x 090 —1.00 —2.00 1.00 1.73 0.00 1.73

Table 2 shows a hypothetical representation of what would
happen to the anisometropia for primary and oblique cylinder if
the power remains constant but there are unequal axis changes
in the two eyes. If one eye changed axis from 180 to 90 degrees but
the other eye only changed from 180 to 60 degrees, both cylinder
components would develop anisometropia. Clearly, differential
changes in axis alone without any change in power are sufficient to
produce significant anisometropia in the cylinder components.

Causes of anisometropia include changes in sphere and/or
cylinder power through lens or corneal changes, unequal axis
changes in the cylinder component, unequal cataract development
in the two eyes and other factors. The most common cause of
increase in anisometropia in this group was unequal increase in
hyperopic spherical error in the two eyes.

Some participants lost anisometropia: of the three people whose
spherical anisometropia declined the most, the cause for all of
them was differential nuclear sclerosis in the two eyes, leading to a
different decrease in hyperopia in the two eyes. For the four people
who showed the largest declines in spherical equivalent aniso-
metropia, the cause for all of them was the development of sig-
nificant cylindrical error in one or both eyes.

Brown and Hill?>®> showed that there is a myopic shift in re-
fraction before the onset of significant nuclear cataract. In that
study, no standardized evaluation of the cataracts were done—
“patients were assigned to the cataract group when they had
cataract visible by slit lamp examination in the undilated pupil and
at least minimal interference with visual acuity 6/7.5 or worse after
refractive correction.” Later, population studies with quantified
lens evaluations have established that myopia is associated with
nuclear cataracts.?®2% For example, the Blue Mountains Eye
study'” (N = 3654) found that people without nuclear cataract
showed an annual mean hyperopic shift of 0.05 D, whereas this
hyperopic shift disappeared in people with nuclear cataract. In this
large population, a myopic shift only occurred in people with
nuclear opacities of level 4 and higher in the Wisconsin grading
system. Anisometropia has also been found to be associated with
cataract (and increasing ametropia).10 In our limited study, un-
equal lens grading in the two eyes associated with increase in
myopia in one eye was found in about 40% of the subjects who
developed anisometropia at the second time.

It should be noted that no one in our study had a nuclear
sclerosis score of more than 2.0, which means that their lenses were
relatively clear and, in many other studies, they would not have
been classified as having nuclear cataract.'”**%°

Weale'? argued that the increase in anisometropia occurs sig-
nificantly earlier than the onset of cataracts. He argued that the
prevalence of cataract in the age group 40 to 50 years is about 1%,
whereas the prevalence of anisometropia is an order of magnitude
greater, thus suggesting that development of cataract cannot

account for the anisometropia. He based his estimates of cataract
on the study of Leske et al.>! who defined cataract using LOCS
grading system as N1 or N2 nuclear sclerosis or C1 or C2 cortical
changes. This criterion (which has much lower lens grade labeled
as cataract than more recent studies) would thus generate a high
prevalence of cataract in the population. The prevalence of cat-
aract in the United States in the 40 to 49—year age group has
subsequently been estimated at 2.5%.%? Conceivably, the per-
centage of anisometropia ascribed to nuclear sclerotic lens changes
could increase with age.

Hyperopia increases with age have been documented for a long
time"3? (see Kempen et al.,” for a summary and consolidation of
newer population studies). The cause of increased hyperopia with
age is debated. The lens increases in thickness and moves closer to
the cornea with age, which should produce myopia; the cornea
does not decrease in power with age and the axial length does not
decrease, which would potentially produce hyperopia; instead, a
change in the gradient of index of refraction of the lens has been

suggested as the primary cause of the age-related hyperopia.>*3>

CONCLUSIONS

This study has confirmed that anisometropia is a common
finding among the elderly, and that the function describing an-
isometropia with age is likely exponential in shape. Many who did
not have anisometropia at the first visit subsequently developed
significant anisometropia. Even though the presence of unequal
amounts of nuclear cataract development in the two eyes can
explain a significant portion of the anisometropia, the primary
cause was unequal hyperopic shift in the spherical component of
the refractive error, which also implicates the lens. Whatever the
cause of the increase in anisometropia with aging, the fact that
significant anisometropia is at least 10 times more common in those
older than 75 years than in children needs to be clearly emphasized to
clinicians. The prevalence of anisometropia in US children is be-
tween 2 and 4% for spherical equivalent,>*~3° whereas data for those
near 80 years old shows 32% with 1.00 D or more anisometropia.
Uncorrected anisometropia is likely to lead to disturbances in bin-
ocular vision and stereopsis, which in turn may contribute to falls in
the elderly.®**2 The importance of appropriate refractive error
correction in the elderly cannot be overemphasized.
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