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Purpose: The purpose of this study was to investigate the impact of the first and second eye
cataract surgeries on the risk of falls in participants with bilateral cataract and to determine
which changes in visual measures are associated with changes in the number of falls throughout
the cataract surgery process.

Patients and methods: Fifty-five older adults with bilateral cataract aged 55+ years were
assessed at three time points during the cataract surgery process, and they completed a falls diary.
Two separate generalized estimating equation—negative binomial models were undertaken to
assess changes in the number of falls before first eye cataract surgery, between first and second
eye surgeries, and after second eye cataract surgery and which changes in visual measures were
associated with changes in the number of falls.

Results: After adjusting for potential confounding factors, the risk of falls decreased by
54% (incidence rate ratio (IRR) =0.458, 95% CI=0.215-0.974, p=0.04) after first eye cataract
surgery only, compared with the period before first eye surgery. The risk of falls decreased by
73% (IRR =0.268, 95% CI =0.114-0.628, p=0.002) after second eye cataract surgery, com-
pared with the period before first eye surgery. Improved binocular visual acuity (IRR =5.488,
95% CI=1.191-25.282, p=0.029) and contrast sensitivity (IRR =0.257, 95% CI =0.070-0.939,
p=0.040) were associated with a decrease in the number of falls.

Conclusion: The study found that first and second eye cataract surgeries reduced the risk of falls
among a cohort of bilateral cataract patients with relatively good baseline vision. This suggests
that timely first and second eye cataract surgeries could play an important role in reducing the
burden due to falls among older adults with cataract.

Keywords: vision, bilateral cataract, older population, injuries

Introduction

Vision is an important factor in the risk of falls, estimated to account for a quarter to
half of all falls in older adults.! One of the most common causes of visual impairment
in older people is cataract.>* Although most people by the age of 70 years will have
developed cataract, it is effectively treated by cataract surgery which is the most com-
monly performed ophthalmic procedure worldwide.* The number of cataract surgeries
performed in Australia increased by more than threefold in the past two decades,
largely due to the aging population.?

Cataract surgery has the potential to correct impaired vision and, hence, may
impact on the risk of falls. While an earlier meta-analysis found that evidence was
inconclusive on the effectiveness of expedited cataract surgery in reducing falls,” more
recent studies have reported significant reductions in falls following first eye cataract
surgery of 33%° and 78%.” In contrast, a population-based study in Western Australia
found that the risk of serious falls requiring hospitalization doubled after first eye
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cataract surgery, then reduced after second eye surgery, but
the risk still remained higher than before first eye surgery.?
Therefore, little is known about the specific impact of second
eye cataract surgery on less serious falls which do not require
hospitalization.

Cataract surgery is performed on each eye separately,
with a variable waiting period between first and second
eye surgeries. However, only first eye surgery can result in
significant differences in vision between the operated and
un-operated eyes, and previous studies have illustrated the
additional visual benefits of second eye cataract surgery.**-2
It is therefore essential to understand the separate impacts
of first and second eye cataract surgeries on the risk of falls
for bilateral cataract patients.

To date, there are also inconsistent findings on the asso-
ciation between measures of vision and falls risk among
cataract patients. The three most common visual measures are
visual acuity (sharpness of vision), contrast sensitivity (the
ability to detect contrast in luminance), and stereopsis (a form
of depth perception). Studies investigating the association
between the visual measures and falls have demonstrated that
poorer visual acuity is often associated with a higher risk of
falls.'>'* However, there is a limited evidence on the effect
of contrast sensitivity and stereopsis on the risk of falling,
despite their important roles in situations of low light and
for negotiating stairs. For cataract studies specifically, one
report indicated that improved contrast sensitivity was the
only visual measure significantly associated with a decrease
in falls after surgery’ while another reported that visual acuity
was the only measure associated with falls.® It is important
to clarify the role of specific visual measures in falls risk for
cataract patients so they can be advised by clinicians and
possibly prioritized for surgery.

The aim of this study was to investigate the impact of
first and second eye cataract surgeries on the risk of a fall for
participants with bilateral cataract. The secondary aim was to
determine which changes in visual measures are associated
with changes in the number of falls throughout the cataract
surgery process.

Patients and methods

Study design

A prospective longitudinal cohort study was undertaken
among participants with bilateral cataract who were awaiting
first eye cataract surgery in Perth, Western Australia.

Participants
Participants were consecutively recruited from three public
hospital eye clinics in Western Australia through a letter of

invitation, followed up with a call by the researcher or they
were directly approached by an ophthalmologist from the
hospital. Inclusion criteria stipulated that participants were
aged over 55 years, had no other significant eye conditions
(eg, glaucoma, macular degeneration, diabetic retinopathy)
and a Mini Mental State Examination (MMSE)'® score =24,
indicating normal cognitive function. Exclusion criteria
were being wheel-chair bound, diagnosed with dementia,
Alzheimer’s disease, Parkinson’s disease, non-English speak-
ing, living in a residential facility or had undergone previous
cataract surgery. All cataract surgeries were undertaken by
phacoemulsification and performed one eye at a time.

The sample size was adequate to detect changes in falls
throughout the cataract surgery process. Assuming that 25%
of cataract patients will experience at least one fall (of any
severity) before first eye cataract surgery,'’ a sample size of
55 participants would be able to detect a 70% reduction in
falls after first and second eye cataract surgeries with a power
of 80% at a 5% significance level.

Data collection

Recruitment of participants occurred between December
2014 and February 2017. Data collection involved a falls
diary, a researcher-administered questionnaire, the MMSE, '
and three objective visual assessments. The data collection
interviews occurred at three time points: in the month before
first eye cataract surgery (baseline), between first and second
eye cataract surgeries (first follow-up) and at least 1 month
after second eye cataract surgery (second follow-up). All
assessments were undertaken at Curtin University. Partici-
pants were followed up further for a 4-6 months after the
second follow-up assessment in order to collect additional
information about whether they had a fall during this time.
Informed written consent was obtained prior to the collection
of information from participants, following the tenets of the
Declaration of Helsinki. Ethics approval was obtained from
the hospitals involved and the Curtin University Human
Research Ethics Committee.

Falls diary

A fall was defined as “an unexpected event in which the
participant comes to rest on the ground, floor or lower
level.”"” Participants were provided with a falls diary at the
baseline assessment that was returned to the researcher by
the participant every month throughout the study period.
For each fall, the date, time, place, activity, circumstance,
and severity of the fall were recorded by the participants in
the diary. A follow-up call to each participant was made at
the end of each month after the baseline assessment by the
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researcher to confirm whether a fall was recorded in the
diary or not.

Questionnaires

Sociodemographic data

Information including age, gender, marital status, country
of birth, education level, living arrangements, self-reported
medications, and comorbidities were obtained through a
researcher-administered questionnaire.

Physical activity

Physical activity levels were assessed at each data collection
point by using items from the Active Australia Survey.'®
Questions on physical activity included the number of times
the following activities were completed in the last week
and the total time spent doing these activities: walking con-
tinuously, vigorous gardening/heavy work around the yard,
vigorous physical activities, and moderate physical activities.
Recommended “sufficient” physical activity is described as:
1) 30 minutes of activity on at least 5 days of the week or 2) a
total of at least 150 minutes of activity per week.'® Sufficient
activity was included in the model to account for changes in
physical activity during the cataract surgery process.

Cognitive assessment

The MMSE'® was used to assess general cognitive function
and screen for cognitive impairment. Scores from this exami-
nation range from 0 to 30 with a score of =24 indicating
normal cognitive function.

Measures of vision

Three objective visual measurements were obtained under the
guidance of an ophthalmologist under standard conditions,
constant luminance, and without mydriasis. Participants wore
their habitual corrective wear for testing (near correction for
contrast sensitivity and stereopsis tests and distance correc-
tion for the visual acuity test).

Monocular and binocular visual acuity were assessed
by an Early Treatment Diabetic Retinopathy Study acuity
chart, calibrated for a distance of 3 m."” A letter-by-letter
scoring method was used, and the scores were expressed as
a logarithm of the minimum angle of resolution (logMAR).
A lower logMAR score represents better vision. Monocular
and binocular contrast sensitivity was assessed by the Mars
Letter Contrast Sensitivity Test (Mars Perceptrix©), at a
distance of 50 cm. The score was expressed as log units.
A higher log unit score represents better vision. Stereopsis
was assessed by the Titmus Fly Stereotest (Good-Lite Co., Inc,

Elgin, IL, USA). The score was expressed as log seconds of
arc with lower scores representing better vision.

Statistical analysis

The primary outcome of interest was the total number of
falls throughout the cataract surgery process. Descriptive and
inferential statistics for those who did and did not experience
a fall were initially undertaken to summarize the sociodemo-
graphic information and information on falls and physical
activity throughout the cataract surgery process. Repeated
measures of analysis of variance were used to assess changes
in vision before first eye surgery, between first and second
eye surgeries and after second eye surgery.

Two separate generalized estimating equation (GEE)-
negative binomial regression models were undertaken. The
first GEE-negative binomial regression model analyzed
whether there was a significant change in the number of falls
after first and second eye cataract surgeries, while control-
ling for potential confounding factors. The visual measures
were not included in this model because vision changed as
a result of the surgery. The second model was undertaken
to examine the changes in the three visual measures (visual
acuity, contrast sensitivity, and stereopsis) and which were
associated with changes in the number of falls.

The GEE-negative binomial regression models take
account of the overdispersion of the outcome of interest
(the number of falls) as well as the time periods before,
between, and after the cataract surgeries. Three exposure
periods were calculated — before first eye cataract surgery, the
time between first and second eye cataract surgeries, and the
time after second eye cataract surgery until the end of the diary
follow-up using the logarithm of the time of the observation
within each exposure period. The GEE method is suitable
for longitudinal or repeated measures study designs where
observations within each participant are not independent.?
GEEs permit specification of a certain working correlation
matrix that accounts for this within-subject correlation, thus
providing more robust regression coefficients.

Potential confounding factors included in both the models
were: gender (female/male), age (55-64, 65-74, 75-84,
85+ years), marital status (single/married or de facto), living
arrangements (lives alone, not alone), medication usage
(yes, no), and sufficient physical activity (yes, no). The pres-
ence of a comorbid condition was not included in the models
since over 97% of participants had a comorbid condition.
Refractive management was also not included since all visual
tests were undertaken with the standard refractive manage-
ment used by each participant in their daily lives. Analyses
were undertaken using SAS software (v9.4; SAS Institute
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Inc., Cary, NC, USA), and p-values <0.05 were considered
to be statistically significant.

Results

Sample demographics

A total of 55 participants completed all three assessments,
resulting in a total of 165 observations. The average wait time
between first and second eye cataract surgeries was 99.6 days
(SD =73.7) with a range of 9—417 days. Following second
eye surgery, participants were followed up for an average of
283 days (SD =52.2) with a range of 135-420 days.

The sociodemographic characteristics of participants
at baseline, after first and second eye cataract surgeries are
presented by falls status for each period, in Table 1.

The mean age of the participants at baseline was 73.3
years (SD =7.7), ranging from 56.1 to 87.8 years. The majority

of the participants were female (n=30, 54.6%), married or
de facto (n=34, 61.8%), were not born in Australia (n=34,
61.8%), did not live alone (n=30, 54.6%), had higher than
primary or secondary education (n=32, 58.2%), were on
prescription medication (n=48, 87.3%), had at least one
comorbid medical condition (n=54, 98.2%), and participated
in “sufficient” physical activity at baseline (n=31, 56.4%).
Status of prescription medication usage, comorbid medical
conditions, and participation in “sufficient” physical activity
changed during follow-up. At the first follow-up, the
number of participants who were on prescription medication
decreased to 46 (83.6%), however, by the second follow-up
this number had increased back up to 48 (87.3%). At both
first and second follow-ups, the number of participants who
presented with comorbidities increased to 55 (100%). The
number of participants who participated in “sufficient”

Table | Participant characteristics by falls status before first eye cataract surgery, between first and second eye cataract surgeries, and

after second eye cataract surgery (n=55)

Variables Baseline After first eye surgery After second eye surgery
Fall® No fall Fall® No fall Fall® No fall
(n=14) (n=41) (n=5) (n=50) (n=5) (n=50)
n % n % n % n % n % n %
Gender®
Female 8 57.1 22 537 100 25 50 3 60 27 54
Male 6 42.9 19 46.3 0 0 25 50 2 40 23 46
Age group (years)®
55-64 3 214 7 17.1 2 40 8 16 0 0 10 20
65-74 5 357 16 39 3 60 18 36 2 40 19 38
75-84 4 28.6 17 41.5 0 0 21 42 3 60 18 36
85+ 2 14.3 | 24 0 0 3 6 0 0 3 6
Marital status®
Single, separated, divorced, widowed 6 429 15 36.6 80 17 34 | 20 20 40
Married/de facto 8 57.1 26 63.4 | 20 33 66 4 80 30 60
Living arrangements®
Alone 6 42.9 19 46.3 3 60 22 44 | 20 24 48
Not alone 8 57.1 22 537 40 28 56 4 80 26 52
Education
Primary or secondary school 7 50 16 39 40 21 42 4 80 19 38
Higher education 7 50 25 6l 3 60 29 58 | 20 31 62
Prescription medication®
No 4 28.6 3 7.3 [ 20 8 13 40 5 10
Yes 10 714 38 927 4 80 42 84 3 60 45 90
Comorbid conditions
No 0 0 | 24 0 0 0 0 0 0 0
Yes 14 100 40 97.6 5 100 50 100 5 100 50 100
Country of birth
Not Australia 8 57.1 26 634 3 60 31 62 40 32 64
Australia 6 42.9 15 36.6 40 19 38 3 60 18 36
Sufficient physical activity®
No 7 50 17 41.5 | 20 26 52 3 60 21 42
Yes 7 50 24 58.5 4 80 24 48 40 29 58

Notes: *Individual level and not total number of falls; ®Variables adjusted in the GEE models in Tables 3 and 4.

Abbreviation: GEE, generalized estimating equation.

submit your manuscript

1460

Dove

Clinical Interventions in Aging 2018:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

First and second cataract surgery and falls

physical activity decreased to 28 (50.9%) at the first
follow-up but increased back up to 31 (56.4%) at the second
follow-up (Table 1).

Visual measures
Visual measures at baseline and at the first and second
follow-up assessments are presented in Table 2.

Mean binocular visual acuity improved from 0.15
logMAR (SD =0.15) at baseline to 0.08 logMAR (SD =0.21)
after first eye surgery, and then further improved to —0.02
logMAR (SD =0.19) after second eye surgery. This equates to
20/12.5 vision on a Snellen chart, which is better than 20/20
vision. Binocular contrast sensitivity increased (improved)
from 1.64 log units (SD =0.14) at baseline to 1.67 log units
(SD =0.21) after first eye surgery, and then further increased
to 1.75 log units (SD =0.08) after second eye surgery.
Stereopsis increased (improved) from 2.14 log seconds of arc
(SD =0.64) at baseline to 2.31 log seconds of arc (SD =0.72)
after first eye surgery, and then further increased to 1.96
log seconds of arc (SD =0.60) after second eye surgery. All
changes in visual measures were significant (p<<0.05).

Prevalence, severity, and location of falls

Fourteen (25.5%) of 55 participants had a total of 24 falls
while waiting for first eye cataract surgery (Table 1). Of these
participants, nine experienced one fall, four had three falls
and one experienced four falls. Between first and second
eye surgeries, five out of the 55 participants (9.1%) expe-
rienced a total of nine falls with three participants falling
once and three falling twice. After second eye surgery, five

Table 2 Visual function measurements before first eye cataract
surgery, between first and second eye cataract surgeries, and
after second eye cataract surgery

Before After first After second p-values
surgery eye surgery eye surgery
Mean (SD) Mean (SD) Mean (SD)
Visual acuity (logMAR)*
Better eye  0.18 (0.15)  0.10(0.22) —0.00 (0.19) <0.001*
Worse eye  0.39 (0.24)  0.36 (0.26) 0.1'1 (0.19) <0.001*
Binocular 0.15(0.15)  0.08 (0.21) —0.02 (0.19) <0.001*
Contrast sensitivity (log units)®
Better eye  1.57 (0.14) 1.62 (0.28) 1.68 (0.11) <0.001*
Worse eye  1.41 (0.29) 1.47 (0.27) 1.61 (0.13) <0.001*
Binocular 1.64 (0.14) 1.67 (0.25) 1.75 (0.08) <0.001*
Stereopsis (log seconds of arc)©
Binocular 2.14 (0.64) 231 (0.72) 1.96 (0.60) 0.002%*

Notes: *“Lower scores represent better vision; *Higher scores represent better
vision; *Significant at p<<0.05.

Abbreviations: log, logarithm; logMAR, logarithm of the minimal angle of
resolution.

out of 55 participants (9.1%) experienced a total of seven
falls, with three participants falling once and two falling
twice (Table 1). Overall, nine of the 20 participants who fell
during the entire study period experienced more than one
fall. Only one participant experienced at least one fall in all
three time periods and two participants fell in two different
time periods. The remaining participants experienced falls
in one time period only.

Overall, the majority of falls were minor with only five
falls resulting in a visit to the general practitioner and no
falls resulting in a hospitalization during the study period.
All these falls occurred before the participant had first eye
cataract surgery. The majority of falls occurred at home
(n=22) with 10 of these occurring in the garden.

Changes in falls over cataract surgery

process

The results of the GEE-negative binomial model examining
change in falls before, between, and after cataract surgery are
presented in Table 3. After adjusting for potential confound-
ing factors, the risk of a fall decreased by 54% (incidence
rate ratio [IRR] =0.458, 95% CI=0.215-0.974, p=0.043) after

Table 3 GEE-negative binomial model of the impact of first and
second eye cataract surgeries on the number of falls for older
adults with bilateral cataract

IRR 95% CI p-values
Cataract surgery
Before first eye surgery |
After first eye surgery 0.458 0.215-0.974 0.043*
After second eye surgery 0.268 0.114-0.628 0.002*
Gender
Female |
Male 0.728 0.303-1.749 0.479
Age group (years)
55-64 |
65-74 1.086 0.381-3.090 0.876
75-84 0.757 0.256-2.222 0.614
85+ 1.898 0.414-8.697 0.409
Marital status
Single |
Married/de facto 0.346 0.142-0.845 0.020%*
Living arrangements
Lives with someone else |
Lives alone 2.259 0.957-5.329 0.063
Sufficient physical activity
Yes |
No 0.955 0.453-2.014 0.905
Prescribed medications
Yes |
No 0.614 0.229-1.648 0.334

Note: *Significant at p<<0.05.
Abbreviations: GEE, generalized estimating equation; IRR, incidence rate ratio.
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Table 4 GEE-negative binomial regression model of changes in
visual measures and the number of falls before, between and after
first and second eye cataract surgeries among older adults with
bilateral cataract

IRR 95% CI p-values
Binocular contrast sensitivity 0.257 0.070-0.939 0.040*
Binocular visual acuity 5.488 1.191-25.282 0.029*
Stereopsis 1.489 0.852-2.516 0.163
Gender
Female |
Male 0.690 0.297-1.604 0.390
Age group (years)
55-64 |
65-74 0.1 0.0-0.7 0.11
75-84 0.7 0.1-5.3 0.75
85+ 0.8 0.0-28.1 0.90
Marital status
Single |
Married/de facto 0.503 0.212-1.196 0.120
Living arrangements
Lives with someone else |
Lives alone 2.236 1.04—4.764 0.037*
Sufficient physical activity
Yes |
No 0.881 0.418-1.858 0.741
Prescribed medications
Yes |
No 0.439 0.167-1.153 0.095

Note: *Significant at p<<0.05.
Abbreviations: GEE, generalized estimating equation; IRR, incidence rate ratio.

the first eye cataract surgery only, compared to the period
before first eye surgery. The risk of a fall decreased by 73%
(IRR =0.268, 95% CI =0.114-0.628, p=0.002) after second
eye cataract surgery, compared to the period before first eye
surgery. Those who were married or in a de facto relation-
ship also had a significantly decreased risk of falls by 65%
(IRR =0.346, 95% CI =0.142-0.845, p=0.020).

The results of the GEE-negative binomial model exam-
ining changes in visual measures and the number of falls
are presented in Table 4. Binocular contrast sensitivity was
significantly associated with the change in falls. For every
one log unit increase in contrast sensitivity score (improved
contrast sensitivity), the number of falls decreased by 74%
(IRR =0.257, 95% CI =0.070-0.939, p=0.040). Binocular
visual acuity was also significantly associated with the
change in falls, with higher scores (worse visual acuity)
associated with an increased number of falls (IRR =5.488,
95% CI=1.191-25.282, p=0.029).

Discussion
This study found that first eye cataract surgery resulted in a
54% reduction in the number of falls and second eye surgery

provided additional benefits (73% reduction), compared to
before the first eye surgery. In addition, changes in visual
acuity and contrast sensitivity were associated with the
decrease in falls over the cataract surgery process.

The findings are consistent with those of a Vietnamese
study that reported a 78% decrease in falls for participants
who underwent first eye cataract surgery only and an 83%
decrease for those who underwent both first and second eye
surgeries.” However, earlier randomized controlled trials
reported that while first eye cataract surgery reduced falls
risk,?! second eye surgery had no effect on falls for women
aged over 70 years.”? Reason for these conflicting findings
for second eye surgery could be the older age of the Foss et al
sample, meaning that participants had other health issues that
had more effect on their falls risk than cataract. Interestingly,
the findings were in contrast to our previous population-based
study in Western Australia which reported an increase in
falls after first and second eye cataract surgeries.® This may
be due to the previous study including only the most serious
type of falls that resulted in hospitalization. As it was a
linked database study, it was also impossible to control for
visual measures and lifestyle factors that may have affected
falls risk, and this may have resulted in the differences
between studies.

It is also known that a small proportion of bilateral
cataract patients experience very large differences in vision
between the unoperated and operated eyes following first
eye surgery, negatively affecting their vision.?*?* This may
explain the smaller overall benefit observed for the second
eye compared with the first eye surgery as it is likely that
these particular patients benefit significantly from second eye
surgery in terms of falls prevention, whereas other patients
may experience minimal or no additional benefit. This should
be investigated further with a larger sample size.

It should be noted that improvements in visual function,
especially contrast sensitivity were relatively small in our
cohort following first and second eye cataract surgeries. This
may be because they had better baseline vision, including
contrast sensitivity than in previous studies examining the
impact of cataract or cataract surgery on the number of
falls.”?' This indicates that cataract surgery has important
benefits in terms of falls prevention, even when visual
impairment from cataract is not severe, providing a case for
expedited cataract surgery and shorter waiting lists. Also only
a very small proportion of falls required medical treatment,
and all of these required only a general practitioner visit.
The absence of hospitalization of falls among our sample
was unexpected with reference to previous data®® but might
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be due to the better baseline vision and younger age among
this sample. However, nine of the participants experienced
more than one fall during the study period suggesting that
particular patients are at the risk of recurrent falls, despite
undergoing cataract surgery.

This study also found that binocular visual acuity was signif-
icantly associated with risk of falls. This is positive since visual
acuity is the measure most commonly used in clinical practice to
determine the level of visual impairment and need for surgery.
However, improved contrast sensitivity was also found to be
significantly associated with a decreased risk of falls, and it is
consistent with the findings of previous research.”?*’ Further
research should examine specific thresholds of contrast sensitiv-
ity impairment that affect falls risk so that this measure could
be considered in clinical practice when assessing the patients’
need for surgery and their risk of falls.

Interestingly, undertaking “sufficient” exercise was not
significantly associated with falls among the sample. A 2012
systematic review stated that both group exercise programs
and home-based exercise programs decreased the risk and
rate of falls, whereas a 2015 meta-analysis found that there
was no significant reduction in the number of falls for those
who took part in an exercise program.?-3° It is possible that
participating in physical activity with poor vision actually
increases opportunities to fall, mitigating benefits.

Strengths of the study included data collection at three
time points, the use of falls diaries and accounting for a large
range of potential confounding factors. This study also had
limitations. First, the sample size was small resulting in a
small number of falls during each time period, and this may
not have been adequate to detect all associations. The time
period between first and second eye surgeries was also short
for some participants, reducing the opportunity for falls to
occur during this time. In addition, falls information was self-
reported so may have been subject to recall bias. However,
falls diaries returned monthly and follow-up calls would have
minimized these inaccuracies. Prescription medications and
comorbidities were self-reported, hence may be inaccurate.
The impact of refractive management on falls risk was also
not included as part of this analysis since participants under-
took the visual tests while wearing their normal refraction
used for daily living tasks.

Conclusion

This study found that first and second eye cataract surgeries
reduced the risk of falls among a cohort of bilateral cataract
patients with relatively good baseline vision. This suggests
that timely first and second eye cataract surgeries could play

an important role in reducing the burden of falls among older
adults with cataract.
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