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Falls occur in about one third of older people living independently in the community
every year. This can lead to significant physical, psychological and financial costs to the
individual and the community. While the risk factors for falls in older people are multi-
factorial, poor vision is considered to be an important contributing factor. The aim of
this review is to evaluate current research linking impaired visual function with falls and
to review current intervention strategies for the prevention of falls in older individuals.

The evidence from the current literature indicates that impairment of visual func-
tions, such as visual acuity, contrast sensitivity, visual fields and depth perception, is
associated with an increased risk of falls. Recent studies have also demonstrated that
falls can be reduced following cataract surgery as a visual intervention.

Optometrists need to be aware of these associations and through appropriate
treatment, referral and/or education, they can play a major role in optimising visual
function in older people, as part of a multidisciplinary approach to falls prevention.
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Falls are one of the most serious health
problems for older people. More than one
third of those aged 70 years and above and
living independently in the community
report a fall at least once a year, with up to
half of these experiencing multiple falls
on an annual basis."” Falls also occur more
frequently in nursing home settings, with
up to 60 per cent of residents reporting at
least one fall per year.! This increased rate
of falls in nursing home residents is likely
to result from them being older and hav-
ing higher levels of chronic illness and
cognitive impairment and greater limita-
tions in their activities of daily living than
their community dwelling counterparts.®

Importantly, the proportion of older
people who fall each year increases with

their advancing age.*® This is significant
in our ageing population, where it is pro-
jected that the over-65 age group could
represent one quarter of the population
over the next 20 years and the over-85 age
group will increase nearly four-fold.” Thus,
prevention of falls is an important public
health issue that needs to be addressed by
all health professionals.

Falls account for more than 40 per cent
of injury-related deaths and approximately
one per cent of all deaths in Australians
aged 65 and over. Falls are the leading
cause of injury-related deaths, followed by
motor vehicle accidents and suicide.® Fif-
teen to 24 per cent of falls result in seri-
ous injury requiring medical treatment,”!
while hip fractures are associated with high
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mortality rates (20 to 30 per cent within
12 months of the fall)!'"'® and those who
recover from a fall often have persistent
pain and reduced mobility." In 2002, more
than 1,300 Australians aged 65 or older

I'* and more than

died as a result of a fal
55,000 older Australians were hospitalised
for injuries sustained from falling during
the financial year 1999-2000."

There are important psychological con-
sequences associated with falling, even in
the absence of physical injury. Fear of fall-
ing may produce anxiety and depression
about self-sufficiency and independence'®
and is associated with deteriorating
health,"” leading to reduced quality of life
and reduction of independence. About
one quarter of older individuals report



restricting their activities following a fall'®*
and 26 per cent of nursing home admis-
sions are directly attributable to falls.?” On
a financial level, it has been estimated that
the cost per patient per fall in Australia is
about $4,500, of which 80 per cent com-
prises hospital costs, 16 per cent commu-
nity costs and four per cent personal
costs.?! Overall the cost of falls to the Aus-
tralian health care system in 2001 was esti-
mated to be nearly $500 million and is
projected to increase three-fold by 2051.22

Falls are seldom due to a single cause
and numerous risk factors have been iden-
tified. Close® reviewed the main intrinsic
risk factors that have consistently been
shown to be associated with falls. These
include:

1. general factors, such as age, female gen-
der, history of falls, living alone

2. physiological or functional factors, such
as visual problems, impaired muscular
strength and problems with mobility

3. medical risk factors, including Parkin-
son’s disease, stroke, depression, cog-
nitive impairment and arthritis

4. use of medications, such as sedatives
and antidepressants or multiple medi-
cations.

In addition, there are many environ-
mental risk factors (extrinsic factors) that
are associated with increased risk of falls.
These include the use of inappropriate
footwear, poor environmental lighting and
slippery or uneven surfaces.

The strength of the associations between
each of the numerous risk factors and falls
varies. For instance, a history of previous
falls moderately increases risk by a factor
of 2.5,'%** while female gender approxi-
mately doubles the risk of falls**# and the
use of multiple medications increases risk
by around 1.3 times.*"*” Importantly, there
is a moderate association between im-
paired visual function and falls, with esti-
mates that impaired visual function (such
as reduced visual acuity) can approxi-
mately double the risk of a fall.®*® This is
an important association that warrants
higher levels of awareness, given that the
highly publicised association between
smoking and the incidence of late age-
related macular degeneration is of a simi-
lar order, about 2.35 times.?

The aim of this review is to evaluate cur-
rent research into falls to inform optom-
etrists of recent evidence that links im-
paired visual function with falls, to review
currentintervention strategies and suggest
potential strategies for prevention of falls
in our older population.

VISUAL FUNCTION AND BALANCE

The visual system plays an integral role in
both maintaining balance while standing
still and remaining stable while moving
within the environment. Visual informa-
tion provides a visual reference of self-
position and the position of obstacles within
an individual’s surrounds and is integrated
with input from the vestibular balance and
proprioceptive or somatosensory (muscle
receptors and joint nerves) systems.

A deficit in any of these three balance
systems results in an increased reliance on
the other systems to maintain stability. For
example, the removal of visual cues by eye
closure has been shown to increase body
sway by a factor of three.® In addition, case
reports have shown that patients with se-
vere vestibular and somatosensory deficits
rely on visual cues to a greater extent than
normal subjects and will lose their balance
and fall following eye closure.” Conversely,
individuals with central visual field losses
rely more on their non-visual balance sys-
tems to maintain stable posture than those
with normal visual fields.*!

The reliance on visual information for
maintenance of postural stability increases
with age, with adults aged 85 years or more
swaying up to 38 per cent more on eye clo-
sure than those aged 50 to 60 years.* This
can be attributed to the age-related
changes that occur in both the vestibular®
and somatosensory systems.* Recent stud-
ies have shown that this increased reliance
on vision for the maintenance of postural
stability occurs in women as early as 50
years.” If the balance system does not
adapt to increased visual reliance, balance
may be compromised. Indeed, those who
fall have less reliance on visual informa-
tion for balance than those who do not.*®

Accurate visual information is vital for
maintenance of stable posture in older
adults. Impaired vision, in the form of
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defocus reduces postural stability, espe-
cially in the presence of disruptions to the
vestibular and somatosensory systems, for

29,37 339 individuals.

both young and older
Likewise, degrading visual input by simu-
lating cataract also reduces postural sta-
bility.*® Individuals with reductions in
contrast sensitivity and stereopsis have re-
duced postural stability and these visual
functions are independent predictors of
stability, while standing on foam (which
acts to disrupt the somatosensory sys-
tem).* Again, older individuals with mod-
erately impaired visual acuity (6/18 to
6/60) demonstrate poorer postural stabil-
ity compared to those with normal vision
or early visual impairment.*

This increased reliance on visual infor-
mation for maintenance of postural stabil-
ity with increasing age has important im-
plications given the increased prevalence
of visual impairment with advancing age.
Australian population studies have shown
that the main causes of visual impairment
are uncorrected refractive error'? and age-
related eye diseases (such as cataract, age-
related macular degeneration and glau-
coma).” In addition, age-related changes
in the visual system occur even in those free
of eye disease.* Therefore, the age-related
changes in the visual system, along with
reductions in the other two balance systems
(vestibular and somatosensory), result in
impaired balance control in older individu-
als, which can ultimately lead to falls.

VISUAL FUNCTION AND FALLS

Early studies reported associations be-
tween vision and falls.!'”!® Since then, the
relationship between specific visual func-
tions and falls has been investigated in a
range of studies to determine which as-
pects of vision are important. They have
considered visual acuity, contrast sensitiv-
ity, visual fields, stereopsis (depth percep-
tion) and the type of spectacle correction
as risk factors for falls, using a range of
study designs, outcome measures (single
falls, multiple falls, injurious falls or hip
fractures over a period) and study
populations. Studies of hip fracture rates
are commonly incorporated within falls
research, as 90 per cent of hip fractures
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occur as a result of falls.®

The study designs used in falls research
can include:

1. Prospective cohort studies that are con-
sidered the gold standard. A group of
participants is followed over a specified
time, typically for 12 months.

2. Retrospective studies that are often
performed as part of a population cross-
sectional study, in which a group of
participants is questioned on previous
falls that have occurred.

3. Case-control studies, in which a specific
group of participants is assessed and com-
pared to an age-matched control group.

A key difference between these meth-
odologies is the accuracy of reporting, as
13 to 32 per cent of participants will often
not recall a previous fall.** Prospective
study designs maximise the accuracy of re-
ported falls. Ideally, the measures of visual
performance should reflect the visual sta-
tus of an individual at the time of the fall.
Measures of visual performance taken be-
fore any falls are recorded are considered
the most precise. Measures taken after a
fall may not be as accurate due to further
changes in the visual system, such as the
development of cataract. Furthermore,
often it cannot be established with cer-
tainty whether visual changes, such as reti-
nal detachment, were a result of a fall,
rather than being a causative factor.

A range of statistical analyses has been
used to investigate different risk factors in
relation to falls. Odds ratios (OR), risk
ratios (RR), prevalence ratios (PR) and haz-
ard ratios (HR, survival analysis) are used
to provide an indication of the likelihood
of an event, such as a fall. These ratios are
multiplying factors, where a ratio of one
indicates that there is no increased or de-
creased likelihood of the event associated
with the risk factor, while a ratio of two in-
dicates that there is a doubling of the like-
lihood of the event occurring. Further-
more, the significance of these ratios needs
to be adjusted for possible confounding
variables, such as age and gender, which
may be related to both the outcome event
and the hypothesised risk factor. Multi-
variate analysis is often used to control for
the effects of these confounding variables
and provides an accurate indication of

whether a specific risk factor is associated
with a particular outcome.

Researchers studying the association of
visual functions with falls and hip fractures
have focused on the following visual charac-
teristics: visual acuity, contrast sensitivity,
depth perception and visual fields. While
there may be other visual functions that play
a role in falls, such as dark adaptation and
glare sensitivity, few studies have investigated
these with respect to falls or fractures.

Visual acuity

High-contrast distance visual acuity is a
commonly investigated visual function in
relation to falls. Data from accident and
emergency departments have shown that
about half of the older people presenting
due to falls have reduced visual acuity,*
while reduced visual acuity has been re-
ported to increase postural instability.’™*
Older people with reduced visual acuity
walk significantly more slowly compared to
those with normal visual acuity," suggest-
ing that an adaptive strategy is employed
to maintain safe mobility in the presence
of impaired visual information. Conversely,
visual acuity is not a significant predictor
of mobility performance.**!

Large cross-sectional population studies
have consistently found that reduced
visual acuity is significantly associated with
falls. The Beaver Dam Eye Study found a
2.6 times higher risk of multiple falls, if
habitual binocular visual acuity was 6/7.5
or worse.* Their follow-up study® and the
Blue Mountains Eye Study* both showed
that multiple falls were approximately
twice as likely, if habitual binocular visual
acuity was worse than 6/9. In addition,
both studies found that the poorer the
visual acuity, the greater the risk of multi-
ple falls, although this was not a linear
association. While these studies are limited
by the retrospective nature of the data, the
use of such large samples provides con-
vincing statistical evidence of the link
between reduced visual acuity and falls.

A recent large scale prospective study
by Coleman and colleagues™ found that
women aged over 65 years, whose visual
acuity had decreased by two or more lines
in the previous four to six years, were 43
per cent more likely to have multiple falls
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in the following year than women whose
visual acuity had reduced by less than two
lines over that same period. The risk of
multiple falls was even greater (74 per cent
more likely) when baseline acuity was
worse than 6/12. Similarly, reduced dis-
tance visual acuity (worse than 6/20) was
found to be a significant risk factor for
injurious falls (falls resulting in an injury)
in a two-year prospective study of depend-
ent older people requiring assistance with
daily living tasks (such as dressing, doing
housework and bathing).? Importantly,
Koski and associates? found that the rela-
tionship between the risk of injurious falls
and visual acuity was not significant, when
the same study design was applied to inde-
pendently living adults. This finding sug-
gests that once functional abilities decline,
sensory factors such as visual acuity may
become more significant as a risk factor.

Other prospective studies have failed to
show any significant difference between
visual acuity in groups of those who have
fallen compared with those who have
not.b10185%7 However, these studies tended
to use smaller samples, which can reduce
the level of significance of the risk factors
after adjusting for the many confounding
factors.

Studies that have used self-reported
measures of visual acuity (such as the abil-
ity to recognise faces) have reported con-
flicting findings. Some have shown that
reduced self-reported visual acuity in-

22458 while others

creases the risk of falls,
have failed to show an association.®" It is
likely that these differences are due to the
crude and variable nature of such self-
reported measures of visual acuity.
Prospective hip fracture studies have pro-
vided much more consistent evidence to
support the association between reduced
visual acuity and fractures, which may be
due to the more accurate reporting of hip
fractures, which generally require medical
attention. In the Framingham study,” the
risk of hip fractures was 1.73 times more
likely if visual acuity was worse than 6/9 in
either eye, and the risk was 2.17 times more
likely if both eyes had a visual acuity of 6,/30
or worse. Similarly, in the French EPIDOS
study,” reduced visual acuity was a signifi-
cant risk factor for hip fractures, where



women who had habitual visual acuity of
6/15 or worse were nearly twice as likely to
suffer a hip fracture than those with visual
acuity better than 6/9. However, the large
prospective hip fracture study by
Cummings and co-workers®' found no
association between visual acuity and frac-
tures.

Many of the large population studies
have confirmed the link between visual
acuity and the occurrence of hip fractures.
The Blue Mountains Eye Study® found
that the likelihood of a hip fracture was
increased 8.4 times for those with visual
acuity worse than 6/18, while the Beaver
Dam Eye study® found that the odds of a
hip fracture within a five-year retrospec-
tive period increased by a factor of 1.75, if
vision was 6/12 or worse. An earlier study
by the Beaver Dam research group®
showed that the risk of any fracture after
the age of 40 increased 3.7 times, if vision
was 6/7.5 or worse.

Self-reported indices of acuity are a sig-
nificant risk factor in hip fractures. Reduc-
tions in face recognition ability can increase
the likelihood of hip fracture by a factor of
3.1 or 4.8.% In a large case control study
in Auckland, hip fracture risk increased up
to 1.4 times for those who self-reported
their vision as ‘adequate’ or ‘minimal/
blind’ rather than ‘good’.®* In addition, the
risk of hip fracture is increased significantly
by a factor of 1.5, if vision (Snellen) is worse
than 6/18, which is similar to the level of
self-reported measures. Itis unclear why the
self-reported measures of vision are more
consistently related to the rates of hip
fractures but less to falls.

The evidence from the studies reviewed
here indicates that reduced visual acuity
can increase the likelihood of a fall by
around 1.5 to 2.0 times. However, these
studies do not provide a clear indication
of what constitutes a clinically important
decrease in visual acuity relating to the risk
of falls, which would provide useful infor-
mation for clinicians.

Contrast sensitivity

The visual environment contains a wide
range of spatial frequencies and contrast
levels. Therefore, tests of contrast sensitiv-
ity may provide a better measure of visual

performance for balance and mobility than
visual acuity. Avoidance of trip hazards and
negotiating stairs are likely to be reliant on
adequate visual information across all spa-
tial frequencies and measures of contrast
sensitivity are more highly correlated with
performance in mobility tasks than visual

51,65

acuity.”"* In addition, older individuals with
reduced contrast sensitivity walk at signifi-
cantly slower speeds than those with nor-
mal levels of contrast sensitivity."’

With no standard measure, different
tests have been used to measure contrast
sensitivity at a variety of spatial frequen-
cies. Some tests measure only narrow
ranges of spatial frequencies. The Pelli-
Robson measures contrast at around one
cycle per degree (cpd),® while the Mel-
bourne Edge Test (MET) measures low-
to mid-spatial frequencies.®” Other chart
tests, such as the Vistech or computer-
generated tests, can measure contrast sen-
sitivity across a range of spatial frequen-
cies. Comparison of results of these studies
is problematic because different contrast
sensitivity tests have been used and this
may explain why the evidence associating
reduced contrast sensitivity with falls and
fractures is inconclusive.

Anand and associates™ suggested that
postural stability depends more on lower
spatial frequency information than high
spatial frequencies. Similarly, Lord and
Menz* found that the MET was an inde-
pendent predictor of postural stability,
whereas visual acuity was not. Therefore,
reductions in contrast sensitivity at low and
mid spatial frequencies may be an impor-
tant risk factor for falls, given their role in
postural stability.

The Blue Mountains Eye Study* found
a slight increase in retrospective falls risk
(1.2 times) with reductions in contrast sen-
sitivity measured using the Contrast Sen-
sitivity Grating Chart at a range of spatial
frequencies, with the greatest risk occur-
ring at six cycles per degree. The Beaver
Dam Study Eye Group*® found that the risk
of'a hip fracture increased by 1.8 times for
those with a Pelli-Robson score of 1.50 or
worse but there was no increase in risk of
falls. In contrast, a follow-up study by the
same researchers found that reduced Pelli-
Robson contrast sensitivity was not associ-
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ated with an increased risk of fracture but
did elevate the risk of falls by a factor of
1.63.9 Possible reasons for these inconsist-
ent results could be the use of a younger
cohort in the follow-up study, along with
differences in the falls outcome measures.

Prospective studies have confirmed that
reduced contrast sensitivity can increase
the risk of falls. A three-year study by de
Boer and colleagues® showed that reduc-
tions in low-frequency contrast sensitivity,
as measured using the Vistech chart, in-
creased the likelihood of a second fall by
a factor of 1.66, yet did not significantly
increase the likelihood of a fracture. In a
four-year study, Cummings and associates®
showed that women were 1.2 times more
likely to have a hip fracture when their low-
frequency contrast sensitivity was reduced
on the Vistech chart. Wainwright and co-
workers®™ confirmed that impairment in
low frequency contrast sensitivity increases
the risk of a hip fracture by a factor of 1.5
times in women (both with and without
signs of osteoporosis). A small study by
Lord, Clark and Webster® found that
multiple fallers performed significantly
worse on the MET than non-fallers, while
that of Lord and Dayhew' reported that
poor performance on the MET and a low-
contrast (10 per cent) visual acuity test
nearly doubled the risk of falling.

Conversely, a number of studies has
failed to find any significant association
between reduced contrast sensitivity and
falls'®**** or hip fracture risk.56%%

While the postural stability and mobil-
ity studies strongly suggest that low fre-
quency contrast sensitivity information is
important for good balance, the evidence
to suggest that impaired contrast sensitiv-
ity increases the risk of falls or fractures is
equivocal. This lack of a clear link between
reduced contrast sensitivity and the risk
of falls and/or hip fracture may be attrib-
uted to the use of a variety of contrast sen-
sitivity tests, different population samples,
as well as variations in the cut-off criteria
used to define impaired and normal con-
trast sensitivity.

Depth perception
Impaired depth perception may increase
the risk of falling due to the possibility of
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inaccurate foot placement during activi-
ties such as stair negotiation or obstacle
avoidance. The importance of the role of
depth perception in balance is supported
by findings that depth perception, as meas-
ured with the near Frisby stereotest, is an
independent predictor of postural stabil-
ity in older individuals.*

Few studies have investigated depth per-
ception as a risk factor for falls. Reduced
stereoacuity, defined as 200 seconds of arc
or worse as measured with the Randot test,
doubles the risk of multiple falls.”® Simi-
larly, Lord and Dayhew' found that fallers
performed significantly worse on both dis-
tance (Howard-Dolman apparatus) and
near (Frisby test) depth perception com-
pared to a group of non-fallers. This study
also found that poor depth perception
performance on both tests doubled the
risk of multiple falls. In contrast, other
studies have failed to find an association
between the risk of falls and depth per-
ception, as assessed by the Randot
Stereotest®™ or with asymmetry in visual
acuity between the eyes.*

The fracture studies also show inconclu-
sive findings. A case-control study by Ivers
and associates® found that the risk of hip
fracture was three times greater in those
with near stereoacuity worse than 50 sec-
onds of arc (Randot stereotest). A larger
study by Wainwright and colleagues®
showed that women with baseline oste-
oporosis had a 67 per cent increased risk
of hip fracture, if distant depth percep-
tion (Howard-Dohlman) was reduced.
Similarly, a large prospective study by
Cummings and co-workers® found that
poor Howard-Dohlman depth perception
increased the risk of fractures by 1.5 times.
In contrast, the prospective EDIPOS study
did not find an association between
increased hip fracture risk and depth
perception (Randot), nor was asymme-
try in visual acuity between eyes associated
with a risk of hip fracture.”

In summary, although a relationship
between depth perception and increased
risk of falls and hip fractures is likely, the
evidence is inconclusive due to the limited
number of studies, along with the use of
different depth perception measures. In
addition, monovision refractive correction

(using contact lenses or laser surgery) is
known to impair stereopsis.®” Monovision
correction is becoming popular with
presbyopes and reductions in depth per-
ception may increase the risk of falls in
this population as they age.

Visual fields

Impaired ability to detect and avoid pe-
ripherally located obstacles/hazards due
to peripheral visual field loss is likely to
increase the risk of falls. This is supported
by studies showing that artificially re-
stricted visual fields reduced postural
stability in normally sighted subjects.?7
Mobility studies with glaucoma subjects
have also shown that a reduction in visual
field sensitivity is associated with slower
walking speed and poorer mobility per-
formance.” Impaired visual field perform-
ance is associated with reduced walking
speed, along with a 22 per cent increase
in collisions with obstacles.” The associa-
tion between reduced visual fields and
increase in falls is inconclusive, as only a
limited number of studies have been
undertaken.

The Rotterdam prospective study inves-
tigated the prevalence and causes of visual
field loss in the elderly and found that the
likelihood of frequent falls was six times
greater in those with unilateral and bilat-
eral visual field losses.”” While this study
did not adjust for any confounding factors
that can contribute to falls, it still supports
the findings that visual field loss can in-
crease the risk of falling in older people.

The Beaver Dam Eye Studies found that
reduced visual field sensitivity, assessed on
a Henson perimeter, almost doubled the
risk of a fall or fracture,®" while the Blue
Mountains Eye Study showed that more
than five points missed on a Humphrey
screening test increased the risk of falls by
a factor of 1.5.%° Ivers and colleagues®
showed that the risk of hip fracture in-
creased 5.5 times, if more than five points
were missed on a Humphrey screening test.
Conversely, a retrospective study of 489
patients with glaucoma found that while
losses of more than 40 per cent of the visual
fields elevated the risk of falls, it did not
reach significance. Another large prospec-
tive study conducted by Friedman and co-
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workers® found no association between
reduced visual fields using Humphrey
screening tests and the risk of falls.

This lack of conclusive evidence may be
due to the limited number of studies that
have investigated visual fields and falls/
fractures, along with variations in the types
of visual field tests and criteria used to
define abnormality. It is essential that ap-
propriate, sensitive measures of visual
fields are used in future studies so that the
association between visual field loss and
falls and fracture risk can be accurately
determined.

There has been recent interest in the
association between attentional visual
fields, as measured by the useful field of
view (UFOV) and indices of balance and
mobility. The UFOV is a computerised test
of a person’s ability to simultaneously
extract and process central and peripheral
visual information, measured by process-
ing speed during divided and selective
attention tasks;”™ skills which may be im-
portant in avoiding falls. A study by Owsley
and McGwin’ showed that a reduction in
the UFOV in older individuals is signifi-
cantly associated with reduced mobility
performance, although it was not associ-
ated with the number of retrospective falls.
Reduced UFOV performance increases
slightly (by five per cent) the likelihood
of bumping while walking.”” These stud-
ies suggest a weak association between
attentional visual fields and decreased
mobility performance but further research
is required to fully investigate this relation-
ship.

Spectacle correction
The use of various types of spectacle cor-
rection has been linked to increased risk
of falls, particularly in individuals wearing
multifocal lenses (bifocals, trifocals and
progressive lenses). It has been suggested
that the multifocal reading segment im-
pairs visual acuity, contrast sensitivity and
depth perception at ground level, which
is required for walking, possibly leading
to a fall due to incorrect foot placement,
while descending stairs or on uneven
terrain.”™

A prospective study of 156 community-
dwelling older people found that the



multifocal spectacle wearers (76 bifocals and
11 trifocals/progressives) were more than
twice as likely to fall than non-wearers, and
suggested that nearly 35 per cent of falls
could be prevented, if multifocal specta-
cles were not worn.”™ However, this study
did not address the issue of whether spec-
tacle wear of any kind may be a risk factor
for falls. Davies and co-workers™ provided
further evidence that multifocals may be
a significant risk factor for falls. They docu-
mented the risk of underfoot accidents in
patients attending a hospital fracture clinic
and found that wearing multifocals was a
risk factor for ‘missed edge of step’ acci-
dents (not necessarily resulting in a fall),
whereas wearing single vision distance
spectacles was not a significant risk factor.
In contrast, bifocal use was not significantly
associated with either hip fractures® or the
number of falls.”

Importantly, none of these studies dis-
tinguishes between the types of multifocal
lens design worn. Future research is re-
quired to investigate the association be-
tween the risk of falls and hip fractures and
the use of single vision distance spectacles
compared to various multifocal designs
(bifocals, trifocals, progressive lenses).

MAJOR CAUSES OF VISUAL
IMPAIRMENT AND FALLS

The prevalence of visual impairment in
Australia, as in other developed countries,
rises with increasing age for individuals
aged 65 years or older. For instance, the
prevalence of bilateral visual impairment,
classified as visual acuity worse than the
driving standard of 6/12, increases from
one per cent for those aged 60 to 69 years
to 26 per cent for those aged 80 or more.*
In 2000, the number of Australians aged
over 60 with visual impairment was
estimated to be about 300,000.%°
Under-corrected refractive error remains
the major cause of visual impairment, fol-
lowed by ocular disease, primarily from
age-related macular degeneration (ARM),
cataract, glaucoma and diabetic retinopa-
thy. Importantly, these ocular conditions
often lead to reductions in visual acuity,
contrast sensitivity, visual fields and depth
perception or a combination of these, all

of which have been associated with in-
creased risk of falls. Therefore, it is likely
that these ocular conditions are associated
with a risk of falls and that prevention or
treatment will reduce that risk.

The leading cause of visual impairment
is under-corrected refractive error. More
than 20 per cent of Australians aged 40 or
older have under-corrected refractive er-
ror (defined as visual acuity 6/9 or worse),
with almost half (45 per cent) amenable
to improved vision by at least two lines (to
6/6 equivalent) by provision of appropri-
ate spectacle corrections.® As the falls re-
search estimates that reduced visual acu-
ity approximately doubles the risk of a fall,
the use of appropriate refractive correc-
tions for older individuals should reduce
the incidence of falls, although this has yet
to be demonstrated in large studies.

Cataract is a major cause of visual
impairment, with Australian population
studies estimating that more than 30 per
cent of the older population have signifi-
cant cataract in at least one eye.* By 2021,
it is projected that there will be 2.7 mil-
lion older Australians with clinically signifi-
cant cataract in at least one eye.®

Studies that have conducted ophthalmic
examinations to characterise the presence
or absence of cataract have found that cata-
racts can increase the risk of falls. Poste-
rior subcapsular cataract increases the risk
of falls by 2.1 times, while no increase in
risk was found for individuals with either
nuclear or cortical cataract.?® Similarly,
posterior subcapsular cataract is the only
type of cataract to increase the risk of hip
fracture by a factor of five.? Conversely,
McCarty, Fu and Taylor® reported that the
presence of nuclear cataract significantly
increased (almost three-fold) the risk of a
fall, while no other form of cataract had
an effect. Only the Framingham study®
failed to find any association between cata-
ract (defined as late lens changes) and the
incidence of hip fractures. While most of
these studies suggest that the presence of
some form of cataract can significantly
increase the risks of falling or fractures,
the specific types of cataract implicated
vary among studies.

In contrast, a number of studies has
failed to find an association between self-
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reported cataract and hip fracture or falls
in either prospective®* or case controlled
studies.?*% However, these studies are lim-
ited by the lack of accuracy of self-reported
measures and the associated inability to
grade the severity of the cataract.

Primary open angle glaucoma is the
leading cause of visual field loss in the
older population.” An estimated four per
cent of older Australians have glaucoma,
although around half of these are cur-
rently undiagnosed.®% While a number of
studies has shown that glaucoma and the
use of certain topical glaucoma medica-
tions are associated with the risk of falls
and hip fracture, others have not.

A large-scale US study examined medi-
cal risk factors associated with hospitalisa-
tion for unintentional falls and found that
glaucoma was a significant risk factor (1.1
times).* A retrospective study by Dolinis,
Harrison and Andrews? showed that self-
reported glaucoma is associated with an
increased risk of falls (1.63 times), while a
prospective hip fracture study by Ivers and
colleagues® reported that glaucoma (con-
firmed by ophthalmic examination) in
those aged over 75 years was a significant
risk factor (8.1 times). Other studies us-
ing self-reported glaucoma have failed to
find any association with falls®® or hip frac-

63,64

tures,”* while diagnosed glaucoma had

no significant association with falls**%

or
hip fractures.”

Interestingly, several studies have shown
alink between the use of topical glaucoma
medications and an increased likelihood
of falls. Glynn and co-workers™ retrospec-
tively investigated 489 subjects with glau-
coma and found that the risk of falls
increased by a factor of five if non-miotic
glaucoma medications were used (of
which 90 per cent were B-blockers) and
by a factor of three if a miotic was used.
While there was an increased risk of falls
with 40 per cent loss of the visual field,
this was not significant in their multivariate
model. Similarly, Ivers and associates?®®
found that the use of non-miotic medica-
tions doubled the prevalence ratio of
multiple falls, while the presence of the
disease showed no increased risk of falls.
These studies suggest that the side-effects
of certain topical glaucoma medications,
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particularly the non-selective beta-blockers
known to affect cardiac and respiratory
functions, may be the cause of increased
falls in individuals with glaucoma. How-
ever, the use of prescribed oral beta-
blockers to treat hypertension and angina
has not been shown to increase the risk of
falls in older people.®

In summary, there is no clear evidence
to support an association between glau-
coma and an increased risk of falls, nor
with the role of topical medications. Fur-
ther investigation is required to determine
whether glaucoma medication is a risk
factor or whether it simply reflects some
aspect of impaired visual function. The use
of newer topical anti-glaucoma agents,
such as prostaglandin analogues and al-
pha-antagonists, may also be associated
with falls. While these newer drugs have
less cardiac and respiratory side-effects,
there is the potential for other side effects,
such as sedation and dizziness,*” which may
increase the risk of falls.

Age-related macular degeneration
(ARM) is the leading cause of irreversible
visual impairment, affecting around one
per cent of people aged between 70 and
79 years and rising sharply to more than
16 per cent in those aged over 90.% Age-
related macular degeneration can result
in reduced visual acuity, along with
changes in other visual functions, such as
contrast sensitivity, macular recovery, cen-
tral field sensitivity and dark adapta-
tion.®* Individuals with ARM rely less on
their vision to maintain stable posture,
especially during disruptions to their pro-
prioceptive system.*"
that individuals with ARM are more likely
to fall during times of somatosensory dis-

This would suggest

ruptions (such as on slippery surfaces).
While there is extensive research to sup-
port an association between reduced visual
acuity and increased risk of falls, there is
very little evidence to suggest that ARM is
a specific risk factor. Three studies have
failed to find ARM to be a significant risk
factor for falls® or hip fractures.”** This
could be due to the relatively small num-
bers of participants with ARM in these stud-
ies and varying degrees of disease severity.
Diabetic retinopathy can result in visual
impairment and is estimated to occur in

less than one per cent of older Austral-
ians.** Changes in the visual and somato-
sensory systems, due to polyneuropathy,
can compromise balance in people with
diabetes. Diabetic polyneuropathy de-
scribes the distal sensory loss and pain that
can occur due to nerve damage in the feet
and legs and occurs in about 25 per cent
of diabetic patients after 10 years and rises
to about 70 per cent after 30 years.”! Visual
function can be affected due to diabetic
retinopathy and maculopathy and is
present to some degree in almost all dia-
betic patients after 20 years.” In addition,
the treatment of diabetic eye disease can
produce unwanted side-effects such as
visual field loss, impaired colour vision,
contrast sensitivity and dark adaptation
and increased glare sensitivity.”*%

The rate of falls among diabetic patients
is 49 per cent and severe polyneuropathy
is a significant risk factor in these falls.”
Koski and associates’ found that the pres-
ence of polyneuropathy increases the odds
of an injurious fall by a factor of 2.5 for
individuals over 70 years of age, who are
living independently.

Impaired vision by self-report is also as-
sociated with increased risk of hip frac-
ture.” In fact, impaired vision in both men
and women having type 2 diabetes of more
than five years duration and aged over 75
doubles the risk of a hip fracture. The pres-
ence of diabetic retinopathy, diabetic dis-
ease duration of greater than10 years and
cortical cataract greater than 25 per cent
are significant risk factors for hip frac-
tures.” This same research group did not
find diabetic retinopathy to be a signifi-
cant risk factor in an earlier retrospective
study of falls?*® or a five-year prospective
study of hip fracture.® Likewise, Felson
and colleagues™ found no association be-
tween hip fracture and diabetic retinopa-
thy in their 10-year prospective study.

These studies provide only limited evi-
dence that visual impairment from dia-
betic retinopathy can be a risk factor in
falls. However, these visual risk factors may
be important, if additional diabetic risk
factors for falls, such as polyneuropathy,
are also present.
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VISION INTERVENTIONS TO
PREVENT FALLS

The implication of the research evidence
is that prevention, detection and treat-
ment of visual impairment should reduce
the risk of falls in older people, however,
there is limited research to support the
effectiveness of visual interventions. A
number of multifactorial intervention pro-
grams have included visual screening to
identify and modify known risk factors,
while there have been only two studies
which have investigated the effect of a spe-
cific visual intervention, namely cataract
surgery, in reducing the rate of falls. In-
deed, recent reviews support the need for
intervention studies that focus specifically

on vision.”

Multifactorial programs
Falls patients presenting to an accident
and emergency clinic and assigned to an
intervention group received a detailed
Medical and Occupational Therapy assess-
ment and referral was made to appropri-
ate services, if required.*® This detailed
examination included vision screening,
however, the visual outcome provided for
those considered visually impaired is not
described. Importantly, the intervention
group, when compared to the control
group, demonstrated a significant reduc-
tion (approximately 60 per cent) in falls.
Clemson and colleagues'” evaluated the
effectiveness of a falls prevention program
that consisted of educational sessions and
a home visit. These sessions included dis-
cussions of the importance of vision and
regular eye examinations in reducing the
risk of falls. The intervention group receiv-
ing these sessions experienced a 31 per
cent reduction in falls, highlighting the
effectiveness of such programs. Similarly,

101 evaluated an in-

Casteel and associates
tervention program that included identi-
fication and treatment of existing visual
impairment. Nearly half of those partici-
pating in the intervention program re-
ceived some form of visual intervention in
the form of referral to other health serv-
ices. The participants who completed the
program had a 53 per cent reduction in

the risk of a fall, while there was no sig-



nificant change in risk for those not
participating in the program.

Day and co-workers'®? evaluated the
effect of three specific interventions (ex-
ercise, home hazard management and
vision), as well as combinations of these,
in 1,090 community-dwelling people aged
70 or older. The visual intervention strat-
egy involved referral for further ophthal-
mic assessment, if vision was reduced,
although the criterion was not specified.
The strongest effect was observed for a
combination of all three interventions,
producing an estimated 14 per cent reduc-
tion in rate of falls, however, the visual
intervention alone had no effect. This may
be because the control group showed an
improvement in visual acuity, while those
receiving the visual intervention did not.
In fact, less than five per cent of those in
the visual intervention group received any
change in prescription or surgery, while
all participants were given a brochure on
the importance of eye care.

In summary, these multifactorial stud-
ies highlight the possibility that strategies
to improve visual function in older peo-
ple, particularly in combination with other
forms of intervention, can play an impor-
tant role in falls prevention.

Specific visual intervention:
Cataract surgery

The postural stability of people with cata-
ract improves significantly following cataract
removal.'” In a small study of 84 cataract
patients by Brannan and associates,'”* 31 in-
dividuals (37 per cent) had experienced a
fall in the six months leading up to their
cataract surgery. Six months following sur-
gery, only eight individuals (10 per cent)
reported a fall (six of these were presurgery
fallers), showing that the odds of an indi-
vidual having a fall after having cataract
surgery were reduced by 69 per cent.

In a study by Harwood and colleagues,'*
154 of 306 women received expedited cata-
ract surgery, while 152 were allocated to a
control group, who were placed on the
standard operation waiting list. Twenty-
eight patients receiving expedited cataract
operations fell twice or more, compared
with 38 of the control patients, showing a
40 per cent risk reduction for multiple falls
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Increase awareness of visual factors for falls
Provide education for professional groups (such as GPs)
Provide education to increase public awareness
Promote regular eye examinations in older age groups
Improve screening of high-risk populations (such as nursing home residents);
Refractive correction
Provide appropriate refractive error correction
Consider single vision lenses in higher risk fallers;
Provide careful instruction on the use of multifocal lenses
Recommend frame choices that minimise frame impedance in the peripheral visual field
Beware of monovision correction in older people with high falls risk;
Cataract
Provide referral for cataract surgery to improve visual function
Refer for second eye surgery if there is impaired depth perception
Glaucoma
Provide early detection and treatment to minimise visual losses
Increase awareness that certain glaucoma medications increase the risk of falls
Provide education and advice on managing field loss
Diabetic retinopathy
Early treatment can reduce visual impairment;
Screening for retinopathy for newly diagnosed diabetics
Provide education on importance of good diabetes management
Age-related macular degeneration
Referral for early treatment for neovascular maculopathy to limit visual impairment
Provide education and advice on managing visual loss
Permanent visual impairment
Discuss visual environment modification
Referral to low vision rehabilitation

Referral for home hazard management: Commonwealth and State funded programs within
the National Aged Care Assessment Program (Aged and Community Care information
line 1800 500 853); Department of Veterans Affairs ‘HomeFront' program (1800 80 1945).

Table 1. Recommendations for optometrists in falls prevention in older people

following the cataract operation. Similarly,
four patients in the operated group had a
fracture, compared with 12 in the control
group, showing a 67 per cent risk reduc-
tion. Thus, cataract surgery reduced the
overall rate of falling by 34 per cent. Both
of these studies'**!®® highlight the fact that
cataract surgery can prevent falls.

The optometrist’s role

Optometrists have an important role in
falls prevention given their expertise in
prescribing appropriate refractive correc-
tions, recognising and diagnosing ocular
disease, referring patients for appropriate
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ophthalmic treatment and educating
patients about ocular disease (Table 1).
The evidence that reduced visual acuity
is associated with an increased risk of falls
emphasises the importance of optom-
etrists providing optimal correction for
their patients with the most appropriate
form of spectacle lenses, taking into ac-
count other factors affecting the risk of
falls. For example, optometrists should
promote the use of single vision lenses for
walking in patients who are high-risk fallers
due to other health conditions, such as
those with Parkinson’s disease or diabetes.
Optometrists also need to educate their
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patients on the importance of wearing
their optimal spectacle correction when
walking, especially under poor lighting
conditions.

Optometrists also have an important
role in falls prevention through their de-
tection of eye disease at an early stage,
given the link between ocular disease and
the increased risk of falls. For example, as
more than 50 per cent of individuals with
glaucoma are unaware of their condition,*
effective screening and early detection of
glaucoma are imperative. This further
emphasises the need to use the most ef-
fective strategies, including the use of new
technologies, such as frequency doubling
technology, laser scanning polarimetry
and ocular coherence technology, to
detect and monitor ocular diseases.

The treatment of ocular disease is devel-
oping and improving disease outcomes,
underscoring the need for early detection.
For instance, photodynamic therapy is use-
ful in reducing visual impairment resulting
from neovascular ARM, while antioxidant
supplementation is effective in preventing
complications in some forms of ARM. Simi-
larly, advances in anti-glaucoma medica-
tions are effective with the benefit of fewer
ocular and systemic side-effects.

Patients need to be more aware of the
importance of prevention and treatment
of ocular disease and the need for regular
eye examinations. Patients should be
aware of modifiable risk factors such as
smoking, and the non-modifiable risk fac-
tors, such as family ocular history. Patients
should be informed of the importance of
following treatment regimes carefully and
how their visual conditions may increase
their risk of falls. For instance, patients
with diabetes need vision screening at the
time of initial diagnosis and they should
be aware that effective control of diabetes
can reduce the risk of developing retinal
complications.'*

Finally, optometrists need to play an ac-
tive role in community health care. There
is a need for improved eye-care services
in nursing homes, a setting known to have
high rates of visual impairment and falls.
For the elderly fallers living in the com-
munity, the implementation of multidis-
ciplinary fall care programs should also

involve optometrists to provide appropri-
ate visual assessment and advice.

CONCLUSION

Recent literature on falls in older people
indicates an association between visual
function and falls. While there are many
factors associated with falls in older peo-
ple, good vision is essential for maintain-
ing postural stability, effective mobility
within the environment and avoiding falls
and hip fractures. Impairment in visual
functions, such as visual acuity, contrast
sensitivity, visual fields and depth percep-
tion, are associated with an increased risk
of falls as is visual impairment due to eye
disease. Falls can be reduced using cata-
ract surgery as a visual intervention. Op-
tometrists have a major role to play in
optimising the visual function in older
people to prevent falls.
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