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Meta-Analysis of Sex Differences in Presbyopia
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Purrost. Uncorrected presbyopia is a significant cause of visual
disability globally. Greater comprehension of the etiology of
presbyopia and its contributing factors among medical and
vision care providers could lead to changes in correction
methods and account for sex differences in near-vision
requirements.

MerHODS. A meta-analysis was performed using nine cross-
sectional studies that provided sufficient data to compare the
prevalence and magnitude of presbyopia among men and
women. This analysis was further subdivided into measure-
ment methods to determine what differences in presbyopia
might exist between men and women.

Resurts. Studies of presbyopia including sex as a contributing
factor were highly heterogenic (P = 0.01) but overall found
female sex to be statistically significant in predicting earlier
onset for presbyopia with an adjusted confidence interval (CD)
using the Shore method of 95% CI [1.02, 1.45]. When limited
to studies only measuring accommodative amplitude, female
sex was not associated with presbyopia in a fixed effects model
with a 95% CI [0.49, 1.07].

Concrusions. While an association between female sex and
presbyopia for subjective measurements (near spectacle
prescriptions and add powers) was indicated, measurements
of accommodative amplitude show a weak tendency toward
the opposite conclusion. This suggests that increased associ-
ation of presbyopia for women is not due to a physiologic
difference in accommodation but rather due to other sex
differences, such as tasks performed and viewing distances.
Age-based correction nomograms for presbyopia should
therefore consider these sex differences when prescribing
add powers for near tasks. (Invest Opbthalmol Vis Sci. 2012;
53:3215-3220) DOI:10.1167/i0vs.12-9791

t has been estimated that worldwide more than a billion

adults are now affected by presbyopia, the age-related loss of
accommodation that blurs near vision due to decreased
focusing ability. According to worldwide census data, one
third of the population is older than 40, an age when the
effects of presbyopia become symptomatic enough that
individuals begin using near-vision spectacles. As the global
population ages, the prevalence of presbyopia will increase. By
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2030, the global population older than 40 is expected to rise to
41%." Although estimates show uncorrected presbyopia as one
of the leading causes of disability and worthy of attention as a
significant contributor to the global burden of disease,? it is
commonly overlooked as a major source of disability due to the
ease of acquiring spectacle readers in wealthy countries.

With age, presbyopia eventually affects everyone but is
generally measured and diagnosed only when an individual
becomes symptomatic and presents to an eye care provider
with need for near-vision correction. Due to the need for
trained vision care providers, the burden of presbyopia is
greatest among vulnerable populations, with sex, race,
ethnicity, climate, rurality, and geographic locations considered
to be contributing factors.?~> While presbyopia often manifests
as a difficulty in reading small text, an inability to see near
objects clearly can have a substantial impact on the quality of
life regardless of literacy or profession.?

In 1623, Benito Daza de Valdes noted that “women with
blurred vision [presbyopia] cannot follow the same guidelines
as men—they require eyeglasses possessing more degrees
because they do more delicate work and because they have
weaker vision.”® Recent studies confirm that women are
indeed still being prescribed with higher near corrections than
men of the same age.”~!? The reason for this sex disparity is not
immediately clear. Daza de Valdes made two different claims:
women perform “more delicate work” and women have
naturally “weaker vision.” These claims would imply that there
are biological, societal, and environmental components to the
need for higher-powered near prescriptions in women. Despite
findings supporting the conclusion that women are given
higher reading prescriptions than men of equal age, there is
often no differentiation made among the biological, social,
psychological, and cultural factors that could explain this
difference.

As illustrated in Figure 1, the onset of presbyopia is
primarily influenced by three factors: focusing ability, habitual
reading distance (or the preferred distance for near tasks), and
depth of focus (the tolerance of an optical system such as the
eye to defocus). Secondary factors that can influence the onset
of presbyopia include occupation, refractive error and other
ocular aberrations, arm length, pupil size, and possible
differences in lens optical density. Other tertiary factors that
could lead to differences in onset time of presbyopia, and
therefore underlying sex differences, could include solar
radiation, complexity of near tasks, indoor light levels, and/or
other task-specific conditions that could have a sex bias.

Loss of focusing ability, an underlying cause of presbyopia,
occurs due to a loss of elasticity of the crystalline lens, which
makes it less effective at increasing optical power with
attempts at accommodation. As the ciliary muscle contracts
during accommodation, tension on the zonules decreases, but
a larger, stiffer presbyopic lens fails to increase in optical
power to the same magnitude as a younger, more pliable
crystalline lens.'32° While the onset, progression, and
endpoint of the physiological focusing ability have been
studied extensively,!?2122 the relationship between focusing
ability and the subjective need for reading correction is less
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FiGure 1.

Directed acyclic graph of the causes of presbyopia. Onset of
presbyopia is primarily determined by habitual reading distance, depth
of focus, and focusing ability. Sex could be associated with the onset of
presbyopia through a variety of different pathways.

well understood. Measurements of focusing ability, such as
accommodative amplitude, often reveal that women have
greater focusing ability than men of the same age, although
these findings are often mixed.?3-28

In addition to focusing ability, habitual reading distance and
depth of focus are primary factors that influence the onset of
presbyopia. There is evidence that adult women have a shorter
measured habitual reading distance than adult men.?® This
could be one cause for the greater need for near correction in
women. If women had a smaller depth of focus than men, they
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would be more affected by near blur than men would be.
There are no studies, however, that indicate a difference
between men and women in terms of measured depth of focus.
Pupil size and higher-order aberrations can affect depth of
focus, but neither of these has been demonstrated to be
different in women and men.?3-30-33

There is evidence that refractive error, or the spectacle
prescription needed to bring distant targets into focus, is
different among men and women older than 40.3 Women older
than 40 have higher rates of hyperopia than men older than 40.
While hyperopia and presbyopia have different etiologies, low
amounts of undiagnosed hyperopia would manifest as an earlier
need for near-vision correction with the onset of presbyopia.
This classification has been termed “functional presbyopia,”
which is defined as the need for a significant optical correction
added to a “presenting” distance refraction correction to
achieve a near visual acuity criterion.? By this definition, a 10-
year-0ld+3.00 hyperope presenting with no distance correction
could be described as a “functional presbyope,” due to the need
for near-vision correction. This is separate from the standard
“objective presbyopia,” which is defined as needing a
significant optical correction added to the best distance optical
correction to achieve a near-vision criterion. Since functional
presbyopia combines hyperopes and presbyopes into one
group, it might be useful in describing the need for near-vision
correction but could add to the confusion due to grouping of
vision problems with very different etiologies. Hyperopia is
caused by either insufficient refractive power of the ocular
structures or by reduced eye length, whereas presbyopia is
caused by loss of accommodative ability. It should be noted that
any solution or correction that benefits “objective presbyopia”
could also benefit “functional presbyopia,” although a full
distance refractive correction would probably be the ideal
solution.

In clinical practice, presbyopia is diagnosed by measure-
ments of accommodative amplitude, near subjective refraction,
and/or patient’s reported symptoms. Studies reporting presby-
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Forrest plot of studies used in the meta-analysis of sex and presbyopia.
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opia are therefore varied in their methods of diagnosis; but, for
purposes of providing a more complete evaluation of the
relationship between sex and presbyopia, this meta-analysis
will consider the various methods to be equally valid.

METHODS

A literature search was performed for studies that were published prior
to 2012 that report data regarding presbyopia and sex. Studies were
excluded for which the data reported could not be interpreted to
provide an odds ratio (OR) of the association between sex and
presbyopia when controlling for age. OR was selected because it was
the most commonly reported measure of association in the literature
search. Studies that reported measures of presbyopia other than
measures of prevalence were converted into an OR (using methods
described later) in order to be included in the statistical analysis. A
meta-analysis was then performed on included studies using the OR.
No attempt was made to weight the studies based on the quality of the
measurements taken or on the manner used to determine the status of
presbyopia since there was no objective way for determining such a
method of weighting and a subjective method would not be
defensible.

Each OR was weighted (W) based on the inverse square of its
standard error (SE) (W = 1/SE?). SEs were calculated by dividing the
natural log of the ratio of the upper and lower 95% confidence intervals
(CIs) by 3.92 (SE = In(Cl,,p,/Cliow)/3.92). For each study, the weight was
then multiplied by the natural log of the OR to calculate a summary
measure. A pooled summary was determined by dividing the sum of
the summary measures by the sum of the weights. A summary OR was
produced by taking the exponent of the pooled summary.

Heterogeneity among studies was assessed using 32 for heteroge-
neity.>> When evidence of heterogeneity was present, the 95% CI of the
fixed effects summary OR was adjusted using the Shore method.3® For
a summary OR in which the %2 test statistic was greater than the
number of degrees of freedom, the variance of the log of the pooled
relative risk was multiplied by the ratio of the heterogeneity y? statistic
to its degrees of freedom. This adjusted variance was then used to
adjust the 95% CIL

A total of 15 studies were found that report presbyopia data with
the sex of the participants. Of these studies, six were excluded for
reasons that follow. Burke et al. (2006) and Patel et al. (2006) utilize
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the same data set of 1709 individuals in Tanzania, so only the first was
included.*!! Duarte et al. (2003) report a 22% increased risk for
women to develop presbyopia but do not include CIs to allow
inclusion into a meta-analysis.!> Kragha et al. (1986) report that
women had 0.54 diopters (D) greater accommodative amplitude than
age-matched men but do not provide sufficient population demo-
graphics information (age and sex of participants) to convert this
finding into a risk value for presbyopia based on age.?* Carnevali et al.
(2005) report no significant differences for sex in accommodative
amplitudes but do not provide the data used to arrive at this
conclusion.?® Millodot et al. (1989) find women to have greater
accommodative amplitudes than men but find that for the overall study
this value is not statistically significant.?? The study does not provide
standard deviation values for age groups that would allow inclusion
into the meta-analysis.

Nine cross-sectional studies were found to meet inclusion criteria
(see Fig. 2). From these, three studies (Burke et al. [2006], Nirmalan et
al. [2000], and Morny et al. [1995]) report the OR of women being
diagnosed with presbyopia compared to men when adjusted for
age.>1937 Two studies (Hofstetter [1949] and Pointer et al. [1995])
report the values of prescribed near add powers for men and women
of various ages.”-® The Hoffstetter study was converted into an OR of
women being diagnosed with presbyopia compared to men by using
the need for a near add as a diagnosis of presbyopia. Because Pointer
(1995) does not include data for patients who were found to have no
need for a near-vision add, a cutoff value of 1.00 D near add was used
as the minimum value for a diagnosis of presbyopia. Ayrshire (1964),
Miranda et al. (1979), and two studies by Koretz et al. (1989) were
included.?3-2>27:38 For studies that measure subjective accommodative
amplitudes, a cut-off value of 3.75 D was chosen for the diagnosis of
presbyopia (an amount reported in the study by Miranda et al.
[1979]). For the Koretz study, which measures objective accommo-
dative amplitudes, a cutoff value of 2.5 D was chosen. This amount
correlates with subjective values, and it can be inferred that an
individual with more than 2.5 D of measured objective focusing ability
would not require a near correction for the standard reading distance
of 40 cm. When individual data was not provided, a normal
distribution of the metric value being measured was assumed to
occur across a given age category.

The initial meta-analysis was performed combining all nine cross-
sectional studies that met inclusion criteria. Subsequently, smaller

TaBie 1. Results of Meta-Analysis of Sex and Presbyopia
Author, Year of Publication OR Cliow CLyp n Location % Won % Waubgroup

Near vision prescription cross-sectional studies

1 Burke et al., 2006 1.46 1.17 1.84 1709 Tanzania 25.5 33.9

Patel et al., 2006

2 Morny et al., 1995 0.94 0.76 1.17 1884 Ghana 21.5 28.7

3 Nirmalan et al., 2006 1.40 1.10 1.80 5587 South India 28.2 37.4
Subtotal (fixed effect OR) 1.22 1.07 1.4 75.2 100.0
Add power cross-sectional studies

4 Hofstetter et al., 1949 1.51 1.11 2.05 3917 United States 13.8 85.1

5 Pointer et al., 1995 1.75 0.84 3.64 600 UK 2.4 14.9
Subtotal (fixed effect OR) 1.54 1.16 2.05 16.2 100.0
Accommodative amplitude cross-sectional studies

6 Ayrshire et al., 1964 0.67 0.43 1.06 1307 United States 6.4 74.9

7 Miranda et al., 1979 1.06 0.40 2.77 1000 Puerto Rico 1.4 16.5

8 Koretz et al., 1989 0.49 0.09 2.71 100 United States 0.5 53

9 Koretz et al., 1989 0.94 0.11 7.95 100 United States 0.3 33
Subtotal (fixed effect OR) 0.72 0.49 1.07 8.5 100.0
Total (fixed effect OR) 1.21 1.08 1.36 100.0

Burke et al. (2006) and Patel et al. (20006) utilize the same data set of 1709 individuals in Tanzania, so only the first was included. Clj,y, lower
bound of 95% confidence interval; Cl,p, upper bound of 95% confidence interval; 7 =number of participants in study; %W,y, percent weight of this
study among all studies based on the inverse square of its standard error; %Wsypgroup, Percent weight of this study among the subgroup of studies

based on the inverse square of its SE.
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TaBiE 2. Results of Meta-Analysis of Sex and Presbyopia
Fixed Effects Random Effects Heterogeneity
Category n OR Cliow Clp OR Cliow Clp %2 P
All studies 9 1.21 1.08 1.36 1.19 0.95 1.48 19.74 0.01
Near vision prescription studies 3 1.22 1.07 1.40 1.24 0.93 1.64 9.12 0.01
Add power studies 2 1.54 1.16 2.05 0.13 0.72
Accommodative amplitude studies 4 0.72 0.49 1.07 0.95 0.81

Cliow, lower bound of 95% confidence interval; Cl,, upper bound of 95% confidence interval; 7 = number of studies. Random effects model
only performed when y? > df, where df = number of studies minus one.

groups were analyzed based on three categories of methods in which
the data was gathered: near-vision spectacles prescribed, near add
power measured, and accommodative amplitudes (see Table 1).

RESULTS

Using a funnel plot, no evidence of publication bias was found
in the included studies.

As seen in Table 2, with all nine studies included, sex was
found to be a statistically significant predictor of presbyopia
onset in the fixed effects model, with females more likely than
males to meet the study criterion for being diagnosed with
presbyopia when controlling for age; fixed effect OR of 1.21
(95% CI [1.08, 1.36]). The studies were found to be highly
heterogenic with a probability value of 0.01. When controlling
for heterogeneity across studies using a random effects model,
a reduced OR of 1.19 (95% CI [0.95, 1.48]) was found.?®* When
adjusting the CI using the Shore method (Table 3), statistical
significance was again achieved (95% CI [1.02, 1.45]). Two of
the excluded studies (Carnevali et al. 2005, Millodot et al.
1989) report no statistically significant difference between
men and women for accommodative amplitudes. One exclud-
ed study reports an increased risk of presbyopia for women
based on a self-assessment questionnaire (Duarte et al. 2003),
and another excluded study reports that women had a greater
accommodative amplitude than men (Kragha et al. 1985).
These mixed results for the excluded studies would further
increase the heterogeneity of the studies and could weaken the
statistical significance of the meta-analysis reported here.

When evaluating the studies that measure presbyopia by
using data for individuals who were given near-vision
spectacles, the fixed effect model showed that females were
more likely than males to need a near-vision correction when
controlling for age (fixed effect OR of 1.22 (95% CI [1.07,
1.40]), though the studies remained heterogenous with a P
value of 0.01. Controlling for heterogeneity through a random
effects model resulted in a slightly increased OR of 1.24 (95%
CI [0.93, 1.64]) that no longer achieved statistical significance
even when adjusted using the Shore method (95% CI [0.92,
1.62)).

Tasie 3. Results of Meta-Analysis of Sex and Presbyopia

Shore Adjusted CI

Category n OR Cliow Clyp
All studies 9 1.19 1.02 1.45
Near vision prescription studies 3 1.24 0.92 1.62

Cliow, lower bound of 95% confidence interval; Cl,p,, upper bound
of 95% confidence interval; » = number of studies. Random effects
model only performed when y? > df, where df = number of studies
minus one.

Hofstetter (1949) and Pointer (1995) compare females and
males based on the add powers that were prescribed by their
eye doctors. They revealed a greater prevalence of presbyopia
among females with a fixed effect OR of 1.54 (95% CI [1.16,
2.05]). Heterogeneity among these studies was much lower
and did not reach statistical significance (P = 0.72).

Koretz (1989), Ayshire (1964), and Miranda (1979) find
significantly greater subjective accommodative amplitudes for
women than men of the same age; but, when the data from
these measures were converted into a predictive metric for
presbyopia, the data predicted lower levels of presbyopia
among women, although not to a level of statistical signifi-
cance. The fixed effect OR was calculated at 0.72 (95% CI
[0.49, 1.07D.

DISCUSSION

Although presbyopia is commonly defined as the loss of
focusing ability with age, the detection of presbyopia and need
for near-vision correction is dependent on not just the loss of
focusing ability but also on the habitual reading distance and
the depth of focus. Based on the findings of this analysis, there
is no significant sex difference in accommodative amplitudes, a
direct measure of focusing ability.

The tendency toward exclusion of studies that report no
statistically significant difference between men and women,
because those studies fail to report sufficient data, could be
problematic in the meta-analysis. While such a selective
process would, of course, not bias results toward a specific
sex, it would tend to decrease the likelihood of a meta-analysis
revealing that there was no significant difference in presbyopia
between sexes.

While the overall meta-analysis did provide some evidence
that females might have a greater risk for presbyopia in broad
terms than males of equivalent age, the smaller group analysis
of near add powers for presbyopic prescriptions showed that
women have a need for higher-power near adds than do men of
an equivalent age. This finding is particularly important when
combined with evidence that women in developing countries
might often be underserved in receiving near-vision specta-
cles.* This sex bias in receiving presbyopia correction would
lead to an even greater disparity among men and women in
terms of uncorrected presbyopia versus corrected presbyopia.
Women, who have a greater need for presbyopia correction
than men of equivalent age, may find themselves less likely to
receive that aid. A 5-year update of their 2007 study by Ramke
et al. shows that improvements were being made in sex
disparities in presbyopia correction through a National
Spectacle Program, as reported in 2012.%

The summary finding of a meta-analysis that combines the
results of studies using differing methods for diagnosing
presbyopia might be questionable since the weights of the
various methods of measurement were not equal (a result of
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the number of participants in the studies not being equal).
There were far more individuals in the cross-sectional studies
that reported presbyopia based on the need for a near-vision
prescription by age and sex than in the studies that measured
accommodative amplitude by age and sex. While both
accommodative amplitude and the need for spectacle pre-
scriptions are used clinically for determining the onset of
presbyopia, they were not equally predictive of the differences
between men and women. By using different measurements of
presbyopia, the various studies also implicitly subscribe to
slightly different definitions of the term “presbyopia” itself.
Such an internal discrepancy could be rightly viewed as a
limitation to the results of a meta-analysis that combined such a
varied array of studies.

Due to the wide variety of primary, secondary, and tertiary
factors that can be attributable to the onset of presbyopia, it
would be impossible to compare all the possible reasons for
sex differences through a meta-analysis of previous research.
The evidence presented supports the conclusion that sex
differences are not due to differences in focusing ability but
rather to sex differences related to preferred reading distances,
such as arm length, occupation, indoor light levels, and
specific conditions related to desired tasks.

Following submission of this meta-analysis for review, a
study performed by Hashemi et al. (2012) was accepted for
publication.® This study collected data from 5019 participants
in Iran; the results agree with the other cross-sectional studies
already included in this meta-analysis, concluding that females
require higher add powers than men of similar age. If included
in the meta-analysis, this study would strengthen the conclu-
sions already determined.

CONCLUSIONS

Although there are no significant sex differences in presbyopia
due to focusing ability when measured by accommodative
amplitudes, there are significant sex differences in the add
requirements for near-vision spectacles for men and women of
the same age. These differences are likely due to differences in
preferred viewing distances (as a result of arm length or
preferred near tasks) or due to uncorrected hyperopia.
Measurements of accommodative amplitudes are therefore
not sufficient to diagnose presbyopia without considerations of
an individual’s specific needs.

Presbyopia is a global challenge. More than a billion
individuals require near-vision aids to perform basic tasks of
daily living. This number will continue to increase as the
number of individuals older than 40 increases. Global health
policies that seek to overcome the disability caused by visual
impairment should consider the specific needs that women
have for near vision and adjust policies to meet these needs to
provide equitable care for all individuals. In the future, more
carefully performed studies should be executed to better
isolate and measure the various factors that contribute to the
development of presbyopia while controlling for age and sex.
Metrics used to determine presbyopia must be carefully
chosen. Future studies should also consider depth of focus as
a factor in the development of presbyopia and should consider
the potential for differences in depth of focus between men
and women by looking at potential causes such as higher-order
aberrations and pupil size. Longitudinal studies that consider
the interaction between the preferred reading distance and the
change in accommodative amplitude across time for males and
females could help determine to what extent biological factors
or environmental factors play a role in the loss of focusing
ability with increasing age.
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