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Abstract

Visual impairment is an important contributing factor in falls among older
adults, which is one of the leading causes of injury and injury-related death in
this population. Visual impairment is also associated with greater disability
among older adults, including poorer health-related quality of life, increased
frailty and reduced postural stability. The majority of this evidence, however,
is based on measures of central visual function, rather than peripheral visual
function.

As such, there is comparatively limited research on the

associations between peripheral visual function, disability and falls, and even
fewer studies involving older adults with specific diseases which affect
peripheral visual function, the most common of which is glaucoma.
Glaucoma is one of the leading causes of irreversible vision loss among older
adults, affecting around 3 per cent of adults aged over 60 years.

The

condition is characterised by retinal nerve fibre loss, primarily affecting
peripheral visual function.

Importantly, the number of older adults with

glaucomatous visual impairment is projected to increase as the ageing
population grows.
The first component of the thesis examined the cross-sectional association
between glaucomatous visual impairment and health-related quality of life
(Study 1a), functional status (Study 1b) and postural stability (Study 1c)
among older adults. A cohort of 74 community-dwelling adults with glaucoma
(mean age 74.2 ± 5.9 years) was recruited and completed a baseline
assessment. A number of visual function measures was assessed, including
central visual function (visual acuity and contrast sensitivity), motion
sensitivity, retinal nerve fibre analysis and monocular and binocular visual
field measures (monocular 24-2 and binocular integrated visual fields (IVF):
IVF-60 and IVF-120). The analyses focused on the associations between the
outcomes measures and severity and location of visual field loss, as this is
the primary visual function affected by glaucoma.
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In Study 1a, we examined the association between visual field loss and
health-related quality of life, measured by the Short Form 36-item Health
Survey (SF-36). Greater binocular visual field loss, on both IVF measures,
was associated with lower SF-36 physical component scores, adjusted for
age and gender (Pearson's r =|0.32| to |0.36|, p<0.001).

Furthermore,

inferior visual field loss was more strongly associated with the SF-36 physical
component than superior field loss.

No association was found between

visual field loss and SF-36 mental component scores.
The association between visual field loss and functional status was examined
in Study 1b.

Functional status outcomes measures included a physical

activity questionnaire (Physical Activity Scale for the Elderly, PASE),
performance tests (six-minute walk test, timed up and go test and lower leg
strength) and an overall functional status score.

Significant, but weak,

correlations were found between binocular visual field loss and PASE and
overall functional status scores, adjusted for age and gender (Pearson's r
=|0.24| to |0.33|, p<0.05). Greater inferior visual field loss, independent of
superior visual field loss, was significantly associated with poorer physical
performance results and lower overall functional status scores.
In Study 1c, we examined the association between visual field loss and
postural stability, using a swaymeter device which recorded body movement
during four conditions: eyes open and closed, on a firm and foam surface.
Greater binocular visual field loss was associated with increased postural
sway, both on firm and foam surfaces, independent of age and gender
(Pearson’s r =|0.44| to |0.46|, p <0.001). Furthermore, inferior visual field
was a stronger contributor to postural stability, more so than the superior
visual field, particularly on the foam condition with the eyes open. Greater
visual field loss was associated with a reduction in the visual contribution to
postural sway, which underlies the observed association with postural sway.
The second component of the thesis examined the association between
severity and location of visual field loss and falls during a 12-month
longitudinal follow-up. The number of falls was assessed prospectively using
monthly fall calendars. Of the 71 participants who successfully completed
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the follow up (mean age 73.9 ± 5.7 years), 44% reported one or more falls,
and around 20% reported two or more falls. After adjusting for age and
gender, every 10 points missed on the IVF-120 increased the rate of falls by
25% (rate ratio 1.25, 95% confidence interval 1.08 - 1.44) or every 5dB
reduction in IVF-60 increased the rate of falls by 47% (rate ratio 1.47, 95%
confidence interval 1.16 - 1.87). Inferior visual field loss was a significant
predictor of falls, more so than superior field loss, highlighting the importance
of the inferior visual field area in safe and efficient navigation.
Further analyses indicated that postural stability, more so than functional
status, may be a potential mediating factor in the relationship between visual
field loss and falls.

Future research is required to confirm this causal

pathway. In addition, the use of topical beta-blocker medications was not
associated with an increased rate of falls in this cohort, compared with the
use of other topical anti-glaucoma medications.
In summary, greater binocular visual field loss among older adults with
glaucoma was associated with poorer health-related quality of life in the
physical domain, reduced functional status, greater postural instability and
higher rates of falling. When the location of visual field loss was examined,
inferior visual field loss was consistently more strongly associated with these
outcomes than superior visual field loss. Insights gained from this research
improve our understanding of the association between glaucomatous visual
field loss and disability, and its link with falls among older adults. The clinical
implications of this research include the need to include visual field screening
in falls risk assessments among older adults and to raise awareness of these
findings to eye care practitioners and adults with glaucoma. The findings
also assist in developing further research to examine strategies to reduce
disability and prevent falls among older adults with glaucoma to promote
healthy ageing and independence for these individuals.
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Chapter 1

Chapter 1: Introduction

Older adults comprise the fastest growing segment of the Australian
population (Australian Bureau of Statistics, 2002), similar to trends in
developed countries across the world. Over the next 20 years, a quarter of
the population will be aged over 65 years, including a four-fold increase in
those aged over 85 years (Australian Bureau of Statistics, 2002).

The

number of older adults with visual impairment will increase significantly over
the coming years, given that the prevalence of visual impairment is strongly
associated with increasing age (Wang et al., 2000a; Weih et al., 2000;
Australian Institute of Health and Welfare, 2005). This trend is consistent
across the developed world, and will dramatically change the patterns of eye
disease, visual impairment and blindness in the future. By the year 2020, the
World Health Organization estimates that the number of people with visual
impairment across the world will double (World Health Organization, 2004).
In developed nations, including Australia, the main causes of visual
impairment include under-corrected refractive error and eye diseases,
primarily

cataracts,

macular

degeneration,

glaucoma,

and

diabetic

retinopathy (Wang et al., 2000a; Weih et al., 2000).
Visual impairment causes a high burden of disease and disability among
older adults.

In particular, visual impairment impacts on an individual’s

visual, social, physical and psychological functioning, and increases the risk
of a number of adverse health outcomes. Epidemiological studies have found
significant associations between visual impairment and an increased risk of
falls and fractures (Coleman et al., 2007; Freeman et al., 2007; Coleman et
al., 2009), frailty (Klein et al., 2003a; Klein et al., 2006), depression (Hayman
et al., 2007; Tournier et al., 2008), motor vehicle crashes (Owsley & McGwin,
1999), nursing home placement (Klein et al., 2003b; Wang et al., 2003) and
mortality (Freeman et al., 2005; Pedula et al., 2006).
Preserving the health and independence of older adults with visual
impairment is a challenge, and strategies are needed to reduce the burden of
-1-
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visual impairment, particularly with the ageing of the population. The burden
of visual impairment is highlighted by Javitt et al (2007), who explored the
annual health costs based on health claims in over 600,000 adults in the
United States between the years 2000 and 2003. Individuals with visual
impairment coded in their medical records spent on average USD $3000
more on non eye-related costs each year than those with no vision loss. It
was estimated that around one third of these costs were attributed to injury,
depression, skilled nursing facility utilisation and admission to long-term
nursing care facilities.
Research into the associations between visual impairment and disability or
falls have largely focused on general populations or heterogeneous eyedisease groups, with a predominant focus on central visual function. There
are, therefore, comparatively few studies that have examined the
associations between peripheral visual function and disability or falls, or have
involved older adults with specific diseases which affect peripheral visual
function, such as glaucoma, which is the leading cause of peripheral visual
field loss in the older population (Ramrattan et al., 2001).
Glaucoma is a chronic progressive eye disease, and is a leading cause of
irreversible vision loss and blindness among older adults in the Western
world (Quigley & Broman, 2006; Leske, 2007).

It is estimated to affect

around 3 per cent of the Australian population aged 60 years or older
(Rochtchina & Mitchell, 2000; Weih et al., 2001), and around 66 million
people worldwide, with over 5 million people bilaterally blind from the
condition (Gupta, 2005; Quigley & Broman, 2006). Age is a key risk factor for
glaucoma, and estimates in the United States indicate that the number of
adults with glaucoma will increase by 50 per cent by the year 2020, due to
the growth of the ageing population (Friedman et al., 2004). Glaucoma leads
to irreversible loss of visual function, affecting peripheral visual function in the
early stages of the disease. Owing to this and the slow progression of the
disease, around half of the population with glaucoma remains undiagnosed
and unaware of their condition (Weih et al., 2001; Friedman et al., 2004).
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The purpose of this research was to expand on previous research, which has
been very limited in scope, by examining the association between visual
impairment and functioning (health-related quality of life, functional status
and postural control) and the development of adverse health outcomes (falls)
among older adults with glaucoma. This is important, as falls can result in
serious physical and psychological consequences. Moreover, this research
specifically examined the association between the severity and location of
glaucomatous visual field loss and these outcomes, using a range of
standardised procedures for measuring central and peripheral visual function.
The International Classification of Functioning, Disability and Health (ICF)
framework (World Health Organization, 2001) provides a common language
and classification to better understand the complex process in which
glaucoma may impact on functioning and disability.

In the ICF, human

functioning is viewed as the product of the interaction between a person’s
body functions or structures, activities and participation, influenced also by
contextual factors (environmental and personal). The ICF uses functioning
as the umbrella term to describe positive aspects referring to body
functions/structures, activities and participation, while disability refers to the
negative aspects, referred to as impairments, limitations and restrictions.
The ICF framework, and how it is viewed in the broad context of this thesis, is
presented in Figure 1-1. This thesis examines the links between glaucoma
and bodily functions and structures, activities and participation, and how
disability may lead to other adverse health conditions, in particular falls. The
consequences of falls are a frequent and important cause of further disability
among older adults, due to their impairment on body functions/structure,
activity limitations and participation restriction. Ultimately, falls among older
adults with glaucomatous visual impairment has the potential to negatively
impact on their health and well-being, increases the risk of mortality, and
places heavy demands on the healthcare system. Therefore, the prevention
of falls in this population is of paramount importance, with the overall goal
being to maintain the capacity of these individuals to live independently and
to function well.
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Figure 1-1: Interactions between components of the International Classification of
Functioning, Disability and Health (World Health Organization, 2001)

The research outcomes arising from this thesis provides important insights
into the association between glaucoma and disability among older adults,
and its relationship with falls.

The findings also assist in guiding future

research to develop strategies to promote and maintain functioning and
reduce the risk of falls in this population. The promotion of healthy ageing in
populations with visual impairment is critical to maintain or enhance their
health, independence and quality of life into older age.
The thesis is structured as follows:
Chapter 2 provides a review of glaucoma and its impact on visual function.
This chapter includes a review of the literature which has examined the
associations between visual impairment and eye disease on health-related
quality of life, functional status, postural stability and falls. A concise review
of glaucoma or visual field loss studies is presented, as the introductions of
the relevant chapters provide a comprehensive review of this literature.
Chapter 3 describes the study design, procedures used to recruit study
participants and common methodology used throughout the thesis.
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chapter also reports the baseline socio-demographic, health, medical and
visual function characteristics of the study cohort.
The following four chapters present the research examining the association
between vision impairment and health-related quality of life (Chapter 4),
functional status (Chapter 5), postural stability (Chapter 6), and falls
(Chapter 7), among the cohort of older adults with glaucoma. Each chapter
presents a review of the research pertaining to glaucoma or visual field loss,
the outcome measure methodology, and the results and discussion of the
findings.
Finally, Chapter 8 presents an overview and summary of the major findings
of the thesis. The strengths and limitations of the research are presented
along with the clinical implications of the findings.

Recommendations for

further research in this area are presented in this chapter.
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Chapter 2: Literature Review

2.1 Overview
This chapter provides an overview of the epidemiology of glaucoma, its
impact on visual function and current treatments. In addition, this chapter
reviews the literature examining the impact of visual impairment from a range
of eye diseases on health-related quality of life, functional status, postural
stability and falls among older adults, to provide a background to the
research. A concise review of studies assessing associations between visual
field loss and glaucoma and these outcomes is presented, while a
comprehensive review of this literature is provided in the introduction section
of the relevant chapters which follow.
Glaucoma is a major cause of irreversible vision impairment (Friedman et al.,
2004), and is the leading cause of visual field loss among older adults
(Ramrattan et al., 2001).

Emerging evidence shows that glaucomatous

visual impairment increases the risk of adverse health outcomes, which
emphasises the need for further research to better understand the impact of
glaucoma on the overall health and well-being of older adults. Bramley et al
(2008) retrospectively examined health claims of over 180,000 adults with
glaucoma aged over 65 in the United States.

Adults with glaucomatous

vision loss coded in their medical records were nearly 60 per cent more likely
to experience falls, injury and fractures, and were twice as likely to be placed
in a nursing home, compared to those with no vision loss.
The pathway in which glaucoma may cause disability among older adults can
be illustrated using the ICF framework, outlined in the Chapter 1 (Figure 1-1).
Glaucoma results in retinal nerve fibres loss, with subsequent visual
impairment, particularly peripheral visual function. This visual impairment
may initiate restriction in participation in recreational and social activities due
to mobility difficulties. This may lead to subsequent de-conditioning of other
body functions, for example muscle function or balance control, resulting in
-6-
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functional limitations and disability. Clearly, this is a complex process which
is likely to occur over time, and our current understanding of this is limited.
Moreover, a number of these aspects of disability have been identified as risk
factors for falls among older adults with visual impairment, which are a
frequent and significant cause of further physical and psychological disability
in this population.

2.2 Glaucoma
2.2.1

Definition

The term glaucoma refers to a group of diseases with diverse clinical
presentations, yet all characterised by progressive optic nerve atrophy
leading to irreversible vision loss. Primary open-angle glaucoma is the most
common form of the disease, representing around 90% of all cases (Gupta,
2005). Primary open-angle glaucoma differs from other forms of the disease,
which

include

congenital,

narrow-angle,

pigmentary

and

secondary

glaucoma, as the anterior-chamber angles are open and there is an absence
of any other known mechanisms (Gupta, 2005). To avoid confusion, the term
glaucoma will refer to the primary-open angle form of the condition for the
remainder of this thesis. In glaucoma, the progressive degeneration of retinal
ganglion cells leads to nerve fibre layer loss, characteristic optic disc
changes and often reduced visual field sensitivity. Like many eye diseases,
the clinical picture of glaucoma can differ between affected individuals in
terms of the extent of structural and functional vision loss, treatment
modalities and symptoms.
The diagnosis of glaucoma involves assessment of the structural
characteristics of the optic nerve head, measurement of intraocular pressure
(IOP), and assessment of central and peripheral visual function using
standard automated perimetry.

Although raised IOP is an important risk

factor for glaucoma, patients can still present with IOP within the statistically
normal range, known as normal-tension or low-tension glaucoma (Shields,
2008). Irrespective of IOP, the disease is diagnosed by the presence of
-7-
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structural changes at the optic nerve head and/or functional perimetric visual
field defects. Changes in optic nerve head structure and appearance are
generally believed to precede reductions in visual field sensitivity (Quigley et
al., 1982; Kerrigan-Baumrind et al., 2000), although this is not always the
case.

Recent advances in imaging technologies allow for objective and

quantitative structural assessment of the retinal nerve fibres entering the
optic nerve head, using non-invasive optical techniques, such as optical
coherence tomography. The glaucomatous loss of neural axons results in
thinning of the retinal nerve fibre layer, and the extent and location of these
defects have been shown to correlate quantitatively with peripheral visual
function (Bowd et al., 2006; Ajtony et al., 2007).

2.2.2

Epidemiology and risk factors

According to Australian studies, it is estimated that around 3 per cent of the
population aged 60 years or older have glaucoma, and these studies predict
that over 300,000 Australians will have glaucoma by the year 2030
(Rochtchina & Mitchell, 2000; Weih et al., 2001).

The prevalence of

glaucoma in Australia is similar to other developed countries. Estimates in
the United States suggest that glaucoma affected more than 2 million
individuals in the year 2004, and that this number will increase by 50 per cent
by the year 2020 (Friedman et al., 2004). The marked rise in numbers can
be attributed to the ageing of the population, in addition to advances in
diagnostic technology for glaucoma detection.
A major concern is that the rate of undiagnosed glaucoma remains high,
even in developed countries including Australia. In various population
studies, around half of the participants who have glaucoma are undiagnosed
and therefore unaware that they have the disease (Tielsch et al., 1991;
Mitchell et al., 1996; Weih et al., 2001; Friedman et al., 2004). The rate of
undiagnosed glaucoma in the Los Angeles Latino Eye Study was 75%, which
also raises concerns about the provision of eye-care services to various
socio-economic and ethnic populations (Varma et al., 2004). In a European
longitudinal study, only 37 per cent of adults with glaucoma detected at the 5
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Figure 2-1: The prevalence of glaucoma in Australia, data from Weih et al (2001)

year follow-up examination were receiving treatment (de Voogd et al., 2005).
A considerable amount of research continues to examine strategies to
increase the early detection and treatment of glaucoma, which will assist in
reducing the numbers of older adults with severe glaucomatous visual
impairment.
Age is associated with an increased risk of developing glaucoma.

In

Australian studies, the prevalence of glaucoma rises from around 2 per cent
in those aged 60 to 69 years to around 8 per cent in those aged 80 years and
older (Rochtchina & Mitchell, 2000; Weih et al., 2001), as shown in Figure
2-1. Similarly, 5 year incidence of glaucoma in both Australian and European
studies increases from around one per cent of adults aged 40 to 49 years to
between three and 11 per cent in those aged 80 years and older (Mukesh et
al., 2002; de Voogd et al., 2005).
There are a number of additional factors associated with the development of
glaucoma.

A meta-analysis by Rudnicka (2006) reported that men were

more likely than women to have glaucoma. There may be a protective role of
oestrogens in the prevention of glaucoma, but the evidence remains unclear
(de Voogd et al., 2008). Other risk factors for glaucoma include a family
history of the disease, which increases the risk four-fold (Tielsch et al., 1994).
Racial variations have also been reported, as the prevalence of glaucoma is

-9-

Chapter 2

3 to 6 times higher in African Americans than in whites (Weinreb & Khaw,
2004; Wadhwa & Higginbotham, 2005; Rudnicka et al., 2006). Research
also suggests a systemic vascular role for the development of glaucoma,
which may relate to vascular perfusion to the optic nerve head, as
associations have been reported with systemic hypertension (Tielsch et al.,
1995; Muskens et al., 2007; Leske et al., 2008) and diabetes (Bonovas et al.,
2004).

2.2.3

Impact of glaucoma on visual function

The progressive degeneration of retinal nerve fibres from glaucoma leads to
reductions in visual function, and the extent of nerve damage determines the
severity of visual function loss. Primarily, glaucoma results in the reduction in
peripheral visual field sensitivity and is the leading cause of visual field loss in
the older population (Ramrattan et al., 2001). In its early stages, reduced
visual field sensitivity often goes unnoticed by the patient, and can be
asymptomatic until it encroaches on central vision. Owing to this and the
gradual progression of the disease, a significant proportion of the population
with glaucoma is undiagnosed and remains unaware of their condition (Weih
et al., 2001; Friedman et al., 2004). Central vision can also be affected in
advanced stages of glaucoma, resulting in loss of visual acuity, contrast
sensitivity and depth perception.

There is evidence that other visual

functions may be affected by glaucoma, such as motion sensitivity.

The

following sections outline the impact of glaucoma on these visual functions.
2.2.3.1

Peripheral visual function

Visual field sensitivity is the primary visual function affected by glaucoma,
and the use of computerised automated perimetry is the accepted standard
for assessing visual field sensitivity. Conventional white-on-white perimetry
measures light detection thresholds (in decibels) at various locations across
the visual field, using a white stimuli on a white background. Other perimetry
strategies have been reported to detect glaucoma earlier than conventional
white-on-white perimetry, such as short wavelength automated perimetry
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(Bengtsson & Heijl, 2006) and frequency doubling technology (Sample et al.,
2000), but these strategies are less widely used in clinical practice. In the
clinical setting, visual field sensitivity is frequently measured within the central
30 degree radius from fixation, although a wide variety of programs and
strategies are available.

Areas within the visual field where sensitivity is

reduced, relative to age-matched levels, are referred to as visual field
defects. The extent or depth of visual field defects can range from early loss
of sensitivity (relative defect) to total loss of sensitivity (absolute defect).
Severity of glaucomatous visual field loss is often reported using the average
difference across the field from age-matched sensitivity, known as the mean
deviation.
The early stages of glaucoma result in either superior or inferior hemifield
defects, in the form of paracentral, nasal step or arcuate defects, which
reflect the unique anatomical distribution of the retinal nerve fibres. With
progression of the disease and greater loss of retinal nerve fibres, the extent
and depth of visual field defects increase and can extend across both
superior and inferior hemifields.

In a study of 245 glaucoma patients,

Hoffman et al (2006) reported a slight predominance for defects to occur in
the superior hemifield compared to inferior hemifield (40% and 30%,
respectively), as it is believed that the inferior optic nerves are structurally
more susceptible to glaucomatous damage. It was also found that visual
field defects between eyes more often corresponded within the same
hemifield, compared to opposite hemifields. A study by Lee et al (2003),
however, showed little variation in the distribution of superior and inferior
hemifield defects, when the visual field defects in the worse eye of 104
glaucoma patients were examined. Around 29% had superior field defects,
32% had inferior field defects, and 39% had combined superior and inferior
defects.
2.2.3.2

Central visual function

More advanced glaucoma results in reductions in central visual function due
to loss of central retinal nerve fibres. Visual acuity is a measure of resolution
thresholds for high-contrast, high spatial frequency targets, and is the most
- 11 -
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commonly measured central vision function. In a study of 113 glaucoma
patients, Sukumar et al (2009) reported significant correlations between
visual acuity and visual field 24-2 mean deviation (r=-0.43).
Contrast sensitivity is also impaired with more advanced glaucoma. Contrast
sensitivity is a measure of contrast thresholds across a range of spatial
frequencies, with a peak threshold around 4 cycles per degree (Schwartz,
2004). There are various techniques for measuring contrast sensitivity, most
of which measure central contrast sensitivity near the peak of the contrast
sensitivity function. Hawkins et al (2003) reported significant correlations
between Pelli-Robson letter contrast sensitivity and visual field 24-2 mean
deviation (r=0.57) among 144 adults with glaucoma. Significant, but weaker,
correlations were found between visual acuity and mean visual field
sensitivity (r=-0.32).
2.2.3.3

Additional visual functions

Glaucoma is also reported to affect other visual functions.

Studies have

shown that stereoacuity is impaired in participants with glaucoma (Essock et
al., 1996; Gupta et al., 2006), most likely due to asymmetries in visual field
loss between eyes leading to changes in cortical binocular neural processing.
In an experimental study using visual evoked potentials, adults with
glaucoma were shown to have impairment in stereoscopic vision compared
to control subjects (Bergua et al., 2004). Recently, glaucoma patients were
shown to exhibit significant deficits in eye–hand coordination compared with
the age-matched normally sighted controls (Kotecha et al., 2009).
Motion sensitivity may also be impaired among glaucoma patients.
Glaucoma has been reported to preferentially affect the motion sensitivity
neural pathways (Falkenberg & Bex, 2007), and motion sensitivity may be a
promising diagnostic measure in the early detection of glaucoma (Bullimore
et al., 1993). McKendrick et al (2005) showed significant impairments in
motion sensitivity in areas of the visual field, classified as normal by
conventional perimetry, among adults with glaucoma. Their findings suggest
that the pathways controlling motion detection are preferentially affected by
- 12 -
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glaucoma, prior to changes in other visual functions. These studies, however,
remain experimental and comparisons between studies are difficult due to
the variety of motion sensitivity tests used (Shabana et al., 2003).

2.2.4

Treatment

Current medical and surgical treatments for glaucoma are centred on
lowering IOP, which is currently the only proven treatable risk factor in
slowing the progression of glaucoma (Heijl et al., 2002). The primary goal of
treatment is to preserve remaining vision by preventing further retinal nerve
fibre degeneration and visual field loss. There are no known preventative
measures for glaucoma, but early detection and treatment reduces the risk of
disease progression (Burr et al., 2007).
Topical medications are usually the first stage of treatment to reduce
intraocular pressure (Friedman et al., 2005), which act on either decreasing
the formation of aqueous humour or increasing the draining of aqueous
humour in the eye. Until recently, beta-blockers were the most commonly
prescribed medications (Weih et al., 1998; Kirwan et al., 2002), but there is a
shift towards newer topical medications, such as the prostaglandin analogues
and alpha adrenergic agonists. Recent studies in Europe and the US show
that more than half of the topical glaucoma treatments include these newer
medications (Strutton & Walt, 2004; van der Valk et al., 2005). But the use of
topical beta-blockers is still widespread and is unlikely to discontinue as they
are often used in conjunction with the newer classes of medications,
especially in those whose glaucoma cannot be adequately controlled with a
single medication. For example, around 70 per cent of all participants in a
UK study were using at least one prostaglandin analogue, 50 per cent were
using at least one topical beta-blocker, and 25 per cent were using both
agents (Tattersall et al., 2006).
The topical medications used to lower IOP are not without potential systemic
side effects, which can include fatigue, dizziness or sedation (Novack et al,
2002). These medications are systemically absorbed through the highly
vascular tear drainage system. Up to 80% of the active ingredient has been
- 13 -

Chapter 2

reported to reach the systemic circulation (Labetoulle et al., 2005), due to
large drop volumes and high doses of the active ingredients. The chronic
nature of glaucoma may result in long-term systemic exposure to these
active ingredients.
Of the currently available topical treatments, topical beta-blockers are
reported to have considerable side-effects that can impact on the health and
well-being of users. Topical beta-blockers act by decreasing the formation of
aqueous humour in the eye which reduces the IOP, but systemic absorption
can also act on the heart tissue receptors and bronchial tissue receptors
(Tattersall et al., 2006).

Topical beta-blocker use results in bradycardia,

lowering the heart rate in the resting state (Tattersall et al., 2006) and during
exercise (Nieminen et al., 2005), which has the potential to reduce blood
oxygen levels, increasing fatigue, dizziness and risk of syncope. In addition,
topical beta-blocker use has been shown to result in increased bronchial
constriction and reduced airflow, which may not be completely reversible on
withdrawal of the medication (Gandolfi et al., 2005), and can lead to
increased fatigue and dizziness. Even selective topical beta-blockers, which
are reported to have fewer bronchial side-effects, have been linked to the risk
of airway obstruction in patients with no previous respiratory history (Kirwan
et al, 2004).
Glaucoma can also be treated using surgical and laser procedures, including
trabeculotomies and trabeculectomies, which reduce IOP by artificially
increasing drainage of the aqueous humour through the trabecular meshwork
by means of laser or surgical tissue removal.

These procedures are

commonly performed on patients who exhibit poor response, tolerance or
compliance with medical therapy (Gaskin et al., 2006). These procedures,
however, are not always successful and are not without adverse effects
(AGIS Investigators, 2002). Trabeculectomy procedures are associated with
increased risk of cataract formation (AGIS Investigators, 2001), and many
patients remain on long-term topical medications following these procedures
(Ederer et al., 2004).
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While the majority of patients with glaucoma are successfully treated and
retain good vision throughout the remainder of their life, disease progression
still occurs in up to 20% of patients (Chen, 2003; Zahari et al., 2006; Musch
et al., 2009).

The success of glaucoma treatment depends on patient

compliance, and often the compliance and adherence to treatment among
glaucoma patients is low (Deokule et al., 2004; Shaw, 2005). Compliance
can be a challenge for glaucoma patients, as the disease often requires
lifelong topical medical therapy, regular eye examinations to monitor
intraocular pressure, optic disc appearance and visual fields, and can be
relatively asymptomatic, especially in its early stages (Kulkarni et al., 2008).
In addition, poor adherence to glaucoma topical medications has been linked
to a range of factors, some of which include low patient education, cost of
medications and side effects (Friedman et al., 2008).

2.3 Health-related quality of life (QOL)
There are many diseases or health conditions, including eye diseases, that
can affect a person’s health-related quality of life (QOL), which refers to “the
extent to which patients’ perceived physical and mental functioning is
affected on a day-to-day basis by a chronic disease” (Centers for Disease
Control and Prevention).

Health-related QOL encompasses aspects of

physical, emotional and social functioning, and is an important component of
older adults’ overall quality of life (Bowling, 2005), and is fundamental to
successful ageing (Spirduso et al., 2005). With the predicted rise in the
number of older adults living with glaucoma, it is important to characterise the
personal burden of the disease by understanding of how glaucomatous visual
impairment affects the health-related QOL of older adults.
Interest in general health-related QOL measures in health research has led
to the development of questionnaires which examine the physical, emotional
and social aspects associated with a disease.

These multidimensional

instruments measure the impact of health problems on general health status,
and allow for a common metric to compare between different diseases. A
number of well validated, generic health-related QOL instruments are
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available, which have been used across a wide range of populations and
disease groups, such as the Short-Form 36-Item and 12-Item Health Survey
(SF-36, SF-12) and the Euro-QOL (EQ-5D).
These generic health-related QOL measures differ to vision- or diseasespecific QOL questionnaires. Vision-specific QOL questionnaires assess the
impact of an eye disease on vision-related tasks, and examples of these
include the Activities of Daily Vision Scale, Vision Activity Questionnaire,
National Eye Institute Visual Function Questionnaires (VFQ-51, VFQ-25),
and Impact of Visual Impairment Instrument (Spaeth et al., 2006).
Glaucoma-specific instruments have also been developed, particularly for
use in glaucoma clinical trials to examine treatment or intervention effects on
quality of life (Janz et al., 2001). Example of these include the Glaucoma
Symptom Scale, Glaucoma Quality of Life and the Glau-QoL (Spaeth et al.,
2006).

Compared to the generic health-related QOL instruments, these

vision- or glaucoma-specific instruments tend to be more sensitive to
changes in visual function, given their emphasis on vision-related tasks.
The impact of visual impairment on vision- or disease-specific QOL has been
well documented in the literature. Compared to normally sighted individuals,
those with visual impairment report poorer vision-specific QOL, based on
central vision loss (Globe et al., 2004; Chia et al., 2006a; Varma et al., 2006)
or visual field loss (Gutierrez et al., 1997; Sherwood et al., 1998; McKeanCowdin et al., 2007; Freeman et al., 2008b). Similarly, greater severity of
visual impairment has been associated poorer vision-specific QOL, according
to central visual function (Valbuena et al., 1999; Mangione et al., 2001; Chia
et al., 2006a) or peripheral visual function (Gutierrez et al., 1997; Mangione
et al., 2001; Jampel et al., 2002a; McKean-Cowdin et al., 2007).
As a considerable amount of research has examined the impact of visual
impairment on vision- and disease-specific QOL among adults with
glaucoma, this area is not explored in this thesis.

The purpose of this

research, however, was to examine the association between visual
impairment and general health-related QOL among older adults with
glaucoma.

Previous research has not focused on older adults with
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glaucoma, and the association between visual impairment and health-related
QOL in this population has not been well described.

2.3.1

Visual impairment and health-related QOL

Visual impairment can negatively impact on aspects of general health-related
QOL, such as physical, emotional and social functioning (Chia et al., 2004;
Langelaan et al., 2007). There are a number of reasons for this, including
the diagnosis itself, the loss of visual function, and the costs, inconvenience
and side-effects associated with treatment (Severn et al., 2008). This is not
surprising, given that many daily activities which are central to the lives of
older adults are highly dependent on vision, for example reading, walking,
driving and participating in social and recreational activities.
The impact of visual impairment on health-related QOL is comparable to that
of other major medical conditions. Chia et al (2004) compared age and sex
standardised physical and mental component SF-36 summary scores with a
range of medical conditions. The impact of visual acuity loss on the mental
health domain was greater than that of diabetes, stroke or arthritis. Although
the impact of visual acuity loss on the physical domain was milder, its effect
was similar to that of arthritis, asthma and diabetes. Langelaan et al (2007)
assessed

general health-related

QOL, using the

EuroQol (EQ-5D)

questionnaire, among 128 adults with a range of eye diseases attending a
low-vision clinic.

The health-related QOL in this population was poorer

compared to other chronic conditions such as diabetes, coronary syndromes,
and hearing impairments.
It can be difficult, however, to establish if decrements in health-related QOL
among older adults with visual impairment are due to their vision loss or other
co-morbidities, particularly as they often report concomitant co-morbidities
(van Nispen et al., 2009). Furthermore, there may be common underlying
risk factors or ageing markers between visual impairment and co-morbidity,
as research has reported links between many sensory deficits, for example
visual impairment and hearing impairment (Chia et al., 2006b). Previous
research, however, has demonstrated significant associations between vision
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impairment and health-related QOL, even following adjustment for other
potential factors which may influence health-related QOL in older populations
(Wang et al., 2000b; Chia et al., 2004).
There is clear evidence that central vision loss is associated with poorer
health-related QOL among older adults. In a study of 3,154 adults aged 49
years and older, participants with non-correctable bilateral visual acuity loss
(n=66) reported poorer scores on most SF-36 subscales and the mental
component score, compared to those with good visual acuity, even after
adjustment for demographic and medical factors (Chia et al., 2004). The SF36 physical component scores were lower in those with visual acuity loss
compared to those with good visual acuity; however, this failed to reach
statistical significance. Similar trends were noted in an earlier study which
examined the health-related QOL among adults with moderate to severe
non-correctable unilateral visual acuity loss (n=79), although the associations
were weaker compared to those with bilateral visual acuity loss (Chia et al.,
2003). This suggests that bilateral visual impairment has a stronger impact
on health-related QOL than unilateral visual impairment. In another study,
Wang et al (2000b) reported that adults with reduced visual acuity in the
better eye were more likely to report low self-rated health, assessed by a
single question rating their overall health (excellent, good, fair, or poor).
There are studies, however, that have found no association between healthrelated QOL and central vision loss.

Varma et al (2006) found that

participants with moderate to severe bilateral visual acuity loss (n=101),
defined as worse than 6/24, reported lower SF-12 physical and mental
component summary scores, but these were not statistically different from
those with no vision impairment (n= 4,272). The lack of significant findings
may be due to their relatively young cohort (mean age 55 years), compared
to Chia et al (2004) (mean age 67 years), as age is strongly associated with
poorer health-related QOL (Chia et al., 2003).
Central vision loss also negatively impacts on the psychological well-being of
older adults. In a study of adults aged 75 years and older with visual acuity
of 6/24 or worse, nearly one in three were identified as potentially depressed
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(Hayman et al., 2007). Tournier et al (2008) examined clinical coded records
among older adults aged 65 years and older, and found that adults
diagnosed with either moderate visual impairment, severe vision impairment
or blindness were more likely to suffer with depression compared to those
with no visual impairment.
Studies have also reported significant associations between health-related
QOL and vision-related QOL measures. Swamy et al (2009) found that older
adults with lower VFQ-25 also reported lower SF-36 physical and mental
summary scores, although these correlations were not strong (r=0.30 and
0.26, respectively).

Similarly, Mangione et al (1998) reported significant

correlations between the majority of the VFQ-51 subscales and SF-36
physical and mental summary scores, but these correlations were generally
low (r<0.3). These studies indicate that health-related QOL measures are
different from, and independent of, vision-related QOL measures, yet there
are some aspects that overlap between the two measures.

2.3.2

Visual field loss and health-related QOL

Research has shown that adults with visual field loss report poorer healthrelated QOL, compared to those with normal vision. This association has
been confirmed in population studies comprising adults with visual field loss
from any cause (McKean-Cowdin et al., 2007) and glaucoma (McKeanCowdin et al., 2008).

Small clinical studies also report similar findings

(Sherwood et al., 1998; Wilson et al., 1998).
There is, however, inconsistent evidence regarding whether severity of visual
field loss is associated with poorer health-related QOL. McKean-Cowdin et
al (2007) found that greater visual field loss from any cause, using the mean
deviation score in the better-eye, was significantly associated with lower SF12 physical and mental component scores in their cohort of 5,213 adults
aged over 40 years. This relationship, however, was not confirmed in a
follow-up study when analyses were confined to 213 participants with
glaucoma (McKean-Cowdin et al., 2008).

Some clinical studies have

reported weak correlations between severity of visual field loss and health- 19 -
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related QOL (Parrish et al., 1997; Iester & Zingirian, 2002), whereas others
have not found any such association (Jampel et al., 2002a; Jampel et al.,
2002b).
A limitation in these studies is the limited focus on older adults, even though
older adults are particularly susceptible to more chronic conditions and health
problems than their younger counterparts. As such, the association between
glaucomatous visual impairment and health-related QOL among older adults
has not been well described.

A detailed review and discussion of this

literature is presented in Chapter 4, along with the rationale for the research.

2.4 Frailty and functional status
Visual impairment has also been linked with frailty among older adults, which
is an important clinical and public health challenge.

While there is no

accepted definition of frailty, it is often described as a syndrome of declining
physiological reserves, with associated loss of functional abilities and further
illness and disability (Puts et al., 2005; Ensrud et al., 2007; Fairhall et al.,
2008). The condition is characterised by observable functional declines in
the body, particularly weight loss, exhaustion, low energy expenditure,
slowness and weakness (Ensrud et al., 2007; Rockwood et al., 2007; Fairhall
et al., 2008).

Frailty increases vulnerability to a number of adverse

outcomes, particularly falls (Ensrud et al., 2007), fractures (Ensrud et al.,
2007), hospitalisation (Cesari et al., 2009) and institutionalization (Fried et al.,
1998; Rockwood et al., 2007).
Moreover, frailty has been linked to increased risk of mortality among older
adults. In the Beaver Dam Study, frailty among older adults, defined by poor
physical function, was associated with increased mortality over the 4 years of
the study (Klein et al., 2005a).

Similarly, adults classified as frail in the

Cardiovascular Health Study had an increased risk of mortality when
compared to non-frail adults (Fried et al., 1998). Cesari et al (2009) recently
reported that poor results on physical performance tests, including timed gait
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and repeated chair stands, were predictive of mortality during the 7 year
follow-up of 3,024 well-functioning adults aged over 70 years.
While the prevalence of frailty varies according to different frailty definitions,
approximately 50% of adults aged over 65 years show some signs of frailty.
Like most health conditions, there is a spectrum of frailty, ranging from early
(pre-frail) to more advanced levels. Functional or capability measures are
used as indicators or markers of frailty, and the presence of multiple markers
is often used to classify frail adults.

The Cardiovascular Health Study,

comprising of adults aged 65 years and older, defined frailty as three or more
of

the

following

markers:

weight

loss,

muscle

weakness,

poor

endurance/energy, slowness and low physical activity (Fried et al., 2001). In
their study, 7 per cent of the cohort exhibited 3 or more frailty criteria, 47 per
cent between 1 and 2 criteria and 46 per cent had none.

Using similar

markers of frailty, the Canadian Study of Health and Aging, comprising of
adults aged 70 years and older, found that 17 per cent were considered to be
frail and 36 per cent as pre-frail (Rockwood et al., 2007). It is possible that
the true prevalence rate of frailty may be even higher, as cross-sectional
studies are likely to under-report the rates of frailty, as frail, ill participants
tend be under-represented in these studies.
Age is strongly associated with an increased prevalence of frailty. In the
Cardiovascular Health Study, the prevalence of frailty increased from 4% in
those aged 65 to 74 years, to 25% among those aged 85 years and older
(Fried et al., 2001). In a study of 9,704 older women aged 65 years and
older, the prevalence of impaired self-reported function, defined as difficulty
performing three or more activities of daily living, was approximately four
times higher in women 85 years or older than in those aged 65 to 69 years
(Ensrud et al., 1994).
Reduced physical function is an important underlying component of frailty,
and correlates significantly with greater functional limitations and disability
among older adults (Guralnik et al., 2000; McAuley et al., 2007). Sarcopenia,
which is the loss of skeletal muscle mass and strength that occurs with age,
underlies the resulting weakness, exhaustion, slowness and low physical
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activity among frail adults (Spirduso et al., 2005).

Physical activity and

exercise may postpone or reverse the effects of sarcopenia, given the
associated improvement in muscle mass and strength (Roubenoff, 2000;
Snijders et al., 2009). Deshpande et al (2008) found that activity restriction
among older adults significantly predicted disability in the performance of
daily living tasks and lower extremity physical function over a period of three
years. As such, early detection and prevention of frailty may be an important
measure to improve health and well-being among older populations.
Physical activity had been shown to improve functional capacity and delay
the onset of frailty among older adults (Keysor, 2003; Spirduso et al., 2005;
Pahor et al., 2006), as well as providing other positive health outcomes
including reduced risk of cardiovascular disease, some cancers and
depression (World Health Organization, 2003). Furthermore, physical activity
decreases the risk of chronic disease morbidity, which is a major risk factor
for disability (Penedo and Dahn, 2005). Conversely, physical inactivity is
known to be a risk factor for further disability (Mor et al., 1989; Boyle et al.,
2007), predicts declines in mobility performance (Buchman et al., 2007) and
is associated with increased mortality (Landi et al., 2008). Physical inactivity
was estimated to have caused 6 per cent of the total disease burden among
Australian males and 8 per cent among females in 1996 (Mathers et al.,
1999).

2.4.1

Visual impairment, frailty and functional status

Cross-sectional

population

studies

have

demonstrated

significant

associations between visual impairment and functional status or frailty. Klein
et al (2003a) reported that older adults with reduced visual acuity or contrast
sensitivity, compared to those with good vision, were more likely to be frailer,
based on a number of frailty markers (gait time, peak expiratory flow rate,
handgrip strength, chair stand). In a study of 2,781 older adults, those with
impaired visual acuity demonstrated lower levels of functional performance
for various performance measures, which included walking speed, chair
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stands, stair climbs and standing balance, compared to those with good
visual acuity (Laitinen et al., 2007).
The ability to carry out activities of daily living (ADL), which correlates with
physical function (McAuley et al., 2007), is reduced among adults with visual
impairment. In a study of 9,704 older white women, Ensrud (1994) showed
that those with poor visual acuity were more likely to report disability, defined
as difficulty in performing three or more functional activities. Similarly, West
(1997) found that binocular visual acuity loss, worse that 6/12, was
significantly associated with self-reported reduction in social activities, ADL
and mobility among 2,520 older men and women.
Research has also shown that vision impairment predicts further functional
decline in older adults. Wallhagen (2001) reported that older adults with
moderate or greater levels of self-reported vision impairment were more likely
to report declines in self-rated health, difficulties with activities of daily living
and physical performance difficulties at a 12 months follow up. Similarly, Lin
(2004) showed that reduced visual acuity at baseline, defined as worse than
6/12 binocularly, was significantly associated with functional decline 4 years
later, based on self-reported abilities on activities including walking, climbing
stairs, preparing meals, shopping, and doing housework.
Frailty has been linked to a number of eye diseases. Klein et al (2006)
reported that the presence of age-related cataracts was associated with
frailty measures (gait time, peak expiratory flow rate, handgrip strength, chair
stand), even after controlling for visual acuity loss and systemic comorbidities. This suggests that visual functions other than visual acuity are
associated with frailty.

In a similar study, weaker handgrip strength was

associated with age-related macular degeneration (AMD) in men, but no
associations were found for women (Klein et al., 2005b). No other measures
of frailty, such as gait time, peak expiratory flow rate, and chair stand, were
associated with AMD in either men or women.
There is evidence that visual field loss is associated with functional limitations
among older adults, based on physical health-related QOL measures. As
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reported earlier in this review, participants with visual field loss from any
cause reported poorer physical health-related QOL, measured by the SF-12,
compared to those with no visual field loss (McKean-Cowdin et al., 2007).
However, no association between SF-12 physical function and glaucomatous
visual field was found in a follow-up study (McKean-Cowdin et al., 2008).
Few studies, however, have examined the association between functional
performance measures and visual field loss or glaucoma. In a case-control
study assessing falls and driving outcomes, the mean “timed up and go”
times for the glaucoma participants were significantly slower than the agematched controls (Haymes et al., 2007), although no differences were noted
for self-reported physical activity levels. In a population study examining
mobility performance, stair climbing speed among older participants with
bilateral glaucoma was slower than those without glaucoma, but these
differences were not statistically significant (Friedman et al., 2007).

A

detailed discussion of studies examining associations between glaucoma,
visual field loss and functional status is provided in Chapter 5.
Physical activity can improve functional capacity among older adults (Keysor,
2003; Spirduso et al., 2005), yet little is known about the impact of visual
impairment on physical activity among older populations. Furthermore, the
relationship between physical activity and visual field loss remains unknown,
as there is no previous research in this area. Visual impairment may be a
barrier for participating in physical activity, due to difficulties in safe
navigation and obstacle avoidance. Activity restriction may lead to physical
de-conditioning, reduced functional status and ultimately frailty.

Further

research is required to better understand this potential pathway.
Physical activity programs among visually impaired populations, however,
may be problematic and even possibly harmful.

Campbell et al (2005)

examined whether a strength and balance training programme was beneficial
in reducing falls among community dwelling adults (aged 75 years and older)
with visual acuity of 6/24 or worse. The exercise programme, which the
authors had previously shown to be of benefit among general community
dwelling groups, was not successful in reducing the rate of falls in this
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population.

In fact, the rate of falls was greater in those receiving the

exercise programme, although not significantly so.
Functional status may play a role in mediating the relationship between vision
impairment and mortality among older adults, which is well established in the
literature (Klein et al., 1995; McCarty et al., 2001; Freeman et al., 2005;
Knudtson et al., 2006; Pedula et al., 2006; Cugati et al., 2007).

Vision

impairment has been linked with functional status declines (Klein et al.,
2003a; Klein et al., 2006), and reduced functional status or frailty are also
associated with an increased risk of mortality (Fried et al., 1998; Klein et al.,
2005a). It is also possible that visual impairment and frailty may share a
common biological or ageing factor.
Recent studies provide some insights into possible underlying factors in the
relationship between vision impairment and mortality.

Using US National

Health Survey and mortality data (n=135,581), Christ et al (2008) reported
that severe self-reported visual impairment was directly associated with an
increased risk of mortality compared with no vision impairment. In addition,
structural equation models found that reduced physical function, based on
self-reported physical disability and health, was a significant mediating factor
between visual impairment and mortality. In another recent study, disability
in walking demonstrated a significant indirect pathway for the association
between visual impairment and mortality, using structural equations
modelling techniques in a cohort of 3,654 adults aged over 49 years (Karpa
et al., 2009). Despite some of the limitations in these studies, they provide
valuable insights into the potential pathways which may lead to mortality in
visually impaired populations.
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2.5 Postural stability
2.5.1

Postural sensory systems

The maintenance of postural stability is a highly complex skill which ensures
the body remains upright during standing and walking activities. Postural
stability is defined as the ability to maintain the position of the body within
stability limits, which vary according to task complexity (Lord et al., 2007).
For example, the limits of stability when standing with two feet on the ground
are greater than when standing with only one foot on the ground. When the
body’s centre of mass extends beyond the stability limits, then overbalancing
or even falling is likely to occur.
The regulation of postural stability relies on a complex sensorimotor control
system resulting from the integration of three sensory systems in the central
nervous system: the visual, vestibular and somatosensory (lower-limb,
neuromusculo-skeletal) systems. This control system generates appropriate
motor responses based on the input from these sensory systems to quickly
and accurately respond to balance perturbations.

The postural control

system works under continually changing task and environmental conditions,
for example changes in movement and direction, and variations in lighting
and flooring conditions.

As a result, the relative contribution to postural

control of the three sensory systems changes according to the environmental
conditions.

For example, maintaining stability on an unstable surface

requires greater visual and vestibular contribution due to lowered
somatosensory input, while maintaining stability under dim lighting conditions
requires greater vestibular and somatosensory contribution due to reduced
visual input (Lord et al., 1991). Importantly, if the remaining sensory systems
are unable to compensate due to particular sensory impairments, then the
ability to effectively maintain postural stability becomes increasingly difficult.
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2.5.2

Assessment of postural stability

Assessment of postural stability determines the capacity of an individual to
maintain their centre of mass within their limits of stability. Researchers have
used a wide range of techniques to assess postural stability, ranging from
high-tech laboratory-based measures, such as electronic force plates
measuring the centre of pressure (COP) displacement, to low-tech clinicalbased measures, such as measuring the ability to perform standing balance
tests.

In addition, postural stability can be measured under various

conditions, including stationery upright stance, leaning tasks, stepping tasks
or even during postural stress tests which assess postural responses to
external perturbations (Lord & Menz, 2002; Piirtola & Era, 2006; Lord et al.,
2007).
No one sway measure completely reflects the complex nature of postural
stability, due to the many inherent intrinsic and extrinsic factors which
contribute to the variability of these measures (Hageman et al., 1995).
Depending on the technique, deficits in the postural control system may be
reflected in greater amounts of postural sway while performing balance tasks,
or the inability to perform standing balance tests, although there is a lack of
standardised test protocols and outcomes measures between studies (Era et
al., 2006). For example, studies using electronic force plates report changes
in COP displacement as an indicator of balance, yet there is little consistency
in the outcomes measures reported. Commonly used measures include the
amplitude, mean, root-mean-square and speed of the mediolateral (ML) and
anteroposterior (AP) COP displacement, as well as path length and area of
COP displacement (Piirtola & Era, 2006). Studies that comprise of standing
balance tests use the ability to perform tasks of increasing difficulty as an
indicator of balance performance (Freeman et al., 2008a), but these
measures can have marked ceiling effects among adults younger than 60
years of age (Era et al., 2006).
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2.5.3

Postural stability and ageing

Normal ageing increases postural sway due to declines in the sensory
systems which mediate postural control (Manchester et al., 1989; Woollacott,
2000; Era et al., 2006), along with changes in the efficacy of the central
nervous system to integrate this sensory information (Manchester et al.,
1989). In the visual system, normal ageing results in reductions in visual
function (Haegerstrom-Portnoy et al., 1999) due to an estimated loss of
around 5% of optic nerve fibres per decade of life (Sing et al., 2000). The
somatosensory

system

also

experiences

neuromuscular

changes,

particularly reductions in muscle mass (Hughes et al., 2001) and neural
awareness or proprioception (Shaffer & Harrison, 2007). Similarly, vestibular
function becomes impaired with age, with an estimated 20% loss of
vestibular ganglion neurons by the age of 60 years (Park et al., 2001).
Lastly, ageing is associated with changes in the neural pathways, particularly
slowing of reaction times, which can result in delays in awareness and
reactions to postural perturbations (Callisaya et al., 2009).
Furthermore, a number of diseases have been reported to impair postural
stability among older adults, due to further impairment of the postural sensory
systems. For example, postural stability is reduced among adults with visual
impairment, such as cataracts (Schwartz et al., 2005) and macular
degeneration (Wood et al., 2009). Similarly, adults with significant vestibular
impairment demonstrate greater postural instability compared to controls
(Sturnieks et al., 2008). Postural stability is also significantly impaired in
conditions which affect lower limb sensation and motor control, such as
diabetes (Sturnieks et al., 2008) and Parkinson’s Disease (Contin et al.,
1996).

2.5.4

Consequences of postural instability

There are important consequences of postural instability, the most serious of
which are falls. Individuals with greater postural instability are more likely to
fall due to the inability to recover from postural perturbations or maintain
balance during difficult balance situations. Cross-sectional studies, which
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classify fallers and non-fallers based on their previous falls history, have
shown that fallers demonstrate greater amounts of sway compared to nonfallers.

Cho et al (2004) showed that adults reporting previous falls

demonstrated poorer balance control, based on a range of step and standing
balance tests, compared to those reporting no previous falls.
Stronger evidence of the link between postural instability and falls is provided
by prospective studies. Maki et al (1994) found that greater postural sway,
measured using an electronic force plate, was a significant predictor of falls
among 100 older adults during the 12 month follow-up.

Similarly, in a

population study of 2,375 older adults, the odds of experiencing a fall in the
12 month follow-up was 35 per cent higher among participants with poor
balance (unable to stand with feet side-by-side with eyes open for 30
seconds), compared to those able to maintain balance (Freeman et al.,
2007).
Recent research also indicates that poor balance is a significant predictor of
hospitalisation and mortality among older adults. In a study of 3,024 wellfunctioning adults aged over 70 years, Cesari et al (2009) reported that
individuals with poor balance at a baseline examination, based on timed
standing balance tests, were more likely to be hospitalised or suffer mortality
during the 7 year follow-up, compared to those with good balance. The link
between poor balance and these adverse events may be due to injurious
falls, or poor balance may be an important marker of poor overall general
health.

2.5.5

Visual contribution to postural stability

The visual system is an important sensory contributor to postural control
through the provision of critical information and visual feedback on the body’s
position in relation to its surroundings. The importance of vision for postural
control is easily demonstrated by measuring postural sway with the eyes
closed, which removes all visual cues. This condition elicits around 2 to 3
times greater postural sway than with the eyes open, as shown in
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experimental studies involving younger participants (Paulus et al., 1984) and
in population studies of adults aged 30 years and over (Era et al., 2006).
The Romberg quotient can be used to quantify the visual contribution to
postural stability, and is calculated as the ratio of the amount of sway with
eyes closed to eyes open (Turano et al., 1993). This ratio is usually greater
than one, as postural stability is generally more stable with the eyes open
than eyes closed. Studies show examples of individuals who demonstrate
visual destabilization, where stability with eyes open is lower than with eyes
closed (Turano et al., 1993; Cornilleau-Peres et al., 2005), although this is
uncommon. Another method to quantify the visual contribution to postural
sway is the stabilization ratio, which is reported to have less variability and a
normal distribution compared to the Romberg quotient (Cornilleau-Peres et
al., 2005).

The stabilization ratio differs to the Romberg quotient, as it

quantifies the relative change in sway with eyes open, referenced to sway
with eyes closed. For example, a stabilisation ratio of 0.2 means that the
visual input reduces the extent of postural sway by 20 per cent.
The reliance on visual information for the maintenance of postural stability
increases with age, which acts to compensate for the age-related
deterioration in the somatosensory and vestibular systems (Woollacott, 2000;
Choy et al., 2003; Era et al., 2006). Adults aged 85 years or more have been
shown to sway up to 38 per cent more on eye closure compared to those
aged 50-60 years (Pyykko et al., 1990). Recent studies have shown that this
increased visual reliance occurs in women as early as 50 years (Choy et al.,
2003). Balance may be compromised if the balance system does not adapt
to this increased visual reliance.

Indeed, one study demonstrated that

individuals who experienced previous falls had less reliance on visual
information for balance than those who did not (Turano et al., 1994).
This increased reliance on visual information for maintenance of postural
stability with increasing age has important implications given the increased
prevalence of vision impairment with age.

Ocular diseases that result in

impaired vision decrease the visual contribution to postural control.
Research has shown that the visual contribution to postural control is
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reduced among individuals with central field loss (Turano et al., 1996) and
visual field loss from retinitis pigmentosa (Turano et al., 1993), compared to
age-matched controls with normal vision.

Shabana et al (2003) also

demonstrated that visual field loss from glaucoma was significantly
associated with a reduction in the visual contribution to postural control, by
an amount which correlated with the severity of visual field loss.

2.5.6

Vision impairment and postural stability

It is well documented that postural stability among individuals with normal
vision is impaired in the presence of simulated vision impairment, including
refractive blur (Paulus et al., 1984; Anand et al., 2002; Anand et al., 2003a,
2003b), cataract blur (Anand et al., 2003a) and visual field restriction (Paulus
et al., 1984; Berencsi et al., 2005).
Importantly, older adults with visual impairment exhibit greater postural sway,
due to the reduction in the visual contribution to postural stability and the
age-related changes in their remaining postural sensory systems. Schwartz
et al (2005) found that postural stability was significantly improved among
older adults following cataract surgery.

Older adults with macular

degeneration have also been shown to exhibit greater magnitudes of sway
compared to age-matched control subjects, particularly under conditions of
reduced somatosensory feedback (Elliott et al., 1995; Turano et al., 1996).
Recent research has also indicated that greater severity of macular
degeneration is associated with greater levels of postural instability (Wood et
al., 2009).
To date, only one study has examined the association between visual field
loss from glaucoma and postural stability (Shabana et al., 2005). In this
study, postural sway of glaucoma participants, based on measures of force
platform sway velocities, did not differ from age-matched controls, nor was
associated with severity of visual field loss. This may be due to their young
sample, aged 40 to 66 years, who demonstrated greater somatosensory
contributions to postural stability to maintain steady stance, as compared to
the controls. Given the limited research, it remains unclear if glaucomatous
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visual field loss impacts on postural stability among older adults. This is
discussed further in Chapter 6.

2.6 Falls
2.6.1

The problem of falls

Falls are common adverse events experienced by many older adults and can
result in serious physical and psychological consequences. Despite recent
progress, many risk factors for falls have not been adequately studied or
remain unexplored (Rubenstein, 2006). With the ageing of the population,
the burden of falls will significantly impact on society. As such, there is a vital
need to improve our understanding of the underlying risk factors for falls, so
effective evidence-based interventions can be developed and targeted
towards older adults at risk of falls.
Epidemiological studies undertaken in community settings indicate that
around one in three adults aged over 65 years experience at least one fall
each year, and around half of these experience multiple falls (Tinetti et al.,
1988; Coleman et al., 2007; Freeman et al., 2007). Freeman et al (2007)
monitored falls, for an average of 17 months, among 2,375 communitydwelling older adults aged 65 years and older, and reported that 29 per cent
of participants reported at least one fall. In a study of 761 adults aged 70
years and over, 35 per cent of participants reported at least one fall during
the 12 month follow up (Campbell et al., 1989). Many older adults also report
more than one fall each year. In a study of 4,071 older women aged 70
years and older, Coleman et al (2007) reported that 16 per cent of women
experienced at least two falls during the 12-month follow up.
The incidence of falls is even higher among frailer populations. A recent
study monitored falls among frail community-dwelling adults aged over 70
years, who were recruited from local hospital outpatient aged care services
(Cumming et al., 2007). During the 12-month follow up, 58 per cent reported
at least one fall, 34 per cent reported two or more falls and eight per cent
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reported a fracture. The rate of falls in nursing homes is also high, where as
many as 60 per cent of residents experience at least one fall each year (Lord
et al., 2003a). This can be attributed to the older, frailer and more cognitively
impaired population which resides in this setting.
The proportion of older adults who fall each year increases with age. In a
retrospective study, the proportion of participants reporting a previous fall
increased from around 24 per cent of those aged 60-69 years to around 41
per cent of those aged 80 years and over (Lord et al., 1994). Another study
reported that the proportion of participants who reported two or more falls
rose from around five per cent of those aged 60-69 to 24 per cent of those
aged 80 years and over (Klein et al., 2003a).

2.6.2

Consequences of falls

The consequences of falls place significant physical, emotional and financial
burdens on individuals, communities and the health sector. A fall can result
in physical injury, fear of falling and activity restriction, in addition to the
financial costs associated with treatment and rehabilitation following an
injurious fall.
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 (Dunn et al., 2002). Around 20 per cent of falls result
in injury requiring medical treatment (Tinetti et al., 1988; Koski et al., 1998),
while hip fractures are associated with high mortality rates (20 to 30 per cent
within 12 months of the fall) (Davidson et al., 2001; Rosell & Parker, 2003),
and those who recover from a fall often have persistent pain and reduced
mobility (Davidson et al., 2001). In 2002, more than 1,300 Australians aged
65 or older died as a result of a fall (Kreisfeld et al., 2004) and more than
55,000 older Australians were hospitalised for injuries sustained from falling
during the financial year 1999-2000 (Helps et al., 2002).
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There are also important psychological consequences associated with falling,
even in the absence of physical injury. Falls can lead to fear of falling, which
produces anxiety and depression about self-sufficiency and independence
(Legters, 2002). Fear of falling has also been linked with deteriorating health,
which leads to reduced quality of life and independence (Cumming et al.,
2000). Around a quarter of older individuals report restricting their activities
following a fall (Nevitt et al., 1989), and falls are a strong predictor of nursing
home admission (Tinetti & Williams, 1997; Cumming et al., 2000).
The financial and economic costs associated with injurious falls are
considerable. An Australian study estimated that the average cost of a fall
requiring presentation to an emergency department was around AUD $4,500
in 1999, of which 80 percent comprised hospital costs, 16 per cent
community costs and four per cent personal costs (Hall & Hendrie, 2003). In
Australia alone, falls and related injuries resulted in direct medical costs of
around $500 million in 2001, and this is likely to increase three-fold by 2051
(Moller, 2003). There are also indirect costs associated with falls which have
yet to be measured, for example costs associated with institutionalisation
following falls.

2.6.3

Risk factors for falls

Falls are seldom due to a single cause, and epidemiological studies in
community-dwelling older adults have identified many contributing factors for
falls. Findings from these studies guide effective strategies to identify adults
who are at risk of falling, and enable risk factors to be targeted to assist in the
prevention of future falls.
There are a number of well established risk factors associated with falling
among community-dwelling older adults (Tinetti et al., 1988; Close, 2001;
Moylan & Binder, 2007). Some of these factors include:
Socio-demographic factors: older age, female gender, previous history of
falls, living alone;
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Non-specific physiological or functional factors:

postural sensory

impairment (visual, vestibular and somatosensory impairment), lower-limb
muscle weakness;
Specific medical risk factors: Parkinson’s disease, stroke, depression,
cognitive impairment and arthritis;
Medications:

Use

of

central

nervous

system

agents

(such

as

psychotropics and antidepressants); use of multiple medication use
(polypharmacy).
Environmental factors: Use of inappropriate footwear, poor environmental
lighting, trip hazards and slippery or uneven surfaces.
A Cochrane review examining interventions for preventing falls indicated that
targeting modifiable risk factors can be beneficial in reducing falls among
community-dwelling older adults (Gillespie et al., 2003). Successful
interventions have included exercise programmes to improve muscle
strength and balance, home hazard assessment and modification, and
withdrawal of psychotropic medications. Even though some risk factors may
not be modifiable, individuals with these factors may benefit from
interventions targeting other risk factors, such as education and awareness
to promote changes in behaviour, exercise programmes to improve functional
capacity or home hazard modification.

2.6.4

Falls research methodology

One of the complexities with falls research is the numerous methodological
variations, which makes comparisons between studies difficult.

These

variations include study populations (sample size, age, gender, ethnicity,
level of frailty), designs (cross-sectional, longitudinal, case-control), and
outcome measures (any falls, multiple falls, injurious falls).

Hip fracture

studies are also often included within the area of falls research, as 90 per
cent of hip fractures occur as a result of falls (Marks et al., 2003).
The methodological quality of studies varies according to how falls data is
collected. Retrospective falls studies rely on participants reporting on falls
which occurred prior to risk factor assessment, generally in the previous 12
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months. An important limitations of these studies is recall bias, as up to 30
per cent of older adults do not recall previous falls (Cummings et al., 1988).
In addition, these studies can be limited by selection bias, as adults who
suffered previous falls resulting in hospitalisation, institutionalisation or
mortality, are not represented.

The gold standard in falls research is

prospective monitoring of falls, usually for a minimum of 12 months.
Prospective studies provide better data quality due to greater accuracy in
reported falls (Hauer et al., 2006), less selection bias and causality can be
established as risk factors are measured prior to the occurrence of any falls.

2.6.5

Visual impairment and falls

There is a growing body of literature which links vision impairment or eye
disease to an increased falls risk among older adults.

Early population

studies drew attention to the higher rate of falls among participants with
vision impairment (Tinetti et al., 1988; Nevitt et al., 1989). Similarly, research
from accident and emergency departments reported significant links between
adults presenting due to falls and vision impairment (Jack et al., 1995; Close
et al., 1999).

In one study, over half of the adults attending a geriatric

emergency department, mostly due to falls, presented with binocular visual
acuity of 6/18 or worse (Jack et al., 1995). In a similar study, Close et al
(1999) reported that 59 per cent of patients presenting to an emergency
department due to falls had a presenting visual acuity of 6/12 or worse. Falls
occur commonly among older adults with visual impairment. A prospective
12 month study of 391 older adults with visual acuity worse than 6/24
reported that 48 per cent of participants experienced a fall and 25 per cent
experienced multiple falls (Campbell et al., 2005).
A considerable amount of falls research has centred on measures of visual
acuity, given its universal recognition and ease of measurement. A number
of large-scale population studies have shown that visual acuity loss increases
the risk of falls, despite the limitations in retrospective falls research. Klein et
al (1998) found that older adults presenting with binocular visual acuity of
6/7.5 or worse were twice as likely to report more than two falls in the
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previous year.

Similar studies reported that older adults presenting with

binocular visual acuity worse than 6/9 were approximately twice as likely to
report multiple falls in the previous year (Ivers et al., 1998; Klein et al.,
2003a).
More recent prospective falls studies also support the association between
reduced visual acuity and increased risk of falls. Coleman and colleagues
(2007) showed 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 in the following year than women
whose visual acuity had reduced by less than two lines over the same period.
The risk of multiple falls was even greater (74 per cent more likely) when
baseline acuity was worse than 6/12. In a study of 416 adults aged between
75 and 80 years, participants with moderate visual acuity loss, between 6/12
to 6/20 in the better-eye, were more likely to suffer injurious falls, according
to hospital data, during the 10 year follow-up compared to those with normal
vision (Kulmala et al., 2008).
Visual impairment may also compound other risk factors for falls among older
adults. In a prospective study, reduced distance visual acuity (worse than
6/20) was a significant risk factor for incident injurious falls among older
adults requiring assistance with daily living tasks (n=222), but not among
independently functioning adults (n=151) (Koski et al., 1998). In a recent
study, Kulmala et al (2009) reported that older women with combined visual
acuity loss (worse than 6/7.5) and hearing impairment (threshold in the better
ear worse than 21 dB) were more likely to fall, more so than visual acuity loss
alone.
Studies also report significant links between reduced visual acuity and
prospective fractures. Ivers et al (2003) found that reduced visual acuity
(6/18 or worse) was associated with hip fractures during the two year followup, even after adjusting for other health and visual functions measures.
Similarly, Dargent-Molina et al (1996) showed that 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. The Framingham study
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reported that hip fractures were more likely if visual acuity was worse than
6/9 in either eye (by 1.7 times), and more so if binocular visual acuity was
6/30 or worse (by 2.2 times) (Felson et al., 1989).
Similar findings are also reported in retrospective fracture studies. Klein et al
(1998) reported that the risk of any previous hip fracture was nearly 4 times
more likely if visual acuity was 6/7.5 or worse. In a follow-up study, Klein et
al (2003b) found that adults presenting with visual acuity worse than 6/12
were nearly twice as likely to have experienced any fracture in the previous 5
years.

Cummings et al (1995), however, failed to find any association

between visual acuity and prospective hip fractures in a study of 9,516
women aged 65 years or older. Recent studies indicate that visual acuity is
not a strong predictor of hip fractures among older women (Coleman et al.,
2009), which may explain Cummings’ findings. This is discussed in detail
later in this review.
While visual acuity has long served as the primary visual function test, eye
diseases can affect multiple components of visual function, including contrast
sensitivity, peripheral field sensitivity, stereoacuity and other non-standard
aspects of visual function (Rubin et al., 1997). A measure of visual acuity
alone provides limited information about the level of performance on these
other aspects of visual function.
Research has shown that visual functions such as visual field loss, rather
than visual acuity, are better visual predictors of safe and efficient mobility
among visually impaired older adults, which refers to their ability to travel
independently within the environment (Lovie-Kitchin et al., 1990). In these
studies, speed and obstacle contact are often used as measures of
performance within mobility courses. Individuals with visual field loss, from a
range of eye diseases, are shown to walk more slowly (Haymes et al., 1996;
Geruschat et al., 1998; Turano et al., 1999; Hassan et al., 2002; Turano et
al., 2004), and experience more obstacle contacts (Geruschat et al., 1998;
Turano et al., 2004). As visual function measures other than visual acuity are
important for safe navigation and obstacle avoidance, it is important to
consider these visual functions in relation to falls risk.
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Recent large population studies measuring prospective falls provide the best
evidence linking vision impairment with falls among older adults. Visual field
loss, rather than visual acuity or contrast sensitivity loss, was the strongest
predictor of falls in these studies (Coleman et al., 2007; Freeman et al.,
2007). In one study, severe binocular visual field loss increased the risk of
multiple falls by 50% (Coleman et al., 2007), while in another study, a 10%
loss of visual field increased the risk of falling by 8% (Freeman et al., 2007).
In a recent prospective study, older women with severe binocular visual field
loss were 66% more likely to experience a hip fracture during the 8 year
follow-up (Coleman et al., 2009). In contrast, measures of visual acuity and
contrast sensitivity loss were not associated with an increased risk of hip
fracture. These were well designed studies that provide strong evidence that
visual field loss, rather than central vision loss, is linked to an increased risk
of falling. Chapter 7 presents a detailed discussion of these studies.
Contrast sensitivity has also been associated with falls, although the findings
are equivocal. A possible explanation of the contradictory findings is the
diversity of contrast sensitivity measures used in these studies.

Poor

contrast sensitivity has been linked to retrospective falls (Ivers et al., 1998)
and hip fractures (Klein et al., 1998), while others have failed to find similar
associations (Klein et al., 2003a). De Boer and colleagues (2004) showed
that low-frequency contrast sensitivity loss, measured by Vistech charts,
increased the likelihood of a prospective falls, but not for fractures. Two
fracture studies using the Vistech charts have also demonstrated that loss of
low-frequency contrast sensitivity increases the risk of hip fracture among
older women (Cummings et al., 1995; Wainwright et al., 2005). However,
these findings should be interpreted with some caution, since the reliability of
Vistech charts is reportedly low (Reeves et al., 1991).
Similarly, findings regarding the association between depth perception, or
stereoacuity, and falls have been inconsistent.

One study showed that

reduced stereoacuity, defined as 200 seconds of arc or worse on the Randot
test, doubled the risk of multiple falls (Nevitt et al., 1989). In contrast, other
studies have failed to support these findings, for either stereoacuity assessed
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by the Randot test (Friedman et al., 2002) or according to asymmetry in
visual acuity between the eyes (Klein et al., 2003b). Several studies have
linked poor depth perception using the Howard-Dohlman test with increased
risk of hip fracture (Cummings et al., 1995; Wainwright et al., 2005).
However, prospective studies have failed to find that poor depth perception
increases hip fracture risk, based on Randot test performance (DargentMolina et al., 1996) or asymmetry in visual acuity between eyes (Felson et
al., 1989).
There is also evidence that self-reported visual disability measured by visionrelated QOL instruments, as a proxy measure for objective measures of
vision, is associated with falls. In a study of 143 adults with a range of eye
diseases, Activities of Daily Vision Scale (ADVS) scores were significantly
lower among those reporting a previous fall (Kamel et al., 2000).

Using a

cut-off of score of 90, the ADVS showed 67% sensitivity in identifying
previous fallers. Among participants with glaucoma (n=29), this cut-off had a
100% sensitivity in correctly identifying fallers, yet displayed low specificity
(42%). Despite the small sample size and retrospective falls measures, the
findings suggest that in the absence of objective vision measures, these
indirect measures of visual function may be useful in assessing falls risk
among older adults with various eye diseases including glaucoma.
Prospective studies are yet to confirm this link.
Research has shown significant links between a number of eye diseases and
increased likelihood of falls and fractures, which is not surprising given the
considerable evidence showing that impaired visual function increases the
risk of these events.

However, comparisons between studies are made

difficult due to variations eye disease classification (self-report through to
ophthalmic assessment), level of disease severity and study designs.
Large population studies have found that the likelihood of falls is greater
among older adults with cataracts (Ivers et al., 1998; McCarty et al., 2002;
Ivers et al., 2003), diabetic retinopathy (Ivers et al., 2001) and glaucoma
(Dolinis et al., 1997; Ivers et al., 2003; Lamoureux et al., 2008). Although
macular degeneration is a leading cause of irreversible vision loss (Wang et
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al., 2000a; Weih et al., 2000), little is known about the relationship between
macular degeneration and falls. In contrast, various studies have also failed
to demonstrate significant links with falls or fractures among those with
cataracts (Felson et al., 1989), diabetic retinopathy (Ivers et al., 1998; Ivers
et al., 2000) and glaucoma (Grisso et al., 1991; Ivers et al., 2000; Coleman et
al., 2004). As the aims of this research are focused on glaucoma, Chapter 7
presents an extensive discussion of findings from studies examining the risk
of falls among adults with glaucoma.

2.6.6

Visual attention and falls

There is emerging evidence that the attentional field of view (AFV) may be a
factor which influences safe navigation and mobility among older adults. The
AFV is the extent of the visual field over which a person can simultaneously
extract and process central and peripheral visual information (Owsley & Ball,
1993). Two forms of AFV measures are commonly used, the first of which
determines processing speed in a given visual area, while the second
determines visual field extent for a fixed processing speed (Clay et al., 2005).
The task complexity of these measures range from divided attention tests (a
single central and peripheral target), to more cognitively demanding selective
attention tests (the addition of peripheral distracting targets).

Thus, AFV

measures are influenced by visual functioning, as well as higher-order
visual/cognitive processes (Clay et al., 2005).
It is well known that the AFV reduces with increasing age (Kosslyn et al.,
1999; Haegerstrom-Portnoy, 2005). In addition, studies of older adults have
reported that reduced AFV performance is associated with reductions in
functional performance, particularly relating to driving (Owsley et al., 1998;
Wood et al., 2006) and mobility performance (Broman et al., 2004; Leat &
Lovie-Kitchin, 2008).
Not surprisingly, the loss of peripheral visual function is likely to negatively
impact on the AFV, due to a reduced ability to detect peripherally located
objects. Leat & Lovie-Kitchin (2006) found that the AFV, when corrected for
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visual field defects, did not differ between visually impaired adults with a
range of eye diseases and age-matched controls.
Poor AFV performance has been linked to greater mobility difficulties.
Broman et al (2004) found that divided attention was an independent
predictor of obstacle collisions on a mobility course among 1,504 older
adults. This association remained significant even when adjusted for visual
field loss. In a study of 342 community-dwelling older adults, reduced AFV
was associated with poorer scores on balance confidence, balance and gait
problems, and mobility assessment, but not for previous falls or physical
activity levels (Owsley & McGwin, 2004). Leat & Lovie-Kitchin (2008) found
that AFV measures were associated with mobility performance (mobility
errors and walking speed) among 35 subjects with visual impairment, from a
range of eye diseases.

These associations, however, were weak when

adjusted for visual field loss.

It remains unclear, however, if AFV is

associated with increased risk of falls due to a lack of evidence.

2.6.7

Mediating factors between visual field loss and falls

The precise mechanisms underlying the relationship between vision
impairment and falls among older adults remain unclear because of limited
previous research.

Insights into these aspects are important for guiding

future falls prevention interventions among visually impaired older adults.
The most likely mechanism is the reduction in safe and efficient navigation
and obstacle avoidance which results from visual impairment (Lovie-Kitchin
et al., 1990; Hassan et al., 2002; Turano et al., 2004). Reduction in safe
navigation and obstacle avoidance is likely to increase the risk of tripping on
hazards or inappropriate foot placement, and hence, increase the risk of falls.
Other factors may also contribute to the causal pathway between visual
impairment and falls, such as postural stability or functional status, although
there is no supporting evidence in the literature.

Visual impairment is

associated with greater postural instability among older adults (Elliott et al.,
1995; Turano et al., 1996; Schwartz et al., 2005), and postural instability is a
known risk factor for falls (Vellas et al., 1997; Freeman et al., 2007).
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Similarly, declines in functional status or greater levels of frailty have been
linked to vision impairment (Klein et al., 2003a; Klein et al., 2006), and are
associated with an increased risk of falls (Ensrud et al., 2007). However,
many of these associations are cross-sectional in nature, which limit the
ability to establish causality.
Falls among older adults with visual impairment may also be an underlying
mechanism in the pathway between vision impairment and mortality
(Freeman et al., 2005; Pedula et al., 2006). Serious falls injuries, such as hip
fractures, are associated with visual impairment (Coleman et al., 2009), and
are associated with higher risk of mortality (Davidson et al., 2001; Rosell &
Parker, 2003). Although this area of research is beyond the scope of this
thesis, it remains to be established whether the relationship between vision
impairment and mortality is in part due to these injurious falls.

2.7 Overall rationale and research questions
Among older populations, glaucoma is a leading cause of vision impairment
(Weih et al., 2001), and is the leading cause of visual field loss (Ramrattan et
al., 2001).

With the ageing of the population and the high rate of

undiagnosed glaucoma (Weih et al., 2001; Friedman et al., 2004), the
number of older people living with glaucomatous visual impairment will rise
accordingly and the personal and economic impact of the disease will
increase.
Studies have reported significant associations between visual impairment,
disability and falls among general population cohorts or heterogeneous
disease groups. Much of this research, however, is based on measures of
central vision loss, primarily visual acuity. As such, there is limited research
on disability and falls outcomes in populations with visual field loss or
glaucoma, and even less in older age groups.
The primary aim of this research was to evaluate the relationship between
visual impairment and prospective falls in a cohort of older adults with
glaucoma.

The secondary aims were to investigate the cross-sectional
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associations between visual impairment and health-related QOL, functional
status and postural sway in this cohort, and to determine whether these
factors contribute to falls. An important consideration in the design of the
study was the use of standardised central and peripheral visual function
measures, including integrated visual field measures to provide estimates of
binocular visual field extent.
outcome

measures

were

Furthermore, validated and standardised

incorporated

into

the

research,

including

prospectively measured falls. The findings of this research provide important
insights into the links between glaucomatous visual field loss and disability
among older adults, and its association with falls.
The following primary research questions are addressed in this thesis:
Q1. Is there an association between the severity and location of visual field
loss and health-related quality of life among older adults with glaucoma?
Q2. Is severity and location of visual field loss associated with functional
status among older adults with glaucoma?
Q3. Is there an association between the severity and location of visual field
loss and postural sway among older adults with glaucoma?
Q4. Does the severity and location of visual field loss predict falls among
older adults with glaucoma?
Hypotheses specific to these research questions are presented in the
relevant chapters.

- 44 -

Chapter 3

Chapter 3: Study Design, Methods and Baseline
Characteristics

This chapter outlines the recruitment procedures and common methods
employed throughout the component chapters. The methodologies pertinent
to the outcome measures for each component are described in detail in the
relevant chapters.

This chapter also reports on the baseline socio-

demographic, health, medical and visual function characteristics of the study
participants.

3.1 Study design
To address the research questions posed in Section 2.7 of this thesis, a
single study was conducted. The thesis is structured as two components, the
first of which examined the cross-sectional association between visual field
loss and health-related QOL, functional status and postural stability from
baseline data. These are presented as separate chapters, referred to as
Studies 1a, 1b and 1c. The second component examined the association
between visual field loss and prospective falls based on a longitudinal study
design. This is presented as a single chapter, referred to as Study 2. This
study also incorporated outcome measures assessed in the earlier studies, to
examine possible mediating factors in the relationship between visual field
loss and falls. A schematic of the study design is outlined in Figure 3-1.
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Figure 3-1: Schematic of the study design

3.2 Participants
3.2.1

Study recruitment

The recruitment strategy targeted older adults with glaucoma during the
period of June 2006 and January 2008. Potential participants were identified
by clinical record reviews using the Queensland University of Technology
Optometry Clinic database, or from referrals from optometrists and
ophthalmologists in private practice.

The study was also advertised to

potential participants through notices published in Glaucoma Australia
newsletters, local newspapers and flyers distributed at local retirement
villages.
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3.2.2

Eligibility criteria

A number of inclusion and exclusion criteria were established prior to
participant recruitment to ensure that the study cohort was consistent with the
research hypotheses.
The inclusion criteria and the rationale were as follows:
Adults aged over 60 years. The incidence of falls and prevalence of
glaucoma increases significantly among older adults aged over 60.
Living independently in the community. The focus of the study was on
community dwelling older populations. Older adults requiring assistance
with daily living (i.e. in nursing homes or age-care facilities) represent a
different population, often older and frailer, and were outside the scope of
the study.
Being treated for primary open angle glaucoma. While there are other
types of glaucoma (such as angle-closure, secondary, and developmental
glaucoma), the focus of this study was on older adults with primary openangle glaucoma, which represents around 90% of glaucoma cases
(Gupta, 2005).
The exclusion criteria and the rationale were as follows:
Any significant ocular or visual pathway disease leading to visual field
loss, other than primary open angle glaucoma, to limit the cohort to a
specific eye-disease population.
Unable to speak English.
Unable to walk unaided, i.e. without any walking aids. The use of walking
devices assists in the prevention of falls, which would likely distort the
relationship between vision impairment and falls.
A diagnosis of Parkinson’s disease, chronic dizziness or vestibular
disease. Individuals with these conditions experience a high rate of falling
and may distort the study findings.
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Presence of significant impairment of cognitive function assessed using
the Mini-mental State Examination (see Section 3.5, Cognitive status).
Screening for cognitive impairment ensured that eligible participants were
capable of providing informed consent, accurate recall and timely
completion of the monthly fall calendars.
The study investigator contacted potential participants over the telephone to
conduct a screening interview to confirm eligibility for inclusion into the study.
The telephone screening questions are presented in Appendix 1. Eligible
participants were sent a letter of invitation to participate in the study, and with
their acceptance to participate, a baseline testing appointment was
scheduled.

3.3 Baseline assessment procedures
Participants met with the study investigator once during the study for a
baseline assessment session.

The baseline assessment consisted of a

single 2-hour session which was conducted at the Queensland University of
Technology Kelvin Grove campus. All assessments were conducted by the
study investigator who is a registered optometrist.

3.4 Socio-demographic, health and medical data
Participants completed a structured self-administered baseline questionnaire
developed by the investigators that collected a number of sociodemographic, health and medical variables (see Appendix 2).

3.4.1

Socio-demographic data

The socio-demographic variables included age, gender, country of birth,
current living arrangements, completed education level, current employment
status and source of household income. Additional information was collected
on current driving status (yes, no, never), smoking status (non-smoker,
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former smoker or current smoker) and alcohol intake (abstainers, light
drinkers and heavy drinkers).
Smoking status was categorized into three groups: (a) non-smoker (having
never smoked or smoked less than 100 cigarettes (or equivalent amount of
tobacco) in his/her lifetime), (b) former smoker (having smoked at least 100
cigarettes in his/her lifetime and had given up smoking before the study
examination) and (c) regular smoker. Alcohol intake was estimated by
calculating the daily equivalent number of standard drinking units (one bottle
of beer, one glass of wine, or one unit of spirit) habitually consumed,
according to his/her reported number and frequency of consumption.
Participants were classified into three groups, based on Australian alcohol
guidelines for males and females (National Health and Medical Research
Council, 2001): (a) abstainers; (b) light drinkers (less than 3 standard drinks
per day but more than none) and (c) heavy drinkers (3 or more standard
drinks per day).

3.4.2
3.4.2.1

Health and medical data
Current medication use

The baseline questionnaire collected details on currently used medications,
including prescription, non-prescription and vitamins. All prescription drugs
were coded according to the therapeutic classifications used by Australian
MIMS Online (www.mims.com.au), a web-based pharmaceutical database
(Appendix 3).
Medications were coded into the following groups for analyses, based on
previous literature (Tinetti et al., 1988; Hartikainen et al., 2007):
Total number of prescription medications;
Polypharmacy (defined as use of four more medications);
Use of any central nervous system drug;
Use of any hypnotics, sedatives and anti-anxiety agents (including
benzodiazepines);
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Use of any antidepressants;
Use of any cardiovascular drug;
Use of any oral beta-adrenergic blocking agents;
Use of any endocrine system drug;
Use of any respiratory system drug.
3.4.2.2

Self-reported co-morbidities

Participants were asked if they suffered from a number of medical and health
conditions on the baseline questionnaire.

The medical conditions were

derived from previous vision research (Globe et al., 2005), and included:
arthritis, cancer, diabetes mellitus, hypertension, cardiovascular disease
(angina, heart attack), hearing impairment, history of stoke, history of hip
fracture, and incontinence. To summarize the impact of co-morbid medical
conditions, a count of these self-reported chronic medical conditions was
used as the co-morbidity index, which has been shown to be an accurate
method of quantifying co-morbidity (Globe et al., 2005).
3.4.2.3

Glaucoma medical information

Information was collected regarding current and past glaucoma treatments
from the baseline questionnaire. Information was also collected on disease
duration and laterality. Based on previous research, the use of topical antiglaucoma medications was dichotomously coded into either the use of topical
medications including beta-blockers or the use of topical medications other
than beta-blockers.

3.4.3

Previous falls and fear of falling

Participants were asked to report the number of falls they had experienced in
the previous 12 months, defined as coming to rest inadvertently on the
ground or other lower level, but not due to an external force.

Participants

who reported one or more previous falls in the previous 12 months were
classified as a “previous faller”, while those who reported no previous falls
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were classified as a “previous non-faller”. If previous falls were reported,
participants were asked if any injuries were incurred as a result of the fall/s.
Two yes/no questions were asked to obtain data pertinent to fear of falling
and activity restriction, based on previous studies (Friedman et al., 2002):
“Are you worried or afraid of falling, except in a high place?” and “Do you limit
any activities due to fear of falling?” These simple dichotomous questions
show good general reliability in measuring fear of falling and activity
restriction (Jorstad et al., 2005), without the need for comprehensive
questionnaires measuring specific fall-related psychological outcomes.

3.4.4

Body mass index

Body weight was measured using an analogue portable scale while
participants were dressed in light clothing (i.e. no shoes, sweaters, jackets, or
belts) to the nearest kilogram. Standing height was assessed to the nearest
centimetre using a wall mounted tape measure with shoes removed. Body
mass index (BMI) was calculated on measured weight (in kilograms) divided
by measured height (in metres) squared.

3.5 Cognitive status
Cognitive status was assessed using the Mini-Mental State Examination
(MMSE) (Folstein et al., 1983), which is widely used in health research (West
et al., 1997; Coleman et al., 2007; Cumming et al., 2007). This instrument
consists of an interviewer-administered questionnaire which detects and
quantifies the degree of cognitive impairment based on assessments of
memory, recall and response.
The test is scored on a scale ranging from 1 to 30, where higher scores
indicate better cognitive status.

Participants scoring less than 23 in the

present study were excluded due to potential difficulties with providing
informed consent, accurate recall of events and ability to complete the
monthly falls calendars. This cut-off score was based on previous studies
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comprising older populations (Folstein et al., 1983; Clarke et al., 1991; Cullen
et al., 2005).

3.6 Visual function assessment
3.6.1

Screening eye examination

All participants underwent an eye examination performed by the investigator,
which included ocular history, slit-lamp biomicroscopy and ophthalmoscopy
to confirm eligibility for the study. The ocular history assessed any previous
ocular or medical history that may have resulted in any vision loss, for
example corneal scarring or stroke. The anterior eye segment was assessed
for corneal and other media opacities.

Any lenticular opacification was

graded according to the LOCS III scale (Chylack et al., 1993). Participants
with mild, early cataracts on clinical examination were included in the study.
A significant cataract was defined as LOCS III nuclear opalescence greater
than 3.0 and/or cortical cataract greater than 3.0 and/or posterior
subcapsular cataract greater than 2.0 (Nirmalan et al., 2004). The posterior
eye segment was assessed for any retinal or macular diseases, other than
primary open angle glaucoma. All habitually worn spectacles (for both
distance and near vision) were measured and recorded.

3.6.2

Visual Acuity

A Bailey-Lovie high-contrast letter chart was administered at 6 metres with a
chart luminance of 160 candela/m2. The chart consists of lines of five highcontrast letters (95% Weber contrast), with each successive line decreasing
in angular size by 0.1 log units in minimum angle of resolution (logMAR)
(Bailey & Lovie, 1976).
Monocular visual acuities were measured using participants’ presenting
distance refractive correction. Participants were directed to begin reading the
letters at the top of the chart and to continue reading down the chart until at
least three of the five letters on a line were called incorrectly. Participants
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were given additional time to respond and were encouraged to guess. Visual
acuity was recorded as the total number of letters read correctly, with a
weighting of -0.02 log units per letter, converted to logMAR units (Bailey &
Lovie, 1976).
As the testing battery involved a number of different visual function
measures, only monocular, rather than binocular, measures of visual acuity
were measured to minimise fatigue and learning effects. As binocular visual
acuity can be estimated from measures of monocular visual acuity in the
better-eye (Rubin et al., 2000), and is well represented with better eye
measures among older adults (Schneck et al., 2010), visual acuity in the
better-eye and worse-eye was used in the analyses, corresponding to the
eyes with the lower and higher logMAR scores respectively. This approach
is consistent with key studies in this area (Ivers et al., 1998; Coleman et al.,
2007; Freeman et al., 2007; Coleman et al., 2009).

3.6.3
The

Contrast sensitivity
Pelli-Robson

contrast

sensitivity

letter

chart

(Clement

Clarke

International Ltd) was selected to assess contrast sensitivity, due to its
extensive use in vision and falls research. The Pelli-Robson chart comprises
letters that are arranged in groups of three each having the same contrast.
In total, there are eight rows, with two triplets per row, with each successive
triplet decreasing in contrast from the top to the bottom of the chart in steps
of 0.15 log units. The contrast of the triplets ranges from 0.00 (highest
contrast letters) to 2.25 log units (lowest contrast letters).

Each letter

subtends 3 degrees at the recommended viewing distance of 1 metre (Pelli et
al., 1988). This corresponds to a spatial frequency of around 1 cycle per
degree (Bradley et al., 1991), near the peak of the contrast sensitivity
function. The chart luminance was 83 cd/m2, within the recommended range
of 60 to 120 cd/m2 (Woods & Wood, 1995).
Monocular

contrast

sensitivities

were

measured

using

participants’

presenting distance refractive correction, plus a working distance lens of
+0.75DS (Elliott et al., 1991). Participants were instructed to read the letters
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starting with the high contrast letters at the top of the chart and to continue
reading letters until no letters in a given triplet were read correctly.
Participants were given additional time to respond and were encouraged to
guess.
To improve reliability in the scoring, each correctly identified letter was
scored a value of 0.05 log units and a call of “O” for “C” was accepted as
correct (Elliott et al., 1990; Elliott et al., 1991). Log contrast sensitivity was
calculated by recording the total number of letters read correctly, subtracting
three and multiplying by 0.05. As was the case for the visual acuity data,
contrast sensitivity in the better-eye and worse-eye was used in analyses,
corresponding to the eyes with the higher and lower logCS scores
respectively.

3.6.4

Stereoacuity

Random dot stereotests are generally considered the gold standard for
measuring near stereoacuity, as they contain no monocular clues and depth
can only be perceived by the detection of the disparities between the sets of
random dots presented to the two eyes (Garnham & Sloper, 2006). Of the
commercial random dot stereotests available, the TNO test was chosen for
its ease of administration and ability to measure stereoacuity thresholds
(Simons, 1981).
The TNO test (Laméris Instrumenten BV, Utrecht, The Netherlands) uses
random dot stimuli with red-green glasses to separate the images presented
to each eye. Participants are presented with 12 test plates at six different
disparity levels (two at each level). The corresponding retinal disparities in
this test range from 15 to 480 seconds of arc. Testing was performed at the
recommended viewing distance of 40 centimetres while participants wore
their habitual near correction with even overhead fluorescent lighting
(approximately 350 lux).
Participants were asked to identify the missing sector at the four possible
orientations for each test plate, beginning with the largest disparity plates
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(480 sec arc). If the two largest disparity plates were incorrectly identified,
stereoacuity was recorded as “absent”.

For correct responses, plates of

increasing difficulty (smaller disparity) were presented, and stereoacuity was
defined as the smallest level of disparity at which both test plates were
correctly identified. As a considerable proportion of participants’ stereoacuity
was coded as absent, stereoacuity was dichotomised into absent (worse than
480 sec arc) or present (480 sec arc or better) for analyses.

3.6.5

Monocular visual field assessment

Visual field testing was performed separately for each eye with the Humphrey
Field Analyzer model 750 (Carl Zeiss-Meditec, Dublin, CA, USA) using
conventional white-on-white perimetry.

In all cases, the optimal lens

correction for the working distance of the perimeter was placed before the
tested eye, and the fellow eye occluded. Although many of the participants
were experienced at performing visual field testing, a number of reliability
criteria were set to ensure accurate visual field measurements. Testing was
repeated if there were more than 33% fixation losses, false-positive or falsenegative responses (Johnson et al., 2002).
Two visual field testing programs were selected for the purpose of generating
integrated binocular visual field plots, which is discussed in detail in Section
3.6.6. The 24-2 program was chosen due to its extensive use in clinical
settings (Gaskin et al., 2006), large glaucoma clinical trials (AGIS
Investigators, 1994; Zahari et al., 2006) and previous functional outcome
studies (Turano et al., 1999). This program is faster and less variable than
the 30-2 program (Khoury et al., 1999). The 81-point screening program was
selected due to its use in a number of prominent quality of life, mobility and
falls studies (Jampel et al., 2002a; Broman et al., 2004; Turano et al., 2004;
Freeman et al., 2007; Friedman et al., 2007; Freeman et al., 2008b). The
following sections discuss these programs in detail.
For this research, the central visual field area was defined according to the
anatomical width of the fovea, which subtends approximately 4.5 degrees in
diameter of visual area (Nolan et al., 2008). The peripheral visual field area
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was defined as the remaining region of visual field. For the remainder of this
thesis, the term visual field loss is used synonymously with a reduction in
visual field sensitivity.
3.6.5.1

24-2 threshold fields

Monocular threshold field sensitivity was measured using the 24-2 SITAstandard strategy with conventional test parameters (Goldmann size III
stimulus, 31.5 apostilb or 10 cd/m2 white background). From central fixation,
this procedure measures visual field sensitivity to 21 degrees superiorly and
inferiorly, 27 degrees nasally and 21 degrees temporally, with a spacing of 6
degrees between adjacent test points (Figure 3-2).
For each visual field location, a deviation from the normal age matched value
in decibels (dB) is calculated and presented in a total deviation plot, based on
the normative database provided by the manufacturer.

Positive decibel

values indicate a better-than-average sensitivity, while negative values
indicate a worse-than-average sensitivity. The in-built software calculates
the average deviation across the visual field, known as the mean deviation
(MD), which provides an overall indicator of disease severity. Visual field
sensitivity in the better-eye and worse-eye was used in the analyses,
corresponding to the eyes with the more positive and more negative MD
scores respectively. The monocular 24-2 fields were also used to create an
integrated visual field, as discussed in section 3.6.6.
3.6.5.2

81-point screening fields

Monocular visual fields were assessed using an 81-point single intensity
screening program (24dB, Goldmann size III stimulus with 31.5 apostilb or 10
cd/m2 white background). For this program, the optimal lens correction for
the 30 cm working distance of the perimeter was placed before the tested
eye during testing of the central 20 degrees, and then removed for the
remaining peripheral field testing.
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In this screening program, a point is counted as missed if the participant
cannot see that point with the single-target intensity of 24dB. From central
fixation, 81 visual field locations are assessed to 38 degrees superiorly, 55
degrees inferiorly, 44 degrees nasally and 58 degrees temporally, with
various spacing between adjacent test points (Figure 3-3). These monocular
fields were not included in analyses, as these were used to generate an
integrated visual field, as outlined in section 3.6.6.

3.6.6

Integrated visual fields

Functional activities, for example reading, walking and driving, are performed
binocularly.

Unlike measures of central visual function, where binocular

visual function can be closely inferred from monocular measures (Rubin et
al., 2000), this is more challenging for measures of peripheral visual function.
The use of better-eye monocular field tests to estimate binocular visual field
measures can misrepresent the actual extent of binocular visual field, as the
visual sensitivity of overlapping areas of visual field can vary between eyes.
For example, extensive inferior visual field loss in one eye may correspond to
normal visual field in the fellow eye. Therefore, careful consideration was
given to the use of visual field measure in this research to provide an
appropriate estimation of participants’ binocular visual field extent.
Ideally, binocular threshold visual field sensitivity should be measured with
both eyes open; however, this is problematic in the clinical setting. It requires
the accurate binocular correction of near refractive errors for the close
working distance (Herse, 1992), and it can be difficult to reduce the likelihood
of lens or trial frame rim defects during testing. Moreover, it does not allow
for fixation to be monitored and older patients often report diplopia due to the
close working distance.
Esterman (1982) developed a screening program to estimate binocular visual
field extent, using a Goldmann size III white stimulus with an single-target
intensity of 10 dB to examine 120 visual field locations, extending 140
degrees horizontally and 85 degrees vertically.

Testing is performed

binocularly, using the patient’s own spectacles. This program, however, is
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limited as the relatively bright stimulus results in considerable ceiling effects,
particularly among patients with early to mild visual field defects (Jampel et
al., 2002a).

Furthermore, the one level screening strategy does not

determine threshold sensitivity, nor is there any provision for fixation
monitoring during testing.
An approach gaining popularity is the integration of monocular field tests into
a single representation a patient’s binocular field of view, known as
integrated visual fields (IVF) (Nelson-Quigg et al., 2000; Owen et al., 2008).
This technique is based on using values from the most sensitive eye for each
corresponding field location to generate a binocular visual field plot. These
measures have been used widely in recent studies assessing functional
outcomes, including quality of life, mobility, falls and driving (Jampel et al.,
2002b; Coleman et al., 2007; Freeman et al., 2007; Friedman et al., 2007;
Freeman et al., 2008b; Coleman et al., 2009; Keay et al., 2009).
The IVF approach was included for use in the present study, due to its use in
previous studies and its ability to generate threshold estimates of the
binocular visual field. In total, two IVFs were generated for each participant.
The following sections provide details of these measures.
3.6.6.1

Integrated 60-degree field (IVF-60)

The monocular 24-2 threshold visual field tests were merged using the IVF
approach. Binocular field sensitivity at each given location was defined as
the most sensitive of the corresponding left and right monocular mean
deviation field values from the total deviation plot (Nelson-Quigg et al., 2000;
Owen et al., 2008).

From central fixation, this integrated binocular field

approximately extends 20 degrees superiorly and inferiorly, and 30 degrees
left and right (Figure 3-2). As the total horizontal extent was approximately
60 degrees, this integrated field was termed IVF-60. A mean deviation score
(in dB) for the IVF-60 was calculated as the average of all test locations
across the total field area. Based on field points above and below horizontal
midline, mean deviation scores were also calculated for the superior and
inferior field areas respectively.
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3.6.6.2

Integrated 120-degree field (IVF-120)

The monocular 81-point screening field tests were merged using the IVF
approach.

A point in the integrated field was counted as missed if the

participant could not see that point in both the left and the right eye, and was
counted as seen if at least one eye could see that point (Broman et al. 2004;
Turano et al. 2004; Freeman et al. 2007).

From central fixation, this

integrated binocular field extends approximately 38 degrees superiorly, 55
degrees inferiorly and 58 degrees left and right (see Figure 3-3). As the total
horizontal extent was approximately 120 degrees, this integrated field was
termed IVF-120.
The IVF-120 consists of a total of 96 points, comprising 46 points superiorly
and 50 points inferiorly. An overall IVF-120 score was calculated from the
total number of points missed across the total field area. Based on field
points above and below horizontal midline, scores were calculated for the
superior and inferior field areas respectively.
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Figure 3-2: Right and left monocular 24-2 and integrated binocular visual field (IVF-60)
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Figure 3-3: Right and left monocular 81-point screening and integrated binocular visual field (IVF-120)
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3.6.7

Retinal nerve fibre layer analysis

An objective measure of glaucomatous nerve damage was also included in
this study, in addition to the subjective visual function measures. Given that
damage to the retinal nerve fibre layer (RNFL) in glaucoma can often
precede functional reduction in the visual fields (Hoffmann et al., 2006).
Furthermore, subjective visual field measures are influenced by patient
variability and assess a limited portion of total peripheral visual function, often
the central 30 degrees from fixation.
Retinal nerve fibre layer (RNFL) analysis was undertaken using the Stratus
Optical Coherence Tomographer (OCT) 3000 (software version 4.0.5, Carl
Zeiss Meditec, Dublin, CA). Using scanning laser technology and the optical
properties of the RNFL, the OCT quantifies the thickness of the RNFL at
various locations around the optic nerve and is a rapid and reproducible test
(Zangwill et al., 2001).

The technology has been shown to reproducibly

detect damage in tissue thickness with a sensitivity of around 10 microns (El
Beltagi et al., 2003).
As the OCT equipment only became available after the commencement of
the research, RNFL data were available for a subset of participants. Poor
quality scans also meant that some data were not included for analyses, as
only well-focused, centred scans with signal strength greater than 6 using the
Fast RNFL Thickness 3.46 Scan protocol were included (Leung et al., 2008).
The average RNFL in each eye, in microns, was recorded. RNFL thickness
in the better-eye and worse-eye was used in the analysis, corresponding to
the eyes with the thicker and thinner RNFL respectively.

Unlike the IVF

measures, superior and inferior RNFL estimates could not be estimated from
the OCT assessment. Figure 3-4 presents an example of an OCT plot, and
the corresponding monocular 24-2 visual field plot. Red segments on the
OCT plot represent areas of significantly thinner RNFL than age-matched
controls.

Black squares in the lower 24-2 plots represent points where

sensitivity is significantly worse than age-matched average sensitivity.
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[A]

[B]

Figure 3-4: Example of [A] OCT scan and [B] corresponding 24-2 threshold visual field
plot.

3.6.8

Motion sensitivity

A motion sensitivity test was included in the study, as motion sensitivity has
been shown to be affected by glaucoma (Silverman et al., 1990; Bullimore et
al., 1993; Shabana et al., 2003) and has been associated with reduced
postural stability among older adults (Freeman et al., 2008a).

Motion

sensitivity was assessed using a computer generated motion sensitivity
program, designed by Wood and Bullimore (1995).
A computer screen, placed 3.2m from the participant, presents a large
square of random dots subtending 4.0 degree diameter. An inner square of
dots within this larger square, subtending 2.9 degree diameter, is displaced
(in degrees per second) in one of the four cardinal directions (up, down, left
or right). For each presentation, participants report the perceived direction of
movement

(forced-choice),

and

the

displacement

of

the

following

presentation is increased or decreased, in a two down, one up staircase
procedure. The program determines the minimum perceived displacement
threshold, in degrees per second, based on the average of the last four
reversals.
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3.6.9

Attentional field of view

Attentional field of view (AFV) measures were included as explanatory
factors in the longitudinal falls study (Chapter 7), because previous studies
have reported significant associations between AFV and mobility (Broman et
al., 2004; Owsley & McGwin, 2004; Leat & Lovie-Kitchin, 2008). Participants’
attentional field of view (AFV) was measured binocularly using a
computerised test developed at QUT (Wood & Troutbeck, 1995; Wood et al.,
2006).

Participants were seated 27cm in front of a computer monitor,

wearing their habitual single vision distance correction and optically corrected
for the test distance. Standard room illumination was provided by overhead
fluorescent lighting.
This AFV test consists of central discrimination task (presence or absence of
a circle) while simultaneously performing a peripheral discrimination task
(localising a triangle). The peripheral triangle can be located in one of 24
possible locations along the 8 cardinal directions on 3 annular rings,
subtending 11, 20 and 28 degrees respectively from central fixation. It is
estimated that the size of the targets subtend 3.4 degrees, or approximately
6/244 (Leat & Lovie-Kitchin, 2006).
In the absence of any peripheral distractors, the test is a measure of divided
attention (AFVDIV).

A further level of complexity is introduced with the

presence of peripheral distractors, consisting of 47 shaded squares, and is a
measure of selective attention (AFVSEL). Figure 3-5 shows some example
screenshots of the divided and selective attention tasks.

The display

duration was constant (90 milliseconds), followed by a random masking
pattern to minimise the formation of an afterimage.
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Figure 3-5: Attentional field of view tasks. Divided attention = central and peripheral
task, with no peripheral distracters [images A & B]. Selective attention = central and
peripheral task, with peripheral distracters [image C & D].

A response was considered correct when both the central and peripheral
targets were correctly identified and incorrect when the central target was
correctly identified while the peripheral target was incorrectly identified. A
central error was recorded when the central target was incorrectly identified,
indicating central inattentiveness, and was retested until a correct response
was recorded.

The locations of incorrect responses for each of the 24

peripheral positions were recorded, along with the overall sum of incorrect
responses. The superior and inferior field scores were calculated as the sum
of incorrect responses in the respective hemifields, excluding the horizontal
midline target locations.
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3.6.10 Vision-related quality of life
The National Eye Institute 25-Item Visual Function Questionnaire (VFQ-25)
was used to assess impairment in vision-related functioning (Mangione et al.,
2001).

This is a widely used and well validated questionnaire that is a

condensed and improved version of the original 51-item questionnaire
(Mangione et al., 1998).
The self-administered 25-item questionnaire assesses 12 domains: (i) selfrated general health, (ii) overall vision, (iii) difficulty with near vision activities,
(iv) difficulty with distance vision activities, (v) limitations in social functioning
because of vision, (vi) role limitations because of vision, (vii) increased
dependency because of vision, (viii) mental health limitations caused by
vision, (ix) driving difficulties, (x) limitations with peripheral vision, (xi)
limitations in colour vision and (xii) ocular pain.
Scores were calculated according to the developers’ guidelines (Mangione et
al., 2001). The subscales scores are an average of the items in the subscale
transformed to a 0 to 100 scale, where 100 represents the highest level of
functioning or minimal subjective impairment and 0 represents the lowest.
The overall composite score for the VFQ-25 is an unweighted average of the
responses to all subscale scores, excluding the general health question. The
composite score ranges from 0 to 100, where 100 represent the highest level
of functioning or minimal subjective impairment and 0 the lowest.

The

distribution of the VFQ composite score was normalised using a logarithmic
transform using the formula TVFQ-25=ln (101-VFQ-25), in which TVFQ-25
and VFQ-25 are the transformed and untransformed values of the composite
scale, respectively (McKean-Cowdin et al., 2007; McKean-Cowdin et al.,
2008).
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3.7 Statistical considerations
3.7.1

Sample size analysis

The sample size estimates were guided by the numbers of participants
required to address the hypothesis of the longitudinal falls study (Study 2), as
this was the main focus of this research. These calculations were based on
a two-sample test comparing means (Chow & Liu, 2004).

To detect a

minimum difference of 5 points in the binocular integrated visual field
measure (IVF-120) between fallers and non-fallers as statistically significant
(two-tailed hypothesis at 5% level of significance), with 80% power, would
require 58 persons per group.

This estimate assumes that the standard

deviation of binocular visual field scores (IVF-120) is around 10 units
(Freeman et al., 2007). As previous studies indicate 1 in 3 older adults will
experience a fall each year (Tinetti et al., 1988; Coleman et al., 2007;
Freeman et al., 2007), it is likely that the ratio of non-fallers to fallers will be
2:1. To account for unequal sampling probability, the target sample size was
increased by 10%. A total cohort of 135 participants would be needed to
obtain an 80% power to detect a 5 point difference on binocular visual field
scores between non-fallers and fallers.
It was also important to ensure that the above sample size would be
sufficient to address the hypotheses for the cross-sectional studies (Studies
1a, 1b and 1c). Studies have reported significant correlations between visual
field loss and health-related QOL measures (SF-36) in the order of r= 0.20 to
0.30 (Jampel et al., 2002a; McKean-Cowdin et al., 2007).

In addition,

Shabana et al (2005) demonstrated significant correlations between visual
field loss and visual stability ratio between r= 0.30 to 0.40. The smallest
correlation that could be identified with a power of 80% using a sample size
of 135 participants was r=0.24.

Alternatively, to identify a correlation of

r=0.30, a sample size of 83 participants would be required to provide 80%
power to discover a significant difference from the null hypothesis at the 0.05
significance level.
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3.7.2

Statistical analyses

Statistical analyses were performed using SPSS (version 16.0, SPSS,
Chicago, IL), R (version 2.6.0) and Microsoft Excel Version 2007 (Microsoft
Corporation, 1997). The significance criterion was set at p=0.05, and all
tests were two-tailed.
Descriptive statistics (including mean, standard deviation, range and
proportions, as appropriate) were calculated for all variables. Distributions of
these variables were examined for normalcy using histograms, normal
quantile-quantile plots and box plots with outliers.

Normally distributed

continuous data were summarised using mean and standard deviation (SD)
statistics. Continuous data not normally distributed were summarised using
median statistics. Nominal data were presented as counts and percentages.
Specific statistical analyses undertaken for each data set are detailed in the
relevant chapters.

Given the exploratory nature of this study, multiple

adjustments are not strictly required and are overly conservative, and can
potentially mask important findings (Perneger, 1998; Bender & Lange, 2001).
Therefore in our analyses, p-values were not adjusted for multiple
comparisons; however, the possibility of chance findings due to type I errors
must be considered when interpreting our results.
All linear regression models were assessed for model fit and residuals
examined to confirm the model assumptions of normality, linearity and
homoscedasticity. Multicollinearity was assessed in regression models using
the collinearity diagnostics in SPSS based on the variance inflation factors
(VIF). A VIF value greater than 10 provides evidence of multicollinearity
(Chatterjee et al., 2006).

3.7.3

Potential confounding factors

By definition, confounding factors are significantly associated with both the
outcome and explanatory variables, but do not lie on the causal pathway
(Woodward, 2005). It was considered a priori that age and gender would be
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important potential confounding factors. Age is associated with an increased
the risk of glaucoma (Rochtchina & Mitchell, 2000; Weih et al., 2001) and
falls (Ivers et al., 1998; Klein et al., 2003b; Freeman et al., 2007). In addition,
gender differences have been reported for glaucoma risk (Rudnicka et al.,
2006) and falls (Ivers et al., 1998; Tromp et al., 2001; Freeman et al., 2007).
As such, these factors were included as confounding variables in all
analyses, regardless of their statistical significance with the visual function
and outcome measures.
Systematic assessment of other potential confounding factors was performed
and is presented in Appendix 4.

The following demographic, health and

medical variables were evaluated as confounding factors: smoking status
(non-smoker, former smoker or current smoker), alcohol intake (abstainers,
light drinkers and heavy drinkers), medication use (central nervous system,
hyponotics/sedatives,

antidepressants,

cardiac,

oral

beta-blockers,

endocrine, respiratory, number of medications and polypharmacy) and some
self-reported medical conditions (diabetes, hearing impairment, heart
disease, hypertension and co-morbidity index). Several variables were not
considered as potential confounding variables, such as arthritis and body
mass index, because these variables may be in the causal pathway between
vision field loss and the outcome measures.
For the correlation analyses, the variables were tested for confounding based
on a criteria of p<0.20 for the bivariate association between the outcome
measures (health-related QOL, functional status and postural sway) and the
key explanatory variables (IVF measures) (Maldonado & Greenland, 1993).
This liberal criteria for p<0.20 for inclusion of covariates is required, since
statistical power was not ensured for these correlations. As the majority of
these variables failed to meet the criteria for confounding, none were
included as confounding variables to avoided over-fitting the models given
the small sample size in the study.
For the longitudinal falls analyses, the variables were tested for confounding
based on the change-in-estimate criteria using a value of 10 per cent
(Maldonado & Greenland, 1993). As none of these variables demonstrated
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greater than 10 per cent change in the rate ratio estimates when included in
the regression models between visual field loss and falls, they were not
included as confounding variables in analyses.

3.8 Ethical approval
The Queensland University of Technology Human Research Ethics
Committee granted ethical clearance for this study in October 2005 (QUT
Reference Number 4189H) and the investigation was conducted in
accordance with the tenets of the Declaration of Helsinki.

3.9 Data entry and quality control
A number of measures were employed to ensure optimal data quality and
accuracy in data entry and analysis. These measures include:
Use of standardised data collection instruments and procedures wherever
possible;
Careful inspection of returned questionnaires and forms for completeness
and consistency;
Use of a single examiner and interviewer for data consistency;
Random checking of paper based data with the computerised database
(minimum 10 per cent, with minimal errors encountered); and
Carefully controlled data checking, coding and cleaning procedures.
These procedures are detailed in Appendix 5.
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3.10 Baseline characteristics of the study cohort
3.10.1 Study population
In total, a convenience sample of 78 community-dwelling individuals, aged
over 62 years of age and being treated for open-angle glaucoma, were
invited to participate in this study.

Four participants failed to meet the

inclusion criteria when assessed at the baseline visit. Reasons for exclusion
included the inability to walk unaided (n=2) and the presence of other
significant ocular disease (n=2).

In total, 74 participants were eligible to

participate and completed the baseline assessment. During the 12-month
follow-up period, one participant passed away, and two withdrew from the
study, leaving a total of 71 participants who completed the prospective falls
assessment. A summary of the recruitment and data collection process is
presented in Figure 3-1. In total, 150 adults were approached to participate
in the study, identified from the various recruitment sources. Although the
sample size calculations estimated that 135 participants were required, this
target was not achievable within the study period, due to the strict inclusion
and exclusion criteria of the study, along with difficulties in attending the
campus due to transport limitations.

3.10.2 Socio-demographic, health and medical characteristics
The group of 35 (47%) women and 39 (53%) men had a mean age of 74.2
years (SD 5.9) ranging from 62 to 90 years (Table 3-1). Female participants
were similar in age to the male participants (74.3 ± 6.3 and 74.2 ± 5.5 years
respectively, t = -0.08, p=0 .94).
Participants reported a median of two non-ocular co-morbidities (range none
to 5); the four most frequently cited were arthritis (51%), hearing impairment
(39%), hypertension (39%) and heart disease (30%) (Table 3-2).

The

majority of participants (76%) were taking some form of cardiac medication,
followed by endocrine medications (32%). In terms of the self-rated general
health of the participants, 30 participants (41%) reported very good or
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excellent health, 36 (49%) reported good health and 8 (11%) reported poor
health (data not shown).
The median duration of glaucoma reported was 9 years, ranging from 1 to 56
years. The majority of participants were being treated bilaterally (92%), and
14 (19%) reported having had previous glaucoma surgery. The treatment of
glaucoma in all but one participant was by means of topical anti-glaucoma
medications. Of these, 27 (36%) were using two or more topical preparations
(data not shown, range 1 to 3 medications) and 22 (30%) were using a
topical beta-blocker medication.
In the previous year, 26 (35%) participants reported experiencing at least one
fall and 7 (10%) reported two or more falls (range 1-6). Of these, 4 (5%)
participants reported an injury arising from the previous fall/s. Fear of falling
was reported in 16 (22%) participants and 12 (16%) reported some restriction
in their activities due to fear of falling.
Table 3-1: Baseline socio-demographic characteristics of participants (n=74)
Mean age, years (sd)
Range

74 ± 5.9
62 - 90

Female, n (%)

35 (47.3%)

Country of Birth, n (%)
Australia

53 (71.6%)

United Kingdom

13 (17.6%)

Current Employment Status, n (%)
Retired
53 (71.6%)
Employed full-time
1 (1.4%)
Employed part-time
3 (4.1%)

Europe

2 (2.7%)

Asia

1 (1.4%)

North America

1 (1.4%)

Home Duties

Other

4 (5.4%)

Missing

Accommodation, n (%)
House

4 (5.4%)
13 (17.6%)

52 (70.3%)

Primary Household Income, n (%)
Salary or wage

Unit

18 (24.3%)

Superannuation, investments

38 (51.4%)

Other

4 (5.4%)

Any form of pension

19 (25.7%)

Missing

13 (17.6%)

Living Arrangements, n (%)
With spouse
Alone

4 (5.4%)

54 (73%)

Current driver, n (%)

62 (83.8%)

16 (21.6%)

47 (63.5%)

With relatives

2 (2.7%)

Smoking Status, n (%)
Non-smoker

Other

2 (2.7%)

Former smoker

26 (35.1%)

Current smoker

1 (1.4%)

Education Completed, n (%)
University/College Degree

26 (35.1%)

Alcohol Consumption, n (%)
Abstainer

Trade/Technical Certificate

11 (14.9%)

Secondary High School

31 (41.9%)

Light drinker

50 (67.6%)

6 (8.1%)

Heavy drinker

3 (4.1%)

Primary School

Notes: sd = standard deviation;
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Table 3-2: Baseline health and medical characteristics of participants (n=74)

Prevalence
Medical co-morbidities, n (%)
Arthritis
Cancer
Diabetes
Hearing impairment
Heart disease
Hypertension
History of hip fracture
Incontinence
History of stroke
Other

38
20
9
29
22
29
3
8
1
5

(51.4%)
(27%)
(12.2%)
(39.2%)
(29.7%)
(39.2%)
(4.1%)
(10.8%)
(1.4%)
(6.8%)

Co-morbidity index, median (range)

2 (0 - 5)

Number of medications, median (range)

4 (1 - 12)

Use of four or more medications, n (%)

47 (63.5%)

Systemic medication use, n (%)
Use of central nervous system medication
Use of sedatives or hypnotics
Use of antidepressants
Use of cardiac medication
Use of oral beta-blocker
Use of endocrine medication
Use of respiratory medication

10
5
6
56
11
24
5

(13.5%)
(6.8%)
(8.1%)
(75.7%)
(14.9%)
(32.4%)
(6.8%)

Median duration of glaucoma, years (range)
1-5 years, n (%)
5-10 years, n (%)
More than 10 years, n (%)
Missing

9
26
12
27
9

(1-56)
(35.1%)
(16.2%)
(36.5%)
(12.2%)

Glaucoma Laterality, n (%)
Unilateral
6 (8.1%)
Bilateral
68 (91.9%)
Number of topical glaucoma medications, median
(range)
1 (0 - 3)
Glaucoma medication use, n (%)†
Use of a topical beta-blocker medication
Use of other topical glaucoma medications

22 (29.7%)
66 (89.2%)

Previous glaucoma surgery, n (%)
Yes

14 (18.9%)

† Totals do not equal 100% due to multiple medications use
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3.10.3 Vision Function Characteristics
Among the 74 participants assessed at baseline, 14 (19%) did not wear any
distance correction, 9 (12%) used single-vision distance spectacles, 1 (1%)
wore contact lenses, and 50 (68%) wore multifocal spectacles.

Of the

multifocal wearers, the majority wore bifocals (n=33), followed by progressive
lenses (n=15) and trifocals (n=2).
The baseline visual function characteristics of the 74 participants are
presented in Table 3-3. There are missing data for some visual function
measures, as some participants were unable to complete the motion
perception tests (n=3), incomplete VFQ-25 questionnaires (n=2) and poor
quality OCT scans (n=17).

The AFV characteristics of the cohort are

presented in Chapter 7.
The cohort comprised a heterogeneous group regarding severity of
glaucoma. The mean severity of binocular visual field loss was -4.10 dB
(range 1.59 dB to -28.23 dB) for the IVF-60, and 32 points missed (range 6 to
96) for the IVF-120. Three participants had presenting habitual visual acuity
in the better eye worse than 6/12 (data not shown).
Many of the visual function measures were significantly correlated, as shown
in Table 3-4. Central visual function measures of visual acuity and contrast
sensitivity were highly correlated with each other (r = -0.61 to -0.83). With
more advanced glaucoma, both central and peripheral visual function are
affected, evidenced by the significant correlations between VA better-eye and
IVF measures (r= |0.44| to |0.53|) and between CS better-eye and IVF scores
(r= |0.71| and |0.79|).

The correlations between IVF and worse-eye

measures (VA, CS and 24-2) were generally weaker compared to better-eye
measures.
Greater IVF loss was significantly associated with poorer motion detection
scores (r=|0.35| to |0.36|) and stereoacuity (r=|0.49| to |0.52|). The integrated
visual field measures were highly inter-correlated (r=|0.72| to |0.93|) (data
presented in Appendix 6).
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Table 3-3: Baseline visual function characteristics of participants (n=74)

Visual function

N

Better-eye

Worse-eye

Visual Acuity (logMAR), mean ± sd, (range)

74

0.06 ± 0.13

(-0.26 to 0.52)

0.21 ± 0.26 (-0.1 to 1.4)

Contrast Sensitivity (logCS), mean ± sd, (range) 74

1.54 ± 0.17

(0.65 to 1.7)

1.44 ± 0.29 (0.25 to 1.7)

Binocular

Stereopsis, n (%)
present

61

61

(82.4%)

absent

13

13

(17.6%)

Dot Motion (log deg/sec), mean ± sd, (range)

71

Visual Field Sensitivity (dB), mean ± sd, (range) 74
RNFL (µm), mean ± sd, (range)

57

-1.38 ± 0.24 (-1.868 to -0.795)
-4.29 ± 6.39

(-28.01 to 1.29)

83.8 ± 19.0

(42.33 to 128)

-8.66 ± 8.55 (-31.99 to 0.81)
73.0 ± 18.4 (38.92 to 116.17)

IVF-60 (dB), mean ± sd, (range)
total field

74

-4.10 ± 6.28 (-28.23 to 1.59)

lower field

74

-3.52 ± 6.28 (-28.36 to 2.75)

upper field

74

-4.67 ± 7.02 (-28.96 to 3.25)

IVF-120 (points missed), mean ± sd, (range)
total field

74

32 ± 21

(6 to 96)

lower field

74

17 ± 12

(2 to 46)

upper field

74

15 ± 11

(1 to 50)

VFQ-25 score, median (range)
72
87.9
(26.36 to 100)
Notes: sd = standard deviation; MAR = minimum angle of resolution; CS = contrast sensitivity; dB = decibel; RNFL = retinal nerve fibre layer; IVF =
integrated visual field; VFQ-25 = Visual Function Questionnaire
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Table 3-4: Pearson’s correlations between vision measures, according to [A] better†
eye and [B] worse-eye scores
[A]
VA better-eye
CS better-eye
Stereoacuity
Motion sensitivity
24-4 better-eye
IVF-60 overall
IVF-120 overall
VFQ-25 composite
[B]
VA worse-eye
CS worse-eye
Stereoacuity
Motion sensitivity
24-4 worse-eye
IVF-60 overall
IVF-120 overall
VFQ-25 composite

VA better- CS bettereye
eye
1
-0.61 **
1
0.36 ** -0.65 **
0.38 ** -0.48 **
-0.52 **
0.77 **
-0.53 **
0.79 **
0.44 ** -0.71 **
0.34 ** -0.53 **

Stereoacuity

VA worse- CS worseeye
eye
1
-0.83 **
1
0.59 ** -0.71 **
0.45 ** -0.47 **
-0.53 **
0.72 **
-0.64 **
0.70 **
0.57 ** -0.66 **
0.40 ** -0.46 **

Stereoacuity

1
0.41 **
-0.49 **
-0.52 **
0.49 **
0.36 **

1
0.41 **
-0.55 **
-0.52 **
0.49 **
0.36 **

Motion
sensitivity

1
-0.37 **
-0.36 **
0.35 **
0.22
Motion
sensitivity

1
-0.28 *
-0.36 **
0.35 **
0.22

24-4
better-

IVF-60
overall

1
0.99 **
-0.91 **
-0.54 **

1
-0.93 **
-0.54 **

24-4
worse-

IVF-60
overall

1
0.86 **
-0.86 **
-0.42 **

1
-0.93 **
-0.54 **

IVF-120
overall

1
0.52 **
IVF-120
overall

1
0.52 **

Notes: * p<0.05; ** p<0.01; VA = visual acuity; CS = contrast sensitivity; IVF = integrated
visual field; VFQ-25 = Visual Function Questionnaire (transformed scale).
† n=74, with the exception of VFQ-25 (n=72);

3.11 Summary
In summary, this chapter described the recruitment procedures and common
methods used throughout the thesis. The baseline demographics and visual
function characteristics of the study population were also presented. The
following four chapters present the findings from the cross-sectional studies
(Studies 1a, 1b and 1c) and the longitudinal falls study (Study 2).
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Chapter 4: Visual Impairment and Health-Related
Quality of Life among Older Adults with Glaucoma
[Study 1a]

4.1 Introduction
Visual impairment may affect health-related QOL due to a number of
reasons, which include the diagnosis itself, the loss of visual function, its
impact on functional activities, and the costs, inconvenience and side-effects
associated with treatment (Severn et al., 2008). It follows, therefore, that
visual impairment from glaucoma would negatively impact on the healthrelated QOL of older adults. However, this relationship has not been well
explored in the previous literature.
As outlined in the literature review, there is a growing body of literature that
has examined health-related QOL as a means of understanding the broader
impact of eye disease. However, these studies have focused on the impact
of visual acuity loss or self-reported vision loss on health-related QOL (Chia
et al., 2004; Langelaan et al., 2007).

Visual field loss has received

comparatively little attention in previous research, and its association with
health-related QOL is less well understood, particularly among older adults.
The remainder of this introduction reviews the literature which has examined
the association between glaucoma or visual field loss and health-related
QOL.

4.2 Glaucoma, visual field loss and health-related QOL
There is consistent evidence that has demonstrated that adults with
glaucoma or visual field loss report poorer levels of general health-related
QOL, compared to those with normal vision. In the Los Angeles Latino Eye
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Study (LALES) of adults aged over 40 years, McKean-Cowdin et al (2007)
demonstrated that adults with moderate to severe bilateral visual field loss
from any cause (n=340), defined as a mean deviation in both eyes worse
than -6dB, reported significantly lower SF-12 scores compared to adults
without visual field loss (n=2,886), in both the physical and mental
components (by 3.7 and 2.8 units, respectively). The study also indicated
that health-related QOL is not significantly affected until glaucoma becomes
bilateral, as adults with moderate to severe unilateral visual field loss (n=77),
reported similar SF-12 scores to those without visual field loss.
In a follow-up study comprising of the same LALES cohort, McKean-Cowdin
et al (2008) examined health-related QOL scores among adults with visual
field loss from glaucoma (n=180), defined as a mean deviation in a merged
binocular field worse than -2dB. Compared to participants without glaucoma
(n=2,821), those with bilateral glaucoma reported lower SF-12 scores, but
only in the physical component of the SF-12 (by 2.1 units). The results of the
follow-up study were weaker than their earlier study (McKean-Cowdin et al.,
2007), most likely due to the less stringent criteria of visual field loss (-2 dB
compared with -6 dB) and the smaller sample size.
Case-control studies have shown that individuals with glaucoma report
poorer health-related QOL compared to controls with normal vision.
Sherwood et al (1998) found that patients aged over 40 years with glaucoma
(n=54) reported lower scores on the Medical Outcome Study 20-item
questionnaire in 5 of the 6 subscales, when compared to age-matched
controls (n=54). The specific subscales which differed significantly between
glaucoma and control groups included physical functioning, role functioning,
mental health, general health and social functioning. The study, however, did
not examine the association between severity of visual field loss and these
subscales in the glaucoma group.
In a similar study, Wilson (1998) compared SF-36 subscale scores between
a group of glaucoma patients (n=121), whose mean deviation in the better
eye averaged -9.4 dB (range 1.7 dB to -27.7 dB), and a normally sighted
control group (n=135). Individuals with glaucoma reported significantly lower
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scores in six of the eight domains, notably in the subscales for physical
functioning (by 4.55 units) and role limitation-physical (by 4.83 units).
Interestingly, mental health scores were significantly higher among those with
glaucoma (by 0.51 units). There were some notable limitations, however, as
the control group was significantly younger than the glaucoma group (mean
age 44.8 and 69.8 years, respectively), and the analyses did not include the
SF-36 physical or mental component scores.
Gutierrez (1997) compared SF-36 scores between 147 glaucoma patients,
with a mean glaucoma severity score of 5.3 ± 5.9 units in the better eye, and
25 controls with normal vision, aged over 30 years (average age not
reported). Participants with glaucoma reported lower scores on all 8 SF-36
subscales, but the differences failed to reach statistical significance. These
findings were limited by the uneven group sizes, along with the control group
being significantly younger, by 15 years on average, than the glaucoma
participants. The study also did not calculate either of the SF-36 physical or
mental component scores.

4.3 Severity of visual field loss and health-related QOL
It is unclear, however, whether severity of visual field loss is related to
declines in health-related QOL. Comparisons between studies are difficult
due to the use of a variety of health-related QOL instruments, visual field
measures and variations in the study populations. At best, the expected
associations between severity of visual field and health-related QOL are not
likely to be strong, given that outcomes from health-related QOL instruments
are influenced by additional health-related factors, and are not likely to be
considerably influenced by changes in visual function. Despite this, previous
studies have reported associations between the severity of visual field loss
and health-related QOL.
The best evidence, to date, is shown in a population-based study comprised
of 5,213 adults aged over 40 years (McKean-Cowdin et al., 2007). In this
study, greater visual field loss from any cause, using the better-eye mean
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deviation scores, was associated with lower physical and mental SF-12
component scores. The association was slightly stronger on the physical
component than the mental component (linear regression coefficient (B) 0.23
vs 0.21, respectively). However, the results were not supported in a followup study when the analysis was limited to adults with glaucoma (n=213)
(McKean-Cowdin et al., 2008).

No significant associations were found

between visual field loss (mean deviation in the better-eye) and either the
SF12 physical (B coefficient 0.16; p=0.128) or mental (B coefficient 0.28;
p=0.056) component scores. It is likely that the disparity in the findings of the
latter study is due to the smaller sample size compared to the former study.
The findings from smaller clinical studies are also mixed. Parrish et al (1997)
examined SF-36 scores among 147 glaucoma participants (mean age 70;
range 15-92).

Weak but significant correlations were found between a

number of SF-36 domains and binocular Esterman field scores, most notably
between subscales for physical function (r=-0.25), role physical (r=0.26) and
role emotional (r=-0.21). Iester et al (2002) reported a significant correlation
between mean deviation in the worse eye and SF-36 scores (r=0.40) among
77 glaucoma participants (mean age 62±5 years; range not reported). The
study, however, is limited by the lack of findings based on the SF-36
summary scores, or the better eye visual field measures.
Jampel et al (2002b) reported low correlations between SF-36 subscale
scores and binocular Esterman scores (highest correlation with physical
function, r=0.18) or better-eye MD (highest correlation with social function,
r=0.20), in a study of 191 glaucoma participants (mean age 72 years; range
26–92). In another study by Jampel (2002a), low correlations were found on
a range of monocular and binocular visual field tests and SF-36 subscales
among 101 glaucoma patients (mean age 69 years; range 32-90).

The

strongest correlate was found between merged binocular fields and the rolephysical domain (r=0.21).

In contrast, Wilson et al (1998) failed to

demonstrate any associations between SF-36 subscale scores and mean
deviation in the better-eye in a cohort of 121 participants with glaucoma
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(mean age 70 ± 13 years; range not reported). The study, however, did not
examine these associations using the SF36 summary scores.
An area of research that has received little attention is the relationship
between field loss location and health-related QOL. Severity of central and
inferior visual field loss have been shown to correlate significantly with
reduced mobility performance among visually impaired individuals (LovieKitchin et al., 1990; Turano et al., 2004). The loss of inferior visual field may
impact on health-related QOL, particularly if difficulties in mobility result in
restriction in social and recreational participation, with subsequent declines in
functional capacity. However, this association remains unexplored, as no
previous studies have examined the association between visual field loss
location and health-related QOL.
There is little evidence in the literature to suggest that glaucomatous visual
field loss affects the psychological well-being among older adults. Skalicky et
al (2008) reported no significant association between visual field loss and
depression, using the Geriatric Depression Scale, among 165 participants
with glaucoma. Visual field loss was not a significant predictor of depression,
using the Center for Epidemiologic Studies Depression Scale, in a study of
121 patients with open-angle glaucoma (Wilson et al., 2002), nor in study of
607 newly diagnosed glaucoma patients (Jampel et al., 2007).

4.4 Rationale for the study
In summary, there is evidence that adults with glaucoma report poorer
health-related QOL compared to controls, although it remains unclear if
greater severity of visual field loss is associated with poorer health-related
QOL. Variations in the study cohorts and the use of different methods to
assess health-related QOL may explain the equivocal findings. In addition,
there appears to be limited evidence to suggest that visual field loss
negatively impacts on psychological well-being of older adults.
The age groups examined in these previous studies vary considerably, some
including participants aged as young as 15 years of age.
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experience significant declines in physical function (Fried et al., 2001;
Rockwood et al., 2007), and have higher rates of chronic illness and
comorbidites than their younger counterparts.

There is, however, limited

research into the association between glaucoma and health-related quality of
life specifically among older populations. It is possible that the impact of
glaucomatous vision impairment on health-related quality of life among older
populations may be significantly greater than younger populations, yet
remains to be explored.

Thus, the current study sought to examine the

association between severity and location visual field loss and health-related
QOL in a cohort of older adults with glaucoma.

4.5 Study aims and hypotheses
Using a cohort of community-dwelling older adults with glaucoma (n=74), the
aim of the research was to examine the cross-sectional relationship between
severity and location of visual field loss and health-related QOL, based on
the Short Form 36-item Health Survey (SF-36).
The hypotheses of the research (expressed as alternate hypotheses)
described in this chapter are that:
Greater visual field loss is associated with poorer self-reported healthrelated QOL;
Greater visual field loss in the inferior field region is associated with
poorer self-reported health-related QOL.
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4.6 Additional methods
4.6.1
4.6.1.1

Health-related QOL outcome measures
Short form 36-item health survey (SF-36)

The Australian version of the Medical Outcomes Study Short Form 36-item
Health Survey Version 2 (SF-36) was used to assess general health-related
QOL (Ware & Sherbourne, 1992).

This is a well-known generic, multi-

dimensional health status instrument. It was selected because it has been
well-validated and has standardized normal values (Ware & Sherbourne,
1992; Hawthorne et al., 2007). In addition, it has been widely used in vision
research and has been shown to be a valid and reliable instrument among
older populations (Chia et al., 2006c). Excellent test-retest reliability of the
SF-36 summary scores has been reported in studies among older adults,
with reliability estimates greater than 0.73 (Haywood et al., 2005).
The self-administered 36-item questionnaire assesses eight dimensions
(subscales) of health and wellbeing: (i) physical functioning (PF), (ii) role
limitation due to physical problems (RP), (iii) bodily pain (BP), (iv) general
health perceptions (GH), (v) vitality (VI), (vi) social functioning (SF), (vii) role
limitation due to emotional problems (RE) and (viii) mental health (MH).
These subscales are scored from 0 (representing worst possible health state)
to 100 (representing best possible health state) by coding, summating and
transforming relevant item scores, according to the recommended guidelines
and algorithms. The subscales are standardized using a Z-score transform
based on Australian population SF-36 normal values (Hawthorne et al.,
2007).
The eight subscales are used to create two summary measures: the physical
component score (PCS) and the mental component score (MCS), weighted
by established factor score coefficients (Hawthorne et al., 2007).

The

subscale and summary scores are standardized to a T-score (mean = 50,
standard deviation = 10).

Scores greater than 50 indicate better-than-
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average quality of life and scores below 50 indicate worse-than-average
quality of life.

4.6.2

Statistical analysis

As most of the SF-36 subscales were not normally distributed, the bivariate
associations between the subscales scores and visual function measures
were assessed using Spearman rank-correlations.
Pearson’s correlations were used to examine the bivariate relations between
the continuous predictor variables and SF-36 PCS and MCS scores; point
biserial correlations were used to examine relations between the categorical
variables and SF-36 PCS and MCS scores. Further analyses adjusted for
age and gender. P-values were not adjusted for multiple comparisons, as
reported in Section 3.7.2.
The associations between integrated visual field loss (IVF-60 and IVF-120)
and SF-36 PCS were assessed using linear regression models, adjusted for
age and gender. No further analyses were undertaken using the SF-36 MCS
scores, because of the lack of bivariate associations with the visual function
measures.
To examine the independent association between SF-36 PCS and location of
visual field loss, the superior and inferior field integrated field measures were
considered together in a regression model, adjusted for age and gender.
These models were examined separately for the IVF-60 and IVF-120
measures. Multicollinearity was assessed using the collinearity diagnostics
in SPSS based on the variance inflation factors (VIF).
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4.7 Results
4.7.1

Description of study cohort

The socio-demographic, health, medical and visual characteristics of the 74
participants have been described in Chapter 2.

4.7.2

Severity of visual impairment and health-related QOL

The distributions of the SF-36 raw and normalised subscales and summary
scores are presented in Table 4-1. Few participants had scale scores of 0,
while many of the scales were positively skewed towards higher scores. The
normalised SF-36 subscale scores ranged from 46.3 ± 9.4 for physical
function to 50.4 ± 8.9 for vitality.

Of the summary scores, participants

reported lower PCS and higher MCS scores (46.8 ± 8.5 and 50.7 ± 10.2,
respectively).

Table 4-1: Raw and normalised SF-36 subscale and summary scores (n=74)
Raw Scores
Scale

Normed Scores

Mean

SD

Median

Min

Max

Mean

SD

Median

Min

Max

Physical Function

76.6

Role Physical

77.1

20.6

85

10

100

46.3

9.4

50.2

15.9

57.0

24.1

84.38

0

100

47.1

9.6

50.0

16.4

56.2

Bodily Pain

68.8

19.3

72

22

90

46.4

9.1

47.9

24.4

56.4

General Health

70.4

17.9

72

22

100

49.3

8.2

50.1

27.2

62.8

Vitality

62.1

18.5

62.5

6.25

100

50.5

8.9

50.7

23.6

68.7

Social Function

87.2

19.2

100

25

100

50.4

8.6

56.2

22.6

56.2

Role Emotional

88.1

18.7

100

8.33

100

48.0

10.7

54.8

2.4

54.8

Mental Health

80.4

16.6

85

20

100

49.9

9.8

52.6

14.3

61.4

SF-36 PCS

-

-

-

-

-

46.8

8.5

48.2

24.5

62.6

SF-36 MCS

-

-

-

-

-

50.7

10.2

53.4

6.7

70.7

Notes: SD = Standard Deviation; SF-36 = Short-form 36-item survey; PCS = Physical
Component Score; MCS = Mental Component Score

- 85 -

Chapter 4

The bivariate correlations between the SF-36 subscales and vision variables
are presented in
Table 4-2. Only 2 of the 8 SF36 subscales showed significant associations
with several visual function measures, and the correlations in these cases
were relatively weak (r=|0.24| to |0.34|). Greater overall visual field loss (24-2
better-eye, IVF-120) and inferior visual field loss (IVF-60 and IVF-120) was
associated with lower role physical scores. In addition, greater overall visual
field loss (24-2 better-eye and IVF-60) was associated with lower general
health scores.

Significant correlations were also found between VFQ-25

composite score and 6 of the 8 SF-36 subscales (r=-0.29 to -0.42).
The unadjusted and adjusted correlations for the association between visual
function and SF-36 summary scores are shown in Table 4-3. In the age and
gender adjusted analyses, lower scores on the SF-36 PCS scores were
associated with reduced central visual function (VA better-eye r=-0.30; CS
better-eye r=0.33) and overall visual field loss (24-2 better-eye r=0.35; IVF-60
r=0.36; IVF-120 r=-0.32).

The inferior field integrated scores were more

strongly associated with lower PCS scores than the superior field scores
(IVF60 inferior r=0.36; IVF-120 inferior r=-0.35). Only the VFQ-25 composite
score was significantly associated with SF-36 MCS scores.
The results from linear regression models controlling for age and gender are
presented in Table 4-4.

Each decibel reduction in total IVF-60 was

associated with a 0.50 unit decrease in PCS scores (Model 1), while each 10
points missed on the total IVF-120 was associated with a 1.28 units decrease
in PCS score (Model 3). When both the superior and inferior fields were
considered together in a model, the inferior fields were more strongly
associated with PCS scores, particularly in the IVF-120 model (Model 4),
whereas the superior field estimates fell short of statistical significance. Each
10 points missed on the IVF-120 inferior field was associated with a 3 units
decrease in PCS score. While a similar trend was noted for IVF-60, this
failed to reach statistical significance.
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Table 4-2: Spearman’s correlations between visual function measures and SF-36 subscales scores

Vision Measure

Physical
Function

Role
Physical

Bodily
Pain

SF-36 Subscales
General
Health
Vitality

†

Social
Function

Role
Emotion

Mental
Health

Visual Acuity (logMAR)
better-eye

-0.06

-0.08

0.06

-0.01

0.09

0.14

0.11

0.14

worse-eye

-0.06

-0.21

0.08

0.02

0.09

0.14

-0.06

0.12

-0.20

0.13

0.09

0.04

0.00

-0.05

-0.28 *

0.13

0.01

-0.08

-0.05

-0.18

Contrast Sensitivity (logCS)
better-eye

0.10

0.08

worse-eye

0.04

-0.01

-0.15

-0.09

0.15

-0.09

-0.11

-0.10

-0.08

0.10

0.11

-0.06

0.19

-0.02

0.02

0.13

-0.13

-0.03

Stereoacuity (present/absent)
Motion sensitivity (log deg/sec)
Visual Field Sensitivity (dB)
better-eye

0.10

0.25 *

-0.10

0.28 *

0.13

0.15

0.06

0.09

worse-eye
RNFL (µm)

0.05

0.13

-0.11

0.17

0.07

0.18

0.13

0.01

better-eye

-0.14

0.11

-0.11

0.26

0.16

0.15

-0.02

-0.03

worse-eye

-0.20

0.02

-0.07

0.21

0.10

0.11

-0.06

-0.14

overall field

0.09

0.22

-0.14

0.24 *

0.12

0.14

0.06

0.07

inferior field

0.15

0.25 *

-0.13

0.22

0.16

0.14

0.19

0.11

superior field

0.05

0.20

-0.12

0.19

0.09

0.13

0.01

0.04

IVF-60 (dB)

IVF-120 (points missed)
overall field

-0.12

-0.24 *

0.06

-0.19

-0.09

-0.15

-0.03

-0.07

inferior field

-0.22

-0.26 *

0.02

-0.14

-0.09

-0.15

-0.11

-0.08

superior field

-0.07

-0.20

0.10

-0.16

-0.06

-0.13

0.02

-0.04

VFQ-25 composite

-0.15

-0.33 **

-0.42 **

-0.31 **

-0.41 **

-0.07

-0.29 *

-0.37 **

Notes: Bold values indicate significant correlations; *p<0.05; **p<0.01; † n=74, with the exception of RNFL (n=57) and VFQ-25 (n=72); SF-36 =
Short-form 36-item survey; RNFL = Retinal Nerve Fibre Layer; IVF = Integrated Visual Field; VFQ-25 = Visual Function Questionnaire.
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Table 4-3: Pearson’s correlations between visual function measures and SF-36
†
summary scores

Unadjusted

Age and gender adjusted

Physical
Mental
Component Component

Physical
Mental
Component Component

Visual Acuity (logMAR)
better-eye

-0.30 **

0.10

-0.30 *

0.12

worse-eye

-0.29 *

0.02

-0.27 *

0.05

Contrast Sensitivity (logCS)
better-eye

0.31 **

0.07

0.33 **

0.05

worse-eye

0.24 *

-0.02

0.24 *

-0.05

Stereoacuity (present/absent)

-0.15

-0.01

-0.14

0.03

Motion sensitivity(log deg/sec)

0.11

-0.12

0.14

-0.08

Visual Field Sensitivity (dB)
better-eye

0.29 *

0.17

0.35 **

0.17

worse-eye

0.20

0.06

0.25 *

0.06

better-eye

0.15

0.02

0.11

0.01

worse-eye

0.02

-0.01

0.07

-0.01

RNFL (µm)

IVF-60 (dB)
overall field

0.30 **

0.14

0.36 **

0.15

inferior field

0.33 **

0.18

0.36 **

0.17

superior field

0.24 *

0.10

0.31 **

0.11

overall field

-0.29 *

-0.09

-0.32 **

-0.08

inferior field

-0.35 **

-0.14

-0.35 **

-0.12

superior field

-0.20

-0.03

-0.25 *

-0.03

-0.30 **

-0.30 **

-0.29 *

-0.29 *

IVF-120 (points missed)

VFQ-25 composite

Notes: Bold values indicate significant correlations; *p<0.05; **p<0.01; † n=74, with the
exception of RNFL (n=57) and VFQ-25 (n=72); SF-36 = Short-form 36-item survey; RNFL =
Retinal Nerve Fibre Layer; IVF = Integrated Visual Field; VFQ-25 = Visual Function
Questionnaire (transformed scale);
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Table 4-4: Association between visual field measures and SF-36 physical component
scores (linear regression, adjusted for age and gender; n=74)
Model Predictor Variables

B coefficient (95% CI)

Beta

p-value

VIF

1

IVF-60 overall field (per dB)

0.50 (0.19 to 0.8)

-0.37

0.002

2

IVF-60 inferior field (per dB)

0.42 (-0.06 to 0.91)

-0.32

0.088

2.72

IVF-60 superior field (per dB)

0.09 (-0.36 to 0.53)

-0.07

0.707

2.91

3

IVF-120 overall field (per 10 points)

-1.28 (-2.17 to -0.39)

-0.32

0.006

4

IVF-120 inferior field (per 10 points)

-3.01 (-5.64 to -0.38)

-0.39

0.028

2.48

IVF-120 superior field (per 10 points)

0.38 (-2.15 to 2.91)

0.05

0.769

2.57

Notes: Bold values indicate significant correlations; SF-36 = Short-form 36-item survey; IVF
= Integrated Visual Field; CI = Confidence Interval; VIF = Variance Inflation Factor

The VIF values calculated in the linear regression models ranged from 2.48
to 2.91 suggesting some variance inflation due to multicollinearity between
the superior and inferior field variables. While the results should be
interpreted with some care, none of the VIF values were greater than 10. An
alternative analysis to support these findings using factor analysis is
presented in Appendix 7.

4.8 Discussion
In this cross-sectional study of older adults, greater severity of glaucomatous
visual impairment was associated with poorer self-reported health-related
QOL in the physical component. In particular, participants with greater visual
field loss reported lower scores for the SF-36 PCS. Furthermore, participants
with greater visual field loss in the inferior region reported lower SF-36 in the
physical component, independent of the severity of superior VFL.

No

significant association between SF-36 scores in the mental domain and
glaucomatous visual impairment was found.
To the author’s knowledge, this is the first study to examine the association
between severity and location of visual field loss and health-related QOL
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exclusively in an older cohort of glaucoma patients. It is well known that age
is associated with reductions in overall physical function and increased
prevalence of chronic illness and co-morbidities (Fried et al., 2001;
Rockwood et al., 2007) and our findings indicate that visual field loss is
associated with reductions in health-related quality of life among older
populations, particularly in the physical domains.

The mechanism of this

relationship, albeit speculative, is that visual field loss may initiate restriction
of activity and participation due to mobility difficulties, which in turn may lead
to functional limitations and disability which are reflected in the poorer SF-36
physical domain scores. Because of the cross-sectional nature of our data,
we are unable to establish the causal direction; however, it is likely that visual
field loss reduces self-reported physical function, rather than the reverse.
A number of SF-36 subscales were significantly correlated with severity of
visual field loss in the present study, particularly role physical and general
health. It is difficult to compare our findings with previous studies, given the
variation in cohort characteristics, particularly in the age-range and level of
vision impairment.

Despite this, our findings support previous studies,

demonstrating weak but significant correlations, particularly with the role
physical SF-36 subscale. Parrish et al (1997) reported weak but significant
correlations between visual field loss and physical function, role physical and
role emotional (r between -0.21 and -0.26), while Jampel et al (2002a) found
the strongest correlation between binocular visual field loss and role physical
SF-36 subscale (r=0.21).
In this study, greater visual field loss was significantly associated with lower
SF-36 PCS scores. Similarly, McKean-Cowdin et al (2007) found significant
correlations between SF-12 PCS scores and 24-2 mean deviation in the
better-eye, from all causes (B coefficient= 0.23), which is comparable to the
association between SF-36 PCS and IVF-60 in the current study (B
coefficient = 0.50). Direct comparison is difficult, however, due to differences
in the visual field measures and health-related QOL instruments.
As expected, the associations between health-related QOL and vision
impairment were weak, as generic health-related QOL surveys are not
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strongly influenced by changes in visual function. While health-related QOL
must be viewed in context of other significant health issues faced by this
population (Chia et al., 2004), our findings demonstrated small but detectable
decrements in physical health-related QOL among older adults, which vary
according to the severity of visual field loss.
The independent associations between the various visual function measures
and health-related QOL were not examined in the present study. Strong
correlations were found between central and peripheral visual function, which
was expected as advanced glaucoma affects multiple visual functions.
Therefore, visual acuity and contrast sensitivity were also significantly
correlated with SF-36 PCS in the present study. We cannot rule out that
these visual functions may also influence health-related QOL among older
adults with glaucoma.
In contrast, previous studies have failed to demonstrate significant
associations between visual field loss and health-related QOL (Gutierrez et
al., 1997; Parrish et al., 1997; Wilson et al., 1998; McKean-Cowdin et al.,
2008; Muir et al., 2008). An important point of difference is the focus on older
adults in the present study, where the level of physical functioning and coexisting conditions are likely to differ to that of younger adults, which may
exacerbate the effect of visual impairment on health-related QOL.
After adjusting for age and gender, severity of IVF-120 inferior visual field
loss was shown to be significantly associated with lower SF-36 PCS scores,
independent of superior visual field loss.

The association between PCS

scores and IVF-120 inferior visual field loss was more than double that of the
overall IVF-120 score (B coefficient -3.01 vs. -1.28, respectively). This is the
first study to demonstrate a significant relationship between inferior field loss
and self-reported physical function.

While the findings of this study are

cross-sectional in nature, it is likely that loss of inferior visual field results in
physical activity restriction due to mobility difficulties (Lovie-Kitchin et al.,
1990; Turano et al., 2004), which in turn may lead to subsequent declines in
physical function. Additional research is needed to confirm these findings
using a longitudinal study design.
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We found small, but significant, correlations between the VFQ-25 component
and the SF-36 summary scores, both in the physical and mental domains.
While these correlations were not strong (r<0.3), they reflect that lower
perceived visual function is linked with poorer perceptions of general health.
This is consistent with previous studies (Mangione et al., 1998; Swamy et al.,
2009), confirming that health-related QOL is independent to vision-related
QOL, yet there are overlapping aspects of these measures. Massof et al
(2007) reported significant correlations between VFQ-25 and SF-36 summary
scores among a group of low vision patients, more so in the physical than
mental domains (r=0.49 and 0.32, respectively).
In the present study, no association was found between the mental
component of the SF-36 and visual field loss. Similarly, McKean-Cowdin
(2008) found no significant associations between visual field sensitivity in the
better-eye and SF-12 mental component scores among the 213 glaucoma
participants.

Furthermore, previous studies have not demonstrated

significant links between depression and glaucoma (Wilson et al., 2002;
Jampel et al., 2007; Skalicky & Goldberg, 2008). Visual field loss may not be
an important contributor to depression among older adults, due to the limited
awareness of visual field loss.
The only visual factor associated with SF-36 mental component scores in the
present study were VFQ-25 composite scores.

This is consistent with

previous studies which have shown significant associations between
depression and vision-related QOL, but not with clinical measures of visual
function. Jampel (2007) showed significant associations between depression
and Visual Activities Questionnaire among glaucoma participants, but not
with visual acuity or visual field. Similarly, Skalicky et al (2008) reported that
depression scores were associated with Glaucoma Quality of Life scores, but
not visual acuity or visual field loss. In a study of participants with visual
acuity worse than 6/24, depressive symptomatology was associated with
Visual Function-14 scores, but not visual acuity (Hayman et al., 2007).
The cross-sectional nature of this study makes it difficult to provide clinical
guidance as to the point in disease progression at which glaucoma impacts
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on self-reported physical function. This is an area that would benefit from
further research using longitudinal methods to better understand the impact
of glaucoma on functional status.
One potential limitation of the present study is that item response theory
(IRT) using Rasch analysis was not conducted to validate the use of the SF36 tool in this population. Rasch analysis is a psychometric technique used
to transform ordinal data into equal interval measures expressed as a linear
scale, and evaluates an instrument’s unidimensionality and item relevancy
(Massof & Ahmadian, 2007; Lamoureux et al., 2009). The sample size in the
present study, however, was not powered to examine the psychometric
properties of the SF-36 tool in this population, although the use of this
technique is warranted for further research. In addition, we do not anticipate
that the main conclusions of the study would vary considerably if Rasch
analysis was applied, given that the psychometric reliability and validity of the
SF-36 has been extensively studied among diverse patient groups
(McHorney et al., 1993; McHorney et al., 1994).
The strengths of this study include extensive assessment of different vision
components, including the use of binocular integrated fields, and the use of a
well-validated and widely used general health-related QOL instrument.
There are, however, a number of limitations which include the small sample
size and cross-sectional study design.

Chapter 8 provides additional

discussion on a number of strengths and limitations pertaining to all of the
studies presented in this thesis, along with the implications arising from the
findings.
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4.9 Conclusion
In this study of community-dwelling older adults with glaucoma, greater visual
field loss was associated with poorer health-related QOL in the physical
domain. In addition, greater visual field loss in the inferior field area was
significantly associated with lower self-reported physical health-related QOL,
more so than superior visual field loss. No associations were found between
visual field loss and health-related quality of life in the mental domain.
The results provide important insights into the association between
glaucomatous vision impairment and health-related QOL among older adults,
and expand our understanding of the personal burden of glaucoma. Older
populations face many health issues that can impact on their health-related
QOL (Chia et al., 2004), and visual field loss is one factor which may
influence their health-related quality of life. Further research is needed to
refine our understanding of the longitudinal impact of visual impairment on
health-related QOL among older adults with glaucoma.
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Chapter 5: Visual Impairment and Functional Status
among Older Adults with Glaucoma [Study 1b]

5.1 Introduction
Frailty, as indicated by the presence of declines in health, functional status or
capacity, affects around 10 per cent of the older population, with as many as
40 per cent demonstrating early signs of the condition (Fried et al., 2001;
Rockwood et al., 2007). The prevalence of frailty increases with age, and
increases vulnerability to a number of adverse health outcomes, including
falls (Ensrud et al., 2007), fractures (Ensrud et al., 2007), institutionalization
(Fried et al., 1998; Rockwood et al., 2007) and mortality (Klein et al., 2005a;
Rockwood et al., 2007; Cesari et al., 2009).
The literature review presented research showing that reduced visual acuity
has been linked to poor performance in physical markers of frailty (Klein et
al., 2003a; Laitinen et al., 2007) and reduced functioning for daily activities
(Ensrud et al., 1994; West et al., 1997). Furthermore, reduced visual acuity
has been shown to predict future declines in self-rated health and functional
status (Wallhagen et al., 2001; Lin et al., 2004). Despite these links between
functional status declines and visual acuity loss, its association with visual
field loss or glaucoma is not well understood due to the limited research in
this area.

5.2 Glaucoma, visual field loss and functional status
Few studies have examined the association between functional status and
visual field loss or glaucoma.

Two studies have investigated aspects of

functional status among older adults with glaucoma compared to controls
with normal vision, although their findings are limited by a number of
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methodological factors, including the use of crude outcome measures and
study designs.
Friedman et al (2007) examined stair climbing speed, measured as the time
to ascend and descend a flight of stairs at their normal rate, as part of a
population mobility study of adults aged 65 years and over. Although stair
climbing speed was slower in those with bilateral glaucoma (n=74) compared
to those without glaucoma (n=1,064), these differences were not statistically
significant.

Stair climbing speed also did not differ between those with

unilateral glaucoma (n=76) compared to those without glaucoma.

The

association between severity of field loss and stair climb performance was
not examined in the study, and the conclusions are limited by the crude, nonstandardised outcome measure.
In a retrospective case-control study assessing falls and driving outcomes,
Haymes et al (2007) reported poorer functional mobility, measured using the
“timed up and go” test, in a group of 48 glaucoma participants compared to
47 controls (11±3 versus 10±2 seconds, respectively; p=0.01). The study
also reported physical activity levels in the glaucoma and control groups,
using the PASE questionnaire, but no differences were found. The findings
are limited by the small sample size, and methodological shortcomings of the
retrospective case-control study design, which is more susceptible to
selection bias compared to other epidemiological study designs.
Systemic vascular factors may also contribute to declines in functional status
among older adults with glaucoma, given the reported links between
glaucoma and cardiovascular disease, such as atherosclerosis and
peripheral arterial disease (Jeganathan et al., 2009).

There may be a

possible common underlying pathophysiological mechanism, such as an
inflammatory process, although these associations are not well established in
the literature.

It remains unclear if these underlying vascular factors

influence functional status among older adults with glaucoma.

- 96 -

Chapter 5

5.3 Rationale for the study
In summary, the association between glaucomatous vision impairment and
functional status or frailty is poorly understood due to limited previous
research. There is a need for research to better understand this relationship,
to facilitate future strategies to minimise and/or reverse the physical
functional declines in this population. Frailty poses a serious threat to the
health of older adults, increasing the risk of falls, fractures, institutionalisation
and mortality (Fried et al., 1998; Klein et al., 2005a; Ensrud et al., 2007;
Rockwood et al., 2007; Cesari et al., 2009). The current study, therefore,
sought to examine the association between severity and location visual field
loss and functional status in a cohort of older adults with glaucoma.

5.4 Study aims and hypotheses
Using a cohort of community-dwelling older adults with glaucoma (n=74), the
aim of the research was to examine the cross-sectional relationship between
severity and location of visual field loss and functional status, based on the
range of performance-based and self-reported functional measures.
The hypotheses of the research (expressed as alternate hypotheses)
described in this chapter are that:
Greater visual field loss is associated with declines in functional status;
Greater visual field loss in the inferior field region is associated with
declines in functional status.
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5.5 Additional methods
5.5.1

Functional status outcome measures

The functional status tests were selected to represent a broad range of
measures associated with frailty according to previous research. Prominent
studies among older adults have included muscle weakness, poor
endurance, slowness and low physical activity as markers of frailty (Fried et
al., 2001; Rockwood et al., 2007). Standardised and validated instruments
were selected to quantify these components, and careful consideration was
given to tests which would be suitable for use in a clinical setting.
The selected functional status measures are outlined below. Performancebased tests of physical function included lower limb strength (muscle
weakness), the six minute walk test (endurance) and the timed-up and go
test (slowness).

The Physical Activity Scale for the Elderly (PASE)

questionnaire was used to assess self-reported physical activity levels. A
novel overall functional status score was devised from these individual
measures, based on equal weighting from all components.
5.5.1.1

Timed up and go test (TUGT)

The Timed Up and Go Test (TUGT) is a quick, reliable and widely used tool
for assessing the basic level of functional mobility among older adults
(Podsiadlo & Richardson, 1991). Good test-retest reliability of the TUGT
among older adults has been demonstrated in previous studies (intraclass
correlation coefficient = 0.97-0.99) (Podsiadlo & Richardson, 1991; Steffen et
al., 2002) and it has been reported to accurately discriminate between fallers
and non fallers among older adults (Shumway-Cook et al., 2000). Scores on
this test represent the time, measured in seconds, for a participant to rise
from a chair, walk a distance of 3 m at their “usual walking pace”, turn
around, walk back to the chair and sit down. Following one practice trial, the
average time of two tests was used as the final measure. Longer TUGT times
reflect poorer functional mobility performance.
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5.5.1.2

Six-minute walk test (6MW)

The six minute walk test (6MW) is a widely used physical performance
measure in clinical research to assess overall mobility and physical
functioning in older populations (Duncan et al., 1993; Lord & Menz, 2002). It
is a practical and simple test in which the distance a participant can quickly
walk along a level path for a period of 6 minutes is measured, and has
demonstrated excellent test-retest reliability among older adults (ICC = 0.95)
(Steffen et al., 2002). The level of exertion required for the test is submaximal, as participants choose their own intensity level of exercise and are
allowed to stop and rest during the test (American Thoracic Society, 2002).
The walkway used for this test was a level indoor corridor measuring 25
metres in length.

The corridor was well-lit with standard overhead

fluorescent lighting, climate controlled and free of any floor or peripheral
obstacles. Prior to the test, a set of standardised instructions were given to
participants: “to walk as quickly as you can for six minutes so that you cover
as much ground as possible”. They were informed that they could slow down
or rest if necessary during the test. When a participant reached the end of
the corridor, they were instructed to turn around and continue walking back in
the opposite direction. During the test, the examiner remained at one end of
the corridor to assist if necessary whilst also timing the test with a stopwatch.
The total distance travelled in the 6 minutes to the nearest metre was
recorded. Longer 6MW distances reflect better physical performance.
5.5.1.3

Lower limb strength (LLS)

Overall muscle mass and strength is an important component of physical
function and frailty (Fried et al., 2001; Klein et al., 2005a). In this study, a
marker of muscle strength was obtained by measuring lower limb strength
(LLS) using a spring gauge dynamometer, which measured the isometric
strength of the knee extensor muscles (quadriceps).

Spring gauge

dynamometers have previously been demonstrated to be a reliable,
inexpensive instrument for the measurement of isometric strength in lower
limb musculature, with good test-retest reliability (Pearson’s correlation =
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0.75) (Lord et al., 1991; Lord et al., 2003b), and their measurements have a
high correlation with those attained through strain gauge (handheld)
dynamometers (Bohannon, 1998).
Testing was performed on the participants’ dominant leg. Leg dominance
was ascertained according to the leg which participants’ reported that they
would self-select to kick a ball. Participants were seated on a 65cm high
chair with hips and knees flexed to 90 degrees.

The spring gauge was

attached just above ankle and with the posterior leg of the chair (Figure 5-1).
A soft foam pad was placed between strap and leg for comfort. Participants
were asked to extend their dominant leg smoothly and as forcefully as
possible against the strap, generating maximum quadriceps force.

The

maximum force value (in kg force) was obtained from a peak detector on the
gauge.

After one familiarisation attempt,

three maximum voluntary

contractions were completed and the maximum score was recorded as lower
limb strength. Higher LLS scores reflect stronger lower limb musculature.

Figure 5-1: Lower limb strength assessment

5.5.1.4

Physical activity levels

A standardised, previously validated, instrument was used to quantify
participant’s self-reported level of physical activity, measured by the Physical
Activity Scale for the Elderly (PASE). This self-administered 10-item
questionnaire was developed around activities specific for older populations,
as opposed to general population instruments which focus solely on sport or
recreational activities (Washburn et al., 1993). Good test-retest reliability for
the PASE among older adults has been demonstrated, with a 3–7 week test- 100 -
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retest correlation coefficient of 0.75 for self-administration of the PASE
(Washburn et al., 1993). The PASE asks respondents about typical activities
performed by older adults and has been shown to be a valid and reliable
instrument reflecting true energy expenditure (Schuit et al., 1997).

The

PASE score is based on a range of leisure, household, and occupational
activities that have been performed in the seven days prior to assessment.
The activities include light, moderate and strenuous sport/recreational
activities, muscle strength/endurance exercises, light and heavy housework,
home repairs, lawn work or yard care, caring for another person, and work for
pay or as a volunteer.
The PASE score is derived by multiplying the amount of time spent on each
activity (hours/week) or participation in an activity (yes/no) by specific item
weights, and summed over all activities (Appendix 8). Item weights have
been determined based on measures of daily energy expenditure and selfreported physical activity (Washburn et al., 1993).

Higher PASE scores

reflect greater activity levels.
5.5.1.5

Overall functional status score

A novel overall functional status score was derived to capture the functional
performance of individual participants compared with the whole group. Zscores for each of the four functional status measures (were calculated and
adjusted accordingly so that more positive scores indicated better functional
performance. For each participant, the mean of these Z-scores was
calculated, with equal weighting assigned for all measures, to provide an
overall functional status score. More positive status scores reflect better
overall functional status.
The overall functional status score formula, defined in Equation 1, was
calculated using the converted Z score values of the six minute walk (6MW),
timed up and go (TUGT), lower limb strength (LLS) and physical activity
scale for the elderly (PASE).
Equation 1:

Functional status score = (Z6MW – ZTUGT + ZLLS + ZPASE) / 4
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5.5.2

Statistical analysis

To examine the bivariate relationships between the visual function variables
and functional status scores, Pearson’s correlations were used for
continuous visual function variables and point biserial correlations for
categorical visual function variables. Additional analyses adjusted for age
and gender.

P-values were not adjusted for multiple comparisons, as

reported earlier in Section 3.7.2.
The association between integrated visual field loss (IVF-60 and IVF-120)
and functional status scores were examined using linear regression models,
adjusted for age and gender.

To examine the independent association

between functional status scores and location of visual field loss, the superior
and inferior field integrated field measures were considered together in a
regression model, adjusted for age and gender. These models were
examined separately for the IVF-60 and IVF-120 measures. Multicollinearity
was assessed using the collinearity diagnostics in SPSS based on the
variance inflation factors (VIF).

5.6 Results
5.6.1

Description of study cohort

The socio-demographic, health, medical and visual characteristics of the 74
participants have been described in Chapter 3.

5.6.2

Severity of visual impairment and functional status

The distributions of the functional status score are presented in Table 5-1.
These measures were strongly correlated with each other (Appendix 9).
Longer six-minute walk distance was associated with faster TUGT score (r=0.70), stronger leg strength (r=0.36) and higher PASE scores (r=0.32).
Stronger leg strength was also associated with higher PASE scores (r=0.30).

- 102 -

Chapter 5

Table 5-1: Mean scores for the functional status outcome measures (n=74)

Mean

SD

Median

Min

Max

503

69

508

342

650

Timed-Up and Go Test (seconds)

10.11

1.95

9.69

6.75

15.30

Lower Limb Strength (kg)

19.39

7.78

18.00

6.00

44.00

PASE (weighted score)

128.68

52.50

120.77

37.86

301.29

0.00

0.71

0.05

-1.74

1.62

Six-minute Walk distance (metres)

Overall functional status (z-score)

Notes: SD = standard deviation; PASE = Physical Activity Scale for the Elderly

The unadjusted and adjusted associations between the vision function
measures and functional status measures are shown in Table 5-2 and Table
5-3. In the age and gender adjusted analyses, there was a trend towards
lower PASE scores in participants with greater severity of vision impairment,
particularly reduced contrast sensitivity (r=0.30 to 0.36), depth perception (r=0.31), motion perception (r=-0.33), RNFL thickness in better-eye (r=0.39) and
visual field loss (VF24-2 better r=0.34; IVF-60 r=0.33; IVF-120 r=-0.28).
Participants with greater inferior IVF-60 field loss also demonstrated slower
TUGT scores (r=-0.23), weaker leg strength (r=0.26) and lower PASE scores
(r=0.31).

Similarly, greater inferior IVF-120 field loss was significantly

associated with slower TUGT scores (r=0.23) and lower PASE scores (r=0.27).
The overall functional status score was significantly associated with greater
visual impairment, particularly CS better-eye (r=0.30) and visual field
measures (24-2 better-eye r=0.27; IVF-60 r=0.28; IVF-120 r=-0.24). Greater
inferior field loss was significantly associated with lower overall functional
scores (IVF-60 r=0.34; IVF-120 r=-0.31).

Scatterplots of the relationship

between PASE scores and overall functional status scores with IVF-120 are
presented in Figure 5-2 and Figure 5-3.
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Table 5-2: Unadjusted Pearson’s correlations between visual function and functional
†
status measures
Six Min
Walk Test

Timed Up Lower Limb
and Go Test Strength
PASE Score

Overal
Functional
Status

Visual Acuity (logMAR)
better-eye

-0.13

0.18

-0.02

-0.15

-0.17

worse-eye

-0.15

0.18

-0.08

-0.30 **

-0.25 *

0.14

-0.26 *

0.05

0.28 *

0.25 *

0.16

-0.19

Contrast Sensitivity (logCS)
better-eye

0.05

0.36 **

Stereoacuity (present/absent)

worse-eye

-0.18

0.32 **

0.04

-0.31 **

-0.23

0.27 *

Motion sensitivity (log deg/sec)

-0.13

0.13

0.09

-0.35 **

-0.18

better-eye

-0.01

-0.16

-0.02

0.27 *

0.14

worse-eye

0.02

-0.16

-0.03

0.23 *

0.13

better-eye

-0.09

-0.13

-0.14

0.31 *

0.07

worse-eye

0.03

-0.20

-0.10

0.11

0.08

overall field

0.00

-0.18

-0.01

0.27 *

0.15

inferior field

0.12

-0.26 *

0.09

0.28 *

0.26 *

superior field

-0.11

-0.08

-0.09

0.24 *

0.04

overall field

-0.04

0.19

-0.01

-0.24 *

-0.17

inferior field

-0.16

0.28 *

-0.12

-0.26 *

-0.29 *

superior field

0.08

0.09

0.09

-0.20

-0.03

-0.05

0.18

-0.23

-0.17

-0.22

Visual Field Sensitivity (dB)

RNFL (µm)

IVF-60 (dB)

IVF-120 (points missed)

VFQ-25 Composite Score

Notes: Bold values represent significant values; * p<0.05; ** p<0.01; † n=74, with the
exception of RNFL (n=57) and VFQ-25 (n=72); RNFL = Retinal Nerve Fibre Layer; IVF =
Integrated Visual Field; VFQ-25 = Visual Function Questionnaire (transformed scale); PASE
= Physical Activity Scale for the Elderly
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Table 5-3: Age and gender adjusted Pearson’s correlations between visual function
†
and functional status measures

Visual Acuity (logMAR)
better-eye
worse-eye
Contrast Sensitivity (logCS)
better-eye
worse-eye
Stereoacuity (present/absent)
Motion sensitivity (log deg/sec)
Visual Field Sensitivity (dB)
better-eye
worse-eye
RNFL (µm)
better-eye
worse-eye
IVF-60 (dB)
overall field
inferior field
superior field
IVF-120 (points missed)
overall field
inferior field
superior field
VFQ-25 Composite Score

Six Min
Walk Test

Timed Up
and Go
Test

Lower
Limb
Strength

-0.10
-0.07

0.13
0.07

-0.04
-0.12

-0.15
-0.29 *

-0.15
-0.20

0.13
0.11
-0.10
0.01

-0.19
-0.09
0.20
-0.04

0.19
0.13
-0.02
0.14

0.30
0.36
-0.31
-0.33

*
**
**
**

0.30 *
0.26 *
-0.21
-0.06

0.04
0.06

-0.14
-0.12

0.20
0.17

0.34 **
0.29 *

0.27 *
0.24 *

-0.03
0.08

-0.12
-0.20

0.05
0.06

0.38 **
0.15

0.20
0.18

0.06
0.14
-0.03

-0.17
-0.23 *
-0.09

0.21
0.26 *
0.14

0.33 **
0.31 **
0.32 **

0.28 *
0.34 **
0.19

-0.06
-0.14
0.03
-0.02

0.17
0.23 *
0.09
-0.10

-0.14
-0.20
-0.06
0.13

Overal
Functional
Status

PASE
Score

-0.28 *
-0.27 *
-0.25 *
0.17

-0.24 *
-0.31 **
-0.14
0.16

Notes: Bold values represent significant values; * p<0.05; ** p<0.01; † n=74, with the
exception of RNFL (n=57) and VFQ-25 (n=72); RNFL = Retinal Nerve Fibre Layer; IVF =
Integrated Visual Field; VFQ-25 = Visual Function Questionnaire (transformed scale); PASE
= Physical Activity Scale for the Elderly
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Figure 5-2: Integrated 120° visual field score (IVF-120) as a function of PASE scores
(Age- and gender-adjusted Pearson’s correlation r=-0.28, p=0.02).

Figure 5-3: Integrated 120° visual field score (IVF-120) as a function of overall
functional status score (z-score) (Age- and gender-adjusted Pearson’s correlation r=0.24, p=0.047).
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Results from the linear regression models are presented in Table 5-4. After
adjustment for age and gender, each decibel reduction in overall IVF-60 was
associated with nearly 3 units decrease in PASE (model 13) and 0.03 unit
decrease in overall functional status (model 17), while each 10 points missed
on the IVF-120 was associated with around 7 units decrease in PASE score
(model 15) and 0.07 unit decrease in overall functional status (model 19).
When both the IVF-60 superior and inferior fields were considered together in
a model, the inferior fields remained statistically significant with 6MW, TUGT
and LLS, whereas the superior field estimates fell short of statistical
significance.
In these models, each decibel reduction in IVF-60 inferior field was
associated with a reduction in 6MW by 4 metres (model 2), TUGT by 0.1
seconds (model 6), leg strength by 0.4 kg (model 10) and summary score by
0.05 (model 18). Similar trends were noted for the IVF-120 models, where
each 10 points missed on the IVF-120 inferior field was associated with a
reduction in 6MW by 21 metres (model 4), TUGT by 0.6 seconds (model 8),
LLS by 2.2 kg (model 12) and summary score by 0.27 (model 20). The
superior and inferior fields were not independently associated with lower
PASE scores (models 14 and 16).
The VIF values calculated in the linear regression models ranged from 2.48
to 2.93 suggesting some variance inflation due multicollinearity between the
superior and inferior field variables. While the results should be interpreted
with some care, none of the VIF values were greater than 10. An alternative
analysis to support these findings is presented in Appendix 7.
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Table 5-4: Visual field factors associated with functional status outcomes (linear
regression models, adjusted for age and gender; n=74)
Model
Six-minute
Walk Test

Timed Up
and Go Test

Lower Limb
Strength

Physical
Acitivity
Score
(PASE)

Overall
functional
status (zscore)

Vision Variables

B coefficient (95% CI)

Beta

p-value

0.56 (-1.77 to 2.89)

0.05

0.638

VIF

1

IVF-60 overall field (per dB)

2

IVF-60 inferior field (per dB)

4.10 (0.55 to 7.66)

0.37

0.027

2.72

IVF-60 supeior field (per dB)

-3.22 (-6.51 to 0.07)

-0.33

0.059

2.91

3

IVF-120 overall field (per 10 points)

-1.72 (-8.43 to 4.99)

-0.05

0.618

4

IVF-120 inferior field (per 10 points)

-21.17 (-40.64 to -1.7)

-0.33

0.037

2.48

IVF-120 superior field (per 10 points)

16.90 (-1.83 to 35.63)

0.28

0.081

2.57

5

IVF-60 overall field (per dB)

-0.04 (-0.11 to 0.02)

-0.15

0.167

6

IVF-60 inferior field (per dB)

-0.12 (-0.21 to -0.02)

-0.38

0.022

2.76

IVF-60 supeior field (per dB)

0.06 (-0.03 to 0.15)

0.23

0.171

2.93

7

IVF-120 overall field (per 10 points)

0.13 (-0.05 to 0.31)

0.14

0.157

8

IVF-120 inferior field (per 10 points)

0.60 (0.07 to 1.13)

0.34

0.030

2.50

IVF-120 superior field (per 10 points)

-0.32 (-0.83 to 0.2)

-0.19

0.231

2.57

0.18

0.084

9

IVF-60 overall field (per dB)

0.22 (-0.03 to 0.47)

10

IVF-60 inferior field (per dB)

0.40 (0.02 to 0.79)

0.33

0.044

2.72

IVF-60 supeior field (per dB)

-0.16 (-0.51 to 0.2)

-0.14

0.392

2.91

11

IVF-120 overall field (per 10 points)

-0.43 (-1.16 to 0.29)

-0.12

0.246

12

IVF-120 inferior field (per 10 points)

-2.19 (-4.31 to -0.07)

-0.31

0.047

2.48

IVF-120 superior field (per 10 points)

1.25 (-0.79 to 3.29)

0.19

0.235

2.57

13

IVF-60 overall field (per dB)

2.87 (0.97 to 4.76)

0.34

0.004

14

IVF-60 inferior field (per dB)

1.28 (-1.72 to 4.28)

0.15

0.406

2.72

IVF-60 supeior field (per dB)

1.57 (-1.2 to 4.35)

0.21

0.270

2.91

15

IVF-120 overall field (per 10 points)

-6.80 (-12.38 to -1.22)

-0.27

0.020

16

IVF-120 inferior field (per 10 points)

-8.83 (-25.51 to 7.85)

-0.18

0.303

2.48

IVF-120 superior field (per 10 points)

-4.86 (-20.9 to 11.18)

-0.11

0.555

2.57

17

IVF-60 overall field (per dB)

0.03 (0.01 to 0.05)

0.25

0.017

18

IVF-60 inferior field (per dB)

0.05 (0.01 to 0.08)

0.43

0.007

2.72

IVF-60 supeior field (per dB)

-0.02 (-0.05 to 0.01)

-0.17

0.287

2.91

19

IVF-120 overall field (per 10 points)

-0.07 (-0.14 to 0)

-0.20

0.047

20

IVF-120 inferior field (per 10 points)

-0.27 (-0.46 to -0.08)

-0.41

0.008

2.48

IVF-120 superior field (per 10 points)

0.12 (-0.06 to 0.31)

0.20

0.202

2.57

Notes: Bold values represent significant values; IVF = Integrated Visual Field; VIF =
Variance Inflation Factor; CI = confidence interval
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5.7 Discussion
In this cross-sectional study, greater visual impairment was significantly
associated with declines in functional status among older adults with
glaucoma. Participants with greater binocular visual field loss reported lower
physical activity levels and had lower overall functional status, independent of
age and gender.

Furthermore, greater inferior visual field loss was

associated with declines in the six-minute walk test, timed-up and go test,
lower limb strength and overall functional status score, independent of
superior visual field loss.

The mechanism of these relationships, albeit

speculative, is that visual field loss may initiate restriction of activity due to
mobility difficulties, and subsequent physical inactivity can lead to reductions
in lower limb strength and functioning (Deshpande et al., 2008).
To the best of our knowledge, this is the first study to examine the impact of
visual field loss on functional status among older adults with glaucoma. This
is an important finding, as frailty or reduced functional status, is reported to
increase the likelihood of serious adverse health outcomes among older
adults, such as falls, fractures, institutionalisation and mortality (Fried et al.,
2001; Ensrud et al., 2007; Rockwood et al., 2007; Cesari et al., 2009; Ensrud
et al., 2009). Declines in physical function, functional limitations and frailty
have been reported among older adults with central vision loss (Klein et al.,
2003a; Laitinen et al., 2007), and our findings provide further evidence that
peripheral visual function loss is linked to declines in functional status. The
independent associations between functional status and the visual function
measures could not be examined, due to their strong inter-correlations (and
hence concerns regarding multicollinearity of the data); therefore, central
visual function measures were also related to functional status in the present
study.
The results of this study are supported by the findings from Study 1a, where
greater visual field loss was associated with poorer self-reported physical
function, according to the SF-36 physical component score. This is due to
the significant correlations between the functional status measures and SF-
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36 physical component scores (r=0.27 to 0.51, Appendix 9), which is
consistent with previous studies that have reported strong links between
physical function and self-reported functional limitations (McAuley et al.,
2007).
Compared to other studies, the cohort in the present study demonstrated
similar, if not higher, levels of physical functioning than previous studies.
Chad (2005) reported average PASE scores among 351 community-dwelling
older adults (aged 65 - 79 years) around 128 units, while average PASE
score among glaucoma patients in a small case-control study was 117 units
(Haymes et al., 2007).

Studies of non-institutionalized older adults have

found average six minute walk distances between 385 and 442 metres (Lord
& Menz, 2002; Tiedemann et al., 2005), which is lower than that
demonstrated in the current study. Our cohort also demonstrated slightly
faster timed up and go scores, as compared to averaged in previous studies
of between 11 to 13 seconds (Haymes et al., 2007; Liu-Ambrose et al.,
2008). As our cohort was a relatively high functioning group, it is likely that
the associations between visual field loss and functional status would be
even stronger among frailer glaucoma populations.
Physical inactivity has been shown to precede reductions in physical
functions (Keysor, 2003; Spirduso et al., 2005), which may explain the
stronger associations found between physical activity levels and visual field
loss, compared to the performance-based measures. It is possible that over
time, reduction in physical activity levels would lead to physical deconditioning and functional declines among older adults, but this crosssectional study was unable to establish this. Additional research is required
to examine whether visual field loss is a significant predictor of functional
decline over time.
The results of our study also showed that inferior visual field loss was more
strongly associated with the performance-based functional measures than
superior visual field loss. This is the first study to explore this association.
The inferior visual field plays an important role in mobility (Lovie-Kitchin et al.,
1990; Turano et al., 2004; Marigold & Patla, 2008), and greater loss in this
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area may lead to physical activity restriction. While this is difficult to establish
from our cross-sectional findings, physical activity restriction may lead to loss
of physical function over time.
While physical activity and exercise holds great potential for improving and
maintaining physical function among older adults (Pahor et al., 2006), this
may be challenging among visually impaired populations.

One study

examined an exercise program among visually impaired older adults
(Campbell et al., 2005), and found that the rate of falls was greater in those
receiving the exercise programme, although not significantly so.

Their

findings suggest that physical activity programs among visually impaired
populations may be problematic and even possibly harmful. Careful
consideration of this is needed in future studies.
Clinically, it would be desirable to provide some guidance as to the point in
disease progression at which glaucoma impacts on functional status.
However, the cross-sectional nature of this study means that such estimates
cannot be determined.

This is an area that would benefit from further

research using longitudinal methods to better understand the impact of
glaucoma on functional status.
There are a number of strengths in the current study, which include the
extensive assessment of visual function. While frailty is difficult to measure
given the lack of accepted definition and protocols, the outcome measures
selected for use in the study were well-validated and widely used functional
status measures. However, some caution is required in generalising the
results based on the overall functional score, as this measure was derived
exclusively for this study and lacks prior validation.

Chapter 8 provides

additional discussion on strengths and limitations pertaining to all of the
studies presented in this thesis, along with important implications arising from
the findings.
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5.8 Conclusion
In this cross-sectional study comprising of community-dwelling older adults
with glaucoma, greater visual field loss was associated with poorer functional
status.

In addition, participants with greater inferior visual field loss

performed worse in a number of functional outcome measures, including the
six-minute walk test, timed-up and go test, lower limb strength and overall
functional status, independent of superior field loss.
This research provides important insights into the association between vision
impairment and functional status, and identifies potential challenges in the
prevention of functional decline for this population.

Understanding the

relationship between vision impairment and functional status has important
implications to guide future strategies to promote and maintain the
independence, health and well-being in this population
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Chapter 6: Visual Impairment and Postural Sway
among Older Adults with Glaucoma [Study 1c]1

6.1 Introduction
Postural stability is fundamental to human functioning, ensuring the body
remains upright during standing and walking activities. The literature review
outlined the impact of age on postural stability and the consequences of
postural instability. In addition, the importance of vision as a sensory system
in maintaining postural stability was discussed, with reference to studies
which have demonstrated the negative impact of visual impairment on
postural stability among older adults. However, our understanding of the
impact of visual field loss or glaucoma on postural stability among older
adults remains limited. This introduction presents a review of the current
literature which has examined the influence of visual field loss or glaucoma
on postural control.

6.2 Peripheral visual field and postural sway
The visual system is a key sensory contributor to postural control, and the
body’s ability to generate appropriate postural responses to maintain upright
stance relies on accurate visual input, both from the central and peripheral
visual field areas. Early research from Straube et al (1994) demonstrated
that occlusion of the peripheral visual field areas resulted in greater postural
sway among young participants with normal vision, compared to full field
viewing conditions. More recent experimental studies lend further support to
Straube’s findings (Nougier et al., 1997; Berencsi et al., 2005; Piponnier et
al., 2009).

Not only does the peripheral visual system provide important

spatial information relating to body position relative to the environment, but it
1

This study was published in part: Black, AA, Wood, JM, Lovie-Kitchin, JE, & Newman, BM.
(2008). Visual impairment and postural sway among older adults with glaucoma. Optom Vis
Sci, 85(6), 489-497.
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is also highly sensitive to motion.

The ability to detect body movement

relative to the environment is important in guiding compensatory postural
movements of the body (Guerraz & Bronstein, 2008).
The relative importance of the peripheral visual field, compared to central
vision, in regulating postural control remains contentious. In an experimental
study comprised of normally-sighted adults while wearing LCD occluding
goggles, Nougier et al (1997) reported that the central 10 degree visual area
was responsible for the regulation of medio-lateral sway, while the peripheral
field area (central occlusion of 20 degree diameter occlusion) regulated
anterio-posterior sway. Berencsi et al (2005) showed a preferential
contribution of the peripheral rather than central vision in maintaining stable
stance. The normally sighted participants swayed less when viewing with
only peripheral vision (occlusion of either the central 4 and 7 degrees radius)
compared to viewing with central vision alone (either the central 4 and 7
degrees radius).
Recently, Piponnier et al (2009) reported that the central and peripheral
visual field areas were equally important in postural control. The postural
sway of the normally sighted participants was similar when viewing a static
target, irrespective of the area (size and location) of visual field stimulated.
However, when viewing an optic flow pattern, peripheral vision played a
critical role in compensatory sway, which suggests that the peripheral visual
field area is an important contributor to postural control during movement.
Ageing may also influence the efficiency of the peripheral visual system to
contribute to postural control, most likely due to the age-related reduction in
retinal nerve fibres (Sing et al., 2000).

It is well known that artificially

inducing retinal motion results in greater postural instability, as the body
attempts to compensate for the perceived body motion (Kelly et al., 2005). A
recent study examined the ability of the postural system to adapt and adjust
to sudden changes in optic flow patterns among 25 healthy young and 24
older adults, all with normal vision (O'Connor et al., 2008). Older adults were
able to adjust their postural system to repeated sudden changes in optic flow
patterns; however, this habituation required a greater number of exposures
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compared to the young adults. This suggests that ageing impairs the ability
to quickly detect, process and modify the postural responses for postural
stabilisation.
Age-related eye diseases that result in visual field loss, including glaucoma,
are likely to impair postural stability. In a population study of 1,505 older
adults, aged between 65 and 84 years, Freeman et al (2008a) reported that
more extensive visual field loss and impaired motion-sensitivity were the only
visual functions associated with inability to perform various standing balance
tests, independent of a range of visual function measures. Visual acuity and
contrast sensitivity were not significant contributors to postural stability.
Despite the limitations in their low-tech balance measures, the study
highlights the importance of the peripheral visual field and motion sensitivity
in the control of posture among older adults.
The effect of different types of spectacle lens corrections on postural stability
has also been explored, as corrections such as multifocals (including bifocal
or progressive lenses) blur and magnify the lower visual field area. These
experimental studies, however, have shown that the use of multifocal
corrections does not significantly affect postural stability among young adults
(Paulus et al., 1989) or older adults (Johnson et al., 2009).

6.3 Visual field loss and adaptive gait
Gait adaptation is a strategy used by individuals to respond to challenges in
dynamic postural stability during locomotion, and is an important link between
postural instability and falls. These adaptations are used to preserve safe
locomotion, and often present as more conservative or cautious walking
patterns to avoid obstacles and maintain stability. The role of the visual field
in controlling adaptive gait has been examined in a number of recent studies.
These

studies,

however,

have

not

specifically

examined

the

gait

characteristics of older adults with visual field loss, and may not reflect longterm gait adaptations which may develop over time to compensate for the
loss of peripheral visual cues.
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In a study of young normally sighted participants, Graci et al (2010) found
that occlusion of the peripheral visual field (all but the central 20 degree of
visual field) significantly affected a number of gait characteristics during
obstacle crossing, particularly lead and trail foot horizontal distance and leadlimb toe clearance, compared to full field vision.

An earlier study also

showed that this level of peripheral occlusion resulted in more cautious gait
strategies, as demonstrated by increased minimum-foot-clearance and
decreased walking speed and step length (Graci et al., 2009).

These gait

changes can be interpreted as motor control strategies which aim to safely
clear obstacles in the absence of peripheral visual cues.
Studies have also examined changes in gait with restriction of the inferior
visual field, which removes visual information during lower limb placement
and obstacle clearance.

Experimental studies of young normally sighted

individuals have demonstrated increased lead foot placement and toe
clearance during obstacle crossing when the inferior visual field was
restricted compared to full field vision (Rietdyk & Rhea, 2006; Rhea &
Rietdyk, 2007).

Furthermore, restriction of the inferior visual field among

young normally sighted individuals, compared to full field vision, was shown
to reduce gait speed and step length when negotiating irregular terrain
(Marigold & Patla, 2008), and altered the mechanics of landing behaviour
during step descent (Timmis et al., 2009).

6.4 Glaucoma and postural sway
To date, only one study has examined postural stability exclusively among
individuals with glaucoma. Shabana et al (2005) assessed postural stability
using force platform analysis in 35 open-angle glaucoma patients and 21
age-matched controls, aged 40 to 66 years. No significant differences in
sway velocity were found between the two groups, nor was there any
association between visual field loss and sway velocity in the glaucoma
group.

The visual contribution to postural stability was lower among the

glaucoma patients, which correlated with the extent of visual field loss. The
similarities in sway between the groups, however, was due to a greater
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somatosensory contribution to postural control in the glaucoma group
compared to controls, which was determined by the somatosensory
stabilisation ratio (sway on foam versus firm surface). These findings may be
explained by the fact that the glaucoma patients included in their study were
relatively young and demonstrated the capacity to compensate for the
reduction in visual input to postural stability using their remaining sensory
systems. As Shabana’s cohort was relatively young, it remains unclear if
visual field loss affects postural stability in older populations.

Further

research is vital, given that older age is associated with greater prevalence of
glaucoma (Tuck & Crick, 1998; Weih et al., 2001; Rudnicka et al., 2006),
increasing declines in the postural sensory systems (Manchester et al., 1989;
Woollacott, 2000; Era et al., 2006) and higher rates of falling (Freeman et al.,
2007).
Postural stability among adults with glaucoma may also be impaired due to
motion sensitivity deficits. Glaucoma reportedly results in selective loss of
the movement sensitive retinal nerve fibres, which may occur before
standard perimetry defects are evident (Shabana et al., 2003; Falkenberg &
Bex, 2007).

Research has demonstrated that individuals with glaucoma

show impairments in motion sensitivity compared to controls with normal
vision (Bullimore et al., 1993; McKendrick et al., 2005; Falkenberg & Bex,
2007).

Motion sensitivity impairment has been linked to reductions in

postural stability, both in experimental research of young normally sighted
individuals (Kelly et al., 2005) and population-based research among older
adults (Freeman et al., 2008a). Therefore, greater severity of glaucoma and
the subsequent reduction in motion sensitivity may reduce postural stability,
yet this remains to be investigated.
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6.5 Visual field loss, glaucoma and visuomotor control
As the visual system is an important sensory contributor to postural control,
guiding appropriate motor postural responses, it is likely that the visuomotor
pathway is an integral component in the control of posture.

Visuomotor

control, or visually guided movement, has been shown to be mediated by the
dorsal stream of the visual pathway, which runs from the visual cortex to the
posterior parietal cortex (Milner & Goodale, 2008); although this hypothesis
remains controversial (Elliott et al., 2009).
Deficits in visuomotor control among glaucoma patients have been recently
reported.

In a laboratory study examining reaching and grasping hand

movements, Kotecha et al (2009) demonstrated that planning and control of
movement was significantly impaired among 16 glaucoma patients,
compared to 16 normally sighted controls.

The deficits in the glaucoma

group correlated with both the severity of binocular visual field loss and
stereoacuity.
It has also been reported that the inferior visual field provides a greater
contribution to visuomotor control, demonstrated by better spatial accuracy
relative to the superior visual field (Khan & Lawrence, 2005; Krigolson &
Heath, 2006). Khan & Lawrence (2005) examined spatial accuracy of upper
limb movements in the superior and inferior field areas (16 degrees from
fixation) among young participants with normal vision.

Compared to the

superior field, the inferior field showed better performance in movement
execution. Similarly, Krigolson & Heath (2006) showed that arm reaching
movements in young participants with normal vision showed less variability
when reaching for targets within the inferior field areas (12 degrees from
fixation) compared to the superior field.
Studies of normally sighted individuals have also demonstrated differences in
visual function and processing between the inferior and superior visual fields,
which suggest higher levels of performance of the inferior visual field over the
superior visual field.

This asymmetry is likely to arise from the higher
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ganglion cell densities in the superior retina (inferior visual field) compared to
the inferior retina (Curcio & Allen, 1990).

Improved performance for the

inferior visual field compared to the superior field has been shown for visual
field sensitivity (Demirel & Robinson, 2003; Hermann et al., 2008), mid
spatial frequency contrast sensitivity (Silva et al., 2010), flicker sensitivity
(Casson et al., 1993) and focal ERG amplitudes (Miyake et al., 1989). There
is also evidence of an inferior visual field advantage over the superior visual
field for higher-level visual processing, such as visual feedback processing
(Danckert & Goodale, 2001; Khan & Lawrence, 2005) and perceptual
processing time (Carlsen et al., 2007). Research also has shown an inferior
visual field advantage during visual search, particularly during attentionally
demanding conditions (Lakha & Humphreys, 2005).
It is plausible, therefore, that the inferior visual field area may be a stronger
contributor to postural control than the superior field area.

However, no

studies have explored the relative importance of these field areas in the
control of posture in laboratory studies or among adults with visual
impairment.

It could be hypothesised that poor visuomotor control from

inferior visual field impairment may be a contributing factor to the greater
mobility difficulties found among visually impaired older adults (Lovie-Kitchin
et al., 1990; Turano et al., 2004), and may even be linked to an increased
propensity for falls (Coleman et al., 2007).

6.6 Rationale for the study
The visual system is an important contributor to postural stability, and visual
field loss from glaucoma has been shown to reduce the visual contribution to
postural stability. One study has examined the association between visual
field loss from glaucoma and postural stability, however, the relationship was
not significant, probably because of the relatively young adult cohort. As
such, the association between glaucoma and postural stability among older
adults with visual field loss remains unclear.

In addition, the relative

contribution of visual field areas in the control of posture has not been
examined previously. The current study sought to examine the association
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between severity and location of visual field loss and postural stability in a
cohort of older adults with glaucoma.

6.7 Aims and hypotheses
Using a cohort of community-dwelling older adults with glaucoma (n=74), the
aim of the research was to examine the cross-sectional relationship between
severity and location of visual field loss and postural stability, based on
clinical postural sway measures.
The hypotheses of the research (expressed as alternate hypotheses)
described in this chapter are that:
Greater severity of visual field loss is associated with a reduction in the
visual contribution to postural control, and is associated with greater
amounts of postural sway;
Inferior visual field loss is more strongly associated with postural sway
than superior visual field loss.

6.8 Additional methods
6.8.1

Postural sway outcome measures

Postural sway was measured during quiet stance with a portable swaymeter
(Prince of Wales Medical Research Institute, Sydney, Australia), which
determines the amount of body displacement at waist height. The device
consists of a rod attached to the participant’s waist with a firm belt, as shown
in Figure 6-1.

The 40cm rod, which extends behind the subject, has a

vertically-mounted pen at its end to record body movement directly onto
graph paper fastened to the top of an adjustable height table. This method of
posturography provides a simple, valid clinical measure of postural control,
used frequently in falls risk assessment (Lord et al., 2003b).

Lord et al

(1991) demonstrated excellent test-retest reliability for this swaymeter
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procedure among older adults, showing reliability coefficients greater than
0.73.

Figure 6-1: Postural sway assessment standing on the firm surface [left image] and on
the foam surface [right image]

Testing was performed with bare feet set comfortably apart, with arms
relaxed by the side, while gazing directly ahead at the top letters of a visual
acuity letter chart (6/60) mounted on a wall.

The habitual refractive

correction was worn for testing. Sway was measured for 30 s in each of four
conditions: (i) eyes open, firm surface; (ii) eyes closed, firm surface; (iii) eyes
open, foam surface; (iv) eyes closed, foam surface. The firm surface was a
carpeted, level floor. The foam surface was a high-density foam rubber matt
(70 x 60 x 15 cm thick), used to reduce the somatosensory contribution to
postural stability. Prior to testing, the height of the table was adjusted so that
the rod was horizontal and the tip of a pen could record body movements on
the paper.

The participants were not given specific feedback about

performance during the task. The examiner remained close to the participant
during testing to provide any assistance if necessary.

The recording of

postural sway commenced around 10-15 seconds following participants’
familiarisation with the task.
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Postural sway in each condition was calculated as the total sway area (mm 2),
determined by the product of maximal amplitude of anterior-posterior and
lateral sway. To normalise the distribution, a logarithmic transformation was
applied. Larger values indicated a greater amount of postural sway.
The visual contribution to postural stability was calculated using a visual
stability ratio (VSR). Previous studies have established that this ratio,
compared with the Romberg quotient, has less variability and a normal
distribution (Cornilleau-Peres et al., 2005; Shabana et al., 2005). The VSR,
defined in Equation 2, was calculated for both the firm and foam surfaces
(referred to as VSRFIRM and VSRFOAM, respectively). A VSR value of 0 or
less indicates no visual contribution to postural stability. Values greater than
0 indicate a visual contribution, such that less postural sway occurred with
eyes open as compared with eyes closed.

Equation 2:

6.8.2

Statistical analysis

Pearson’s correlations were used to examine the relationship between the
continuous variables and sway and VSR outcomes; point biserial correlations
were used to examine relations between the categorical variables and sway
outcomes. Further analyses adjusted for age and gender. P-values were not
adjusted for multiple comparisons, as reported in Section 3.7.2.
Linear regression models, adjusting for age and gender, examined the
association between integrated visual field loss (IVF-60 and IVF-120) and
postural sway with the eyes open on firm and foam and VSR on foam, given
the significant associations at the bivariate level.

RNFL thickness in the

better-eye was also examined in linear regression models, due to its strong
bivariate associations with postural sway.
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To examine the independent association between postural sway and location
of visual field loss, the superior and inferior field integrated field measures
were considered together in a regression model, adjusted for age and
gender. These models were examined separately for the IVF-60 and IVF120 measures.

Multicollinearity was assessed using the collinearity

diagnostics in SPSS based on the variance inflation factors (VIF).

6.9 Results
The socio-demographic, medical and visual characteristics have of the cohort
has been described in detail in Chapter 3.
The means and standard deviations of postural sway area are presented for
each of the four testing conditions in Figure 6-2. Participants exhibited the
least amount of postural sway on the firm surface with eyes open and the
greatest amount of postural sway on the foam condition with eyes closed.
Because two participants could not complete the sway testing with eyes
closed on the foam condition unassisted, VSRFOAM data were available for
only 72 participants. The means and standard deviations of the VSR are
presented for each of the two testing conditions in Figure 6-3. The VSRFIRM
showed little value in determining the amount of visual contribution in this
condition, as a significant proportion of participants had a negative VSR
value, i.e. greater amounts of postural sway with eyes open as compared to
eyes closed. The VSRFOAM demonstrated more consistent findings with less
variability than VSRFIRM. The majority of participants demonstrated positive
VSRFOAM values, such that less postural sway occurred with eyes open
compared to eye closed.
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2

Figure 6-2: Mean postural sway area (log mm ) across the four testing conditions.
Error bars indicate the standard deviation of the means.

Figure 6-3: Mean visual stability ratio on firm and foam surface. Error bars indicate
the standard deviations of the means. Values less than 0 correspond to a visual
destabilising effect on postural control.
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6.9.1

Severity of visual impairment and postural sway

The unadjusted associations between the vision factors and postural sway
measures are shown in Table 6-1.

Poor performance on most vision

measures was associated with greater postural sway area on both surfaces
and lower VSRFOAM values.

The strengths of association were markedly

stronger in the eyes open conditions compared to the eyes closed conditions.
Although some associations were found between postural sway with eyes
closed and a number of vision measures, these associations were relatively
weak (r=|0.24| to |0.31|) and showed little consistency on either the firm and
foam surfaces. When comparing the eyes open on firm and foam surfaces,
the strengths of association were consistently stronger across all vision
measures on the foam surface compared to the firm surface.

The

associations were stronger between VSRFOAM and the visual function
measures, compared to VSRFIRM. The strongest associations were noted for
the RNFL in the better-eye (r=0.48) and IVF measures (IVF-60 total, r=0.36;
IVF-120 total, r=-0.36), although caution is required when comparing
correlation coefficient due to variations in sample sizes.
The correlations between sway outcomes (eyes open on the firm and foam
surface, and VSRFOAM) and the visual function measures with adjustment for
age and gender are shown in Table 6-2. Greater sway on the firm surface
with eyes open was associated with reduced visual function, particularly
reduced contrast sensitivity in the worse-eye (r=-0.32), visual field sensitivity
in the better-eye (r=-0.37), and IVF measures (r=|0.36|).

Stronger

associations were found on the foam with eyes open, particularly reduced
visual acuity in the better-eye (r=0.37), contrast sensitivity in the worse-eye
(r=-0.43), visual field sensitivity in the better-eye (r=-0.43) and IVF measures
(IVF-60, r=-0.44; IVF-120, r=0.46). Scatterplots of the relationship between
postural sway and IVF-120 and IVF-60 are presented in Figure 6-4 and
Figure 6-5, respectively.
After adjusting for age and gender, reduced VSRFOAM was associated with
poorer visual function, particularly better-eye contrast sensitivity (r=0.27),
visual field sensitivity in the better-eye (r=0.35) and IVF measures (IVF-60,
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r=0.36; IVF-120, r=-0.35). RNFL scores for the better and worse eye were
also strongly correlated with VSR on foam (r=0.44 and 0.43, respectively). A
scatterplot of the relationship between VSR on foam with RNFL thickness is
presented in Figure 6-6.

Table 6-1: Pearson’s correlations between visual function measures and postural
†
sway measures
Firm surface
Eyes
Open

Eyes
Closed

Foam surface
Eyes
Open

Eyes
Closed

VSR
Firm
surface

Foam
surface

Visual Acuity (logMAR)
better-eye

0.25 *

0.10

0.39 **

0.31 **

-0.14

-0.19

worse-eye

0.32 **

0.17

0.39 **

0.31 **

-0.12

-0.18

better-eye

-0.32 **

-0.27 *

-0.34 **

-0.15

0.03

0.27 *

worse-eye

-0.38 **

-0.30 *

-0.47 **

-0.24 *

0.06

0.31 **

Stereoacuity (absent/present)

0.31 **

0.28 *

0.31 **

0.13

-0.02

-0.24 *

Motion sensitivity (log deg/sec)

0.26 *

0.09

0.27 *

0.12

-0.14

-0.20

better-eye

-0.40 **

-0.26 *

-0.43 **

-0.14

0.12

0.35 **

worse-eye

-0.38 **

-0.27 *

-0.38 **

-0.13

0.12

0.32 **

better-eye

-0.33 *

-0.04

-0.49 **

-0.09

0.27 *

0.48 **

worse-eye

-0.20

0.04

-0.36 **

0.04

0.26

0.44 **

Contrast Sensitivity (logCS)

Visual Field Sensitivity (dB)

RNFL (µm)

IVF-60 (dB)
overall field

-0.38 **

-0.26 *

-0.44 **

-0.14

0.11

0.36 **

inferior field

-0.43 **

-0.29 *

-0.46 **

-0.17

0.12

0.36 **

superior field

-0.30 **

-0.20

-0.37 **

-0.11

0.09

0.34 **

overall field

0.38 **

0.20

0.47 **

0.18

-0.17

-0.36 **

inferior field

0.42 **

0.25 *

0.51 **

0.22

-0.15

-0.36 **

superior field

0.30 *

0.12

0.37 **

0.13

-0.17

-0.32 **

0.00

-0.31 **

-0.09

0.10

0.31 *

IVF-120 (points missed)

VFQ-25 Composite Score

-0.03

Notes: Bold values indicate significant correlations; *p<0.05; **p<0.01; † n=74, with the
exception of RNFL (n=57) and VFQ-25 (n=72); RNFL = Retinal Nerve Fibre Layer; IVF =
Integrated Visual Field; VFQ-25 = Visual Function Questionnaire (transformed scale).
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Table 6-2: Pearson’s correlations between visual function and postural sway
†
measures, adjusted for age and gender

Firm surface,
eyes open

Foam surface,
eyes open

VSR on foam
surface

Visual Acuity (logMAR)
better-eye

0.22

0.37 **

-0.20

worse-eye

0.25 *

0.34 **

-0.19

Contrast Sensitivity (logCS)
better-eye

-0.25 *

-0.30 *

0.27 *

worse-eye

-0.32 **

-0.43 **

0.33 **

Stereoacuity (absent/present)

0.21

0.23

-0.26 *

Motion sensitivity (log deg/sec)

0.17

0.20

-0.22

Visual Field Sensitivity (dB)
better-eye

-0.37 **

-0.43 **

0.35 **

worse-eye

-0.34 **

-0.37 **

0.31 **

better-eye

-0.31 *

-0.45 **

0.44 **

worse-eye

-0.15

-0.35 *

0.43 **

overall field

-0.36 **

-0.44 **

0.36 **

inferior field

-0.40 **

-0.44 **

0.36 **

superior field

-0.28 *

-0.38 **

0.33 **

RNFL (µm)

IVF-60 (dB)

IVF-120 (points missed)
overall field

0.36 **

0.46 **

-0.35 **

inferior field

0.39 **

0.49 **

-0.36 **

superior field

0.29 *

0.38 **

-0.31 **

0.07

0.31 **

-0.31 **

VFQ-25 Composite Score

Notes: Bold values indicate significant correlations; *p<0.05; **p<0.01; † n=74, with the
exception of RNFL (n=57) and VFQ-25 (n=72); VSR = Visual Stability Ratio; RNFL = Retinal
Nerve Fibre Layer; IVF = Integrated Visual Field; VFQ-25 = Visual Function Questionnaire
(transformed scale).

- 127 -

Chapter 6

Figure 6-4: Integrated 120° visual field score (IVF-120) as a function of postural
stability with eyes open on foam surface. Pearson’s correlation r=0.47,
P<0.001, adjusted for age and gender.

Figure 6-5: Integrated 60° visual field score (IVF-60) as a function of postural
stability with eyes open on foam surface. Pearson’s correlation r=-0.45,
P<0.001, adjusted for age and gender.
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Figure 6-6: Retinal Nerve Fibre Layer (RNFL) thickness as a function of Visual
Stability Ratio (VSR) on foam. VSR less than 0 correspond to a visual
destabilising effect on postural control. Pearson’s correlation r=0.38, P<0.001,
adjusted for age and gender.

The results from the linear regression models are presented in Table 6-3.
The association between IVF and RNFL measures and sway with eyes open
on firm were similar (betas = |0.29| to |0.34|, Models 1, 3 and 5) and sway
with eyes open on foam (betas = |0.43| to |0.50|, Models 6, 8 and 10). When
both the IVF-60 superior and inferior fields were considered together in a
model (Models 2 and 7), only the inferior fields remained statistically
significant with postural sway on the firm and foam, whereas the superior
field estimates fell short of statistical significance. Similarly, when both the
IVF-120 superior and inferior fields were considered together in a model
(Models 4 and 9), the inferior field was significantly associated with sway on
the foam condition, whereas the superior field estimate fell short of statistical
significance.
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Table 6-3: Visual field factors associated with postural sway (linear regression
†
models, adjusted for age and gender)

Model

B coefficient (95% CI)

Beta p-value

VIF

SWAY FIRM, EYES OPEN
1

IVF-60 overall field (per 5dB)

-0.11 (-0.04 to -0.18)

-0.34

0.002

2

IVF-60 inferior field (per 5dB)

-0.14 (-0.03 to -0.24)

-0.43

0.013

2.72

IVF-60 superior field (per 5dB)

0.02 (0.12 to -0.08)

0.07

0.681

2.91

3

IVF-120 overall field (per 10 points)

0.06 (0.02 to 0.10)

0.33

0.002

4

IVF-120 inferior field (per 10 points)

0.14 (0.02 to 0.25)

0.38

0.020

2.48
2.57

5

IVF-120 superior field (per 10 points)

-0.01 (-0.12 to 0.1)

-0.02

0.882

RNFL better-eye (per 10um)

-0.06 (-0.11 to -0.01)

-0.29

0.026

SWAY FOAM, EYES OPEN
6

IVF-60 overall field (per 5dB)

-0.11 (-0.06 to -0.17)

-0.43

0.000

7

IVF-60 inferior field (per 5dB)

-0.09 (-0.01 to -0.18)

-0.36

0.036

2.72

IVF-60 superior field (per 5dB)

-0.02 (0.06 to -0.1)

-0.09

0.590

2.91

8

IVF-120 overall field (per 10 points)

0.07 (0.04 to 0.1)

0.45

0.000

9

IVF-120 inferior field (per 10 points)

0.14 (0.04 to 0.23)

0.46

0.005

2.48

IVF-120 superior field (per 10 points)

0.00 (-0.08 to 0.09)

0.02

0.927

2.57

-0.08 (-0.12 to -0.04)

-0.50

0.000

10

RNFL better-eye (per 10um)

VSR, FOAM
11

IVF-60 overall field (per 5dB)

0.03 (0.04 to 0.01)

0.38

0.002

12

IVF-60 inferior field (per 5dB)

0.02 (0.04 to -0.01)

0.26

0.180

2.89

IVF-60 superior field (per 5dB)

0.01 (0.03 to -0.01)

0.14

0.483

3.10

13

IVF-120 overall field (per 10 points)

-0.01 (-0.02 to -0.01)

-0.36

0.003

14

IVF-120 inferior field (per 10 points)

-0.02 (-0.05 to 0.00)

-0.30

0.107

2.68

IVF-120 superior field (per 10 points)

-0.01 (-0.03 to 0.02)

-0.08

0.690

2.79

0.02 (0.01 to 0.03)

0.49

0.000

15

RNFL better-eye (per 10um)

Notes: Bold values indicate statistical significance; † n=74, with the exception of RNFL
(n=57); IVF = Integrated Visual Field; RNFL = Retinal Nerve Fibre Layer; VSR = Visual
Stability Ratio; VIF = Variance Inflation Factor
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The association between VSRFOAM and RNFL better-eye (beta = 0.49, Model
15) was stronger relative to the associations between VSR FOAM and IVF
measures (betas = |0.36| to |0.38|, Models 11 and 13), although caution is
required when comparing coefficients due to variations in sample sizes for
the various analyses. When the superior and inferior fields were considered
together in a model, neither was independently associated with VSRFOAM
(Models 12 and 14).
The VIF values calculated in these models ranged from 2.64 to 3.14
suggesting some variance inflation due multicollinearity between the superior
and inferior field variables. While the results should be interpreted with some
care, none of the VIF values were greater than 10. An alternative analysis to
support these findings is presented in Appendix 7.

6.10 Discussion
In this study, visual impairment was significantly associated with postural
sway in a cohort of older community-dwelling adults with glaucoma.

In

particular, greater binocular visual field loss was associated with larger
magnitudes of postural sway with eyes open, particularly on the foam
surface, independent of age and gender. To our knowledge, this study is the
first to report a significant link between severity of visual field loss and
postural sway among older adults with glaucoma. Our study included highfunctioning older adults, similar to general community-dwelling older
populations in terms of their level of physical activity (Chad et al., 2005) and
performance-based functional measures (Lord & Menz, 2002; Tiedemann et
al., 2005).

In a frailer population, the effect of glaucomatous visual

impairment on postural stability is likely to be even greater.
Our results do not support those of Shabana et al (2005), who failed to
demonstrate an association between glaucomatous visual field loss and
postural sway, based on measures of force platform sway velocities. The
glaucoma patients in Shabana’s study, aged between 40 and 66 years,
showed greater somatosensory contributions to postural stability to maintain
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steady stance, as compared to controls. While there are differences in the
measures of sway and the degree of visual impairment between studies, it is
likely that Shabana et al’s failure to find an association between visual field
loss and postural sway is due to their considerably younger sample (40 to 66
years) as compared to those tested in the current study (62 to 90 years).
Ageing, particularly in those aged over 60, is associated with significant
declines in the somatosensory and vestibular systems (Woollacott, 2000;
Choy et al., 2003; Era et al., 2006) in addition to an increasing prevalence of
glaucoma (Weih et al., 2001; Rudnicka et al., 2006). Our results suggest that
adults with glaucomatous visual impairment aged over 60 years are less able
to increase their somatosensory contribution to postural stability, resulting in
greater amounts of postural sway.
In support of our findings, a population study by Freeman et al (2008a)
showed that visual field loss among community-dwelling older adults was
significantly associated with greater postural instability.

Every 10 points

missed in the binocular visual field, identical to the IVF-120 measure in the
present study, was associated with around a 30 to 40 per cent increased
likelihood of being unable to perform the most difficult standing balance tests
(tandem and soleo stance), following adjustment for age, sex, race, body
mass index, and number of comorbid conditions. Experimental studies also
support our findings, as occlusion of the peripheral visual field areas results
in greater postural sway among normally sighted individuals, compared to
normal full field viewing (Straube et al., 1994; Nougier et al., 1997; Berencsi
et al., 2005; Piponnier et al., 2009).
It would be useful to provide some clinical guidance as to the point in disease
progression at which glaucoma begins to impact on postural sway. However,
it is difficult to estimate this from the cross-sectional nature of this study.
Such estimates would also be highly dependent on factors specific to an
individual and their recreational balance requirements. Our findings indicate,
however, that adults who are physically active and require greater balance
reserves, and also suffer from greater visual field loss are more likely to
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experience difficulties in their postural control when undertaking demanding
activities.
Although research suggests that glaucoma reduces motion sensitivity
(Bullimore et al., 1993; McKendrick et al., 2005; Falkenberg & Bex, 2007), we
did not find a significant association between motion sensitivity and postural
stability. In contrast, Freeman et al (2008a) reported significant associations
between postural instability and reduced motion sensitivity in a general
population, measured within a 10 degree diameter retinal area. The limited
findings in the present study may be due to the smaller motion sensitivity
target, which subtended a 3 degree diameter retinal area.

Furthermore,

comparisons are difficult due to the differences in the balance measures
used and cohort visual characteristics, which may explain inconsistencies in
results.
As expected, we found stronger associations between the vision measures
and postural sway on the foam surface, compared to on the firm. This is
consistent with findings from previous studies (Lord & Menz, 2000; Anand et
al., 2002; Anand et al., 2003a; Shabana et al., 2005), as the contribution of
vision to postural control increases to maintain balance in compensation for
the reduced somatosensory input on the foam surface. The findings on the
foam surface emphasize the significant relationship between vision and
balance and highlight the detrimental effect of glaucomatous visual field loss
on postural control. Importantly, the findings have implications for postural
stability in situations of reduced somatosensory input, such as uneven and
unstable surfaces, for example walking on carpeted surfaces. There were
few significant associations between the vision measures and postural sway
with eyes closed on both surfaces, which was expected given the lack of
visual input during these conditions.
Our results are the first to suggest that the inferior visual field may provide a
stronger contribution to postural stability than the superior visual field. This
finding was particularly evident on the foam condition with eyes open, for
both of the binocular visual field measures. Previous studies with visually
impaired individuals have indicated that greater loss in the central and inferior
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visual field areas are significantly associated with reduced mobility
performance (Lovie-Kitchin et al., 1990; Turano et al., 2004).

Moreover,

there is some evidence that falls may occur more frequently in those with
inferior visual field loss. Coleman et al. (2007) reported that the odds of
falling among older women with severe inferior visual field loss, compared
with no inferior loss, was 91% higher, whereas the odds of falling among
those with severe superior visual field loss, when compared with no superior
visual field loss, was 74% higher. Experimental studies have demonstrated
the importance of the inferior visual area in mobility and navigation (Marigold
& Patla, 2008), particularly for obstacle detection and avoidance.
It has been hypothesized that the inferior visual field provides a greater
contribution to the dorsal visual pathway, a pathway which mediates visually
guided movements (Khan & Lawrence, 2005; Krigolson & Heath, 2006). A
number of laboratory-based studies have shown that the inferior visual field is
more effective in visually guided reaching and aiming movements compared
with the superior visual field among visually normal participants (Khan &
Lawrence, 2005; Krigolson & Heath, 2006). Further support is provided by
an experimental study by Kimura et al (1981) which found significantly slower
latency times for visually evoked potentials by a moving stimulus in the
superior field (15 degrees above fixation), compared to latencies in the
central and inferior visual fields. Their findings suggest that the central and
inferior field areas are more efficient at recognition of moving stimuli than the
superior field.
The cortical control of postural stability may incorporate the visuomotor
pathway, as greater inferior visual field loss was associated with larger
amounts of postural sway, independent of superior field loss. It is possible
that the visuomotor system relies more heavily on inferior visual field areas,
since our visual environment tends to contain a greater proportion of visual
cues in this area relative to the superior field. It is also possible that the
greater inferior visual field contribution to the visuomotor system forms during
early brain development. In any case, inferior visual field loss appears lead
to less awareness of relative body position, resulting in greater postural
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instability.

Although this was demonstrated in the current study, it was

beyond the scope of the present study to determine the mechanisms
underlying this finding.
The relative contribution of vision to postural control was shown to decline
steadily with increased binocular visual loss in the present study, in
agreement with previous studies (Turano et al., 1993; Shabana et al., 2005).
Shabana et al (2005) demonstrated that individuals with glaucomatous visual
field loss reduce their visual contribution to postural stability, by an amount
that correlated with severity of field loss. Shabana et al (2005) found that the
mean deviation visual field index in the worse-eye was the strongest
correlate with the visual stabilization ratio (r=0.40, Spearman’s). The present
study found comparable bivariate relations between visual field measures
and VSR on foam (r=|0.36|), despite considerable differences between the
cohort characteristics, postural stability and visual field measures. In a study
by Turano et al (1993), individuals with retinitis pigmentosa demonstrated a
steady decrease in visual contribution to stability, correlating strongly with
visual field loss (r = -0.59). In the same study, they further demonstrated that
artificial field restriction in those with normal vision correlated with a reduction
in the visual contribution to stability, although not to the same extent as in
those with retinitis pigmentosa.
Interestingly in the current study RNFL thickness was strongly correlated with
the visual contribution to postural stability. This association may be due to the
fact that damage to the RNFL may precede visual field loss (Sihota et al.,
2006), or that RNFL thickness may reflect declines in other visual functions
that influence postural control, such as motion detection (Kelly et al., 2005).
The strengths of this study include extensive assessment of different vision
components, including the use of binocular integrated visual fields, and the
use of a an older cohort, which is an age group where glaucoma is more
prevalent (Rochtchina & Mitchell, 2000; Weih et al., 2001) and falls are
common events (Dolinis et al., 1997; Ivers et al., 2003).
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There are a number of limitations to this study.

Previous studies have

included the use of force platform analysis, which can provide extensive
quantitative data pertaining to velocity, area and displacement of the centre
of pressure occurring at ground level.

However, no one sway measure

completely reflects the complex nature of postural stability, due to the many
inherent factors that can contribute to the variability of these measures
(Hageman et al., 1995). While the sway measure used in the current study is
less detailed than data from force platforms, it does provide a basic
representation of body trunk displacement, shown to be a valid measure of
underlying balance impairment (Goldberg et al., 2005), and its reliability has
been established in previous studies (Lord et al., 1991; Lord et al., 2003b). It
does, however, limit our ability to examine the peripheral contribution to
various components of sway, as Nougier (1997) reported that the peripheral
field regulated sway in the anterio-posterior direction.

Despite this, data

generated from the swaymeter device are continuous measures and are less
prone to significant floor or ceiling effects, which can occur with the use of
standing balance tests, such as the semi-tandem and tandem stand (Era et
al., 2006).
Chapter 8 provides additional discussion on a number of strengths and
limitations pertaining to all of the studies presented in this thesis, along with
important implications arising from the findings.
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6.11 Conclusion
In summary, greater binocular visual field loss or thinner RNFL was
associated with increased postural sway among older community-dwelling
adults with glaucoma. Furthermore, the magnitude of postural sway was
larger in those with greater inferior visual field loss, particularly on the foam
surface, independent of superior visual field loss. Greater visual field loss or
RNFL thickness was accompanied by a steady decrease of the visual
contribution to postural control.

These postural changes may be an

important underlying factor in the increased risk of falls and fall-related
injuries among older adults with glaucoma (Dolinis et al., 1997; Ivers et al.,
2003; Haymes et al., 2007).
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Chapter 7: Visual Impairment and Falls among Older
Adults with Glaucoma: A 12-Month Follow-Up Study
[Study 2]

7.1 Introduction
Falls are an important and preventable health problem for adults aged 65
years and older. Approximately one in three community-dwelling older adults
will experience a fall each year, with many experiencing multiple falls. There
are serious consequences of falls, as they represent 4% of hospital
admissions, 40% of injury-related deaths and 1% of total deaths in
Australians aged over 65 years (Lord et al., 2007).
The literature review presented evidence demonstrating that visual
impairment from various eye diseases increases the risk of falls among older
adults. A likely explanation for this link is that the visual system is essential
for safe and efficient navigation, guiding locomotion within the environment.
Importantly, deficits in safe and efficient navigation can potentially lead to
falls.

Individuals with visual impairment from various eye diseases show

reduced mobility performance compared with visually normal individuals
(Black et al., 1997; Kuyk et al., 1998; Kuyk & Elliott, 1999; Hassan et al.,
2002). Furthermore, greater severity of visual impairment is associated with
further decrements in mobility performance, in studies in general populations
(Turano et al., 2004), and in specific eye disease groups, such as macular
degeneration (Hassan et al., 2002).
There is also strong supporting evidence of the link between visual
impairment, from a range of eye diseases, and falls and fractures (Ivers et
al., 1998; Ivers et al., 2003; Coleman et al., 2004; Coleman et al., 2007;
Freeman et al., 2007; Coleman et al., 2009). As the aim of this thesis was to
evaluate the relationship between visual impairment and falls among older
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adults with glaucoma, the remainder of this introduction reviews and
discusses the available evidence in this area.

7.2 Visual field loss, glaucoma and mobility
Vision is essential for interacting with the environment when walking,
particularly for obstacle avoidance, locomotion planning and foot placement.
The peripheral visual field contributes to efficient navigation, through the
creation of an accurate spatial relationship between self and object, which is
constantly updated while travelling within the environment (Turano et al.,
2005).
Recent research has demonstrated significant reductions in accurate
encoding and memory of the visual environment among adults with visual
field loss, compared to those with no vision loss, based on directional errors
when walking within a virtual reality environment (Turano et al., 2005).
These virtual spatial misrepresentations also increased with greater severity
of visual field loss (Fortenbaugh et al., 2008).
In a study of adults with normal vision, Hassan et al (2007) estimated that the
minimum field of view diameter required for safe navigation with simulated
visual impairment when walking within a virtual environment was around 11
degrees under a high contrast environment, and around 32 degrees under a
low contrast environment. This suggests that loss of visual field within the
central 30 degrees can significantly impact on safe navigation under low
contrast situations, which occur in the real-world.

The findings of these

studies, however, should be viewed with some caution, as they do not take
into account that individuals with true, rather than simulated, visual
impairment may develop coping strategies over time.
Visual field loss, from any cause, has been linked with reduced mobility. In a
study comprising 1,504 community-dwelling older adults, slower completion
of a mobility course was associated with greater binocular visual field loss,
but not for reduced visual acuity or contrast sensitivity (Patel et al., 2006).
From the same study, Turano et al (2004) also demonstrated that greater
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binocular visual field loss was associated with a 22% increase in collision
with obstacles.
There is also good evidence that non-glaucomatous visual field loss reduces
mobility performance. Most of this research has focused on retinitis
pigmentosa (RP) which primarily results in mid-peripheral visual field loss.
Individuals with RP have demonstrated poorer mobility performance
compared to visually normal controls (Black et al., 1997), and mobility
performance deteriorates according to severity of visual field loss (Haymes et
al., 1996). Haymes et al (1996) reported that adults with RP maintain good
mobility performance until visual field loss occurs within the central 20
degrees.
Individuals with glaucoma also report difficulties in mobility. In a study of 79
adults with glaucoma, over 25% of participants reported moderate to severe
restriction in their mobility, more so than other activities of daily living,
according to the Impact of Vision Impairment questionnaire (Noe et al.,
2003). Greater visual field loss in these participants, measured using the
Esterman test, was associated with greater self-reported mobility difficulties,
even after adjustment for age and visual acuity. Recently, Geruschat et al
(2007) quantified the mental effort required for walking among adults with
glaucoma, measured by reaction times for a secondary task. Greater mental
effort was required in complex environments, particularly approach-to-stairs
and stairs. Moreover, individuals with greater visual field loss required extra
mental effort to safely navigate these situations.
Research has demonstrated that greater visual field loss from glaucoma
impairs mobility performance.

Turano et al (1999) reported that reduced

visual field sensitivity in the better-eye among 47 glaucoma participants was
associated with slower walking speed in a mobility course, and correlations
were stronger compared to visual acuity or contrast sensitivity. Recently,
Friedman et al (2007) showed that older adults with bilateral glaucoma
(n=74) walked more slowly and experienced more bumps in a mobility course
compared to those with no signs of glaucoma or visual field loss (n=1064).
Adults with unilateral glaucoma (n=76) showed no differences in their mobility
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performance, compared to controls, which suggest that mobility is not
affected until glaucoma affects visual function in both eyes. The severity of
binocular visual field loss in the bilateral glaucoma group was the primary
visual

function

which

contributed

to

poorer

mobility

performance,

independent of visual acuity loss.
Safe and efficient navigation also relies on accurate inferior visual field
information. When walking, individuals fixate approximately two steps ahead
(Land, 2006), and central fixation is generally not re-directed to suddenly
appearing obstacles in the travel path (Marigold et al., 2007). Thus, the
inferior visual field is critical for successful obstacle avoidance during
locomotion.
A study by Lovie-Kitchin et al (1990) was the first to examine the relative
importance of visual field areas for safe navigation. Using an indoor course,
mobility performance of 9 visually impaired adults, from various eye
diseases, was compared to 9 age-matched controls.

Associations were

examined between mobility performance and visual field areas within the 90
degree radius, based on 15 subdivisions of the visual field. The central 37
degree field areas and the inferior field areas to 58 degrees were the
strongest correlates with the number of obstacle contacts. These field areas
were also strong correlates with walking speed, albeit weaker than with the
obstacle contacts.

In a more recent mobility study involving 1,504

community-dwelling older adults, Turano et al (2004) found that the central
(40 degree diameter) and inferior visual field areas were independently
associated with walking speed in the course, while the superior field area
was not significant.

Only the central visual field area, however, was

significantly associated with the number of collisions.
Marigold & Patla (2008) recently examined the impact of inferior visual field
occlusion (up to approximately 20 degree radius from fixation) on gait
patterns among visually normal healthy adults when walking across an
experimental walkway of varying terrains. Compared to viewing with full field,
participants reduced their gait speed and step length when the inferior visual
field area was occluded. Participants also demonstrated greater tilting of the
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head (pitch) to increase the area of inferior visual field, further highlighting the
importance of this field area. There are, however, some limitations to the
study, particularly the crude form of field occlusion attached to a spectacle
frame, and the inability to control the extent of field occlusion, as participants
were able to increase the area of visual field by tilting their heads. Despite
these limitations, the study provides early experimental evidence that the
inferior visual field is a significant contributor to safe navigation.
Limited visual scanning among adults with visual field loss may also be a
contributing factor to their mobility difficulties.

Vargas-Martin et al (2006)

showed that adults with RP, with less than 20 degree of remaining field,
showed similar magnitudes of scanning eye movements when walking
compared to controls. It was thought that adults with RP would demonstrate
greater scanning eye movements to compensate for missing peripheral
vision information, but this was not the case. The authors suggested that the
limited scanning may be due to lack of peripheral visual stimulation to prompt
eye movements. Poor visual scanning may be an important underlying factor
between visual field loss and falls, yet this remains to be explored.

7.3 Visual field loss and falls
Visual field loss had been linked to an increased falls risk among older
adults, both in retrospective (Ivers et al., 1998; Klein et al., 1998; Klein et al.,
2003b) and prospective population studies (Ramrattan et al., 2001; Coleman
et al., 2007; Freeman et al., 2007). These associations are also supported
by prospective hip fractures (Ivers et al., 2003; Coleman et al., 2009).
The Rotterdam Eye Study examined the prevalence and causes of visual
field loss among older adults aged 55 years and older, as well as the number
of falls and fractures in the following two years (Ramrattan et al., 2001). The
likelihood of experiencing frequent falls (more than 4 falls) in the two years
after the baseline eye examination was six times greater in those with
unilateral and bilateral visual field loss, compared to those with no visual field
loss.

The association also remained significant after adjusting for visual
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acuity. In addition, the likelihood of experiencing a wrist fracture was around
3 times greater in those with unilateral visual field loss; however, the results
are limited by small numbers of reported fractures. The study provides good
evidence that visual field loss increases the risk of falls, although the results
are somewhat limited by the retrospective nature of the falls outcome.
Several well-designed prospective falls studies provide strong evidence that
visual field loss is an independent risk factor for falls (Coleman et al., 2007;
Freeman et al., 2007). Freeman et al (2007) monitored falls prospectively,
for an average of 17 months, comprising of 2,375 community-dwelling older
adults, aged between 65 and 84.

Binocular visual field loss (based on

merged monocular field tests) was significantly associated with falling, more
so than reductions in visual acuity, contrast sensitivity, or stereoacuity. The
risk of falling was 8 per cent greater for every 10 points missed in a binocular
visual field (odds ratio 1.08 [1.03–1.13]), even after adjustment for a number
of confounding factors.
In a study by Coleman and colleagues (2007), binocular visual field loss
(based on merged monocular field tests) was a significant predictor for
multiple falls during a 12 month follow up, among 4,071 women aged over 70
years. Women with moderate visual field loss (10-19 points missed) were 37
per cent more likely to experience multiple falls (odds ratio 1.37 [1.01–1.84]),
while those with severe visual field loss (20 points or more missed) were 50
per cent more likely to experience multiple falls (odds ratio 1.50 [1.11–2.02]).
Neither visual acuity nor contrast sensitivity was associated with falls.
Significant associations have also been reported between visual field loss
and prospective fracture rates. In a recent study comprising 4,773 older
women, Coleman et al (2009) found that severe binocular visual field loss (20
or more points missed) increased the odds of a hip fracture by 66 per cent
(odds ratio 1.66 [1.19–2.32]), and odds of a non-spine, non-hip fracture by 59
per cent (odds ratio 1.59 [1.24–2.03]), during the average 8 years of follow
up. Reduced visual acuity and contrast sensitivity was associated with nonspine, non-hip fractures, but not hip fractures.
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Similarly, Ivers et al (2003) found that the risk of a hip fracture was over five
times higher in participants with more than five points missed in the bettereye monocular 76-point field screening (hazard ratio, 5.40 [1.30–22.2]), in a
study of 3,654 community dwelling adults. An earlier study by the same
research group also demonstrated that participants with visual field loss
measured using the same strategy were nearly three times more likely to
experience a prospective ankle fractures during the 5 year follow-up (relative
risk, 2.7 [1.1–6.2]), but not for wrist or shoulder fractures (Ivers et al., 2002).
Several retrospective falls studies have identified significant links between
visual field loss and falls, although their findings are limited by the
retrospective nature of the falls outcomes. 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 (Klein et al., 1998; Klein et al.,
2003b), while the Blue Mountains Eye Study showed that more than five
points missed on a Humphrey screening test increased the risk of falls by 50
per cent (Ivers et al., 1998).
In contrast, a retrospective study of 489 patients of patients attending a
glaucoma clinic, most of whom had glaucoma, found that those with 40% or
more loss in visual field were more likely to report an injurious fall in the
previous year, yet this failed to reach statistical significance (Glynn et al.,
1991). The findings are limited by the use of an unconventional definition of
visual field loss, as severity of visual field loss was estimated using the
average sensitivity within the central 30 degree radius field, divided by the
normal average for a 65 year old, then multiplied by 100 to convert to a
percentage of normal. Friedman and co-workers (2002) found no association
between the number of points missed on a visual field screening test (81point screening field) and reported falls at a 12 month follow-up examination
among 2,212 older adults. The findings, however, are limited by the inclusion
of previous falls in the analyses, which is a factor likely to be in the causal
pathway between vision loss and incident falls, thus reducing the association.
Evidence of the link between visual field loss and falls is also shown in a
recent analysis of retrospective medical claims.
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examined the economic implications of glaucoma-specific vision loss,
including falls, injury, fractures and nursing home placement in over 180,000
adults with glaucoma aged over 65.

Patients with any vision loss, as

compared to those with no vision loss, were 59 per cent more likely to
experience falls and accidents, and 67 per cent more likely to experience
femur fracture. Furthermore, the adjusted risk of nursing home placement
more than doubles for glaucoma patients with vision loss compared to those
with no vision loss. These findings, albeit limited by the crude visual field
loss classification based on the medical records, confirm that visual field loss
is associated with increased risk of adverse health outcomes, particularly
falls and fractures.
An area of falls and vision research that has received limited attention is the
effect of the location of the field loss on falls.

Studies have shown that

greater loss in the central and inferior visual field areas are significantly
associated with reduced mobility performance among visually impaired
individuals (Lovie-Kitchin et al., 1990; Turano et al., 2004). As outlined in
Chapter 2, glaucomatous visual field defects can occur in either superior or
inferior hemifield regions, and defects tend to correspond within the same
hemifield between eyes (Hoffmann et al., 2006).

As such, patients with

glaucoma can present with bilateral defects in the superior or inferior
hemifields.
Coleman et al (2007) reported that the odds of falling among older women
with severe inferior visual field loss, when compared with no inferior loss,
were 91% higher (odds ratio, 1.91 [1.05–1.56]), whereas the odds of falling
among those with severe superior visual field loss, when compared with no
superior visual field loss, were 74% higher (odds ratio, 1.74 [1.36–2.23]).
The superior and inferior fields were calculated according to locations above
and below the horizontal midline of the integrated visual field, respectively.
Coleman’s study, however, did not examine the independent contributions of
these field areas to the risk of falls.
In contrast, Freeman and colleagues (2007) examined the independent
contributions of the superior and inferior field areas to falls, yet failed to show
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any significant difference in falls risk in their community-dwelling cohort.
Their analysis was based on 3 regions of visual field area within the
integrated binocular field: the central 20 degree radius and the remaining
inferior and superior field regions.

The combined inferior and superior

peripheral field regions were stronger predictor for falls than central field loss,
yet neither the superior or inferior field locations were statistically significant
when considered together in a model.
In summary, the literature confirms the importance of the peripheral visual
field areas in mobility, and visual field loss is associated with an increased
risk of falls and fractures. However, the relationship between the location of
visual field loss and falls remains uncertain, although findings from mobility
studies suggest that the inferior visual field region is essential for safe
navigation.

7.4 Visual attention and falls
Safe navigation and falls of older adults may also be influenced by AFV
performance. As outlined in the literature review, previous studies have used
various AFV tests, based on either attentional processing speed within a
fixed visual field area, or the extent of attentional visual field area using a
fixed processing speed. AFV measures can vary in task complexity, from
divided attention tests (a single central and peripheral target), to more
cognitively demanding selective attention tests (the addition of peripheral
distracting targets). AFV measures are influenced by visual functioning, as
well as higher-order visual/cognitive processes (Clay et al., 2005).
Broman et al (2004) reported that a decrease of 50 ms in processing speed
for a divided attention task was associated with a 4.9% increase in number of
bumps made in a mobility course among 1,504 community-dwelling older
adults, even after adjusting for visual field loss.

In a mobility study

comprising of 35 participants with a range of eye diseases, Leat & LovieKitchin (2008) found that mobility errors and walking speed in the course was
associated with number of points missed in the divided and selective AFV
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area. These associations were considerably weaker when adjusted for visual
field loss, which was expected given that previous work by the authors
showed that attentional field performance among visually impaired adults is
strongly influenced by visual field loss (Leat & Lovie-Kitchin, 2006).
The link between AFV and falls, however, remains unclear.

Reduced

attention fields, using timed divided and selective AFV tests, were not
associated with the number of previous falls in a study of 342 communitydwelling older adults aged 55 to 85 years (Owsley & McGwin, 2004). In a
retrospective falls study, Haymes et al (2007) reported significant difference
in AFV processing speeds in 48 participants with glaucoma, compared to 47
normally sighted controls, in both divided and selective tasks. While the
glaucoma group were more likely to report previous falls than controls, the
association between AFV performance and previous falls was not examined.

7.5 Glaucoma and falls
There is mixed evidence whether the presence of glaucoma increases falls
risk among older adults. It is likely that the increased risk of falling is due to
the loss of visual fields given the evidence from the population-based studies
described earlier. There is also evidence that other factors may contribute to
the risk of falls, including the use of particular topical anti-glaucoma
medications.

It is important to note that comparison between studies is

difficult due to different methods of glaucoma diagnosis (self-report vs. eye
examination), lack of glaucoma severity grading, different methods of falls or
fracture ascertainment (retrospective vs. prospective) and variations in study
cohorts.
Only one study investigated the association between glaucoma and falls in a
predominantly glaucoma population (Glynn et al., 1991). This study
comprised 489 older adults attending a glaucoma clinic, 70% of whom had a
definite diagnosis of glaucoma and the remainder being glaucoma suspects.
The findings are limited due to the variety of visual field tests included
(Octopus, Humphrey and Goldmann tests) and the non-standardised method
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to grade visual field severity, as described earlier. Participants with 40% or
more loss in visual field were three times more likely to report an injurious fall
in the previous year, yet this failed to reach statistical significance.
Significant links between glaucoma and retrospective falls have been shown
in population studies. In a study of over 1,900 community-dwelling adults
aged over 70, participants with self-reported glaucoma were nearly twice as
likely to report a previous fall, even after adjustment in a multivariate model
(Dolinis et al., 1997). Ivers et al (1998) reported that glaucoma, confirmed by
eye examination, was associated with an increased risk of falls, adjusted for
age and gender. In a study of 3,266 adults aged over 40 years, participants
with glaucoma (n=21), defined by eye examination, were 4 times more likely
to report a fall in the previous 12 months (Lamoureux et al., 2008).
Furthermore, a study examining hospital discharge records found that
glaucoma was a significant risk factor associated with hospitalisation for an
unintentional fall, based on over 15,000 medical records of adults aged 65
and older (Guse & Porinsky, 2003).
A population study by McCarty et al (2002), however, failed to show any
significant association between glaucoma, confirmed by eye examination,
and falls risk in the previous month. Their findings are limited, however, by
the use of falls reported in the previous month, which is a time frame rarely
used in falls research.
Findings from case-control falls studies are mixed.

Turano et al (1999)

reported that the rate of reported falls in the previous year was greater in
subjects with glaucoma (18/47 participants; 38%) as compared to controls
(14/47 participants; 30%), however the difference was not significant. More
recently, Haymes et al (2007) found that the rate of reported falls in the
previous year was greater in subjects with glaucoma (35%; 17/48
participants) as compared to age-matched controls (13%; 6/47 participants).
Compared to controls, participants with glaucoma were over three times
more likely to have had a fall, even after adjustment for age, gender, body
mass index, number of systemic medications and better eye visual field loss.
It is unclear, however, why the authors controlled for visual field loss in their
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multivariate analysis, given that visual field loss is likely to mediate the
relationship between glaucoma and falls. Moreover, the rate of falling in their
control group (mean age 67 years) was relatively low, compared to
populations studies which report falls rates in the order of 30% (Tinetti et al.,
1988; Graafmans et al., 1996; Freeman et al., 2007).
Two case-control studies have failed to show any relationship between selfreported glaucoma and hip fracture. Grisso et al (1991) examined various
medical factors among 174 hip fracture patients aged between 55 and 103,
and age-matched controls. Self-reported glaucoma was not a significant risk
factor, which may be due to the limitations of self-reported data and unknown
numbers in the cohort with glaucoma. A larger case-control study by Ivers et
al (2000) examined 911 cases of hip fracture, with 910 age and sex-matched
controls. Self-reported glaucoma was not significantly associated with hip
fractures in this study.

However, the results from Ivers’ study are

inconsistent, as the hip fracture group had a significantly lower prevalence of
cataracts than the control group, which contradicts recent prospective
research showing an increased risk of hip fracture among adults with
cataracts (Harwood et al., 2005). These inconsistent findings may be due to
limitations of retrospective case-control studies.
Research from prospective hip fractures studies are also conflicting. A two
year prospective hip fracture study by Ivers et al (2003) found that glaucoma,
confirmed by eye examination, was a significant risk factor for hip fractures in
people aged 75 and older (hazard ratio 8.1). Felson et al (1989) reported
that 18 per cent of hip fractures were attributable to visual impairment, yet
failed to find significant associations with common eye diseases, including
glaucoma. This may be due to the small number of glaucoma participants in
their study, as approximately 1 per cent of their cohort were classified as
having glaucoma which is considerable lower than the reported population
prevalence rates (Weih et al., 2001).
In summary, it is difficult to draw conclusions from these studies, particularly
due to limitations in the retrospective and case-control studies. Furthermore,
there is a lack of data on the prospective falls among older adults with
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glaucoma. Importantly, glaucoma patients present with a wide spectrum of
visual impairment, and many of studies have failed to consider the binocular
functional impact of glaucoma in their analyses.

Despite the limited

prospective research, older adults with glaucomatous visual field loss are
likely to have a greater propensity for falling, given that glaucoma is the
primary cause of visual field loss (Ramrattan et al., 2001) and there is
compelling evidence that visual field loss increases risk of falls in population
studies (Coleman et al., 2007; Freeman et al., 2007).

7.6 Glaucoma medications and falls
The use of topical anti-glaucoma medications, particularly beta-blockers, has
been linked to an increased likelihood of falls in retrospective studies (Glynn
et al., 1991; Ivers et al., 1998), although prospective studies are yet to
confirm this association. The systemic absorption of topical eye medications
and the chronic nature of glaucoma results in significant systemic exposure
to these active ingredients (Labetoulle et al., 2005). Topical beta-blockers
absorbed systemically act on the beta receptors located in the heart and
bronchial tissue, and may lead to side effects such as bradycardia,
bronchospasm and lethargy (Gandolfi et al., 2005; Nieminen et al., 2005;
Tattersall et al., 2006),
Glynn et al (1991) examined factors associated with injurious falls reported in
the previous year among 489 patients attending a glaucoma clinic, 70% of
whom were being treated for glaucoma. Compared to participants not using
any topical medications (n=120), those using non-miotic glaucoma
medications (n=181, 90% of which were beta-blockers) were over 5 times
more likely to report a previous injurious fall, while those using glaucoma
medications including miotics (n=188) were over 3 times more likely to report
a previous injurious fall.

Similarly, Ivers et al (1998) examined factors

associated with multiple falls reported in the previous year among community
dwelling 3,299 older adults aged over 49 years. Compared to participants
not using any non-miotic medications (n=3,138), those using non-miotic
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medications (n=52, 94% of which were beta-blockers) were twice as likely to
report multiple falls in the previous year.
There are, however, some important limitations to these two studies. The
risk estimates were referenced against participants who were not using any
topical glaucoma medications, and as such, were less likely to suffer
glaucoma or have visual field loss. Their analyses failed to consider this
possible confounding effect. Furthermore, the findings from Ivers et al (1998)
were based on a small sample of patients using non-miotic medications
(n=52).
More recent research casts doubt on the link between topical beta-blocker
use and falls. Ramdas et al (2009) examined the association between longterm use of topical beta-blockers and previous falls among 148 older adults
with glaucoma (mean age 73.7 years, range 61–91).

The proportion of

participants using a topical beta-blocker was around 57%, while the
remainder were using topical prostaglandins. In comparison to those only
using prostaglandins, the odds of reporting a previous fall was not
significantly higher in those using topical beta-blockers, even with adjustment
for age, gender and other falls risk systemic medications. In addition, betablocker use was not associated with an increased risk of dizziness or
orthostatic hypotension compared to prostaglandin use.
Similarly, Turano et al (1999) found no relationship between the use of
topical beta-blockers and previously reported falls among 47 glaucoma
patients. Of the 18 (38%) participants reporting a previous fall, only 7 (39%)
were using a topical beta-blockers.

Furthermore, the use of oral beta-

blockers, used to treat conditions such as hypertension and angina, has not
been linked to falls in previous studies (Cumming et al., 1991; Leipzig et al.,
1999; Lee et al., 2006). Until there are definitive studies assessing the risk
associated with prospective falls or fractures among those using topical betablockers, it is unlikely that the current debate in this area will be resolved.
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7.7 Mediating factors between visual field loss and falls
Understanding the factors that may influence the relationship between visual
field loss and falls may help guide the development of effective falls
prevention interventions.

From an epidemiological standpoint, mediating

factors are associated with the explanatory factors (such as visual field loss),
and the outcome measures (such as falls), but also lie on the causal pathway
between the two. There are likely to be many mediating factors between
visual field loss and falls, the most important of which would be the impaired
ability to avoid obstacles and trip hazards, increasing the risk of trips and
falls.
Another possible mediating factor is postural stability. Visual loss has been
associated with greater postural instability in our research (Study 1c) and
others (Freeman et al., 2008a), and postural instability is a risk factor for
falling (Freeman et al., 2007). However, this has not been explored in any
previous research studies, and it remains unclear if postural stability
mediates the relationship between visual field loss and falls. Interventions
targeted towards improving postural stability among older adults may be
beneficial in preventing falls in this population.
Frailty and physical function may also be factors in the causal link between
visual field loss and falls, yet these also remain unexplored. It is plausible
that visual impairment reduces physical function and increases frailty over
time, although there is only cross-sectional evidence in the literature (Klein et
al., 2003a; Klein et al., 2006). Given that frailty is a risk for falls and fractures
(Ensrud et al., 2007), it is possible that physical function or frailty may be a
mediating factor between visual field loss and falls. Interventions targeted
towards improving the functional status among older adults may also assist in
the prevention of falls in this population.

- 153 -

Chapter 7

7.8 Rationale for the study
Although several studies have examined the relationship between visual field
loss and prospective falls and fractures in population studies (Ramrattan et
al., 2001; Coleman et al., 2007; Freeman et al., 2007; Coleman et al., 2009),
we are not aware of any previous study that has assessed this association in
a cohort of older adults with glaucoma.

The evidence regarding the

association between glaucoma and falls is inconsistent, and is based on
findings from retrospective falls studies which have considerable limitations.
Questions still remain as to whether the link between visual field loss and
falls is consistent among specific eye disease populations, as the underlying
mechanisms responsible for falling may differ.
In addition, little is known about the effect of the location of field loss on falls
among older adults with glaucoma.

Research also indicates that some

glaucoma treatments may increase the risk of falling, particularly topical betablocker use, although there is no evidence to support this in any prospective
falls studies.
This research extends on previous research, and addresses some of the
shortfalls in the previous literature.

Careful consideration was given to

monitoring falls prospectively and incorporating standardised visual function.
Furthermore, a number of additional factors, such as location of visual field
loss and glaucoma medication use, were examined to evaluate their
association with falls among older adults with glaucoma.

7.9 Aims and hypotheses
Using a cohort of community-dwelling older adults with glaucoma (n=71), the
aim of the research was to examine the association between severity and
location of visual field loss and prospective falls, collected during a 12-month
follow-up.
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The hypotheses of the research (expressed as alternate hypotheses)
described in this chapter are that:
Greater visual field loss is associated with a higher rate of falls;
Greater visual field loss in the inferior field region is associated with a
higher rate of falls;
The use of topical beta-blocker medications is associated with a higher
rate of falls.

7.10 Additional methods
7.10.1 Falls outcome measures
7.10.1.1

Definition of a fall

There is no standard definition of a fall (Hauer et al., 2006). The World
Health Organization defines a fall as “an event which results in a person
coming to rest inadvertently on the ground or floor or other lower level”
(World Health Organization).

Many studies expand on this definition to

exclude falls caused by intrinsic events such as a stroke or syncope, or by
external forces, such as being pushed over by a person or object (Kellog
International Work Group, 1987; Lamb et al., 2005; Lord et al., 2005). The
present study defined a fall based on the latter definition, being an event
which results in a person coming to rest inadvertently on the ground or other
lower level and other than a consequence of the following: sustaining a
violent blow, loss of consciousness, sudden onset of paralysis (as in stroke)
or epileptic seizure (Kellog International Work Group, 1987; Lamb et al.,
2005).
7.10.1.2

Monthly falls calendars

Participants

were

monitored

for

12-months

following

the

baseline

assessment using monthly falls calendars to determine the number of falls.
This method has been used widely in longitudinal fall studies (Lord et al.,
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2005; Cumming et al., 2007).

Fall calendars with daily recording of fall

events are considered the gold standard, as recall bias is minimised (Hauer
et al., 2006). Recall bias can result in significant under-reporting of falls,
given around 13 to 32 per cent of falls are not be recalled by older adults
(Cummings et al., 1988).
During the baseline assessment, participants were supplied with a set of 12,
monthly falls calendars. An example of a monthly falls calendar is provided
in Appendix 10. Participants were provided with clear instructions on how to
complete and return the monthly calendars at the end of each month, using
the supplied pre-addressed, pre-paid envelopes. The definition of a fall was
discussed with participants, and instructions were provided on how to record
each day if any falls were experienced. If a fall occurred, participants were
asked to provide details of each fall, to ensure that the event met the
definition of a fall. Circumstances of each fall was examined and assessed
according to location, activity, reported cause and spectacle use at the time
of the fall (Berg et al., 1997).
In those instances where the calendars were not returned promptly,
participants were contacted by telephone to ascertain the occurrence of any
falls for the corresponding month.

Two participants reported difficulties

completing the calendars due to their visual impairment and telephone
interviews were conducted at the end of each month to gather the required
information.

7.10.2 Statistical analyses
There are various statistical approaches to analysing count data, particularly
for recurrent events such as falls. These approaches take into consideration
that falls data are discrete count values which are limited to non-negative
integer values and often do not assume a normal distribution. The negative
binomial regression approach was selected in the present study as it
accounts for recurrent events, and has been recommended and used in
previous falls research (Lord et al., 2003a; Lamb et al., 2005; Robertson et
al., 2005; Cumming et al., 2007; Gill et al., 2009; Kulmala et al., 2009).
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Negative binomial regression is a generalization of the Poisson regression
model. These models allow for the outcome measure to show significant
overdispersion, where the variance is greater than the mean, and can
account for the large number of zero falls recorded (Byers et al., 2003).
Overdispersion was evident in the falls data collected in the present study
(mean of 1.02 and a variance of 3.66).
Negative binomial modelling has reported advantages over the logistic
regression models (Robertson et al., 2005), as it avoids the arbitrary
dichotomization of the falls outcome and maintains the original continuous
response which models the probability of falling based on the total number of
falls during the follow-up.

Although the power of the logistic regression

models was likely to be low in this small sample size, analyses were
performed using any falls (one or more fall versus none) and multiple falls
(two or more falls versus one fall or none) outcomes.

The findings are

presented in Appendix 11, but are not discussed in this thesis.
7.10.2.1

Regression models

Generalized linear models with a log link and negative-binomial likelihood
function were used to examine the bivariate association between the vision
variables and the number of falls reported during the 12-month follow-up.
Additional analyses adjusted for age and gender.

From these models,

incident rate ratios (IRRs) were obtained by exponentiation of the estimated
regression coefficients (exp(beta)) and 95% confidence intervals were
calculated. The rate ratios for the continuous vision variables were given per
clinically relevant units, or per around 10% increment of the total range, to
provide rate ratios that were clinically meaningful. The unit change required
to double the IRR was also calculated, and this procedure is outlined in
Appendix 12.

P-values were not adjusted for multiple comparisons, as

discussed in Section 3.7.2.
To examine the independent association between field loss location and falls,
the superior and inferior integrated visual field measures, were considered
together in a model, adjusting for age and gender.
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examined separately for the IVF and AFV measures. Multicollinearity in the
models was assessed using the collinearity diagnostics in SPSS and R.
Standardised deviance residual plots were examined for any sign of
abnormal distribution of deviance residuals together with plots of fitted
values. Model fit was assessed by examining the deviance statistics. The
ratio of deviance divided by degrees of freedom provides a measure for
assessing the adequacy of the model, with ratios close to 1 indicating a good
fit (Byers et al., 2003). Plots of the residuals (Pearson and deviance) and
leverage were examined to identify outlying or influential cases.
7.10.2.2

Potential mediating factors

Postural stability and functional status were considered to be potential
mediators in the relationship between visual field loss and falls, given their
association with glaucomatous visual field in earlier studies in this thesis.
Study 1b found associations between visual field loss and functional status in
this cohort, and poorer functional status has been linked with a greater
likelihood of falling (Ensrud et al., 2007).

Similarly, Study 1c reported

associations between visual field loss and postural sway, and greater
postural instability has been shown to increase the likelihood of falling
(Campbell et al., 1989; Maki et al., 1994; Freeman et al., 2007).
The mediating effect of postural stability and functional status was examined
separately, by including these factors together with IVF measures in the
regression models. For a factor to be considered to play a mediating role, it
should be significantly related to both visual field loss and falls, and its
inclusion into a model should lower the strength of the association between
visual field loss and falls (Baron & Kenny, 1986).
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7.11 Results
7.11.1 Description of study cohort
Of the 74 participants enrolled at baseline, 71 participants completed the 12
months falls calendars. One participant died and 2 withdrew before
completing all 12 months of follow-up. The group of 34 (48%) women and 37
(52%) men, for whom prospective falls data were collected, had a mean age
of 73.9 ± 5.7 years (age range 62 to 90 years). There was little difference in
age according to gender (female 73.7 years versus males 74.1 years, t=0.26, p=0.79).
The baseline visual characteristics of the cohort who completed the falls
calendars (n=71) are presented in Table 7-1.

Several visual function

measures contain missing data. This was due to some participants being
unable to perform the tests (motion sensitivity), time limitations (AFV
measures), poor quality scans (RNFL) and limited equipment availability
(RNFL).
The cohort comprised a heterogeneous group regarding severity of
glaucoma. The mean binocular visual field loss ranged was -4.21dB (range
1.59dB to -28.23dB) on the IVF-60, and 32 points missed (range 6 to 96
points) on the IVF-120. The treatment of glaucoma in all but one participant
was by means of topical anti-glaucoma medications. Of these, 26 (37%)
were using two or more topical preparations (ranging from 1 to 3
medications) and 21 (30%) were using a topical beta-blocker medication. In
terms of the self-rated general health of the participants, 30 (39.4%) reported
very good or excellent health, 35 (49.3%) reported good health and 8
(11.3%) reported poor health (data not shown).

Twenty-four participants

(33.8%) reported a fall in the previous year at baseline, and 16 (22.5%)
reported fear of falling (data not shown).
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Table 7-1: Baseline visual function characteristics of participants completing the 12-month falls follow up (n=71)
Better-eye measures

Worse-eye measures

N

Mean ± SD

Visual Acuity (logMAR)

71

0.06 ± 0.13

(-0.26 to 0.52)

0.2 ± 0.25

(-0.10 to 1.40)

Contrast Sensitivity (logCS)

71

1.54 ± 0.18

(0.65 to 1.70)

1.45 ± 0.26

(0.25 to 1.70)

Stereoacuity ,n (%)

Range

Mean ± SD

59 (83.1%)

absent

12

12 (16.9%)

Visual Field Sensitivity (dB)

71

-4.41 ± 6.49

(-28.01 to 1.29)

-8.75 ± 8.64

RNFL (um)

55

84.01 ± 19.36

(42.33 to 128)

73.28 ± 18.65

AVFDIV (points missed)

AVFSEL (points missed)

Range

59

68

IVF-120 (points missed)

Mean ± SD

present

Motion Sensitivity (log deg/sec)

IVF-60 (dB)

Range

Binocular measures

-1.38 ± 0.24

(-1.87 to -0.80)

(-31.99 to 0.81)
(38.92 to 116.17)

overall field

71

-4.21 ± 6.38

(-28.23 to 1.59)

inferior field

71

-3.61 ± 6.38

(-28.36 to 2.75)

superior field

71

-4.8 ± 7.13

(-28.96 to 3.25)

overall field

71

32.13 ± 21.54

(6 to 96)

inferior field

71

15.31 ± 11.14

(1 to 50)

superior field

71

16.82 ± 11.84

(2 to 46)

overall field

58

7.4 ± 5.56

(0 to 24)

inferior field

58

2.76 ± 2.5

(0 to 9)

superior field

58

3.28 ± 2.52

(0 to 9)

overall field

58

14.19 ± 4.84

(3 to 24)

inferior field

58

6.4 ± 1.8

(2 to 9)

superior field

58

5.03 ± 2.42

(0 to 9)

Notes: RNFL = Retinal Nerve Fibre Layer; IVF = Integrated Visual Field; AFV DIV = Divided Attentional Visual Field; AFVSEL = Selective Attentional
Visual Field
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7.11.2 Reported falls
During the 12 month follow-up, 31 (43.7%) participants reported one or more
falls, with a total of 75 falls reported. Of the 31 participants, 17 (23.9%) fell
only once while 14 (19.7%) fell two or more times (up to a maximum of 9
falls). Approximately 47% of falls (35 of 75 falls) resulted in some form of soft
tissue injury, primarily bruises, abrasions, and sprains of the upper and lower
limb. No serious falls-related injuries, such as any fractures or head injuries,
were reported. Three participants reported more than five falls during 12
month follow-up. These participants were included in the analysis, as two of
these suffered from advanced bilateral glaucoma.
Specific details on the reported falls are presented in Figure 7-1 to Figure
7-5. Most falls occurred around the home, either indoors (35.5%) or outdoors
(28.9%), and mostly between 6 am and midday (60.5%). The most common
activity in which fallers were engaged at the time of a fall was walking on a
level surface (52.6%), following by walking involving stairs or steps (26.3%).
The most commonly reported type of fall was a trip (47.4%), followed by
misplaced step (18.4%), slip (15.8%) and loss of balance (14.5%).

Most falls occurred when wearing no spectacle correction (47.4%; 35 of 75
falls).

When falls involving participants who did not use any distance

correction are excluded (6 falls), around 42% (29 of 69) of the remaining falls
occurred when participants did not wear their habitual spectacle correction.
The remainder of the falls occurred when wearing either a multifocal
correction (bifocal and progressive lenses, 44.7% and 6.6%, respectively) or
single vision distance correction (1.3%).

Of the 31 participants who experienced at least one fall during the study:
55% (17 out of 31) experienced each fall when wearing their habitual
correction (including those who did not use any distance correction);
19% (6 out of 31) experienced falls both with and without their habitual
correction; and
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26% (8 out of 31) experienced each fall when not wearing their
habitual correction.

Regular use of any multifocal spectacle correction (bifocal and progressive
lenses) was associated with an increased rate of falls, adjusted for age and
gender, but did not reach statistical significance (IRR 1.814 [0.824-3.995],
p=0.14).

At home, indoors
At home, outdoors
Away from home, outdoors
Away from home, indoors

Not reported
0%

5%

10%

15%

20%

25%

30%

35%

40%

Percentage of Falls

Figure 7-1: Location of falls

Morning (6am to 12pm)
Afternoon (12pm to 6pm)
Evening (6pm to 10pm)
Night (10pm to 6am)
Not reported
0%

10%

20%

30%

40%

Percentage of Falls

Figure 7-2: Time of day at which falls occurred
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Trip
Misplace Step

Slip
Loss of Balance
Not reported
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Percentage of Falls

Figure 7-3: Type of falls

Walking, on level surface
Walking, on stair/step
Bending/lifting movement
Recreational, walking

Enter/exit vehicle
Rising/sitting from lower level
Gardenwork
Not reported
0%

10%

20%

30%

40%

50%

60%

Percentage of Falls

Figure 7-4: Activities in which fallers were engaged at the time of a fall

Not wearing any correction
Bifocals
Progressive

Distance
0%

5%

10%

15%

20%

25%

30%

35%

40%

Percentage of Falls

Figure 7-5: Type of spectacle correction worn at time of a fall
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7.11.3 Relationship between falls and severity of visual field loss
The visual factors associated with falls are presented in Table 7-2. Of the
central vision measures, reduced visual acuity and contrast sensitivity,
particularly in the better-eye, was associated with an increased rate of falls.
Visual field loss was associated with an increased rate of falls, particularly in
the better-eye 24-2, IVF-60 and IVF-120. Similar levels of association with
falls were noted between the 24-2 better-eye and IVF-60. Inferior visual field
loss, in both the IVF-60 and IVF-120, were more strongly associated with
falls compared to superior visual field loss or overall visual field loss.
In the regression models, adjusting for age and gender, each 5 dB reduction
in IVF-60 sensitivity increased the rate of falling by around 47% (IRR 1.47
[1.16 - 1.87]), while 10 points missed on the IVF-120 increases the rate of
falling by around 25% (IRR 1.25 [1.08-1.44]).

The rate of falling was

estimated to double for around a 10dB reduction in IVF-60 sensitivity and 30
points missed on the IVF-120.
Poor AVF performance was associated with increased risk of falling, although
the levels of association with falls were similar between the divided and
selective tasks. Falls were more strongly associated with performance in the
inferior field in both tasks, as compared to the superior and total field. Retinal
nerve fibre layer thickness, depth perception and motion sensitivity were not
associated with falls.
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Table 7-2: Association between visual function measures and falls using negative
†
binomial regression models

Rate Ratio (95%CI)
Variable

Unadjusted

Age and gender
adjusted

Visual Acuity, per line missed
better-eye

1.30 (1.06 - 1.59) *

1.32 (1.07 - 1.64) **

worse-eye

1.14 (1.03 - 1.26) *

1.15 (1.03 - 1.28) *

better-eye

1.09 (1.02 - 1.17) **

1.11 (1.03 - 1.20) **

worse-eye

1.06 (1.01 - 1.12) *

1.08 (1.02 - 1.13) **

Stereoacuity (reference: present)

2.12 (0.96 - 4.71)

2.32 (0.94 - 5.73)

Motion sensitivity, per SD reduction

0.86 (0.58 - 1.25)

0.81 (0.54 - 1.23)

better-eye

1.36 (1.10 - 1.67) **

1.48 (1.17 - 1.88) **

worse-eye

1.22 (1.04 - 1.44) *

1.31 (1.08 - 1.59) **

better-eye

1.10 (0.92 - 1.31)

1.12 (0.92 - 1.35)

worse-eye

1.18 (0.96 - 1.45)

1.20 (0.96 - 1.51)

overall field

1.35 (1.09 - 1.67) **

1.47 (1.16 - 1.87) **

inferior field

1.44 (1.16 - 1.79) **

1.56 (1.22 - 1.99) **

superior field

1.22 (1.01 - 1.48) *

1.32 (1.06 - 1.65) *

overall field

1.21 (1.06 - 1.38) **

1.25 (1.08 - 1.44) **

inferior field

1.55 (1.20 - 2.00) **

1.62 (1.23 - 2.14) **

superior field

1.31 (1.02 - 1.67) *

1.39 (1.06 - 1.81) *

1.64 (1.12 - 2.41) *

1.69 (1.12 - 2.56) *

overall field

1.11 (1.05 - 1.17) **

1.15 (1.08 - 1.24) **

inferior field

1.23 (1.08 - 1.40) **

1.33 (1.14 - 1.56) **

superior field

1.23 (1.08 - 1.40) **

1.31 (1.13 - 1.53) **

overall field

1.13 (1.05 - 1.22) **

1.15 (1.06 - 1.25) **

inferior field

1.36 (1.10 - 1.68) **

1.38 (1.09 - 1.75) **

superior field

1.16 (1.00 - 1.33) *

1.19 (1.02 - 1.38) *

Contrast Sensitivity, per triplet missed

24-2 Mean deviation, per 5dB reduction

RNFL, per 10µm reduction

IVF-60 , per 5dB reduction

IVF-120, per 10 points missed

VFQ-25 Composite, per transformed unit
reduction
AVFDIV, per point missed

AVFSEL, per point missed

Notes: Bold values indicate significance; * p<0.05; ** p<0.01; † n=71, with the exception of
RNFL (n=55), VFQ-25 (n=70) and AVF (n=58); RNFL = Retinal Nerve Fibre Layer; IVF =
Integrated Visual Field; AFVDIV = Divided Attentional Visual Field; AFVSEL = Selective
Attentional Visual Field
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7.11.4 Relationship between falls and location of visual field loss
The results from the regression models are presented in Table 7-3. When
both the IVF-60 superior and inferior fields were considered together in a
model (Model 2), only the inferior fields remained statistically significant,
whereas the superior field estimates fell short of statistical significance.
Similarly, when both the IVF-120 superior and inferior fields were considered
together in a model (Model 4), the inferior field was significantly associated
with falling, whereas the superior field estimate fell short of statistical
significance. Compared to their respective overall field models, the inferior
field measures in both the IVF-60 and IVF-120 were stronger predictor of
falls. It can be estimated that the rate of falling doubles for around a 5dB
reduction in inferior field IVF-60 sensitivity (Model 2, IRR 2.20 [1.33 - 3.64])
and 10 points missed on the inferior IVF-120 (Model 4, IRR 2.04 [1.223.42]).
Similar findings were found according to the AFV measures. When both the
inferior and superior AVF measures were considered together in a model
(Models 6 and 8), the inferior field measures remained significantly
associated with the rate of falls, while the superior field fell short of statistical
significance.
The largest VIF in these models was 5.03, suggesting some variance
inflation in the models. While the results should be interpreted with some
care, none of the VIF is greater than 10. To corroborate these findings, an
alternate approach using factor analysis was examined, and is presented in
Appendix 7.
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Table 7-3: Association between visual field factors and falls (negative binomial
†
regression models, adjusted for age and gender)

Model

Variables

Rate Ratio (95% CI)

VIF

1

IVF-60, overall field (per 5dB reduction)

1.47 (1.16 - 1.87) **

2

IVF-60 inferior field (per 5dB reduction)

2.20 (1.33 - 3.64) **

4.97

IVF-60 superior field (per 5dB reduction)

0.68 (0.42 - 1.09)

5.03

3

IVF-120, overall field (per 10 points missed)

1.25 (1.08 - 1.44) **

4

IVF-120, inferior field (per 10 points missed)

2.04 (1.22 - 3.42) **

3.40

IVF-120, superior field (per 10 points missed)

0.75 (0.44 - 1.28)

3.51

5

AVFDIV, overall field (per point missed)

1.15 (1.08 - 1.24) **

6

AVFDIV, inferior field (per point missed)

1.22 (1.02 - 1.46) *

1.70

AVFDIV, superior field (per point missed)

1.19 (1.00 - 1.41)

1.57

7

AVFSEL, overall field (per point missed)

1.15 (1.06 - 1.25) **

8

AVFSEL, inferior field (per point missed)

1.30 (1.00 - 1.68) *

1.23

AVFSEL, superior field (per point missed)

1.10 (0.92 - 1.30)

1.23

Notes: Bold values indicate significance; * p<0.05; ** p<0.01; † n=71, with the exception of
AVF (n=58); CI = Confidence Interval; VIF = Variance Inflation Factor; IVF = Integrated
Visual Field; AFVDIV = Divided Attentional Visual Field; AFVSEL = Selective Attentional Visual
Field

7.11.5 Mediating factors
The findings from the mediation models are presented in Table 7-4. When
postural sway with eyes open on the foam was included in these models, the
association between visual field loss and falls was reduced, by around 8.6 to
12.3%, and was no longer significant. The reduction in rate ratio in the IVF60 (IRR 1.47 to 1.29) and IVF-120 (IRR 1.25 to 1.14) suggest that postural
stability may partially mediate the causal pathway between visual impairment
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and falls. Adjusting for functional status resulted in a slight attenuation in the
association between visual field loss and falls (around 6.2 to 9.6%), but the
magnitude of reduction was lower than the models adjusting for postural
stability.

Table 7-4: Association between visual field factors and falls (negative binomial
regression models, adjusted for potential mediating factors, age and gender; n=71)

Rate Ratio (95% CI)
Variables in Model

Separate Models

Combined Models

Change in
Estimate
(%)

IVF-60, overall field (per dB
reduction)

1.47 (1.16 - 1.87) **

1.29 (0.96 - 1.73)

-12.34%

Sway on foam surface, eyes open
(per unit reduction)

5.33 (1.88 - 15.07) **

2.68 (0.74 - 9.70)

IVF-120, overall field (per 10 points
1.25 (1.08 - 1.44) **
missed)

1.14 (0.95 - 1.37)

Sway on foam surface, eyes open
(per unit reduction)

5.33 (1.88 - 15.07) **

2.93 (0.79 - 10.84)

IVF-60, overall field (per dB
reduction)

1.47 (1.16 - 1.87) **

1.33 (1.02 - 1.73) *

Overall functional status (per 1SD
2.34 (1.36 - 4.02) **
decline)

1.80 (0.99 - 3.28)

IVF-120, overall field (per 10 points
1.25 (1.08 - 1.44) **
missed)

1.17 (1.00 - 1.37) *

Overall functional status (per 1SD
2.34 (1.36 - 4.02) **
decline)

1.87 (1.03 - 3.38) *

-8.64%

-9.61%

-6.24%

Notes: Bold values indicate significance; * p<0.05; ** p<0.01; IVF = Integrated Visual Field;
CI = Confidence Interval
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7.12 Discussion
7.12.1 Severity of visual field loss and falls
This study of community-dwelling older adults with glaucoma demonstrated
that greater visual impairment, particularly binocular visual field loss, was
associated with an increased risk of prospective falls.

This finding is

consistent with previous research among population-based cohorts (Coleman
et al., 2007; Freeman et al., 2007), and suggests that the reduction in
mobility arising from glaucomatous visual field loss (Turano et al., 1999;
Turano et al., 2004; Friedman et al., 2007) increases the risk of falls in this
population. To our knowledge, this study is the first to report a significant link
between visual field loss and prospective falls exclusively among older adults
with glaucoma.
The rate of falls among older adults with glaucoma is not well known. The
prospective monitoring of falls in the present study provided a detailed
description of falls in this population, where around 44% of participants
reported one or more falls and around 20% reported two or more falls during
the 12-month follow-up. The overall rate of falls is consistent with previous
studies, although it is difficult to make direct comparisons to previous studies
because of the variations in cohorts, falls outcomes and study designs.
Prospective community-based studies have reported annual falls rates in the
order of 30% (Freeman et al., 2007), and annual rates of multiple falls in the
order of 16% (Coleman et al., 2007). Around 35% to 38% of participants with
glaucoma reported one or more falls in the previous year in retrospective
case-control studies (Haymes et al., 1996; Turano et al., 1999), while around
10% of participants attending a glaucoma clinic, of whom 70% were being
treated for glaucoma, reported a previous injurious fall which required
medical attention (Glynn et al., 1991).
Several studies have reported significant associations between visual field
loss and prospective falls risk (Coleman et al., 2007; Freeman et al., 2007),
which is consistent with our findings. Comparisons to these previous studies
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are made difficult, however, due to differences in the visual field
assessments, fall outcomes, statistical analyses and study populations.
Freeman (2007) reported that every 10 point loss of binocular visual field
(identical to the IVF-120 in the present study) increased the risk of falling by
8% (odds ratio 1.08), after adjustment for potential confounding factors in
their population-based study. Coleman et al (2007) found that the risk of
falling among older women was 50% greater (odds ratio 1.50) in those with
severe visual field loss, defined as 20 or more points missed in a binocular
visual field from a 76-point field screening strategy, compared with those with
no visual field loss. In the present study, every 10 points missed on IVF-120
increased the rate of falls by 25%, while every five dB reduction in IVF-60
sensitivity increased the rate of falls by 47%.
The present study, however, was unable to examine the contribution of visual
field loss on falls, independent of the central vision measures. This is due to
the cohort being a single disease group where the peripheral and central
visual function measures were strongly inter-correlated. This was anticipated
a priori, as increasing severity of glaucoma affects both peripheral and
central visual function. As such, visual acuity and contrast sensitivity were
also identified as significant predictors of falls, and we cannot rule out that
these factors may have a substantial influence on falls in this cohort. There
is, however, compelling evidence that visual field loss is a stronger predictor
of falls, more so than visual acuity and contrast sensitivity loss (Coleman et
al., 2007; Freeman et al., 2007). These studies were able to examine the
independent associations between a number of visual functions and falls,
due to their heterogeneous cohorts and large sample sizes.
An important point of difference was the use of threshold visual field
measures in the present study, used widely to detect and monitor the
progression of glaucoma, compared to the screening visual field measures
used in previous studies (Coleman et al., 2007; Freeman et al., 2007). Our
analyses found that every five dB loss in binocular IVF-60 sensitivity or
monocular 24-2 sensitivity in the better-eye increased the rate of falling by
around 47%. Our findings provide clinically meaningful estimates for risk of
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falls, and enable eye-care practitioners to better understand and interpret the
falls risk of patients based on the assessment of visual fields routinely
performed in clinical practice.
In the present study, monocular 24-2 better-eye measures were shown to be
equally good predictors of falls compared to the binocular IVF-60, given their
similar strengths of association (rate ratios 1.48 and 1.47, respectively).
Although our findings do not indicate that the binocular field measures are
better predictors of falls than monocular field measures, analysing the
independent contributions of the superior and inferior field areas was
facilitated by the use of the integrated field measures, as it provides a more
accurate representation of the extent of binocular visual loss (Owen et al.,
2008).

The integrated binocular field approach has been used widely in

mobility and falls research (Turano et al., 2004; Coleman et al., 2007;
Freeman et al., 2007; Friedman et al., 2007), and has been shown to be a
better predictor of driving crash incidents among older drivers than
monocular field loss (Rubin et al., 2007).
Retinal nerve fibre loss was not a significant predictor of falls in the present
study, indicating that functional field loss, rather than structural nerve loss, is
more strongly related to falls. Motion sensitivity was also not a significant
predictor of falls, although reductions in motion sensitivity has been linked to
impaired balance control in population studies (Freeman et al., 2008a). It is
possible that our findings are limited by the small retinal area assessed in the
present study (central 3 degree diameter of visual field), and thus requires
further investigation.
Impaired depth perception has been linked to an increased risk of falls or
fractures in some studies (Nevitt et al., 1989; Ivers et al., 2000; Lord &
Dayhew, 2001), although our study and other recent population studies do
not support this association (Friedman et al., 2002; Klein et al., 2003b;
Freeman et al., 2007). However, stereoacuity tests are usually measured at
near, and may not necessarily relate to depth perception at distances
required for mobility and walking. Impaired depth perception at the critical
distances required for walking may increase risk of falls due to impaired
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obstacle judgement (Lord et al., 2002), but this area of research requires
further research using appropriate and well-validated tests.
Our findings indicate that attentional visual field measures may be useful
predictors of falls in the absence of any standard visual field measures. In
support of this, poor attentional field performance has been associated with
poor mobility performance in previous studies (Broman et al., 2004; Owsley &
McGwin, 2004; Leat & Lovie-Kitchin, 2008). This finding was expected, given
that poor attentional visual fields among visually impaired adults has been
shown to be strongly influenced by visual field sensitivity (Leat & LovieKitchin, 2006). To date, there are no other studies that have examined the
association between attentional field performance and falls.

Additional

research is required to establish if attentional visual field measures,
independent of visual field sensitivity, is a risk factor for falls among older
adults with glaucoma.
Self-reported visual disability, measured using the VFQ-25 composite score,
was also a significant predictor of falls. These vision-related QOL measures,
which were shown to correlate highly with clinical measures of visual
impairment, may assist in identifying high-risk fallers, either in the absence of
or in conjunction with clinical vision measures. This finding supports a small
retrospective falls study by Kamel et al (2000), which demonstrated that
scores on the Activities of Daily Vision Scale were useful in identifying fallers.
An interesting finding in the present study was that 42% of the falls reported
during the 12 month follow-up occurred while participants were not wearing
their habitual spectacle correction, excluding those who did not use any
distance correction. It is possible that visual impairment due to uncorrected
refractive blur may have contributed to some of these falls.

This could

explain why baseline visual function measures which are robust to the effects
of refractive blur, such as visual fields and contrast sensitivity, were more
strongly associated with falls given the significant rate of uncorrected
refractive error at the time of the fall. Conversely, it is also possible that the
use of multifocal spectacle corrections may increase the risk of falls among
older adults (Lord et al., 2002), possibly even more so than uncorrected
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refractive error. However, the impact of either uncorrected refractive error or
use of multifocal corrections on falls among older adults with visual
impairment remains unclear, and is an important area for future research.
The use of topical beta-blockers was not associated with prospective falls in
the present study. Our findings are consistent with a recent retrospective
falls study which found that older adults with glaucoma using topical betablockers were no more likely to report a fall in the previous year than those
using topical prostaglandins (Ramdas et al., 2009).

In support of these

findings, studies have not reported significant links between oral beta-blocker
use and falls (Cumming et al., 1991; Leipzig et al., 1999; Lee et al., 2006).
Our findings, however, do not support those of Glynn (1991) and Ivers
(1998), who found that individuals using non-miotic medications, mainly
topical beta-blockers, were more likely to report previous falls, as compared
to those not using any glaucoma medications. Importantly, these studies
failed to consider the confounding effect of vision loss in their analyses, given
that participants not using any glaucoma medications are less likely to suffer
glaucoma or visual field loss. As the use of topical beta-blockers remains
widespread, our results indicate that these topical medications pose no
additional risk for falls among older adults compared to other topical
glaucoma medications.

7.12.2 Location of visual field loss and falls
The inferior field area was shown to be an important predictor of prospective
falls in the present study, more so than superior field loss.

To our

knowledge, this study is the first to demonstrate this important link. Previous
work by Coleman et al (2007) suggested that falls may occur more frequently
in those with inferior visual field loss from any cause. The study reported that
the odds of falling among older women with severe inferior visual field loss,
when compared with no inferior loss, were 91% higher, whereas the odds of
falling among those with severe superior visual field loss, when compared
with no superior visual field loss, were 74% higher. Although the risk of falls
appears higher among those with inferior field loss, the study did not
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statistically assess the independent contributions of these field areas to the
risk of falls.
Freeman and colleagues (2007) did examine the independent contributions
of field loss location on prospective falls, but neither the superior nor inferior
field areas were significant predictors when both were considered together in
a model. The same binocular field measure was used as in the present
study (IVF-120), although Freeman’s study calculated the superior and
inferior field scores from 20 degree radius from fixation and beyond. The
significant findings found in the present study indicate that the inferior central
20 degree area is an important area for safe navigation.
The role of the inferior visual field is critical when negotiating real-world
complex environments, as was demonstrated in this study. When walking,
people fixate approximately two steps ahead (Land, 2006), and the inferior
visual field contributes a major proportion of visual information used in lower
limb movements, foot placement and obstacle detection (Marigold & Patla,
2008).

Studies comprising adults with visual impairment also report that

greater loss in the central and inferior visual field areas results in reduction
mobility performance (Lovie-Kitchin et al. 1990; Turano et al. 2004).
Furthermore, studies have demonstrated that visual guidance on foot
placement is significantly affected by blur (Buckley et al., 2008) and blurring
of the inferior field of vision in multi-focal spectacles (bifocal, trifocal, or
progressive) has been implicated in the increased risk of falling when
wearing these corrections (Lord et al., 2002). In our study, however, regular
use of multifocal spectacles was not significantly associated with increased
rate of falls, nor were differences noted in the type of spectacle correction
worn at the time of a fall (47% no correction vs. 51% multifocal correction).
This is an area of research that would benefit from further research, as the
small sample size in the present study limited the extent to which this could
be analysed.
Our findings provide important insights into the relative importance of the
various visual field areas in falls risk. Future research using larger cohorts is
needed to confirm and expand on these findings, so that falls prevention
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assessments and interventions can target high-risk fallers based on the wellestablished risk factors. Investigation is also required into the eye movement
patterns of adults with inferior visual field impairment when walking, as
deficits in scanning patterns may contribute to their risk of falls. These are
important areas of future research which may assist in designing effective
interventions to minimise the risk of future falls among older adults with visual
field loss.

7.12.3 Mediating factors
Postural stability was found to be a significant predictor for falls in the present
study, consistent with previous studies (Campbell et al., 1989; Maki et al.,
1994; Freeman et al., 2007). Our analyses suggest that postural stability
may be a potential mediating factor in the pathway between visual field loss
and falls. This finding is plausible, as visual field loss is associated with
greater postural instability, which may lead to the inability to maintain
equilibrium in instances where obstacle contact may occur, particularly
tripping, or during situations of reduced somatosensory input, such as
walking on uneven or compliant surfaces.
Reduced functional status was a significant predictor for falls in the present
study, consistent with other investigations (Tromp et al., 2001; Moreland et
al., 2004; Tiedemann et al., 2008). It was hypothesised that functional status
would be a potential mediating factor, as Study 1b found significant
associations between visual field loss and physical function measures.
Functional status, however, was not a strong mediating factor between visual
field loss and falls compared to postural stability.
Future research is needed to better understand the link between visual
impairment and frailty, and whether improving functional status among older
adults with visual impairment reduces the risk of falling. A study by Campbell
(2005) examined whether a strength and balance retraining programme was
beneficial in reducing falls among 391 community dwelling adults (aged ≥ 75
years) with visual acuity of 6/24 or worse.

However, the exercise

programme, which the authors had previously shown to be of benefit among
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general community dwelling groups, was not successful in this population.
The rate of falls was in fact greater in those receiving the exercise
programme, although not significantly so. This study indicates that careful
consideration is required regarding the promotion of physical activity among
visually impaired populations, given that it may be problematic or even
harmful.
To our knowledge, no previous studies have examined potential mediating
factors between visual field loss and falls. Some caution, however, needs to
be placed in interpreting our findings, given the small sample size, the crosssectional nature of the mediating factors and crude statistical modelling.
Further large-scale studies are required to more accurately explore the
potential causal pathways between visual field loss and falls using advanced
statistical techniques, such as structural equation modelling (Christ et al.,
2008; Karpa et al., 2009).

7.12.4 Study strengths and limitations
This study has several strengths, including the extensive assessment of
different vision components and the use of binocular integrated visual fields
in a well-defined cohort of older adults with glaucoma. In addition, this was a
prospective study that measured falls using a method which allowed for daily
recording of falls to minimise the risk of recall bias (Hauer et al., 2006).
A considerable limitation, however, is the small sample size.

Additional

research in a larger cohort is required to refine the estimates of the
association between visual field loss and falls. Furthermore, visual function
was not reassessed at the end of the study, nor was any data collected on
factors which might alter visual function during the follow-up period, such as
updating of spectacle correction. It would be useful for future longitudinal
studies to examine these factors. However, any potential measurement or
misclassification bias which may have occurred as a result of changes in
visual function is likely to have affected all groups equally, i.e. a nondifferential measurement bias. Hence, the consequence of this type of bias

- 176 -

Chapter 7

is a weakening of the strength of association towards accepting the null
hypothesis.
Chapter 8 provides additional discussion on a number of strengths and
limitations pertaining to all of the studies presented in this thesis, as well as
important implications arising from the research.

7.13 Conclusion
In conclusion, this investigation adds to the evidence pointing to the
increased falls risk with greater visual field loss among older adults. Falls
were a common occurrence in this cohort of community-dwelling older adults
with glaucoma, as around 44 per cent experienced at least one fall during the
12 month study. Greater visual field loss was associated with a higher rate of
falls, particularly among participants with inferior field loss, more so than
superior field loss.

Postural stability appeared to be a factor which may

underlie the relationship between visual field loss and falls. In addition, the
use of topical beta-blocker medications was not associated with falls.
This study is the first to report on prospectively measured falls among older
adults with glaucoma.

Falls have serious consequences, both through

immediate effects of injury, as well as longer term effects on disability, fear of
falling and loss of independence. The prevention of falls is a vital component
to promote and maintain the independence, health and well-being of older
adults. The findings of the present study will help guide future research and
strategies to reduce the incidence of falls among older adults with glaucoma.
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Chapter 8: Summary and Conclusions

8.1 Overview
The association between visual impairment, disability and falls among older
adults has been examined in previous studies.

These studies, however,

have predominantly involved general populations of older adults, or cohorts
of individuals with a range of eye diseases.

Furthermore, most of these

associations have been based on central visual function loss, and much less
is known about the association between peripheral visual function loss and
disability and falls. In addition, there are few studies in this area involving
older adults with glaucoma, which is the leading cause of peripheral visual
field loss in this population (Ramrattan et al., 2001).
Glaucoma is a major cause of irreversible visual impairment worldwide and
constitutes increasingly significant global health problem (Quigley & Broman,
2006; Leske, 2007).

It is a chronic, progressive eye disease, of which

primary open-angle glaucoma is the most common form (Gupta, 2005),
affecting around 3 per cent of the Australian population aged 60 years or
older (Rochtchina & Mitchell, 2000; Weih et al., 2001). Estimates indicate
that the number of adults with glaucoma in the United States will increase by
50 per cent by the year 2020, due to the growth of the ageing population
(Friedman et al., 2004). A major concern is that the rate of undiagnosed
glaucoma remains high, as around half of those in the community with
glaucoma remain undiagnosed (Weih et al., 2001; Friedman et al., 2004).
Glaucoma leads to irreversible loss of peripheral visual function in its early
stages, and loss of central visual function loss when the disease is more
advanced. Medical and surgical treatments for glaucoma focus on lowering
IOP, to slow the progression of the disease (Heijl et al., 2002), although
disease progression still occurs in up to 20% of patients (Chen, 2003; Zahari
et al., 2006; Musch et al., 2009).
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The purpose of this thesis was to examine the association between visual
impairment, disability and falls among older adults with glaucoma. The first
component (Studies 1a, 1b and 1c) examined the association between
glaucoma and health-related QOL, functional status and postural sway
among older adults.

The second component (Study 2) examined the

association between glaucomatous visual impairment and falls, which can
lead to further disability due to the physical and psychological consequences
of falls.

Ultimately, falls among older adults with glaucomatous visual

impairment has the potential to significantly impact on health and well-being,
increasing the risk of injury and mortality, and placing heavy demands on the
healthcare system.
It is unclear, however, whether glaucomatous visual impairment is associated
with poorer health-related QOL among older adults. Adults with glaucoma
self-report lower health-related QOL compared to visually normal adults, both
in population studies (McKean-Cowdin et al., 2008) and clinical studies
(Sherwood et al., 1998; Wilson et al., 1998). There is inconsistent evidence
though, whether the severity of visual field loss is related to declines in
health-related QOL.

One population study demonstrated significant

correlations between severity of visual field loss, from any cause, and healthrelated QOL scores (McKean-Cowdin et al., 2007), but the findings were not
confirmed in a follow-up study restricted to glaucoma participants (McKeanCowdin et al., 2008). A number of clinical studies have reported associations
between severity of field loss and health-related QOL (Parrish et al., 1997;
Iester & Zingirian, 2002), although others have failed to find such
assosciations (Wilson et al., 1998; Jampel et al., 2002a; Jampel et al., 2002b;
Muir et al., 2008). The wide age range of participants included in these
studies limits the generalisability of these findings to older age groups, who
are likely to experience greater levels of disability than younger age groups.
Despite the evidence that visual field loss may affect health-related QOL,
there is limited research into the association between peripheral vision loss
and functional status or frailty among older adults. Central visual impairment
has been linked to greater functional declines among older adults, both in
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cross-sectional (Klein et al., 2003a; Klein et al., 2006) and longitudinal
research (Lin et al., 2004).

It is unknown whether visual field loss is

associated with functional declines among older adults, and this research
sought to examine this possible link.
Vision is also an important contributor to postural control among older adults,
particularly due to the age-related declines in the somatosensory and
vestibular systems (Woollacott, 2000; Choy et al., 2003; Era et al., 2006).
While central vision loss has been linked with reduced postural stability
among older adults, it is uncertain if postural control is affected by visual field
loss.

Shabana et al (2005) did not demonstrate differences in postural

stability between participants with glaucoma and age-matched controls, nor
any association with severity of visual field loss. Shabana’s findings were,
however, limited by the relatively young cohort, aged 40 to 66 years. It thus
remains unclear whether glaucomatous visual field loss affects postural
stability in older populations.
Visual impairment is also an important contributor to falls among older adults.
Recent studies report that visual field loss is the strongest visual predictor of
prospective falls

(Coleman et al., 2007; Freeman et al., 2007) and

prospective fractures (Coleman et al., 2009) among general population
cohorts, more so than central vision loss. This may explain findings from
population studies which have reported significant associations between
glaucoma and retrospective falls (Dolinis et al., 1997; Lamoureux et al.,
2008). To date, however, no previous studies have examined the impact of
visual field loss on prospective falls exclusively among older adults with
glaucoma. Furthermore, the effect of the location of the field loss on falls has
received little attention, which is surprising given the importance that the
inferior visual field region has been shown to have in safe and efficient
navigation (Lovie-Kitchin et al., 1990; Turano et al., 2004; Marigold & Patla,
2008).
The remainder of this chapter provides a summary of the major findings
arising from the thesis, followed by a discussion on the strengths and
limitations of the research. The clinical and public health implications of the
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research are discussed, along with directions for future studies arising from
the research.

8.2 Summary of major findings
8.2.1

Studies 1a, 1b, 1c

Is there an association between the severity and location of visual field
loss and health-related quality of life among older adults with
glaucoma?
In Study 1a, greater severity of binocular visual field loss was significantly
associated with lower self-reported health-related QOL in the physical
domain, based on the SF-36 survey, even after adjusting for age and gender.
These weak but significant findings are consistent with previous population
studies (McKean-Cowdin et al., 2007). Greater inferior visual field loss on
the IVF-120 was more strongly associated with lower SF-36 physical
component scores, independent of superior visual field loss. No significant
associations were found between visual field loss and SF-36 mental health
component scores, which is in support of previous research (Wilson et al.,
2002; Jampel et al., 2007; Skalicky & Goldberg, 2008).
The findings of this study, albeit cross-sectional in nature, suggest that
glaucomatous visual field loss may significantly contribute to the reduction in
self-reported physical well-being among older adults. Visual field loss may
initiate restriction of activity and participation due to mobility difficulties, which
in turn may lead to functional limitations and disability which is reflected in the
SF-36 scores in the physical domain. Further research, however, is required
to confirm this hypothesis in longitudinal studies.
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Is there an association between severity and location of visual field loss
and functional status among older adults with glaucoma?
Study 1b found significant associations between binocular visual field loss
and performance on a number of functional status measures.

After

adjustment for age and gender, greater binocular visual field loss was
associated with lower self-reported levels of physical activity and poorer
results on the tests of overall functional status. In linear regression models,
greater binocular inferior visual field loss, independent of superior visual field
loss, was associated with poorer results on all of the performance-based
tests.

These findings, based on objective measures of functional status,

support those found using self-reported physical function in Study 1a, using
the SF-36 survey.
The cross-sectional nature of our study does not permit us to infer whether
visual field loss decreases functional status; however, it is likely that visual
field loss leads to reductions in functional status rather than the reverse.
Visual field loss may initiate restriction of activity and participation due to
mobility difficulties, and lead to functional limitations and disability over time.
This may also explain the associations between functional status and inferior
visual field area, as this region is an important contributor to safe and efficient
navigation (Lovie-Kitchin et al., 1990; Marigold & Patla, 2008).

This

hypothesis, however, requires additional longitudinal research to determine
whether it is a true explanation of the findings reported in this thesis.
Is there an association between severity and location of visual field loss
and postural sway among older adults with glaucoma?
In Study 1c, greater binocular visual field loss was significantly associated
with increased postural sway, both on firm and foam surfaces, independent
of age and gender. The findings are in contrast to Shabana et al (2005), who
found no association between postural sway and severity of visual field loss.
Our findings are likely to be due to the relatively older cohort than Shabana’s,
since older adults are less likely to compensate for the reduction in visual
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contribution due to age-related declines in their remaining postural control
systems (Woollacott, 2000; Choy et al., 2003; Era et al., 2006).
In linear regression models, inferior visual field was more strongly associated
with postural stability, independent of the superior visual field, particularly on
the foam condition with eyes open. This supports studies which suggest that
the inferior visual field provides a greater contribution to the visual pathway
which mediates visually guided movements (Khan & Lawrence, 2005;
Krigolson & Heath, 2006).
The visual contribution to postural control was also found to decline steadily
with increasing binocular visual loss, in agreement with previous studies
(Turano et al., 1993; Shabana et al., 2005), and confirms the important
contribution of peripheral visual field to postural sway. Interestingly, RNFL
thickness was the strongest predictor of the visual contribution to postural
stability, explaining nearly twice that of the binocular visual field measures.
This finding may reflect declines in other visual functions which influence
postural control, such as motion detection (Kelly et al., 2005), however
further research is needed to confirm this relationship.
There are important consequences of impaired postural stability, the most
serious of which is an increased falls risk. Insights gained from this research
improve our understanding of the association between visual field loss and
postural stability among older adults with glaucoma. It also guides further
research into developing strategies for improving postural stability in this
population with the aim of reducing the risk of future falls.

8.2.2

Study 2

Does severity and location of visual field loss predict falls among older
adults with glaucoma?
This longitudinal study comprised of 71 older adults with glaucoma who
successfully completed the 12 month follow up (mean age 73.9 years).
During this follow-up, 44% reported one or more falls, and around 20%
reported two or more falls. Greater binocular visual field loss was found to be
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a significant predictor of falls, in support of findings from general population
studies (Coleman et al., 2007; Freeman et al., 2007). After adjusting for age
and gender, every 10 points missed on the IVF-120 increased the rate of falls
by 25%, or every 5dB reduction in IVF-60 increased the rate of falls by 47%.
It was estimated that the rate of falling doubles for every 10dB reduction in
IVF-60 sensitivity or 30 points missed on the IVF-120.
Inferior binocular visual field loss was a significant predictor of falls, more so
than superior field loss. It was estimated that the rate of falling doubles for
around 5dB reduction in inferior field IVF-60 sensitivity and 10 points missed
on the inferior IVF-120.

These findings highlight the importance of the

inferior visual field area in safe and efficient navigation as shown in previous
mobility (Lovie-Kitchin et al., 1990) and experimental studies (Marigold &
Patla, 2008).
Do factors, such as postural stability or functional status, mediate in
the relationship between visual field loss and falls?
Study 2 also examined the role of postural stability and functional status as
potential mediating factors in the relationship between visual field loss and
falls. Of these, postural stability appeared to be a stronger mediating factor,
as a considerable reduction in the association between visual field loss and
falls was shown with its inclusion in the regression models.
This finding is plausible, as visual field loss reduces the visual contribution to
postural control and reduces postural stability, leading to a greater propensity
for falls during situations where postural stability is challenged.

These

challenging situations are more likely to occur among adults with visual field
loss, due to the increased likelihood of obstacle contact due to mobility
difficulties (Turano et al., 2004).

These findings, however, are only

preliminary, and further research is required to confirm these findings in a
larger cohort.
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Does the use of topical beta-blockers increase the risk of falls?
Topical beta-blocker use was not significantly associated with an increased
rate of falls compared to the use of other topical glaucoma preparations.
This study is the first to report such findings based on prospective falls, and
supports recent retrospective falls research (Ramdas et al., 2009).

Two

studies have reported cross-sectional associations between topical betablocker use and falls (Glynn et al., 1991; Ivers et al., 1998); however, their
findings are limited by the use of retrospective falls and inappropriate control
groups.

8.3 Implications for clinical practice
There are several important clinical implications arising from this research, as
greater visual field loss, particularly in the inferior visual field region, was
significantly associated with poorer health-related quality of life, reduced
functional status, greater postural instability and a higher rate of falls.
Therefore, older adults with moderate to severe levels of visual field loss,
particularly in the inferior visual field regions, should be regarded as a high
risk group for falls or further disability.
Greater efforts are needed to increase the awareness of the association
between visual field loss, disability and falls among eye care practitioners.
Practitioners are in a key position to provide appropriate advice to patients,
given their detailed knowledge of their patient’s visual status. They are also
in a position to provide prompt and appropriate referrals to other health care
services, including general practitioners, physiotherapists and occupational
therapists, for evaluation and remediation of potential disabilities. Eye-care
practitioners are in contact with a considerable proportion of the older
population, and it is important that they contribute to the overall management
of their patient’s health and well-being by being aware of the association
between visual field loss and falls.
The findings of this research also provide guidance for practitioners on the
impact of visual field loss and falls, based on visual fields which are routinely
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measured for detection and diagnosis of eye diseases, such as HFA 24-2
monocular fields.

Practitioners need to consider their patient’s binocular

visual fields, which can be derived from standard monocular fields using
software such as Progressor (Medisoft Ophthalmology, UK), which is
available with current visual field technology. A reduction of approximately
10dB in overall binocular visual field sensitivity (integrated 24-2 fields), or
5dB in inferior binocular visual field sensitivity, was estimated to double the
rate of falls. In the absence of integrated binocular visual fields, practitioners
may need to rely on their clinical judgement to estimate the extent of
binocular visual field loss.
Eye care practitioners should also be mindful when prescribing particular
spectacle lens corrections, such as multifocal or bifocal lenses, which blur the
inferior field areas required for walking. Multifocals have been reported to
increase the risk of falls (Lord et al., 2002), and increase obstacle contact
while walking during divided attention tasks (Menant et al., 2009).

It is

possible that the use of multifocals may be potentially even more harmful
when prescribed to patients with inferior binocular visual field loss, by
exacerbating the risk of obstacle contacts, trips and falls. This is an area that
requires further research, as this was not explored in the present thesis.
Greater efforts are also required to promote and increase awareness of the
association between visual field loss and falls among older adults with
glaucoma.

Education and awareness campaigns should be developed

specifically for this population, to draw attention to the association between
vision and falls and to promote behavioural change, primarily through
reduction in risk-taking behaviours to minimise exposure to high-risk
situations.

It is hoped that future research will also provide evidence to

develop appropriate physical activity and exercise programs for older adults
with visual field loss, taking into consideration their visual and balance
requirements.

Awareness campaigns should also address the poor

adherence to prescribed glaucoma medication in this population (Deokule et
al., 2004; Nordstrom et al., 2005; Shaw, 2005). Poor adherence has been
linked to a range of factors, some of which include low patient education, cost
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of medications and side effects (Friedman et al., 2008). The preservation of
remaining visual function is important, to minimise further disability and risk of
falls.
There are also aspects of this research that can inform public health policy.
The findings support the need to improve the early detection and treatment of
glaucoma, to minimise visual impairment among older adults. Early detection
and treatment will minimise the loss of visual function, as well as delay the
onset of disability and minimise the likelihood of falls. This is crucial because
around half of those in the community with glaucoma remain undiagnosed
(Weih et al., 2001; Friedman et al., 2004), and treatment is vital to prevent
further vision loss.
Falls programs are an essential public health component in the prevention of
falls within the community setting, yet they need to be mindful of the
challenges faced by older adults with visual impairment.

Research has

reported that the promotion of physical activity among visually impaired
populations can be problematic and even possibly harmful (Campbell et al.,
2005). The research findings from this thesis provide important insights into
potential underlying risk factors associated with falls among older adults with
glaucoma, such as postural stability. While intervention programs should
target these factors, as improvements in these areas are likely to minimise or
reduce the rate of falls, further research is required to establish the most
effective manner in which to achieve this.
Finally, the findings of the present study and that of other recent studies
(Coleman et al., 2007; Freeman et al., 2007; Coleman et al., 2009) highlight
the importance of screening for visual field loss as an integral component in
fall risk assessments. Visual field loss is a strong risk factor for falls, more so
than central vision loss; however, perimetric screening for visual field loss
can be difficult for non-eye care practitioners, due to the specialised
equipment required and expertise in both administering and interpreting the
tests.
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Newer visual field technology, such as the Matrix Frequency Doubling
Perimeter (Carl Zeiss Meditec, Dublin, CA, USA), provide sensitivity similar to
that of standard automated perimetry in the detection of glaucoma (Medeiros
et al., 2004) and provide greater usability and portability than older
technology. This newer technology will enhance the ability of health care
practitioners to screen for visual field loss among older adults, with abnormal
findings prompting a more detailed assessment of visual fields with eye-care
practitioners. Visual field screening will assist in identifying older adults at
high risk of falls and fractures, and improve the detection of visual impairment
in older populations. It is also vital that eye-care practitioners contribute to
the education and awareness of these issues to other health care providers,
to improve the visual and overall health in the older population.

8.4 Overall study strengths and limitations
There are several strengths and limitations that should be considered in
relation to the experimental approach of the research described in this thesis.
An important strength was the inclusion of extensive visual function
assessment, based on standardised central and peripheral measures of
visual function, rather than self-reported assessment. It was also important
to include integrated visual field measures into the analyses, to provide an
accurate representation of the extent of binocular visual loss.

These

assessments were carried out by a single investigator, a qualified
optometrist, minimising the potential for inter-tester variability. Furthermore,
participants’ glaucoma was well diagnosed by their treating ophthalmologists,
rather than self-reported, and the baseline eye examination screened for any
ocular diseases other than glaucoma.
Another important strength was the use of prospective assessment of falls,
which is considered the gold-standard, as it reduces the potential risk of
recall bias that occurs in retrospective falls data (Cummings et al., 1988;
Hauer et al., 2006). The longitudinal design also enabled assessment of
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possible mediating factors in the pathway between visual field loss and falls,
since baseline risk factors were examined prior to the fall events.
The cross-sectional design of the first three studies, however, precludes
inferences about causality in the relationship between visual field loss and
health-related QOL, functional status and postural stability. Further
investigation using a longitudinal design is required to establish whether
visual field loss results in further declines in these outcomes.
The study population comprised community-dwelling older volunteers with
glaucoma. This means that the results may not be generalisable to other
populations, such as those with other eye diseases, poorer health or residing
in alternate settings.

It is also possible that the underlying mechanisms

responsible for these outcomes may vary among different eye disease
populations, or among those with co-existing eye disease.

Furthermore,

these was potential for recruitment bias towards more highly functioning
participants, which may have resulted in conservative estimates of the
associations between visual field loss and the outcomes. Indeed, as even
physically active independent older people were found to experience falls,
the association are likely to be even stronger in frailer populations.
A notable limitation in this study was the small sample size in the falls study
and an uneven distribution of the severity of visual field loss within the cohort.
This was due to a combination of the strict inclusion and exclusion criteria
and difficulties in enrolling the intended number of participants within the
study period. Despite the relatively small cohort, significant and clinically
meaningful findings were demonstrated. However, the small sample limited
the extent to which additional aspects in the dataset could be reliably
examined, such as whether there was an interaction between multifocal
spectacle lens use, visual field loss and rate of falls.

In addition, the

estimates obtained in the regression models need to be interpreted with
caution, owing to the small numbers.
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8.5 Recommendations for further research
Based on the findings of this thesis, the following recommendations are
suggested for further research to examine the relationship between visual
field loss and falls among older adults.
Firstly, the findings from this study need to be validated in a larger sample of
older adults with glaucoma before definitive recommendations can be made
for clinical practice. Future research should also examine environmental and
personal factors which may influence disability and falls among adults with
glaucoma, according to the ICF framework (see Figure 1-1), as these factors
were not examined in this thesis. For example, the use of multifocal lens
correction has been implicated in increasing the risk of falls among older
adults (Lord et al., 2002), and it is possible that the risk of falls may be
exacerbated by the use of these spectacle corrections among older adults
with inferior visual field loss.
The influence of the physical environment contributing to falls among older
adults with visual field loss should also be examined, particularly the
influence of environmental lighting. The risk of falls is likely to greater under
low lighting, particularly due to reduced postural stability and the increased
likelihood to tripping. Low lighting has been shown to be associated with
reductions in postural stability among older adults (Brooke-Wavell et al.,
2002), and its impact among those with visual impairment is likely to be even
greater.

Low lighting has been shown to reduce obstacle and hazard

detection among visually impaired older adults (Kuyk et al., 1996; Kuyk et al.,
1998), although there is limited evidence in this area.
Further longitudinal research is also required to provide a clearer picture of
the impact of visual field loss on these outcomes over time. Although Studies
1a, 1b and1c reported significant associations between visual field loss and
health-related

QOL,

functional

status

and

postural

stability,

these

relationships are correlative rather than causal. It is likely that longitudinal
studies of at least two years duration would be required, given the slow rate
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of glaucomatous visual field progression among treated adults, estimated
around 1 to 2dB per year (Broman et al., 2008).
The specific components of postural sway associated with visual field loss
among older adults with glaucoma were not been explored in this research,
and requires further investigation. Although Study 1c employed a clinical and
validated measure of postural stability, the swaymeter (Lord et al., 1991; Lord
et al., 2003b), this device lacks the precision of electronic force plates which
can provide outcomes such as path length and sway velocity. Experimental
studies have shown that various regions of the visual field regulate different
components of postural sway (Nougier et al., 1997; Piponnier et al., 2009).
Studies have also reported that simulated visual impairment among older
adults affects specific components of postural stability, particularly in the
anterior-posterior direction (Anand et al., 2003a).
In order to develop effective falls prevention strategies among older adults
with visual field loss, further research is required into the underlying factors
which contribute to falls.

Possible factors include deficiencies in eye

movement control, such as rate and extent of scanning eye movements.
This may be an important factor among older adults with inferior visual field
loss, as this was a significant predictor of falls in Study 2.
Future research should also examine the impact of visual field loss on gait
and stepping patterns among older adults, particularly during challenging
situations such as stair negotiation (Startzell et al., 2000). Previous studies
have highlighted the importance of vision in the control of stepping accuracy,
particularly in studies of simulated blurred vision (Buckley et al., 2005),
simulated visual field restriction (Graci et al., 2009) and among those wearing
multifocal lenses (Johnson et al., 2007).

Additional research is required

among older adults with visual field loss, as it remains unclear if unsafe
stepping or gait patterns are significant contributing factors in falls.
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Even though visual field loss from glaucoma cannot be reversed, there are
some potential intervention strategies which may prove useful in reducing the
risk of falls in this population. Possible interventions include:
Strategies to improve eye movement scanning when walking, if shown to
be a significant factor in safe mobility.

Modification of non-vision falls risk factors, such as balance, strength and
exercise training to improve lower limb strength, increase postural stability
and minimise frailty. This strategy, however, would need to be carefully
designed, implemented, and evaluated, as previous studies among older
adults with central visual impairment have found that exercise programs
may do more harm than good (Campbell et al., 2005).

Home hazard management to reduce trip hazards. This intervention has
been successful among older adults with central visual impairment
(Campbell et al., 2005). It is also likely to be effective among older adults
with visual field loss, although further research is required to establish
this.

Education and awareness strategies to improve knowledge of visual
limitations and promote behavioural change. Adults with glaucoma are
often unaware of the extent and location of their visual field loss. Eye
care practitioners can play an important role, by communicating this
knowledge to patients, and encouraging reductions in risk-taking
behaviour, which may help prevent future falls.
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8.6 Conclusion
In reference to the ICF framework (Figure 1-1), this research has
demonstrated that glaucoma is associated with significant disability among
older adults, and is an important predictor of falls, a condition which may lead
to further disability.
Based on the results of the first component of the thesis, greater visual field
loss was associated with greater impairment in body functions, including
postural stability, muscle strength and endurance. Greater visual field loss
was also associated with increasing functional limitation and restriction,
including functional mobility, self-reported physical function and physical
activity levels. Moreover, visual field loss in the inferior field area was more
strongly associated with these outcomes than superior visual field loss.
Although the nature of this cross-sectional research cannot verify the causal
processes which underlie these disabilities, a possible pathway could be
hypothesised. Greater visual field loss may lead to activity restriction due to
increasing mobility difficulties and postural instability, which may result in
subsequent physical de-conditioning and functional limitations.

Additional

research is needed to better understand this complex process.
The findings from the second component of the thesis showed that fall events
were common in this population, as 44% of participants reported at least one
fall during the 12 month follow-up. Greater binocular visual field loss was
found to be a significant predictor of falls. Importantly, inferior visual field
loss was a significant predictor of falls, more so than superior visual field
loss, which highlights the important contribution of this visual field area to
safe and efficient navigation in the real-world environment.

Postural

instability was identified as a possible factor in the causal pathway between
visual field loss and falls. Prevention of falls is vital to avert further physical
and psychological disability among older adults, particularly among those
with visual impairment.
The clinical implications of this research include the need to raise awareness
of these findings to eye care practitioners and adults with glaucoma and to
- 194 -

Chapter 8

include visual field screening in falls risk assessments among older adults.
The findings also highlight the vital need to improve early identification and
treatment of glaucoma among older adults, to prevent vision loss and the
onset of disability and falls.
Glaucoma is responsible for a significant proportion of visual impairment
among older adults, and will become even more prevalent with the ageing of
the population. The onset of disability and occurrence of falls pose a serious
threat to the health, quality of life and independence of this population,
increasing the burden on the healthcare system. The research described in
this thesis provides important insights into the association between visual
field loss, disability and falls among older adults with glaucoma. Further
research, however, is needed to better understand the mechanisms which
underlie these relationships. This will provide an evidence base for
interventions aimed at preventing declines in the health and well-being of
older adults with glaucoma, as well as promote and maintain their quality of
life and independence.

- 195 -

References

Chapter 9: References

AGIS Investigators. (1994). Advanced Glaucoma Intervention Study. 2. Visual field
test scoring and reliability. Ophthalmology, 101(8), 1445-1455.
AGIS Investigators. (2001). The Advanced Glaucoma Intervention Study: 8. Risk of
cataract formation after trabeculectomy. Arch Ophthalmol, 119(12), 17711779.
AGIS Investigators. (2002). The Advanced Glaucoma Intervention Study (AGIS): 11.
Risk factors for failure of trabeculectomy and argon laser trabeculoplasty.
Am J Ophthalmol, 134(4), 481-498.
Ajtony, C, Balla, Z, Somoskeoy, S, & Kovacs, B. (2007). Relationship between
visual field sensitivity and retinal nerve fiber layer thickness as measured by
optical coherence tomography. Invest Ophthalmol Vis Sci, 48(1), 258-263.
American Thoracic Society. (2002). ATS Statement: Guidelines for the Six-Minute
Walk Test. Am J Resp Crit Care, 166, 111-117.
Anand, V, Buckley, J, Scally, A, & Elliott, DB. (2002). The effect of refractive blur on
postural stability. Ophthalmic Physiol Opt, 22(6), 528-534.
Anand, V, Buckley, JG, Scally, A, & Elliott, DB. (2003a). Postural stability changes in
the elderly with cataract simulation and refractive blur. Invest Ophthalmol Vis
Sci, 44(11), 4670-4675.
Anand, V, Buckley, JG, Scally, A, & Elliott, DB. (2003b). Postural stability in the
elderly during sensory perturbations and dual tasking: the influence of
refractive blur. Invest Ophthalmol Vis Sci, 44(7), 2885-2891.
Australian Bureau of Statistics. (2002). Projections of the Populations of Australia,
States and Territories 1999-2101 (ABS Cat No 3222.0). Canberra: ABS.
Australian Institute of Health and Welfare. (2005). Vision problems among older
Australians (Bulletin No. 27, AIHW Cat. No. AUS 60). Canberra: AIHW.
Bailey, IL, & Lovie, JE. (1976). New design principles for visual acuity letter charts.
Am J Optom Physiol Opt, 53(11), 740-745.
Baron, RM, & Kenny, DA. (1986). The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol, 51(6), 1173-1182.
Bender, R, & Lange, S. (2001). Adjusting for multiple testing--when and how? J Clin
Epidemiol, 54(4), 343-349.
Bengtsson, B, & Heijl, A. (2006). Diagnostic sensitivity of fast blue-yellow and
standard automated perimetry in early glaucoma: a comparison between
different test programs. Ophthalmology, 113(7), 1092-1097.
Berencsi, A, Ishihara, M, & Imanaka, K. (2005). The functional role of central and
peripheral vision in the control of posture. Hum Mov Sci, 24(5-6), 689-709.
Berg, WP, Alessio, HM, Mills, EM, & Tong, C. (1997). Circumstances and
consequences of falls in independent community-dwelling older adults. Age
Ageing, 26(4), 261-268.
Bergua, A, Horn, FK, Martus, P, Junemann, AM, & Korth, M. (2004). Stereoscopic
visual evoked potentials in normal subjects and patients with open-angle
glaucomas. Graefes Arch Clin Exp Ophthalmol, 242(3), 197-203.

- 196 -

References

Black, A, Lovie-Kitchin, J, Woods, R, Arnold, N, Byrne, J, & Murrish, J. (1997).
Mobility performance in retinitis pigmentosa. Clin Exp Optom, 80, 1-12.
Bohannon, RW. (1998). Hand-grip dynamometry provides a valid indication of upper
extremity strength impairment in home care patients. J Hand Ther, 11(4),
258-260.
Bonovas, S, Peponis, V, & Filioussi, K. (2004). Diabetes mellitus as a risk factor for
primary open-angle glaucoma: a meta-analysis. Diabet Med, 21(6), 609-614.
Bowd, C, Zangwill, LM, Medeiros, FA, Tavares, IM, Hoffmann, EM, Bourne, RR, et
al. (2006). Structure-function relationships using confocal scanning laser
ophthalmoscopy, optical coherence tomography, and scanning laser
polarimetry. Invest Ophthalmol Vis Sci, 47(7), 2889-2895.
Bowling, A. (2005). Ageing well: quality of life in old age. New York: McGraw-Hill
International.
Boyle, PA, Buchman, AS, Wilson, RS, Bienias, JL, & Bennett, DA. (2007). Physical
activity is associated with incident disability in community-based older
persons. J Am Geriatr Soc, 55(2), 195-201.
Bradley, A, Thomas, T, Kalaher, M, & Hoerres, M. (1991). Effects of spherical and
astigmatic defocus on acuity and contrast sensitivity: a comparison of three
clinical charts. Optom Vis Sci, 68(6), 418-426.
Bramley, T, Peeples, P, Walt, JG, Juhasz, M, & Hansen, JE. (2008). Impact of vision
loss on costs and outcomes in medicare beneficiaries with glaucoma. Arch
Ophthalmol, 126(6), 849-856.
Broman, AT, Quigley, HA, West, SK, Katz, J, Munoz, B, Bandeen-Roche, K, et al.
(2008). Estimating the rate of progressive visual field damage in those with
open-angle glaucoma, from cross-sectional data. Invest Ophthalmol Vis Sci,
49(1), 66-76.
Broman, AT, West, SK, Munoz, B, Bandeen-Roche, K, Rubin, GS, & Turano, KA.
(2004). Divided visual attention as a predictor of bumping while walking: the
Salisbury Eye Evaluation. Invest Ophthalmol Vis Sci, 45(9), 2955-2960.
Brooke-Wavell, K, Perrett, LK, Howarth, PA, & Haslam, RA. (2002). Influence of the
visual environment on the postural stability in healthy older women.
Gerontology, 48(5), 293-297.
Buchman, AS, Wilson, RS, Boyle, PA, Tang, Y, Fleischman, DA, & Bennett, DA.
(2007). Physical activity and leg strength predict decline in mobility
performance in older persons. J Am Geriatr Soc, 55(10), 1618-1623.
Buckley, JG, Heasley, K, Scally, A, & Elliott, DB. (2005). The effects of blurring
vision on medio-lateral balance during stepping up or down to a new level in
the elderly. Gait Posture, 22(2), 146-153.
Buckley, JG, MacLellan, MJ, Tucker, MW, Scally, AJ, & Bennett, SJ. (2008). Visual
guidance of landing behaviour when stepping down to a new level. Exp Brain
Res, 184(2), 223-232.
Bullimore, MA, Wood, JM, & Swenson, K. (1993). Motion perception in glaucoma.
Invest Ophthalmol Vis Sci, 34(13), 3526-3533.
Burr, JM, Mowatt, G, Hernandez, R, Siddiqui, MA, Cook, J, Lourenco, T, et al.
(2007). The clinical effectiveness and cost-effectiveness of screening for
open angle glaucoma: a systematic review and economic evaluation. Health
Technol Assess, 11(41), iii-iv, ix-x, 1-190.
Byers, AL, Allore, H, Gill, TM, & Peduzzi, PN. (2003). Application of negative
binomial modeling for discrete outcomes: a case study in aging research. J
Clin Epidemiol, 56(6), 559-564.
- 197 -

References

Callisaya, ML, Blizzard, L, Schmidt, MD, McGinley, JL, Lord, SR, & Srikanth, VK.
(2009). A population-based study of sensorimotor factors affecting gait in
older people. Age Ageing, 38(3), 290-295.
Campbell, AJ, Borrie, MJ, & Spears, GF. (1989). Risk factors for falls in a
community-based prospective study of people 70 years and older. J
Gerontol, 44(4), M112-117.
Campbell, AJ, Robertson, MC, La Grow, SJ, Kerse, NM, Sanderson, GF, Jacobs,
RJ, et al. (2005). Randomised controlled trial of prevention of falls in people
aged > or =75 with severe visual impairment: the VIP trial. BMJ, 331(7520),
817.
Carlsen, AN, Maslovat, D, Chua, R, & Franks, IM. (2007). Perceptual processing
time differences owing to visual field asymmetries. Neuroreport, 18(10),
1067-1070.
Casson, EJ, Johnson, CA, & Nelson-Quigg, JM. (1993). Temporal modulation
perimetry: the effects of aging and eccentricity on sensitivity in normals.
Invest Ophthalmol Vis Sci, 34(11), 3096-3102.
Centers for Disease Control and Prevention. (2 June 2006). Retrieved from
http://www.cdc.gov/hrqol/
Cesari, M, Kritchevsky, SB, Newman, AB, Simonsick, EM, Harris, TB, Penninx, BW,
et al. (2009). Added value of physical performance measures in predicting
adverse health-related events: results from the Health, Aging And Body
Composition Study. J Am Geriatr Soc, 57(2), 251-259.
Chad, KE, Reeder, BA, Harrison, EL, Ashworth, NL, Sheppard, SM, Schultz, SL, et
al. (2005). Profile of physical activity levels in community-dwelling older
adults. Med Sci Sports Exerc, 37(10), 1774-1784.
Chatterjee, S, Hadi, AS, & Price, B. (2006). Regression analysis by example (4th
ed.). New York: John Wiley & Sons.
Chen, PP. (2003). Blindness in patients with treated open-angle glaucoma.
Ophthalmology, 110(4), 726-733.
Chia, EM, Mitchell, P, Ojaimi, E, Rochtchina, E, & Wang, JJ. (2006a). Assessment
of vision-related quality of life in an older population subsample: The Blue
Mountains Eye Study. Ophthalmic Epidemiol, 13(6), 371-377.
Chia, EM, Mitchell, P, Rochtchina, E, Foran, S, Golding, M, & Wang, JJ. (2006b).
Association between vision and hearing impairments and their combined
effects on quality of life. Arch Ophthalmol, 124(10), 1465-1470.
Chia, EM, Mitchell, P, Rochtchina, E, Foran, S, & Wang, JJ. (2003). Unilateral visual
impairment and health related quality of life: the Blue Mountains Eye Study.
Br J Ophthalmol, 87(4), 392-395.
Chia, EM, Rochtchina, E, Wang, JJ, & Mitchell, P. (2006c). Utility and validity of the
self-administered SF-36: findings from an older population. Ann Acad Med
Singapore, 35(7), 461-467.
Chia, EM, Wang, JJ, Rochtchina, E, Smith, W, Cumming, RR, & Mitchell, P. (2004).
Impact of bilateral visual impairment on health-related quality of life: the Blue
Mountains Eye Study. Invest Ophthalmol Vis Sci, 45(1), 71-76.
Cho, BL, Scarpace, D, & Alexander, NB. (2004). Tests of stepping as indicators of
mobility, balance, and fall risk in balance-impaired older adults. J Am Geriatr
Soc, 52(7), 1168-1173.
Chow, S, & Liu, J. (2004). Design and Analysis of Clinical Trials (2nd ed.). New
Jersey: Wiley & Sons, Inc.

- 198 -

References

Choy, NL, Brauer, S, & Nitz, J. (2003). Changes in postural stability in women aged
20 to 80 years. J Gerontol A Biol Sci Med Sci, 58(6), 525-530.
Christ, SL, Lee, DJ, Lam, BL, Zheng, DD, & Arheart, KL. (2008). Assessment of the
effect of visual impairment on mortality through multiple health pathways:
structural equation modeling. Invest Ophthalmol Vis Sci, 49(8), 3318-3323.
Chylack, LT, Jr., Wolfe, JK, Singer, DM, Leske, MC, Bullimore, MA, Bailey, IL, et al.
(1993). The Lens Opacities Classification System III. The Longitudinal Study
of Cataract Study Group. Arch Ophthalmol, 111(6), 831-836.
Clarke, M, Jagger, C, Anderson, J, Battcock, T, Kelly, F, & Stern, MC. (1991). The
prevalence of dementia in a total population: a comparison of two screening
instruments. Age Ageing, 20(6), 396-403.
Clay, OJ, Wadley, VG, Edwards, JD, Roth, DL, Roenker, DL, & Ball, KK. (2005).
Cumulative meta-analysis of the relationship between useful field of view and
driving performance in older adults: current and future implications. Optom
Vis Sci, 82(8), 724-731.
Close, J, Ellis, M, Hooper, R, Glucksman, E, Jackson, S, & Swift, C. (1999).
Prevention of falls in the elderly trial (PROFET): a randomised controlled
trial. Lancet, 353(9147), 93-97.
Close, JC. (2001). Interdisciplinary practice in the prevention of falls--a review of
working models of care. Age Ageing, 30 Suppl 4, 8-12.
Coleman, AL, Cummings, SR, Ensrud, KE, Yu, F, Gutierrez, P, Stone, KL, et al.
(2009). Visual Field Loss and Risk of Fractures in Older Women. J Am
Geriatr Soc.
Coleman, AL, Cummings, SR, Yu, F, Kodjebacheva, G, Ensrud, KE, Gutierrez, P, et
al. (2007). Binocular visual-field loss increases the risk of future falls in older
white women. J Am Geriatr Soc, 55(3), 357-364.
Coleman, AL, Stone, K, Ewing, SK, Nevitt, M, Cummings, S, Cauley, JA, et al.
(2004). Higher risk of multiple falls among elderly women who lose visual
acuity. Ophthalmology, 111(5), 857-862.
Contin, M, Riva, R, Baruzzi, A, Albani, F, Macri, S, & Martinelli, P. (1996). Postural
stability in Parkinson's disease: the effects of disease severity and acute
levodopa dosing. Parkinsonism Relat Disord, 2(1), 29-33.
Cornilleau-Peres, V, Shabana, N, Droulez, J, Goh, JC, Lee, GS, & Chew, PT.
(2005). Measurement of the visual contribution to postural steadiness from
the COP movement: methodology and reliability. Gait Posture, 22(2), 96106.
Cugati, S, Cumming, RG, Smith, W, Burlutsky, G, Mitchell, P, & Wang, JJ. (2007).
Visual impairment, age-related macular degeneration, cataract, and longterm mortality: the Blue Mountains Eye Study. Arch Ophthalmol, 125(7), 917924.
Cullen, B, Fahy, S, Cunningham, CJ, Coen, RF, Bruce, I, Greene, E, et al. (2005).
Screening for dementia in an Irish community sample using MMSE: a
comparison of norm-adjusted versus fixed cut-points. Int J Geriatr
Psychiatry, 20(4), 371-376.
Cumming, RG, Ivers, R, Clemson, L, Cullen, J, Hayes, MF, Tanzer, M, et al. (2007).
Improving vision to prevent falls in frail older people: a randomized trial. J Am
Geriatr Soc, 55(2), 175-181.
Cumming, RG, Miller, JP, Kelsey, JL, Davis, P, Arfken, CL, Birge, SJ, et al. (1991).
Medications and multiple falls in elderly people: the St Louis OASIS study.
Age Ageing, 20(6), 455-461.

- 199 -

References

Cumming, RG, Salkeld, G, Thomas, M, & Szonyi, G. (2000). Prospective study of
the impact of fear of falling on activities of daily living, SF-36 scores, and
nursing home admission. J Gerontol A Biol Sci Med Sci, 55(5), M299-305.
Cummings, SR, Nevitt, MC, Browner, WS, Stone, K, Fox, KM, Ensrud, KE, et al.
(1995). Risk factors for hip fracture in white women. Study of Osteoporotic
Fractures Research Group. N Engl J Med, 332(12), 767-773.
Cummings, SR, Nevitt, MC, & Kidd, S. (1988). Forgetting falls. The limited accuracy
of recall of falls in the elderly. J Am Geriatr Soc, 36(7), 613-616.
Curcio, CA, & Allen, KA. (1990). Topography of ganglion cells in human retina. J
Comp Neurol, 300(1), 5-25.
Danckert, J, & Goodale, MA. (2001). Superior performance for visually guided
pointing in the lower visual field. Exp Brain Res, 137(3-4), 303-308.
Dargent-Molina, P, Favier, F, Grandjean, H, Baudoin, C, Schott, AM, Hausherr, E, et
al. (1996). Fall-related factors and risk of hip fracture: the EPIDOS
prospective study. Lancet, 348(9021), 145-149.
Davidson, CW, Merrilees, MJ, Wilkinson, TJ, McKie, JS, & Gilchrist, NL. (2001). Hip
fracture mortality and morbidity--can we do better? N Z Med J, 114(1136),
329-332.
de Boer, MR, Pluijm, SM, Lips, P, Moll, AC, Volker-Dieben, HJ, Deeg, DJ, et al.
(2004). Different aspects of visual impairment as risk factors for falls and
fractures in older men and women. J Bone Miner Res, 19(9), 1539-1547.
de Voogd, S, Ikram, MK, Wolfs, RC, Jansonius, NM, Hofman, A, & de Jong, PT.
(2005). Incidence of open-angle glaucoma in a general elderly population:
the Rotterdam Study. Ophthalmology, 112(9), 1487-1493.
de Voogd, S, Wolfs, RC, Jansonius, NM, Uitterlinden, AG, Pols, HA, Hofman, A, et
al. (2008). Estrogen receptors alpha and beta and the risk of open-angle
glaucoma: the Rotterdam Study. Arch Ophthalmol, 126(1), 110-114.
Demirel, S, & Robinson, R. (2003). Upper vs. Lower Field Asymmetry in SAP and
SWAP Thresholds: Comparison to Psychophysical Estimates of Ganglion
Cell Density. Invest. Ophthalmol. Vis. Sci., 44(5), 69-.
Deokule, S, Sadiq, S, & Shah, S. (2004). Chronic open angle glaucoma: patient
awareness of the nature of the disease, topical medication, compliance and
the prevalence of systemic symptoms. Ophthalmic Physiol Opt, 24(1), 9-15.
Deshpande, N, Metter, EJ, Lauretani, F, Bandinelli, S, Guralnik, J, & Ferrucci, L.
(2008). Activity restriction induced by fear of falling and objective and
subjective measures of physical function: a prospective cohort study. J Am
Geriatr Soc, 56(4), 615-620.
Dolinis, J, Harrison, JE, & Andrews, GR. (1997). Factors associated with falling in
older Adelaide residents. Aust N Z J Public Health, 21(5), 462-468.
Duncan, PW, Chandler, J, Studenski, S, Hughes, M, & Prescott, B. (1993). How do
physiological components of balance affect mobility in elderly men? Arch
Phys Med Rehabil, 74(12), 1343-1349.
Dunn, C, Sadkowsky, K, & Jelfs, P. (2002). Trend in Deaths (AIHW Cat No. PHE
40). Canberra: Australian Institute of Health and Welfare.
Ederer, F, Gaasterland, DA, Dally, LG, Kim, J, VanVeldhuisen, PC, Blackwell, B, et
al. (2004). The Advanced Glaucoma Intervention Study (AGIS): 13.
Comparison of treatment outcomes within race: 10-year results.
Ophthalmology, 111(4), 651-664.

- 200 -

References

El Beltagi, TA, Bowd, C, Boden, C, Amini, P, Sample, PA, Zangwill, LM, et al.
(2003). Retinal nerve fiber layer thickness measured with optical coherence
tomography is related to visual function in glaucomatous eyes.
Ophthalmology, 110(11), 2185-2191.
Elliott, DB, Bullimore, MA, & Bailey, IL. (1991). Improving the reliability of the PelliRobson contrast sensitivity test. Clin Vis Sci, 6(6), 471-475.
Elliott, DB, Patla, AE, Flanagan, JG, Spaulding, S, Rietdyk, S, Strong, G, et al.
(1995). The Waterloo Vision and Mobility Study: postural control strategies in
subjects with ARM. Ophthalmic Physiol Opt, 15(6), 553-559.
Elliott, DB, Vale, A, Whitaker, D, & Buckley, JG. (2009). Does my step look big in
this? A visual illusion leads to safer stepping behaviour. PLoS One, 4(2),
e4577.
Elliott, DB, Whitaker, D, & Bonette, L. (1990). Differences in the legibility of letters at
contrast threshold using the Pelli-Robson chart. Ophthalmic Physiol Opt,
10(4), 323-326.
Ensrud, KE, Ewing, SK, Cawthon, PM, Fink, HA, Taylor, BC, Cauley, JA, et al.
(2009). A comparison of frailty indexes for the prediction of falls, disability,
fractures, and mortality in older men. J Am Geriatr Soc, 57(3), 492-498.
Ensrud, KE, Ewing, SK, Taylor, BC, Fink, HA, Stone, KL, Cauley, JA, et al. (2007).
Frailty and risk of falls, fracture, and mortality in older women: the study of
osteoporotic fractures. J Gerontol A Biol Sci Med Sci, 62(7), 744-751.
Ensrud, KE, Nevitt, MC, Yunis, C, Cauley, JA, Seeley, DG, Fox, KM, et al. (1994).
Correlates of impaired function in older women. J Am Geriatr Soc, 42(5),
481-489.
Era, P, Sainio, P, Koskinen, S, Haavisto, P, Vaara, M, & Aromaa, A. (2006).
Postural balance in a random sample of 7,979 subjects aged 30 years and
over. Gerontology, 52(4), 204-213.
Essock, EA, Fechtner, RD, Zimmerman, TJ, Krebs, WK, & Nussdorf, JD. (1996).
Binocular function in early glaucoma. J Glaucoma, 5(6), 395-405.
Esterman, B. (1982). Functional scoring of the binocular field. Ophthalmology,
89(11), 1226-1234.
Fairhall, N, Aggar, C, Kurrle, SE, Sherrington, C, Lord, S, Lockwood, K, et al.
(2008). Frailty Intervention Trial (FIT). BMC Geriatr, 8, 27.
Falkenberg, HK, & Bex, PJ. (2007). Sources of motion-sensitivity loss in glaucoma.
Invest Ophthalmol Vis Sci, 48(6), 2913-2921.
Felson, DT, Anderson, JJ, Hannan, MT, Milton, RC, Wilson, PW, & Kiel, DP. (1989).
Impaired vision and hip fracture. The Framingham Study. J Am Geriatr Soc,
37(6), 495-500.
Folstein, MF, Robins, LN, & Helzer, JE. (1983). The Mini-Mental State Examination.
Arch Gen Psychiatry, 40(7), 812.
Fortenbaugh, FC, Hicks, JC, & Turano, KA. (2008). The effect of peripheral visual
field loss on representations of space: evidence for distortion and adaptation.
Invest Ophthalmol Vis Sci, 49(6), 2765-2772.
Freeman, EE, Broman, AT, Turano, KA, & West, SK. (2008a). Motion-detection
threshold and measures of balance in older adults: the SEE Project. Invest
Ophthalmol Vis Sci, 49(12), 5257-5263.
Freeman, EE, Egleston, BL, West, SK, Bandeen-Roche, K, & Rubin, G. (2005).
Visual acuity change and mortality in older adults. Invest Ophthalmol Vis Sci,
46(11), 4040-4045.

- 201 -

References

Freeman, EE, Munoz, B, Rubin, G, & West, SK. (2007). Visual field loss increases
the risk of falls in older adults: the Salisbury eye evaluation. Invest
Ophthalmol Vis Sci, 48(10), 4445-4450.
Freeman, EE, Munoz, B, West, SK, Jampel, HD, & Friedman, DS. (2008b).
Glaucoma and Quality of Life The Salisbury Eye Evaluation. Ophthalmology,
115, 233-238.
Fried, LP, Kronmal, RA, Newman, AB, Bild, DE, Mittelmark, MB, Polak, JF, et al.
(1998). Risk factors for 5-year mortality in older adults: the Cardiovascular
Health Study. JAMA, 279(8), 585-592.
Fried, LP, Tangen, CM, Walston, J, Newman, AB, Hirsch, C, Gottdiener, J, et al.
(2001). Frailty in older adults: evidence for a phenotype. J Gerontol A Biol
Sci Med Sci, 56(3), M146-156.
Friedman, DS, Freeman, E, Munoz, B, Jampel, HD, & West, SK. (2007). Glaucoma
and mobility performance: the Salisbury Eye Evaluation Project.
Ophthalmology, 114(12), 2232-2237.
Friedman, DS, Hahn, SR, Gelb, L, Tan, J, Shah, SN, Kim, EE, et al. (2008). Doctorpatient communication, health-related beliefs, and adherence in glaucoma
results from the Glaucoma Adherence and Persistency Study.
Ophthalmology, 115(8), 1320-1327, 1327 e1321-1323.
Friedman, DS, Nordstrom, B, Mozaffari, E, & Quigley, HA. (2005). Glaucoma
management among individuals enrolled in a single comprehensive
insurance plan. Ophthalmology, 112(9), 1500-1504.
Friedman, DS, Wolfs, RC, O'Colmain, BJ, Klein, BE, Taylor, HR, West, S, et al.
(2004). Prevalence of open-angle glaucoma among adults in the United
States. Arch Ophthalmol, 122(4), 532-538.
Friedman, SM, Munoz, B, West, SK, Rubin, GS, & Fried, LP. (2002). Falls and fear
of falling: which comes first? A longitudinal prediction model suggests
strategies for primary and secondary prevention. J Am Geriatr Soc, 50(8),
1329-1335.
Gandolfi, SA, Chetta, A, Cimino, L, Mora, P, Sangermani, C, & Tardini, MG. (2005).
Bronchial reactivity in healthy individuals undergoing long-term topical
treatment with beta-blockers. Arch Ophthalmol, 123(1), 35-38.
Garnham, L, & Sloper, JJ. (2006). Effect of age on adult stereoacuity as measured
by different types of stereotest. Br J Ophthalmol, 90(1), 91-95.
Gaskin, B, Carroll, S, Gamble, G, Goldberg, I, & Danesh-Meyer, H. (2006).
Glaucoma management trends in Australia and New Zealand. Clin Exp
Ophthalmol, 34(3), 208-212.
Geruschat, DR, & Turano, KA. (2007). Estimating the amount of mental effort
required for independent mobility: persons with glaucoma. Invest Ophthalmol
Vis Sci, 48(9), 3988-3994.
Geruschat, DR, Turano, KA, & Stahl, JW. (1998). Traditional measures of mobility
performance and retinitis pigmentosa. Optom Vis Sci, 75(7), 525-537.
Gill, DP, Zou, GY, Jones, GR, & Speechley, M. (2009). Comparison of regression
models for the analysis of fall risk factors in older veterans. Ann Epidemiol,
19(8), 523-530.
Gillespie, LD, Gillespie, WJ, Robertson, MC, Lamb, SE, Cumming, RG, & Rowe,
BH. (2003). Interventions for preventing falls in elderly people. Cochrane
Database Syst Rev(4), CD000340.

- 202 -

References

Globe, DR, Varma, R, Torres, M, Wu, J, Klein, R, & Azen, SP. (2005). Self-reported
comorbidities and visual function in a population-based study: the Los
Angeles Latino Eye Study. Arch Ophthalmol, 123(6), 815-821.
Globe, DR, Wu, J, Azen, SP, & Varma, R. (2004). The impact of visual impairment
on self-reported visual functioning in Latinos: The Los Angeles Latino Eye
Study. Ophthalmology, 111(6), 1141-1149.
Glynn, RJ, Seddon, JM, Krug, JH, Jr., Sahagian, CR, Chiavelli, ME, & Campion,
EW. (1991). Falls in elderly patients with glaucoma. Arch Ophthalmol,
109(2), 205-210.
Goldberg, A, Hernandez, ME, & Alexander, NB. (2005). Trunk repositioning errors
are increased in balance-impaired older adults. J Gerontol A Biol Sci Med
Sci, 60(10), 1310-1314.
Graafmans, WC, Ooms, ME, Hofstee, HM, Bezemer, PD, Bouter, LM, & Lips, P.
(1996). Falls in the elderly: a prospective study of risk factors and risk
profiles. Am J Epidemiol, 143(11), 1129-1136.
Graci, V, Elliott, DB, & Buckley, JG. (2009). Peripheral visual cues affect minimumfoot-clearance during overground locomotion. Gait Posture, 30(3), 370-374.
Graci, V, Elliott, DB, & Buckley, JG. (2010). Utility of peripheral visual cues in
planning and controlling adaptive gait. Optom Vis Sci, 87(1), 21-27.
Grisso, JA, Kelsey, JL, Strom, BL, Chiu, GY, Maislin, G, O'Brien, LA, et al. (1991).
Risk factors for falls as a cause of hip fracture in women. The Northeast Hip
Fracture Study Group. N Engl J Med, 324(19), 1326-1331.
Guerraz, M, & Bronstein, AM. (2008). Ocular versus extraocular control of posture
and equilibrium. Neurophysiol Clin, 38(6), 391-398.
Gupta, D. (2005). Glaucoma diagnosis and management. Philadelphia: Lippincott
Williams & Wilkins.
Gupta, N, Krishnadev, N, Hamstra, SJ, & Yucel, YH. (2006). Depth perception
deficits in glaucoma suspects. Br J Ophthalmol, 90(8), 979-981.
Guralnik, JM, Ferrucci, L, Pieper, CF, Leveille, SG, Markides, KS, Ostir, GV, et al.
(2000). Lower extremity function and subsequent disability: consistency
across studies, predictive models, and value of gait speed alone compared
with the short physical performance battery. J Gerontol A Biol Sci Med Sci,
55(4), M221-231.
Guse, CE, & Porinsky, R. (2003). Risk factors associated with hospitalization for
unintentional falls: Wisconsin hospital discharge data for patients aged 65
and over. Wis Med J, 102(4), 37-42.
Gutierrez, P, Wilson, MR, Johnson, C, Gordon, M, Cioffi, GA, Ritch, R, et al. (1997).
Influence of glaucomatous visual field loss on health-related quality of life.
Arch Ophthalmol, 115(6), 777-784.
Haegerstrom-Portnoy, G. (2005). The Glenn A. Fry Award Lecture 2003: Vision in
elders--summary of findings of the SKI study. Optom Vis Sci, 82(2), 87-93.
Haegerstrom-Portnoy, G, Schneck, ME, & Brabyn, JA. (1999). Seeing into old age:
vision function beyond acuity. Optom Vis Sci, 76(3), 141-158.
Hageman, PA, Leibowitz, JM, & Blanke, D. (1995). Age and gender effects on
postural control measures. Arch Phys Med Rehabil, 76(10), 961-965.
Hall, SE, & Hendrie, DV. (2003). A prospective study of the costs of falls in older
adults living in the community. Aust N Z J Public Health, 27(3), 343-351.

- 203 -

References

Hartikainen, S, Lonnroos, E, & Louhivuori, K. (2007). Medication as a risk factor for
falls: critical systematic review. J Gerontol A Biol Sci Med Sci, 62(10), 11721181.
Harwood, RH, Foss, AJ, Osborn, F, Gregson, RM, Zaman, A, & Masud, T. (2005).
Falls and health status in elderly women following first eye cataract surgery:
a randomised controlled trial. Br J Ophthalmol, 89(1), 53-59.
Hassan, SE, Hicks, JC, Lei, H, & Turano, KA. (2007). What is the minimum field of
view required for efficient navigation? Vision Res, 47(16), 2115-2123.
Hassan, SE, Lovie-Kitchin, JE, & Woods, RL. (2002). Vision and mobility
performance of subjects with age-related macular degeneration. Optom Vis
Sci, 79(11), 697-707.
Hauer, K, Lamb, SE, Jorstad, EC, Todd, C, & Becker, C. (2006). Systematic review
of definitions and methods of measuring falls in randomised controlled fall
prevention trials. Age Ageing, 35(1), 5-10.
Hawkins, AS, Szlyk, JP, Ardickas, Z, Alexander, KR, & Wilensky, JT. (2003).
Comparison of contrast sensitivity, visual acuity, and Humphrey visual field
testing in patients with glaucoma. J Glaucoma, 12(2), 134-138.
Hawthorne, G, Osborne, RH, Taylor, A, & Sansoni, J. (2007). The SF36
critical analyses of population weights, scoring algorithms and
norms. Qual Life Res, 16(4), 661-673.
Hayman, KJ, Kerse, NM, La Grow, SJ, Wouldes, T, Robertson, MC, &
AJ. (2007). Depression in older people: visual impairment and
ratings of health. Optom Vis Sci, 84(11), 1024-1030.

Version 2:
population
Campbell,
subjective

Haymes, S, Guest, D, Heyes, A, & Johnston, A. (1996). Mobility of people with
retinitis pigmentosa as a function of vision and psychological variables.
Optom Vis Sci, 73(10), 621-637.
Haymes, SA, Leblanc, RP, Nicolela, MT, Chiasson, LA, & Chauhan, BC. (2007).
Risk of falls and motor vehicle collisions in glaucoma. Invest Ophthalmol Vis
Sci, 48(3), 1149-1155.
Haywood, KL, Garratt, AM, & Fitzpatrick, R. (2005). Quality of life in older people: a
structured review of generic self-assessed health instruments. Qual Life Res,
14(7), 1651-1668.
Heijl, A, Leske, MC, Bengtsson, B, Hyman, L, Bengtsson, B, & Hussein, M. (2002).
Reduction of intraocular pressure and glaucoma progression: results from
the Early Manifest Glaucoma Trial. Arch Ophthalmol, 120(10), 1268-1279.
Helps, Y, Cripps, R, & Harrison, J. (2002). Hospital separations due to injury and
poisoning, Australia 1999-00. Australian Institute of Health and
Welfare(AIHW Cat No. INJCAT 48).
Hermann, A, Paetzold, J, Vonthein, R, Krapp, E, Rauscher, S, & Schiefer, U. (2008).
Age-dependent normative values for differential luminance sensitivity in
automated static perimetry using the Octopus 101. Acta Ophthalmol, 86(4),
446-455.
Herse, PR. (1992). Factors influencing normal perimetric thresholds obtained using
the Humphrey Field Analyzer. Invest Ophthalmol Vis Sci, 33(3), 611-617.
Hoffmann, EM, Medeiros, FA, Sample, PA, Boden, C, Bowd, C, Bourne, RR, et al.
(2006). Relationship between patterns of visual field loss and retinal nerve
fiber layer thickness measurements. Am J Ophthalmol, 141(3), 463-471.
Hughes, VA, Frontera, WR, Wood, M, Evans, WJ, Dallal, GE, Roubenoff, R, et al.
(2001). Longitudinal muscle strength changes in older adults: influence of

- 204 -

References

muscle mass, physical activity, and health. J Gerontol A Biol Sci Med Sci,
56(5), B209-217.
Iester, M, & Zingirian, M. (2002). Quality of life in patients with early, moderate and
advanced glaucoma. Eye, 16(1), 44-49.
Ivers, RQ, Cumming, RG, Mitchell, P, & Attebo, K. (1998). Visual impairment and
falls in older adults: the Blue Mountains Eye Study. J Am Geriatr Soc, 46(1),
58-64.
Ivers, RQ, Cumming, RG, Mitchell, P, & Peduto, AJ. (2001). Diabetes and risk of
fracture: The Blue Mountains Eye Study. Diabetes Care, 24(7), 1198-1203.
Ivers, RQ, Cumming, RG, Mitchell, P, & Peduto, AJ. (2002). Risk factors for
fractures of the wrist, shoulder and ankle: the Blue Mountains Eye Study.
Osteoporos Int, 13(6), 513-518.
Ivers, RQ, Cumming, RG, Mitchell, P, Simpson, JM, & Peduto, AJ. (2003). Visual
risk factors for hip fracture in older people. J Am Geriatr Soc, 51(3), 356-363.
Ivers, RQ, Norton, R, Cumming, RG, Butler, M, & Campbell, AJ. (2000). Visual
impairment and risk of hip fracture. Am J Epidemiol, 152(7), 633-639.
Jack, CI, Smith, T, Neoh, C, Lye, M, & McGalliard, JN. (1995). Prevalence of low
vision in elderly patients admitted to an acute geriatric unit in Liverpool:
elderly people who fall are more likely to have low vision. Gerontology, 41(5),
280-285.
Jampel, HD, Frick, KD, Janz, NK, Wren, PA, Musch, DC, Rimal, R, et al. (2007).
Depression and mood indicators in newly diagnosed glaucoma patients. Am
J Ophthalmol, 144(2), 238-244.
Jampel, HD, Friedman, DS, Quigley, H, & Miller, R. (2002a). Correlation of the
binocular visual field with patient assessment of vision. Invest Ophthalmol
Vis Sci, 43(4), 1059-1067.
Jampel, HD, Schwartz, A, Pollack, I, Abrams, D, Weiss, H, & Miller, R. (2002b).
Glaucoma patients' assessment of their visual function and quality of life. J
Glaucoma, 11(2), 154-163.
Janz, NK, Wren, PA, Lichter, PR, Musch, DC, Gillespie, BW, & Guire, KE. (2001).
Quality of life in newly diagnosed glaucoma patients: The Collaborative Initial
Glaucoma Treatment Study. Ophthalmology, 108(5), 887-897; discussion
898.
Javitt, JC, Zhou, Z, & Willke, RJ. (2007). Association between vision loss and higher
medical care costs in Medicare beneficiaries costs are greater for those with
progressive vision loss. Ophthalmology, 114(2), 238-245.
Jeganathan, VS, Wong, TY, Foster, PJ, Crowston, JG, Tay, WT, Lim, SC, et al.
(2009). Peripheral artery disease and glaucoma: the singapore malay eye
study. Arch Ophthalmol, 127(7), 888-893.
Johnson, CA, Keltner, JL, Cello, KE, Edwards, M, Kass, MA, Gordon, MO, et al.
(2002). Baseline visual field characteristics in the ocular hypertension
treatment study. Ophthalmology, 109(3), 432-437.
Johnson, L, Buckley, JG, Scally, AJ, & Elliott, DB. (2007). Multifocal spectacles
increase variability in toe clearance and risk of tripping in the elderly. Invest
Ophthalmol Vis Sci, 48(4), 1466-1471.
Johnson, L, Elliott, DB, & Buckley, JG. (2009). Effects of gaze strategy on standing
postural stability in older multifocal wearers. Clin Exp Optom, 92(1), 19-26.
Jorstad, EC, Hauer, K, Becker, C, & Lamb, SE. (2005). Measuring the psychological
outcomes of falling: a systematic review. J Am Geriatr Soc, 53(3), 501-510.

- 205 -

References

Kamel, HK, Guro-Razuman, S, & Shareeff, M. (2000). The activities of daily vision
scale: a useful tool to assess fall risk in older adults with vision impairment. J
Am Geriatr Soc, 48(11), 1474-1477.
Karpa, MJ, Mitchell, P, Beath, K, Rochtchina, E, Cumming, RG, & Wang, JJ. (2009).
Direct and indirect effects of visual impairment on mortality risk in older
persons. Arch Ophthalmol, 127(10), 1347-1353.
Keay, L, Munoz, B, Turano, KA, Hassan, SE, Munro, CA, Duncan, DD, et al. (2009).
Visual and cognitive deficits predict stopping or restricting driving: the
Salisbury Eye Evaluation Driving Study (SEEDS). Invest Ophthalmol Vis Sci,
50(1), 107-113.
Kellog International Work Group, A. (1987). Kellog International Work Group on the
Prevention of Falls by the Elderly. The prevention of falls in later life. Dan
Med Bull, 34(suppl 4), 1-24.
Kelly, JW, Loomis, JM, & Beall, AC. (2005). The importance of perceived relative
motion in the control of posture. Exp Brain Res, 161(3), 285-292.
Kerrigan-Baumrind, LA, Quigley, HA, Pease, ME, Kerrigan, DF, & Mitchell, RS.
(2000). Number of ganglion cells in glaucoma eyes compared with threshold
visual field tests in the same persons. Invest Ophthalmol Vis Sci, 41(3), 741748.
Keysor, JJ. (2003). Does late-life physical activity or exercise prevent or minimize
disablement? A critical review of the scientific evidence. Am J Prev Med,
25(3 Suppl 2), 129-136.
Khan, MA, & Lawrence, GP. (2005). Differences in visuomotor control between the
upper and lower visual fields. Exp Brain Res, 164(3), 395-398.
Khoury, JM, Donahue, SP, Lavin, PJ, & Tsai, JC. (1999). Comparison of 24-2 and
30-2 perimetry in glaucomatous and nonglaucomatous optic neuropathies. J
Neuroophthalmol, 19(2), 100-108.
Kimura, H, & Tsutsui, J. (1981). Average responses evoked by moving grating
pattern in the upper, central and lower visual field. Neuroscience Letters,
24(3), 295-299.
Kirwan, JF, Nightingale, JA, Bunce, C, & Wormald, R. (2002). Beta blockers for
glaucoma and excess risk of airways obstruction: population based cohort
study. BMJ, 325(7377), 1396-1397.
Klein, BE, Klein, R, & Knudtson, MD. (2006). Frailty and age-related cataract.
Ophthalmology, 113(12), 2209-2212.
Klein, BE, Klein, R, Knudtson, MD, & Lee, KE. (2003a). Relationship of measures of
frailty to visual function: the Beaver Dam Eye Study. Trans Am Ophthalmol
Soc, 101, 191-196; discussion 196-199.
Klein, BE, Klein, R, Knudtson, MD, & Lee, KE. (2005a). Frailty, morbidity and
survival. Arch Gerontol Geriatr, 41(2), 141-149.
Klein, BE, Klein, R, Lee, KE, & Cruickshanks, KJ. (1998). Performance-based and
self-assessed measures of visual function as related to history of falls, hip
fractures, and measured gait time. The Beaver Dam Eye Study.
Ophthalmology, 105(1), 160-164.
Klein, BE, Moss, SE, Klein, R, Lee, KE, & Cruickshanks, KJ. (2003b). Associations
of visual function with physical outcomes and limitations 5 years later in an
older population: the Beaver Dam Eye Study. Ophthalmology, 110(4), 644650.
Klein, R, Klein, BE, & Moss, SE. (1995). Age-related eye disease and survival. The
Beaver Dam Eye Study. Arch Ophthalmol, 113(3), 333-339.
- 206 -

References

Klein, R, Klein, BEK, & Knudtson, MD. (2005b). Frailty and age-related macular
degeneration: the Beaver Dam Eye Study. Am J Ophthalmol, 140(1), 129131.
Knudtson, MD, Klein, BE, & Klein, R. (2006). Age-related eye disease, visual
impairment, and survival: the Beaver Dam Eye Study. Arch Ophthalmol,
124(2), 243-249.
Koski, K, Luukinen, H, Laippala, P, & Kivela, SL. (1998). Risk factors for major
injurious falls among the home-dwelling elderly by functional abilities. A
prospective population-based study. Gerontology, 44(4), 232-238.
Kosslyn, SM, Brown, HD, & Dror, IE. (1999). Aging and the scope of visual attention.
Gerontology, 45(2), 102-109.
Kotecha, A, O'Leary, N, Melmoth, D, Grant, S, & Crabb, DP. (2009). The functional
consequences of glaucoma for eye-hand coordination. Invest Ophthalmol Vis
Sci, 50(1), 203-213.
Kreisfeld, R, Newson, R, & Harrison, J. (2004). Injury Deaths, Australia 2002.
Australian Institute of Health and Welfare(AIHW Cat No. INJCAT 65).
Krigolson, O, & Heath, M. (2006). A lower visual field advantage for endpoint
stability but no advantage for online movement precision. Exp Brain Res,
170(1), 127-135.
Kulkarni, S, Damji, K, & Buys, Y. (2008). Medical management of primary openangle glaucoma: Best practices associated with enhanced patient
compliance and persistency. Patient Prefer Adherence, 2, 303–313.
Kulmala, J, Era, P, Parssinen, O, Sakari, R, Sipila, S, Rantanen, T, et al. (2008).
Lowered vision as a risk factor for injurious accidents in older people. Aging
Clin Exp Res, 20(1), 25-30.
Kulmala, J, Viljanen, A, Sipila, S, Pajala, S, Parssinen, O, Kauppinen, M, et al.
(2009). Poor vision accompanied with other sensory impairments as a
predictor of falls in older women. Age Ageing, 38(2), 162-167.
Kuyk, T, & Elliott, JL. (1999). Visual factors and mobility in persons with age-related
macular degeneration. J Rehabil Res Dev, 36(4), 303-312.
Kuyk, T, Elliott, JL, Biehl, J, & Fuhr, PS. (1996). Environmental variables and
mobility performance in adults with low vision. J Am Optom Assoc, 67(7),
403-409.
Kuyk, T, Elliott, JL, & Fuhr, PS. (1998). Visual correlates of mobility in real world
settings in older adults with low vision. Optom Vis Sci, 75(7), 538-547.
Labetoulle, M, Frau, E, & Le Jeunne, C. (2005). Systemic adverse effects of topical
ocular treatments. Presse Med, 34(8), 589-595.
Laitinen, A, Sainio, P, Koskinen, S, Rudanko, SL, Laatikainen, L, & Aromaa, A.
(2007). The association between visual acuity and functional limitations:
findings from a nationally representative population survey. Ophthalmic
Epidemiol, 14(6), 333-342.
Lakha, L, & Humphreys, G. (2005). Lower visual field advantage for motion
segmentation during high competition for selection. Spat Vis, 18(4), 447-460.
Lamb, SE, Jorstad-Stein, EC, Hauer, K, & Becker, C. (2005). Development of a
common outcome data set for fall injury prevention trials: the Prevention of
Falls Network Europe consensus. J Am Geriatr Soc, 53(9), 1618-1622.
Lamoureux, EL, Chong, E, Wang, JJ, Saw, SM, Aung, T, Mitchell, P, et al. (2008).
Visual impairment, causes of vision loss, and falls: the Singapore Malay Eye
Study. Invest Ophthalmol Vis Sci, 49(2), 528-533.

- 207 -

References

Lamoureux, EL, Pesudovs, K, Thumboo, J, Saw, SM, & Wong, TY. (2009). An
evaluation of the reliability and validity of the visual functioning questionnaire
(VF-11) using Rasch analysis in an Asian population. Invest Ophthalmol Vis
Sci, 50(6), 2607-2613.
Land, MF. (2006). Eye movements and the control of actions in everyday life. Prog
Retin Eye Res, 25(3), 296-324.
Landi, F, Russo, A, Cesari, M, Pahor, M, Liperoti, R, Danese, P, et al. (2008).
Walking one hour or more per day prevented mortality among older persons:
Results from ilSIRENTE study. Prev Med.
Langelaan, M, de Boer, MR, van Nispen, RM, Wouters, B, Moll, AC, & van Rens,
GH. (2007). Impact of visual impairment on quality of life: a comparison with
quality of life in the general population and with other chronic conditions.
Ophthalmic Epidemiol, 14(3), 119-126.
Leat, SJ, & Lovie-Kitchin, J. (2006). Visual impairment and the useful field of vision.
Ophthalmic Physiol Opt, 26(4), 392-403.
Leat, SJ, & Lovie-Kitchin, JE. (2008). Visual function, visual attention, and mobility
performance in low vision. Optom Vis Sci, 85(11), 1049-1056.
Lee, AJ, Wang, JJ, Rochtchina, E, Healey, P, Chia, EM, & Mitchell, P. (2003).
Patterns of glaucomatous visual field defects in an older population: the Blue
Mountains Eye Study. Clin Exp Ophthalmol, 31(4), 331-335.
Lee, JS, Kwok, T, Leung, PC, & Woo, J. (2006). Medical illnesses are more
important than medications as risk factors of falls in older community
dwellers? A cross-sectional study. Age Ageing, 35(3), 246-251.
Legters, K. (2002). Fear of falling. Phys Ther, 82(3), 264-272.
Leipzig, RM, Cumming, RG, & Tinetti, ME. (1999). Drugs and falls in older people: a
systematic review and meta-analysis: II. Cardiac and analgesic drugs. J Am
Geriatr Soc, 47(1), 40-50.
Leske, MC. (2007). Open-angle glaucoma -- an epidemiologic overview. Ophthalmic
Epidemiol, 14(4), 166-172.
Leske, MC, Wu, SY, Hennis, A, Honkanen, R, & Nemesure, B. (2008). Risk factors
for incident open-angle glaucoma: the Barbados Eye Studies.
Ophthalmology, 115(1), 85-93.
Leung, CK, Cheung, CY, Lin, D, Pang, CP, Lam, DS, & Weinreb, RN. (2008).
Longitudinal variability of optic disc and retinal nerve fiber layer
measurements. Invest Ophthalmol Vis Sci, 49(11), 4886-4892.
Lin, MY, Gutierrez, PR, Stone, KL, Yaffe, K, Ensrud, KE, Fink, HA, et al. (2004).
Vision impairment and combined vision and hearing impairment predict
cognitive and functional decline in older women. J Am Geriatr Soc, 52(12),
1996-2002.
Liu-Ambrose, T, Donaldson, MG, Ahamed, Y, Graf, P, Cook, WL, Close, J, et al.
(2008). Otago home-based strength and balance retraining improves
executive functioning in older fallers: a randomized controlled trial. J Am
Geriatr Soc, 56(10), 1821-1830.
Lord, S, Sherrington, C, Menz, HB, & Close, J. (2007). Falls in Older People: Risk
factors and strategies for prevention (2nd ed.). Melbourne: Cambridge
University Press.
Lord, SR, Clark, RD, & Webster, IW. (1991). Postural stability and associated
physiological factors in a population of aged persons. J Gerontol, 46(3),
M69-76.

- 208 -

References

Lord, SR, & Dayhew, J. (2001). Visual risk factors for falls in older people. J Am
Geriatr Soc, 49(5), 508-515.
Lord, SR, Dayhew, J, & Howland, A. (2002). Multifocal glasses impair edge-contrast
sensitivity and depth perception and increase the risk of falls in older people.
J Am Geriatr Soc, 50(11), 1760-1766.
Lord, SR, March, LM, Cameron, ID, Cumming, RG, Schwarz, J, Zochling, J, et al.
(2003a). Differing risk factors for falls in nursing home and intermediate-care
residents who can and cannot stand unaided. J Am Geriatr Soc, 51(11),
1645-1650.
Lord, SR, & Menz, HB. (2000). Visual contributions to postural stability in older
adults. Gerontology, 46(6), 306-310.
Lord, SR, & Menz, HB. (2002). Physiologic, psychologic, and health predictors of 6minute walk performance in older people. Arch Phys Med Rehabil, 83(7),
907-911.
Lord, SR, Menz, HB, & Tiedemann, A. (2003b). A physiological profile approach to
falls risk assessment and prevention. Phys Ther, 83(3), 237-252.
Lord, SR, Sambrook, PN, Gilbert, C, Kelly, PJ, Nguyen, T, Webster, IW, et al.
(1994). Postural stability, falls and fractures in the elderly: results from the
Dubbo Osteoporosis Epidemiology Study. Med J Aust, 160(11), 684-685,
688-691.
Lord, SR, Tiedemann, A, Chapman, K, Munro, B, Murray, SM, Gerontology, M, et al.
(2005). The effect of an individualized fall prevention program on fall risk and
falls in older people: a randomized, controlled trial. J Am Geriatr Soc, 53(8),
1296-1304.
Lovie-Kitchin, J, Mainstone, J, Robinson, J, & Brown, B. (1990). What areas of the
visual field are important for mobility in low vision patients? Clin Vis Sci, 5(3),
249-263.
Maki, BE, Holliday, PJ, & Topper, AK. (1994). A prospective study of postural
balance and risk of falling in an ambulatory and independent elderly
population. J Gerontol, 49(2), M72-84.
Maldonado, G, & Greenland, S. (1993). Simulation study of confounder-selection
strategies. Am J Epidemiol, 138(11), 923-936.
Manchester, D, Woollacott, M, Zederbauer-Hylton, N, & Marin, O. (1989). Visual,
vestibular and somatosensory contributions to balance control in the older
adult. J Gerontol, 44(4), M118-127.
Mangione, CM, Lee, PP, Gutierrez, PR, Spritzer, K, Berry, S, & Hays, RD. (2001).
Development of the 25-item National Eye Institute Visual Function
Questionnaire. Arch Ophthalmol, 119(7), 1050-1058.
Mangione, CM, Lee, PP, Pitts, J, Gutierrez, P, Berry, S, & Hays, RD. (1998).
Psychometric properties of the National Eye Institute Visual Function
Questionnaire (NEI-VFQ). NEI-VFQ Field Test Investigators. Arch
Ophthalmol, 116(11), 1496-1504.
Marigold, DS, & Patla, AE. (2008). Visual information from the lower visual field is
important for walking across multi-surface terrain. Exp Brain Res, 188(1), 2331.
Marigold, DS, Weerdesteyn, V, Patla, AE, & Duysens, J. (2007). Keep looking
ahead? Re-direction of visual fixation does not always occur during an
unpredictable obstacle avoidance task. Exp Brain Res, 176(1), 32-42.

- 209 -

References

Marks, R, Allegrante, JP, Ronald MacKenzie, C, & Lane, JM. (2003). Hip fractures
among the elderly: causes, consequences and control. Ageing Res Rev,
2(1), 57-93.
Massof, RW, & Ahmadian, L. (2007). What do different visual function
questionnaires measure? Ophthalmic Epidemiol, 14(4), 198-204.
Mathers, C, Vos, T, & Stevenson, C. (1999). The burden of disease and injury in
Australia (Cat No. PHE 17). Canberra: AIHW.
McAuley, E, Morris, KS, Doerksen, SE, Motl, RW, Liang, H, White, SM, et al. (2007).
Effects of change in physical activity on physical function limitations in older
women: mediating roles of physical function performance and self-efficacy. J
Am Geriatr Soc, 55(12), 1967-1973.
McCarty, CA, Fu, CL, & Taylor, HR. (2002). Predictors of falls in the Melbourne
visual impairment project. Aust N Z J Public Health, 26(2), 116-119.
McCarty, CA, Nanjan, MB, & Taylor, HR. (2001). Vision impairment predicts 5 year
mortality. Br J Ophthalmol, 85(3), 322-326.
McHorney, CA, Ware, JE, Jr., Lu, JF, & Sherbourne, CD. (1994). The MOS 36-item
Short-Form Health Survey (SF-36): III. Tests of data quality, scaling
assumptions, and reliability across diverse patient groups. Med Care, 32(1),
40-66.
McHorney, CA, Ware, JE, Jr., & Raczek, AE. (1993). The MOS 36-Item Short-Form
Health Survey (SF-36): II. Psychometric and clinical tests of validity in
measuring physical and mental health constructs. Med Care, 31(3), 247-263.
McKean-Cowdin, R, Varma, R, Wu, J, Hays, RD, & Azen, SP. (2007). Severity of
visual field loss and health-related quality of life. Am J Ophthalmol, 143(6),
1013-1023.
McKean-Cowdin, R, Wang, Y, Wu, J, Azen, SP, & Varma, R. (2008). Impact of
visual field loss on health-related quality of life in glaucoma: the Los Angeles
Latino Eye Study. Ophthalmology, 115(6), 941-948 e941.
McKendrick, AM, Badcock, DR, & Morgan, WH. (2005). The detection of both global
motion and global form is disrupted in glaucoma. Invest Ophthalmol Vis Sci,
46(10), 3693-3701.
Medeiros, FA, Sample, PA, & Weinreb, RN. (2004). Frequency doubling technology
perimetry abnormalities as predictors of glaucomatous visual field loss. Am J
Ophthalmol, 137(5), 863-871.
Menant, JC, St George, RJ, Sandery, B, Fitzpatrick, RC, & Lord, SR. (2009). Older
people contact more obstacles when wearing multifocal glasses and
performing a secondary visual task. J Am Geriatr Soc, 57(10), 1833-1838.
Milner,

AD, & Goodale, MA. (2008).
Neuropsychologia, 46(3), 774-785.

Two

visual

systems

re-viewed.

Mitchell, P, Smith, W, Attebo, K, & Healey, PR. (1996). Prevalence of open-angle
glaucoma in Australia. The Blue Mountains Eye Study. Ophthalmology,
103(10), 1661-1669.
Miyake, Y, Shiroyama, N, Horiguchi, M, & Ota, I. (1989). Asymmetry of focal ERG in
human macular region. Invest Ophthalmol Vis Sci, 30(8), 1743-1749.
Moller, J. (2003). Projected costs of fall related injury to older persons due to
demographic changes in Australia. Canberra: Commonwealth Department of
Health and Ageing.

- 210 -

References

Mor, V, Murphy, J, Masterson-Allen, S, Willey, C, Razmpour, A, Jackson, ME, et al.
(1989). Risk of functional decline among well elders. J Clin Epidemiol, 42(9),
895-904.
Moreland, JD, Richardson, JA, Goldsmith, CH, & Clase, CM. (2004). Muscle
weakness and falls in older adults: a systematic review and meta-analysis. J
Am Geriatr Soc, 52(7), 1121-1129.
Moylan, KC, & Binder, EF. (2007). Falls in older adults: risk assessment,
management and prevention. Am J Med, 120(6), 493 e491-496.
Muir, KW, Santiago-Turla, C, Stinnett, SS, Herndon, LW, Allingham, RR, Challa, P,
et al. (2008). Health literacy and vision-related quality of life. Br J
Ophthalmol, 92(6), 779-782.
Mukesh, BN, McCarty, CA, Rait, JL, & Taylor, HR. (2002). Five-year incidence of
open-angle glaucoma: the visual impairment project. Ophthalmology, 109(6),
1047-1051.
Musch, DC, Gillespie, BW, Lichter, PR, Niziol, LM, & Janz, NK. (2009). Visual field
progression in the Collaborative Initial Glaucoma Treatment Study the impact
of treatment and other baseline factors. Ophthalmology, 116(2), 200-207.
Muskens, RP, de Voogd, S, Wolfs, RC, Witteman, JC, Hofman, A, de Jong, PT, et
al. (2007). Systemic antihypertensive medication and incident open-angle
glaucoma. Ophthalmology, 114(12), 2221-2226.
National Health and Medical Research Council. (2001). Australian Alcohol
Guidelines, Health Risks and Benefits: Guidelines for the Whole Population.
(DS9). Canberra: NHMRC.
Nelson-Quigg, JM, Cello, K, & Johnson, CA. (2000). Predicting binocular visual field
sensitivity from monocular visual field results. Invest Ophthalmol Vis Sci,
41(8), 2212-2221.
Nevitt, MC, Cummings, SR, Kidd, S, & Black, D. (1989). Risk factors for recurrent
nonsyncopal falls. A prospective study. JAMA, 261(18), 2663-2668.
Nieminen, T, Uusitalo, H, Turjanmaa, V, Bjarnhall, G, Hedenstrom, H, Maenpaa, J,
et al. (2005). Association between low plasma levels of ophthalmic timolol
and haemodynamics in glaucoma patients. Eur J Clin Pharmacol, 61(5-6),
369-374.
Nirmalan, PK, Robin, AL, Katz, J, Tielsch, JM, Thulasiraj, RD, Krishnadas, R, et al.
(2004). Risk factors for age related cataract in a rural population of southern
India: the Aravind Comprehensive Eye Study. Br J Ophthalmol, 88(8), 989994.
Noe, G, Ferraro, J, Lamoureux, E, Rait, J, & Keeffe, JE. (2003). Associations
between glaucomatous visual field loss and participation in activities of daily
living. Clin Exp Ophthalmol, 31(6), 482-486.
Nolan, JM, Stringham, JM, Beatty, S, & Snodderly, DM. (2008). Spatial profile of
macular pigment and its relationship to foveal architecture. Invest
Ophthalmol Vis Sci, 49(5), 2134-2142.
Nordstrom, BL, Friedman, DS, Mozaffari, E, Quigley, HA, & Walker, AM. (2005).
Persistence and adherence with topical glaucoma therapy. Am J
Ophthalmol, 140(4), 598-606.
Nougier, V, Bard, C, Fleury, M, & Teasdale, N. (1997). Contribution of central and
peripheral vision to the regulation of stance. Gait Posture, 5, 34-41.
O'Connor, KW, Loughlin, PJ, Redfern, MS, & Sparto, PJ. (2008). Postural
adaptations to repeated optic flow stimulation in older adults. Gait Posture,
28(3), 385-391.
- 211 -

References

Owen, VM, Crabb, DP, White, ET, Viswanathan, AC, Garway-Heath, DF, &
Hitchings, RA. (2008). Glaucoma and fitness to drive: using binocular visual
fields to predict a milestone to blindness. Invest Ophthalmol Vis Sci, 49(6),
2449-2455.
Owsley, C, & Ball, K. (1993). Assessing visual function in the older driver. Clin
Geriatr Med, 9(2), 389-401.
Owsley, C, Ball, K, McGwin, G, Jr., Sloane, ME, Roenker, DL, White, MF, et al.
(1998). Visual processing impairment and risk of motor vehicle crash among
older adults. JAMA, 279(14), 1083-1088.
Owsley, C, & McGwin, G, Jr. (1999). Vision impairment and driving. Surv
Ophthalmol, 43(6), 535-550.
Owsley, C, & McGwin, G, Jr. (2004). Association between visual attention and
mobility in older adults. J Am Geriatr Soc, 52(11), 1901-1906.
Pahor, M, Blair, SN, Espeland, M, Fielding, R, Gill, TM, Guralnik, JM, et al. (2006).
Effects of a physical activity intervention on measures of physical
performance: Results of the lifestyle interventions and independence for
Elders Pilot (LIFE-P) study. J Gerontol A Biol Sci Med Sci, 61(11), 11571165.
Park, JJ, Tang, Y, Lopez, I, & Ishiyama, A. (2001). Age-related change in the
number of neurons in the human vestibular ganglion. J Comp Neurol, 431(4),
437-443.
Parrish, RK, 2nd, Gedde, SJ, Scott, IU, Feuer, WJ, Schiffman, JC, Mangione, CM,
et al. (1997). Visual function and quality of life among patients with
glaucoma. Arch Ophthalmol, 115(11), 1447-1455.
Patel, I, Turano, KA, Broman, AT, Bandeen-Roche, K, Munoz, B, & West, SK.
(2006). Measures of visual function and percentage of preferred walking
speed in older adults: the Salisbury Eye Evaluation Project. Invest
Ophthalmol Vis Sci, 47(1), 65-71.
Paulus, W, Straube, A, Quintern, J, & Brandt, T. (1989). Visual postural performance
in ametropia and with optical distortion produced by bifocals and multifocals.
Acta Otolaryngol Suppl, 468, 243-246.
Paulus, WM, Straube, A, & Brandt, T. (1984). Visual stabilization of posture.
Physiological stimulus characteristics and clinical aspects. Brain, 107(4),
1143-1163.
Pedula, KL, Coleman, AL, Hillier, TA, Ensrud, KE, Nevitt, MC, Hochberg, MC, et al.
(2006). Visual acuity, contrast sensitivity, and mortality in older women:
Study of osteoporotic fractures. J Am Geriatr Soc, 54(12), 1871-1877.
Pelli, DG, Robson, JG, & Wilkins, AJ. (1988). The design of a new letter chart for
measuring contrast sensitivity. Clin Vis Sci, 2(3), 187-199.
Perneger, TV. (1998). What's wrong with Bonferroni adjustments. BMJ, 316(7139),
1236-1238.
Piirtola, M, & Era, P. (2006). Force platform measurements as predictors of falls
among older people - a review. Gerontology, 52(1), 1-16.
Piponnier, JC, Hanssens, JM, & Faubert, J. (2009). Effect of visual field locus and
oscillation frequencies on posture control in an ecological environment. J Vis,
9(1), 13 11-10.
Podsiadlo, D, & Richardson, S. (1991). The timed "Up & Go": a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc, 39(2), 142-148.

- 212 -

References

Puts, MT, Lips, P, & Deeg, DJ. (2005). Static and dynamic measures of frailty
predicted decline in performance-based and self-reported physical
functioning. J Clin Epidemiol, 58(11), 1188-1198.
Pyykko, I, Jantti, P, & Aalto, H. (1990). Postural control in elderly subjects. Age
Ageing, 19(3), 215-221.
Quigley, HA, Addicks, EM, & Green, WR. (1982). Optic nerve damage in human
glaucoma. III. Quantitative correlation of nerve fiber loss and visual field
defect in glaucoma, ischemic neuropathy, papilledema, and toxic
neuropathy. Arch Ophthalmol, 100(1), 135-146.
Quigley, HA, & Broman, AT. (2006). The number of people with glaucoma worldwide
in 2010 and 2020. Br J Ophthalmol, 90(3), 262-267.
Ramdas, WD, van der Velde, N, van der Cammen, TJM, & Wolfs, RCW. (2009).
Evaluation of risk of falls and orthostatic hypotension in older, long-term
topical beta-blocker users. Graefes Arch Clin Exp Ophthalmol, 247(9), 12351241.
Ramrattan, RS, Wolfs, RC, Panda-Jonas, S, Jonas, JB, Bakker, D, Pols, HA, et al.
(2001). Prevalence and causes of visual field loss in the elderly and
associations with impairment in daily functioning: the Rotterdam Study. Arch
Ophthalmol, 119(12), 1788-1794.
Reeves, BC, Wood, JM, & Hill, AR. (1991). Vistech VCTS 6500 charts--within- and
between-session reliability. Optom Vis Sci, 68(9), 728-737.
Rhea, CK, & Rietdyk, S. (2007). Visual exteroceptive information provided during
obstacle crossing did not modify the lower limb trajectory. Neurosci Lett,
418(1), 60-65.
Rietdyk, S, & Rhea, CK. (2006). Control of adaptive locomotion: effect of visual
obstruction and visual cues in the environment. Exp Brain Res, 169(2), 272278.
Robertson, MC, Campbell, AJ, & Herbison, P. (2005). Statistical analysis of efficacy
in falls prevention trials. J Gerontol A Biol Sci Med Sci, 60(4), 530-534.
Rochtchina, E, & Mitchell, P. (2000). Projected number of Australians with glaucoma
in 2000 and 2030. Clin Exp Ophthalmol, 28(3), 146-148.
Rockwood, K, Andrew, M, & Mitnitski, A. (2007). A comparison of two approaches to
measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci, 62(7), 738743.
Rosell, PA, & Parker, MJ. (2003). Functional outcome after hip fracture. A 1-year
prospective outcome study of 275 patients. Injury, 34(7), 529-532.
Roubenoff, R. (2000). Sarcopenia and its implications for the elderly. Eur J Clin Nutr,
54 Suppl 3, S40-47.
Rubenstein, LZ. (2006). Falls in older people: epidemiology, risk factors and
strategies for prevention. Age Ageing, 35 Suppl 2, ii37-ii41.
Rubin, GS, Munoz, B, Bandeen-Roche, K, & West, SK. (2000). Monocular versus
binocular visual acuity as measures of vision impairment and predictors of
visual disability. Invest Ophthalmol Vis Sci, 41(11), 3327-3334.
Rubin, GS, Ng, ES, Bandeen-Roche, K, Keyl, PM, Freeman, EE, & West, SK.
(2007). A prospective, population-based study of the role of visual
impairment in motor vehicle crashes among older drivers: the SEE study.
Invest Ophthalmol Vis Sci, 48(4), 1483-1491.
Rubin, GS, West, SK, Munoz, B, Bandeen-Roche, K, Zeger, S, Schein, O, et al.
(1997). A comprehensive assessment of visual impairment in a population of

- 213 -

References

older Americans. The SEE Study. Salisbury Eye Evaluation Project. Invest
Ophthalmol Vis Sci, 38(3), 557-568.
Rudnicka, AR, Mt-Isa, S, Owen, CG, Cook, DG, & Ashby, D. (2006). Variations in
primary open-angle glaucoma prevalence by age, gender, and race: a
Bayesian meta-analysis. Invest Ophthalmol Vis Sci, 47(10), 4254-4261.
Sample, PA, Bosworth, CF, Blumenthal, EZ, Girkin, C, & Weinreb, RN. (2000).
Visual function-specific perimetry for indirect comparison of different ganglion
cell populations in glaucoma. Invest Ophthalmol Vis Sci, 41(7), 1783-1790.
Schneck, ME, Haegerstom-Portnoy, G, Lott, LA, & Brabyn, JA. (2010). Monocular
vs. Binocular Measurement of Spatial Vision in Elders. Optom Vis Sci.
Schuit, AJ, Schouten, EG, Westerterp, KR, & Saris, WH. (1997). Validity of the
Physical Activity Scale for the Elderly (PASE): according to energy
expenditure assessed by the doubly labeled water method. J Clin Epidemiol,
50(5), 541-546.
Schwartz, S. (2004). Visual Perception: A Clinical Orientation (3rd ed.). Sydney:
McGraw-Hill.
Schwartz, S, Segal, O, Barkana, Y, Schwesig, R, Avni, I, & Morad, Y. (2005). The
effect of cataract surgery on postural control. Invest Ophthalmol Vis Sci,
46(3), 920-924.
Severn, P, Fraser, S, Finch, T, & May, C. (2008). Which quality of life score is best
for glaucoma patients and why? BMC Ophthalmol, 8, 2.
Shabana, N, Cornilleau-Peres, V, Droulez, J, Goh, JC, Lee, GS, & Chew, PT.
(2005). Postural stability in primary open angle glaucoma. Clin Exp
Ophthalmol, 33(3), 264-273.
Shabana, N, Cornilleau Peres, V, Carkeet, A, & Chew, PT. (2003). Motion
perception in glaucoma patients: a review. Surv Ophthalmol, 48(1), 92-106.
Shaffer, SW, & Harrison, AL. (2007). Aging of the somatosensory system: a
translational perspective. Phys Ther, 87(2), 193-207.
Shaw, ME. (2005). Increasing compliance with glaucoma therapy: "so, convince me
I have something wrong with my eyes". Insight, 30(3), 7-9.
Sherwood, MB, Garcia-Siekavizza, A, Meltzer, MI, Hebert, A, Burns, AF, &
McGorray, S. (1998). Glaucoma's impact on quality of life and its relation to
clinical indicators. A pilot study. Ophthalmology, 105(3), 561-566.
Shields, MB. (2008). Normal-tension glaucoma: is it different from primary openangle glaucoma? Curr Opin Ophthalmol, 19(2), 85-88.
Shumway-Cook, A, Brauer, S, & Woollacott, M. (2000). Predicting the probability for
falls in community-dwelling older adults using the Timed Up & Go Test. Phys
Ther, 80(9), 896-903.
Sihota, R, Sony, P, Gupta, V, Dada, T, & Singh, R. (2006). Diagnostic capability of
optical coherence tomography in evaluating the degree of glaucomatous
retinal nerve fiber damage. Invest Ophthalmol Vis Sci, 47(5), 2006-2010.
Silva, MF, Mateus, C, Reis, A, Nunes, S, Fonseca, P, & Castelo-Branco, M. (2010).
Asymmetry of visual sensory mechanisms: Electrophysiological, structural,
and psychophysical evidences. Journal of Vision, 10(6), 26, 21–11.
Silverman, SE, Trick, GL, & Hart, WM, Jr. (1990). Motion perception is abnormal in
primary open-angle glaucoma and ocular hypertension. Invest Ophthalmol
Vis Sci, 31(4), 722-729.

- 214 -

References

Simons, K. (1981). A comparison of the Frisby, Random-Dot E, TNO, and Randot
circles stereotests in screening and office use. Arch Ophthalmol, 99(3), 446452.
Sing, NM, Anderson, SF, & Townsend, JC. (2000). The normal optic nerve head.
Optom Vis Sci, 77(6), 293-301.
Skalicky, S, & Goldberg, I. (2008). Depression and quality of life in patients with
glaucoma: a cross-sectional analysis using the Geriatric Depression Scale15, assessment of function related to vision, and the Glaucoma Quality of
Life-15. J Glaucoma, 17(7), 546-551.
Snijders, T, Verdijk, LB, & van Loon, LJ. (2009). The impact of sarcopenia and
exercise training on skeletal muscle satellite cells. Ageing Res Rev, 8(4),
328-338.
Spaeth, G, Walt, J, & Keener, J. (2006). Evaluation of quality of life for patients with
glaucoma. Am J Ophthalmol, 141(1 Suppl), S3-14.
Spirduso, WW, Francis, KL, & MacRae, PG. (2005). Physical dimensions of aging.
(2nd ed.). Champaign, IL Human Kinetics.
Startzell, JK, Owens, DA, Mulfinger, LM, & Cavanagh, PR. (2000). Stair negotiation
in older people: a review. J Am Geriatr Soc, 48(5), 567-580.
Steffen, TM, Hacker, TA, & Mollinger, L. (2002). Age- and gender-related test
performance in community-dwelling elderly people: Six-Minute Walk Test,
Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys Ther,
82(2), 128-137.
Straube, A, Krafczyk, S, Paulus, W, & Brandt, T. (1994). Dependence of visual
stabilization of postural sway on the cortical magnification factor of restricted
visual fields. Exp Brain Res, 99(3), 501-506.
Strutton, DR, & Walt, JG. (2004). Trends in glaucoma surgery before and after the
introduction of new topical glaucoma pharmacotherapies. J Glaucoma, 13(3),
221-226.
Sturnieks, DL, St George, R, & Lord, SR. (2008). Balance disorders in the elderly.
Neurophysiol Clin, 38(6), 467-478.
Sukumar, S, Spencer, F, Fenerty, C, Harper, R, & Henson, D. (2009). The influence
of socioeconomic and clinical factors upon the presenting visual field status
of patients with glaucoma. Eye, 23(5), 1038-1044.
Swamy, BN, Chia, EM, Wang, JJ, Rochtchina, E, & Mitchell, P. (2009). Correlation
between vision- and health-related quality of life scores. Acta Ophthalmol,
87(3), 335-339.
Tattersall, C, Vernon, S, & Singh, R. (2006). Resting pulse rates in a glaucoma
clinic: the effect of topical and systemic beta-blocker usage. Eye, 20(2), 221225.
Tiedemann, A, Sherrington, C, & Lord, SR. (2005). Physiological and psychological
predictors of walking speed in older community-dwelling people.
Gerontology, 51(6), 390-395.
Tiedemann, A, Shimada, H, Sherrington, C, Murray, S, & Lord, S. (2008). The
comparative ability of eight functional mobility tests for predicting falls in
community-dwelling older people. Age Ageing, 37(4), 430-435.
Tielsch, JM, Katz, J, Sommer, A, Quigley, HA, & Javitt, JC. (1994). Family history
and risk of primary open angle glaucoma. The Baltimore Eye Survey. Arch
Ophthalmol, 112(1), 69-73.

- 215 -

References

Tielsch, JM, Katz, J, Sommer, A, Quigley, HA, & Javitt, JC. (1995). Hypertension,
perfusion pressure, and primary open-angle glaucoma. A population-based
assessment. Arch Ophthalmol, 113(2), 216-221.
Tielsch, JM, Sommer, A, Katz, J, Royall, RM, Quigley, HA, & Javitt, J. (1991). Racial
variations in the prevalence of primary open-angle glaucoma. The Baltimore
Eye Survey. JAMA, 266(3), 369-374.
Timmis, MA, Bennett, SJ, & Buckley, JG. (2009). Visuomotor control of step
descent: evidence of specialised role of the lower visual field. Exp Brain Res,
195(2), 219-227.
Tinetti, ME, Speechley, M, & Ginter, SF. (1988). Risk factors for falls among elderly
persons living in the community. N Engl J Med, 319(26), 1701-1707.
Tinetti, ME, & Williams, CS. (1997). Falls, injuries due to falls, and the risk of
admission to a nursing home. N Engl J Med, 337(18), 1279-1284.
Tournier, M, Moride, Y, Ducruet, T, Moshyk, A, & Rochon, S. (2008). Depression
and mortality in the visually-impaired, community-dwelling, elderly population
of Quebec. Acta Ophthalmol, 86(2), 196-201.
Tromp, AM, Pluijm, SM, Smit, JH, Deeg, DJ, Bouter, LM, & Lips, P. (2001). Fall-risk
screening test: a prospective study on predictors for falls in communitydwelling elderly. J Clin Epidemiol, 54(8), 837-844.
Tuck, MW, & Crick, RP. (1998). The age distribution of primary open angle
glaucoma. Ophthalmic Epidemiol, 5(4), 173-183.
Turano, K, Herdman, SJ, & Dagnelie, G. (1993). Visual stabilization of posture in
retinitis pigmentosa and in artificially restricted visual fields. Invest
Ophthalmol Vis Sci, 34(10), 3004-3010.
Turano, K, Rubin, GS, Herdman, SJ, Chee, E, & Fried, LP. (1994). Visual
stabilization of posture in the elderly: fallers vs. nonfallers. Optom Vis Sci,
71(12), 761-769.
Turano, KA, Broman, AT, Bandeen-Roche, K, Munoz, B, Rubin, GS, & West, S.
(2004). Association of visual field loss and mobility performance in older
adults: Salisbury Eye Evaluation Study. Optom Vis Sci, 81(5), 298-307.
Turano, KA, Dagnelie, G, & Herdman, SJ. (1996). Visual stabilization of posture in
persons with central visual field loss. Invest Ophthalmol Vis Sci, 37(8), 14831491.
Turano, KA, Rubin, GS, & Quigley, HA. (1999). Mobility performance in glaucoma.
Invest Ophthalmol Vis Sci, 40(12), 2803-2809.
Turano, KA, Yu, D, Hao, L, & Hicks, JC. (2005). Optic-flow and egocentric-direction
strategies in walking: central vs peripheral visual field. Vision Res, 45(25-26),
3117-3132.
Valbuena, M, Bandeen-Roche, K, Rubin, GS, Munoz, B, & West, SK. (1999). Selfreported assessment of visual function in a population-based study: the SEE
project. Salisbury Eye Evaluation. Invest Ophthalmol Vis Sci, 40(2), 280-288.
van der Valk, R, Schouten, JS, Webers, CA, Beckers, HJ, van Amelsvoort, LG,
Schouten, HJ, et al. (2005). The impact of a nationwide introduction of new
drugs and a treatment protocol for glaucoma on the number of glaucoma
surgeries. J Glaucoma, 14(3), 239-242.
van Nispen, RM, de Boer, MR, Hoeijmakers, JG, Ringens, PJ, & van Rens, GH.
(2009). Co-morbidity and visual acuity are risk factors for health-related
quality of life decline: five-month follow-up EQ-5D data of visually impaired
older patients. Health Qual Life Outcomes, 7, 18.

- 216 -

References

Vargas-Martin, F, & Peli, E. (2006). Eye movements of patients with tunnel vision
while walking. Invest Ophthalmol Vis Sci, 47(12), 5295-5302.
Varma, R, Wu, J, Chong, K, Azen, SP, & Hays, RD. (2006). Impact of severity and
bilaterality of visual impairment on health-related quality of life.
Ophthalmology, 113(10), 1846-1853.
Varma, R, Ying-Lai, M, Francis, BA, Nguyen, BB, Deneen, J, Wilson, MR, et al.
(2004). Prevalence of open-angle glaucoma and ocular hypertension in
Latinos: the Los Angeles Latino Eye Study. Ophthalmology, 111(8), 14391448.
Vellas, BJ, Rubenstein, LZ, Ousset, PJ, Faisant, C, Kostek, V, Nourhashemi, F, et
al. (1997). One-leg standing balance and functional status in a population of
512 community-living elderly persons. Aging (Milano), 9(1-2), 95-98.
Wadhwa, SD, & Higginbotham, EJ. (2005). Ethnic differences in glaucoma:
prevalence, management, and outcome. Curr Opin Ophthalmol, 16(2), 101106.
Wainwright, SA, Marshall, LM, Ensrud, KE, Cauley, JA, Black, DM, Hillier, TA, et al.
(2005). Hip Fracture in Women Without Osteoporosis. J Clin Endocrinol
Metab, 90(5), 2787-2793.
Wallhagen, MI, Strawbridge, WJ, Shema, SJ, Kurata, J, & Kaplan, GA. (2001).
Comparative impact of hearing and vision impairment on subsequent
functioning. J Am Geriatr Soc, 49(8), 1086-1092.
Wang, JJ, Foran, S, & Mitchell, P. (2000a). Age-specific prevalence and causes of
bilateral and unilateral visual impairment in older Australians: the Blue
Mountains Eye Study. Clin Exp Ophthalmol, 28(4), 268-273.
Wang, JJ, Mitchell, P, Cumming, RG, & Smith, W. (2003). Visual impairment and
nursing home placement in older Australians: the Blue Mountains Eye Study.
Ophthalmic Epidemiol, 10(1), 3-13.
Wang, JJ, Mitchell, P, & Smith, W. (2000b). Vision and low self-rated health: the
Blue Mountains Eye Study. Invest Ophthalmol Vis Sci, 41(1), 49-54.
Ware, JE, Jr., & Sherbourne, CD. (1992). The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med Care,
30(6), 473-483.
Washburn, RA, Smith, KW, Jette, AM, & Janney, CA. (1993). The Physical Activity
Scale for the Elderly (PASE): development and evaluation. J Clin Epidemiol,
46(2), 153-162.
Weih, LM, Nanjan, M, McCarty, CA, & Taylor, HR. (2001). Prevalence and
predictors of open-angle glaucoma: results from the visual impairment
project. Ophthalmology, 108(11), 1966-1972.
Weih, LM, Van Newkirk, M, McCarty, CA, & Taylor, HR. (1998). Patterns of
glaucoma medication use in urban and rural Victoria. Aust N Z J Ophthalmol,
26 Suppl 1, S12-15.
Weih, LM, VanNewkirk, MR, McCarty, CA, & Taylor, HR. (2000). Age-specific
causes of bilateral visual impairment. Arch Ophthalmol, 118(2), 264-269.
Weinreb, RN, & Khaw, PT. (2004). Primary open-angle glaucoma. Lancet,
363(9422), 1711-1720.
West, SK, Munoz, B, Rubin, GS, Schein, OD, Bandeen-Roche, K, Zeger, S, et al.
(1997). Function and visual impairment in a population-based study of older
adults. The SEE project. Salisbury Eye Evaluation. Invest Ophthalmol Vis
Sci, 38(1), 72-82.

- 217 -

References

Wilson, MR, Coleman, AL, Yu, F, Bing, EG, Sasaki, IF, Berlin, K, et al. (1998).
Functional status and well-being in patients with glaucoma as measured by
the Medical Outcomes Study Short Form-36 questionnaire. Ophthalmology,
105(11), 2112-2116.
Wilson, MR, Coleman, AL, Yu, F, Fong Sasaki, I, Bing, EG, & Kim, MH. (2002).
Depression in patients with glaucoma as measured by self-report surveys.
Ophthalmology, 109(5), 1018-1022.
Wood, J, Chaparro, A, Hickson, L, Thyer, N, Carter, P, Hancock, J, et al. (2006).
The effect of auditory and visual distracters on the useful field of view:
implications for the driving task. Invest Ophthalmol Vis Sci, 47(10), 46464650.
Wood, JM, & Bullimore, MA. (1995). Changes in the lower displacement limit for
motion with age. Ophthalmic Physiol Opt, 15(1), 31-36.
Wood, JM, Lacherez, PF, Black, AA, Cole, MH, Boon, MY, & Kerr, GK. (2009).
Postural stability and gait among older adults with age-related maculopathy.
Invest Ophthalmol Vis Sci, 50(1), 482-487.
Wood, JM, & Troutbeck, R. (1995). Elderly drivers and simulated visual impairment.
Optom Vis Sci, 72(2), 115-124.
Woods, R, & Wood, J. (1995). The role of contrast sensitivity charts and contrast
letter charts in optometric practice. Clin Exp Optom, 78, 43-57.
Woodward, M. (2005). Epidemiology: study design and data analysis (2nd ed.).
London: Chapman & Hall/CRC.
Woollacott, MH. (2000). Systems contributing to balance disorders in older adults. J
Gerontol A Biol Sci Med Sci, 55(8), M424-428.
World

Health
Organization.
(26
May
2006).
Retrieved
from
http://www.who.int/violence_injury_prevention/other_injury/falls/en/index.html

World Health Organization. (2001). International Classification of Functioning,
Disability and Health. Geneva, Switzerland: WHO.
World Health Organization. (2003). Health and Development Through Physical
Activity and Sport. Geneva, Switzerland: WHO.
World Health Organization. (2004). Magnitude and causes of visual impairment
(Fact Sheet 282). Geneva, Switzerland: WHO.
Zahari, M, Mukesh, BN, Rait, JL, Taylor, HR, & McCarty, CA. (2006). Progression of
visual field loss in open angle glaucoma in the Melbourne Visual Impairment
Project. Clin Exp Ophthalmol, 34(1), 20-26.
Zangwill, LM, Bowd, C, Berry, CC, Williams, J, Blumenthal, EZ, Sanchez-Galeana,
CA, et al. (2001). Discriminating between normal and glaucomatous eyes
using the Heidelberg Retina Tomograph, GDx Nerve Fiber Analyzer, and
Optical Coherence Tomograph. Arch Ophthalmol, 119(7), 985-993.

- 218 -

Appendices

Appendix 1:

Telephone screening questionnaire

Prior to invitation to participate in the study, potential participants were
screened over the telephone using the following questions to establish
suitability for participation in the study.

Are you over 65?

[ ] yes / pass

[ ] no / fail

Are you being treated for glaucoma?

[ ] yes / pass

[ ] no / fail

Do you have any other eye conditions?

[ ] no / pass

[ ] yes / fail

Are you living independently?

[ ] yes / pass

[ ] no / fail

Do you use a walking aid?

[ ] no / pass

[ ] yes / fail

Do you suffer from vestibular conditions that
affect your balance?

[ ] no / pass

[ ] yes / fail

Do you suffer from Parkinson’s Disease?

[ ] no / pass

[ ] yes / fail
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Appendix 2:

Socio-demographic, health and medical

questionnaire

Name: Last

First

Initial

Mobile

Other

Address:
Phone: Home
Email:

What is your date of birth:
What is your gender:

[ ] Male

[ ] Female

What is your country of birth?
What type of accommodation do you live in?
[ ] House [ ] Unit [ ] Other (please specify):
Who else lives with at home with you?
[ ] Spouse [ ] Alone [ ] Relatives [ ] Other (please specify):
What is the highest level of education you have completed?
[ ] University or College degree
[ ] Trade or technical certificate
[ ] Secondary High School
[ ] Primary School
[ ] Other. Please specify:
Which of the following best describes your current employment status?
[ ] Retired
[ ] Employed full-time
[ ] Employed part-time or casual
[ ] Home Duties
[ ] Disabled/Unable to work
[ ] Other. Please specify:
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What is the main source of your household income?
[ ] Salary or wage
[ ] Superannuation, investments or other private income
[ ] Pension (aged, disability, carer, or other government pensions)
[ ] Other. Please specify:
Apart from Medicare, are you currently covered by private health insurance?
[ ] Yes

[ ] No

Do you currently drive? [ ] Yes [ ] No
Have you ever smoked?
[ ] Yes [ ] No, please skip the following smoking questions
Have you ever smoked at least 100 cigarettes (or the equivalent amount of
tobacco) in your lifetime?
[ ] Yes [ ] No
Have you ever smoked daily?
[ ] Yes [ ] No
How old were you when you first began smoking on a regular basis? ___ years
Do you now:
[ ] smoke daily

[ ] occasionally

[ ] not at all

How old were you when you completely stopped smoking? ___ years
On average, what number of the following items do/did you smoke per day?
___ manufactured cigarettes
___ hand-rolled cigarettes
___ bidis
___ pipefuls of tobacco
___ cigars/cheroots/cigarillos
___ goza/hookah
Keeping in mind that you may have stopped and started several times, overall
how many years have/did you smoke(d) regularly?
___ years
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On average, how often do you have an alcoholic drink of any kind?
[ ] daily (6-7 days per week)
[ ] several times a week (2-5 days per week)
[ ] once a week (1 per week)
[ ] monthly (1-3 per month)
[ ] less often (less than 1 per month)
[ ] never
On a day when you do drink alcohol, how many do you usually have?
[ ] more than 12 drinks
[ ] 7-12 drinks
[ ] 5-6 drinks
[ ] 3-4 drinks
[ ] 1-2 drinks

What medications are you currently taking?
Please include all medications prescribed by your doctor, as well as any
bought from the chemist or shop without prescription. Please list all tablets,
capsules, mixtures, powders, injections, eye drops, vitamins etc.
If you are not taking any medications at all, tick this box [ ]
Medication Name

Frequency

1.
2.
3.
4.
5.
6.
7.
Please attach an extra page if needed.
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Do you suffer/have you ever suffered any of the following conditions?
Arthritis

[ ] Yes [ ] No

Parkinson’s Disease

[ ] Yes [ ] No

Stroke

[ ] Yes [ ] No

Hearing Impairment

[ ] Yes [ ] No

Diabetes

[ ] Yes [ ] No

Heart Disease

[ ] Yes [ ] No

High Blood Pressure

[ ] Yes [ ] No

Incontinence

[ ] Yes [ ] No

Hip Fracture

[ ] Yes [ ] No

Foot Disorders

[ ] Yes [ ] No

Any form of cancer

[ ] Yes [ ] No

Other

[ ] Yes [ ] No

Please specify:

In the last month, have you suffered from any of the following:
Vertigo/dizziness
[ ] Yes [ ] No
Light headedness when standing up from seat/bed
[ ] Yes [ ] No
Body Pain
[ ] Yes [ ] No
If so, what part of the body?
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Which eye/s are being treated for glaucoma?

[ ] Right

[ ] Left

Who is your current eye specialist?
When was your last visit to your eye specialist?
How frequently do you see your eye specialist?
In which year were you first diagnosed with glaucoma?
Were you noticing visual problems at the time?

[ ] Yes

[ ] No

What glaucoma medications (and dosage) are you using currently:
Medication Name

Dosage

Frequency

1.
2.
3.
Have you had any surgery for your glaucoma? [ ] Yes [ ] No
If yes, please provide details:

How many falls have you had in the past 12 months? _________
As a result of these falls, did you suffer any injuries that affect your mobility
now?
[ ] Yes, please provide details:
[ ] No
Apart from being in a high place, in the past 12 months, have you been worried
or afraid that you might fall?
[ ] Yes [ ] No
Do you ever limit your activities, for example, what you do or where you go,
because you are afraid of falling?
[ ] Yes [ ] No
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Appendix 3:

Medication coding

All prescription medications were coded into the following therapeutic
classifications, according to MIMS Online (www.mims.com.au), which is a
comprehensive

web-based

pharmaceutical

database

of

medications

available in Australia.
(1) Alimentary System; (2) Cardiovascular System; (3) Central Nervous
System; (4)
Metabolic

Analgesia; (5) Musculoskeletal System; (6) Endocrine and

Disorders;

(7)

Genitourinary

System;

(8)

Infections

and

Infestations; (9) Neoplastic Disorders; (10) Immunology; (11) Respiratory
System; (12) Allergic Disorders; (13) Ear, Nose and Oropharynx; (14) Eye;
(15) Skin; (16) Surgical Preparations; (17) Diagnostic Agents; (18)
Contraceptive Agents; (19) Nutrition; (20) Poisoning, Toxicity and Drug
Dependence; (21) Vitamins and Minerals; and (22) Herbal and other
complementary medicines.
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Appendix 4:

Confounding analyses

Systematic assessment of potential confounding factors was performed.
The bivariate Pearson’s correlations (and p-values) between the potential
confounding factors and the binocular visual field and outcomes measures
are presented in Table A. 4-1.
The change-in-estimate calculations are presented in Table A. 4-2 using the
negative binomial models as described in Chapter 7. This table presents the
percentage change in the rate ratios between visual field loss and falls,
according to the unadjusted and adjusted estimates for each potential
confounder assessed separately.
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Table A. 4-1: Pearson’s correlations (and p-values) between potential confounding factors, explanatory and outcomes measures
Bincolar Visual Field
Measures

SF-36 Outcome Measures

Functional Status Measures

Postural Sway Measures

6-Min Walk
Test

Timed-Up and
Go Test

Leg Strength

PASE score

Functional
Summary Zscore

Sway Firm Eyes
Open

Sway Foam
Eyes Open

-0.15 (0.20)

-0.51 (<0.01)

0.49 (<0.01)

-0.26 (0.03)

-0.19 (0.10)

-0.51 (<0.01)

0.28 (0.01)

0.25 (0.03)

-0.07 (0.58)

0.05 (0.70)

-0.05 (0.68)

-0.25 (0.03)

-0.5 (<0.01)

-0.09 (0.44)

-0.14 (0.23)

-0.30 (0.01)

-0.20 (0.09)

-0.08 (0.48)

0.07 (0.53)

-0.07 (0.55)

0.15 (0.20)

0.23 (0.05)

-0.03 (0.80)

0.00 (0.99)

0.14 (0.24)

0.03 (0.78)

0.01 (0.93)

-0.07 (0.56)

0.15 (0.19)

-0.04 (0.76)

-0.08 (0.51)

0.08 (0.51)

-0.01 (0.96)

0.03 (0.78)

-0.06 (0.63)

-0.07 (0.55)

0.10 (0.40)

-0.13 (0.28)

-0.1 (0.41)

0.01 (0.97)

-0.06 (0.60)

0.17 (0.16)

0.08 (0.51)

0.03 (0.82)

-0.03 (0.81)

-0.10 (0.39)

-0.12 (0.29)

Hearing Impairment

-0.07 (0.53)

0.08 (0.49)

-0.12 (0.32)

0.02 (0.85)

-0.05 (0.68)

-0.03 (0.78)

-0.13 (0.28)

-0.01 (0.90)

-0.05 (0.68)

0.11 (0.35)

0.27 (0.02)

Heart Disease

-0.12 (0.31)

0.08 (0.51)

-0.13 (0.28)

-0.03 (0.83)

0.05 (0.64)

0.03 (0.79)

0.00 (0.99)

0.09 (0.45)

0.04 (0.76)

-0.14 (0.23)

0.03 (0.81)

Hypertension

-0.06 (0.58)

0.08 (0.49)

-0.1 (0.39)

0.05 (0.69)

-0.12 (0.31)

0.04 (0.72)

-0.11 (0.37)

-0.21 (0.08)

-0.16 (0.17)

0.14 (0.25)

0.10 (0.40)

Comorbidity Index

0.02 (0.90)

0.00 (0.97)

-0.21 (0.07)

0.07 (0.57)

-0.21 (0.07)

0.18 (0.12)

-0.08 (0.51)

-0.11 (0.34)

-0.20 (0.09)

0.10 (0.41)

0.17 (0.14)

Central Nervous System

0.00 (0.99)

0.02 (0.86)

-0.08 (0.5)

-0.39 (<0.01)

-0.13 (0.28)

0.11 (0.37)

-0.23 (0.05)

-0.18 (0.13)

-0.23 (0.05)

0.14 (0.23)

0.12 (0.29)

Hyponotics/Sedatives

0.09 (0.45)

-0.05 (0.65)

-0.01 (0.94)

-0.46 (<0.01)

-0.09 (0.43)

0.03 (0.77)

-0.21 (0.07)

-0.12 (0.29)

-0.16 (0.17)

0.04 (0.73)

0.01 (0.95)

Antidepressants

-0.08 (0.47)

0.11 (0.35)

-0.17 (0.15)

-0.15 (0.21)

-0.13 (0.25)

0.13 (0.29)

-0.25 (0.03)

-0.14 (0.23)

-0.23 (0.05)

0.17 (0.16)

0.16 (0.18)

Cardiac

-0.04 (0.72)

0.10 (0.40)

-0.13 (0.27)

-0.17 (0.14)

-0.21 (0.08)

0.12 (0.31)

-0.20 (0.09)

-0.20 (0.10)

-0.25 (0.03)

0.07 (0.54)

0.17 (0.14)

Beta-blockers (Oral)

-0.21 (0.07)

0.12 (0.33)

-0.05 (0.7)

-0.16 (0.17)

0.07 (0.57)

0.10 (0.42)

-0.07 (0.58)

-0.10 (0.41)

-0.07 (0.56)

-0.08 (0.49)

0.00 (0.98)

Endocrine

0.14 (0.25)

-0.07 (0.56)

-0.31 (0.01)

-0.11 (0.33)

-0.26 (0.02)

0.14 (0.25)

-0.32 (0.01)

-0.14 (0.23)

-0.29 (0.01)

-0.12 (0.29)

-0.03 (0.78)

Respiratory

-0.13 (0.27)

0.14 (0.22)

-0.19 (0.11)

0.14 (0.23)

-0.14 (0.24)

0.04 (0.75)

-0.12 (0.32)

-0.05 (0.66)

-0.12 (0.30)

0.05 (0.69)

0.13 (0.26)

Number of Medications

-0.17 (0.14)

0.18 (0.13)

-0.31 (0.01)

-0.23 (0.05)

-0.22 (0.07)

0.27 (0.02)

-0.19 (0.11)

-0.11 (0.37)

-0.27 (0.02)

0.07 (0.57)

0.16 (0.18)

Polypharmacy

0.00 (0.97)

-0.02 (0.86)

-0.15 (0.22)

-0.22 (0.05)

-0.12 (0.29)

0.10 (0.42)

-0.23 (0.05)

-0.18 (0.12)

-0.22 (0.06)

0.01 (0.90)

0.16 (0.17)

Potential Confounding variable

Physical
Mental
Component Score Component Score

IVF-60

IVF-120

0.06 (0.59)

0.00 (0.99)

-0.17 (0.14)

Gender

0.30 (0.01)

-0.21 (0.08)

Smoking Status

-0.11 (0.37)

0.04 (0.76)

Alcohol Consupmtion

0.00 (0.97)

Diabetes

Socio-demographic Variables
Age

Self-reported Medical Conditions

Medication Use

Notes: Bold values indicate p-values < 0.20; IVF = integrated visual field; SF-36 = Short-form 36 survey; PASE = Physical Activity Scale for the
Elderly;
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Table A. 4-2: Incident rate ratios between visual field loss and falls, adjusted for potential confounding factors
IVF-60 (per 5dB reduction)
Potential Confounding variable
No adjustment

IVF-60 IRR (95% CI)

Potential Confounder
IRR (95%CI)

IVF-120 (per 10 points missed)
Change in IRR
(%)

1.350 (1.095 - 1.666)

IVF-120 IRR (95% CI)

Potential Confounder
Change in IRR (%)
IRR (95%CI)

1.213 (1.064 - 1.382)

-

-

Socio-demographic Variables
Age

1.333 (1.647 - 1.079)

1.060 (1.001 - 1.121)

-1.28%

1.198 (1.050 - 1.367)

1.056 (0.998 - 1.118)

-1.23%

Gender

1.467 (1.858 - 1.158)

1.838 (0.859 - 3.932)

8.62%

1.257 (1.091 - 1.448)

1.637 (0.783 - 3.422)

3.62%

Smoking Status

1.395 (1.733 - 1.122)

0.558 (0.264 - 1.180)

3.27%

1.231 (1.077 - 1.406)

0.583 (0.277 - 1.226)

1.47%

Alcohol Consupmtion

1.299 (1.615 - 1.046)

1.514 (0.796 - 2.878)

-3.79%

1.186 (1.035 - 1.359)

1.511 (0.795 - 2.871)

-2.24%

Hearing Impairment

1.361 (1.701 - 1.090)

0.923 (0.444 - 1.916)

0.81%

1.217 (1.061 - 1.395)

0.949 (0.460 - 1.957)

0.30%

Heart Disease

1.369 (1.702 - 1.102)

0.800 (0.370 - 1.734)

1.40%

1.222 (1.069 - 1.397)

0.807 (0.373 - 1.746)

0.75%

Hypertension

1.331 (1.654 - 1.071)

1.210 (0.600 - 2.440)

-1.45%

1.202 (1.051 - 1.376)

1.227 (0.611 - 2.467)

-0.89%

Comorbidity Index

1.361 (1.690 - 1.096)

0.963 (0.751 - 1.235)

0.78%

1.218 (1.066 - 1.393)

0.963 (0.751 - 1.235)

0.45%

Central Nervous System

1.324 (1.643 - 1.067)

1.619 (0.636 - 4.120)

-1.95%

1.198 (1.048 - 1.369)

1.642 (0.648 - 4.165)

-1.24%

Hyponotics/Sedatives

1.344 (1.660 - 1.088)

0.720 (0.163 - 3.179)

-0.47%

1.210 (1.061 - 1.379)

0.693 (0.155 - 3.096)

-0.26%

Antidepressants

1.293 (1.613 - 1.036)

2.372 (0.763 - 7.374)

-4.26%

1.179 (1.029 - 1.352)

2.363 (0.762 - 7.328)

-2.78%

Cardiac

1.323 (1.633 - 1.071)

2.890 (1.094 - 7.637)

-2.06%

1.191 (1.043 - 1.359)

2.708 (1.025 - 7.155)

-1.85%

Beta-blockers (Oral)

1.377 (1.722 - 1.101)

0.775 (0.289 - 2.075)

1.95%

1.218 (1.064 - 1.395)

0.886 (0.343 - 2.289)

0.44%

Endocrine

1.351 (1.667 - 1.094)

1.070 (0.526 - 2.178)

0.02%

1.213 (1.064 - 1.382)

1.036 (0.509 - 2.107)

-0.02%

Respiratory

1.304 (1.621 - 1.049)

1.911 (0.598 - 6.102)

-3.47%

1.187 (1.035 - 1.362)

1.820 (0.566 - 5.849)

-2.14%

Number of Medications

1.348 (1.698 - 1.071)

1.002 (0.887 - 1.131)

-0.15%

1.212 (1.051 - 1.399)

1.001 (0.887 - 1.130)

-0.04%

Polypharmacy

1.366 (1.691 - 1.104)

0.799 (0.396 - 1.612)

1.18%

1.220 (1.069 - 1.392)

0.817 (0.406 - 1.646)

0.57%

Self-reported Medical Conditions

Medication Use

Notes: IVF = integrated visual field; IRR = incident rate ratio;
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Appendix 5:

Data quality control

The following procedures were undertaken to enhance the quality of data
collected:
Data were entered directly into a Microsoft Access Database.
parameters were set to ensure accurate entry.

Field

Database forms were

created to facilitate the visual review of the data to check for
completeness and errors or problems.
Database queries were created to automatically extract computed data to
minimise error of human calculation.
Data were exported using in-built database export functions.
Data were checked for invalid entries by plotting histograms and
examining frequency distributions for variables in SPSS.
Where required, SPSS was used to recode continuous data into
categorical values.
Random data checks were carried out to ensure the accuracy of the
dataset.
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Appendix 6:

Inter-correlations between integrated

visual field measures
The bivariate Pearson’s correlations between the integrated visual field
measures are presented in Table A. 6-1.

Table A. 6-1: Pearson’s correlations between the integrated visual field measures
IVF-60
IVF-60
IVF-60
IVF-120
IVF-120
IVF-120
overall field lower field upper field overall field lower field upper field

IVF-60 overall field

1

IVF-60 lower field

0.94 **

1

IVF-60 upper field

0.95 **

0.79 **

1

IVF-120 overall field

-0.93 **

-0.86 **

-0.89 **

1

IVF-120 lower field

-0.88 **

-0.72 **

-0.93 **

0.94 **

1

IVF-120 upper field

-0.87 **

-0.91 **

-0.74 **

0.93 **

0.75 **

Notes: ** p<0.01; IVF = integrated visual field
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Appendix 7:

Location of visual field loss: a factor

analysis

Factor analysis was used as a complementary statistical approach to
examine the association between the location of visual field loss and the
outcome measures. This approach was chosen as the inferior and superior
visual field areas were highly correlated, and there was evidence of some
multicollinearity in the models.
The four visual field variables (inferior and superior field regions for the IVF60 and IVF-120) were submitted to principal components analysis using
varimax rotation to derive two orthogonal statistically independent factors.
These factors and the variable loadings are outlined in Table A. 7-1. The first
factor loaded heavily on the superior visual field variables, and was termed
the “superior” factor. The second factor loaded heavily on the inferior visual
field variables, and was termed the “inferior” factor.

These two factors

accounted for 95.8% variance.

Table A. 7-1: Factor loading of four visual field variables on two independent visual
field factors rotated and extracted by factor analysis*

Superior Factor

Inferior Factor

IVF-120 superior

0.896

0.404

IVF-60 superior

-0.871

-0.450

IVF-120 inferior

0.420

0.880

IVF-60 inferior

-0.425

-0.880

47.9

47.8

Variance explained (%)

Notes: * Higher factor scores denote greater visual field loss; IVF = integrated visual field
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Both the inferior and superior factors were included together in linear
regression models to examine their independent association with SF-36
physical component scores, overall functional status scores, and postural
sway measures (eyes open on firm and foam surface), adjusting for age and
gender. To examine the independent association with falls, these factors
were included together in negative binomial regression models, adjusting for
age and gender. The incidence rate ratios (IRR) were calculated for every
one standard deviation increase in factor scores.
The results are presented in Table A. 7-2. Greater inferior visual field loss,
as indicated by higher inferior factor scores, was significantly associated with
lower SF-36 physical component scores, lower overall function status and
greater postural sway, both on the firm and foam surfaces. Furthermore,
each standard deviation increase in inferior factor scores was associated with
an 87% increase in the rate of falls (IRR 1.87). These associations were
independent of the superior visual field factor scores, which showed no or
little association with the outcome measures.

Table A. 7-2: Regression models results, adjusted for age and gender
Outcome variable
SF-36 Physical Component Score

Overall functional status

Sway , eyes open on firm

Sway , eyes open on foam

Number of falls (per 1 SD increase)

Predictor variable†

B coefficient

Standard
Error

Beta

p-value

Inferior factor

-2.849

0.949

-0.337

0.004

Superior factor

-1.281

0.991

-0.151

0.200

Inferior factor

-0.225

0.069

-0.315

0.002

Superior factor

-0.001

0.072

-0.002

0.988

Inferior factor

0.142

0.041

0.352

0.001

Superior factor

0.05

0.043

0.125

0.246

Inferior factor

0.133

0.034

0.406

<0.001

Superior factor

0.072

0.035

0.220

0.043

IRR

Lower CI

Upper CI

p-value

Inferior factor

1.870

1.349

2.592

<0.001

Superior factor

0.946

0.635

1.407

0.782

Notes: Bold values represent significant associations; † Inferior and superior factors included
together in each model; CI = confidence interval; SF-36 = Short-form 36 questionnaire;
PASE = Physical Activity Scale for the Elderly
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Appendix 8:

Physical Activity Scale for the Elderly

(PASE) Questionnaire
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Appendix 9:

Inter-correlations between functional

status measures
The bivariate Pearson’s correlations between the functional status measures
are presented in Table A. 9-1.

Table A. 9-1: Pearson’s correlations between the functional status and SF-36 PCS
measures
Six minute Timed up Lower limb
PASE score
walk test and go test strength

Overall
Functional
Status

Six minute walk test

1

Timed up and go test

-0.70 **

1

Lower limb strength

0.36 **

-0.20

1

PASE score

0.32 **

-0.17

0.30 **

1

Overall Functional Status

0.83 **

-0.73 **

0.66 **

0.63 **

1

SF-36 PCS score

0.44 **

-0.44 **

0.27 *

0.29 *

0.51 **

SF-36 PCS
score

1

Notes: * p<0.05; ** p<0.01; PASE = Physical Activity Scale for the Elderly; SF-36 = Shortform 36 Survey; PCS = Physical component score
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Appendix 10: Monthly falls calendar: example

Page 1/2
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Appendix 11: Logistic regression models
Table A. 11-1: Association between vision factors and falls using logistic regression
models, adjusted for age and gender
Odds Ratio (95%CI)
Variable

Any Falls

Multiple Falls

better-eye

1.36

(0.92 - 2.01)

1.15

(0.72 - 1.82)

worse-eye

1.17

(0.94 - 1.45)

1.10

(0.86 - 1.40)

better-eye

1.11

(0.96 - 1.30)

1.09

(0.92 - 1.29)

worse-eye

Visual Acuity, per line missed

Contrast Sensitivity, per triplet missed
1.07

(0.97 - 1.19)

1.04

(0.93 - 1.17)

Stereoacuity (reference: present)

1.54

(0.38 - 6.20)

0.83

(0.14 - 5.01)

Motion sensitivity, per SD reduction

0.94

(0.55 - 1.60)

0.56

(0.26 - 1.21)

better-eye

1.07

(0.98 - 1.16)

1.07

(0.97 - 1.18)

worse-eye

1.01

(0.95 - 1.08)

1.03

(0.95 - 1.11)

better-eye

1.09

(0.81 - 1.46)

0.91

(0.62 - 1.34)

worse-eye

1.10

(0.80 - 1.50)

0.95

(0.65 - 1.39)

overall field

1.06

(0.97 - 1.15)

1.07

(0.97 - 1.18)

inferior field

1.07

(0.98 - 1.16)

1.09

(0.99 - 1.20)

superior field

1.03

(0.96 - 1.11)

1.03

(0.94 - 1.14)

overall field

1.15

(0.91 - 1.45)

1.16

(0.86 - 1.56)

inferior field

1.37

(0.87 - 2.16)

1.47

(0.85 - 2.54)

superior field

1.19

(0.77 - 1.84)

1.14

(0.65 - 2.01)

overall field

1.11

(0.99 - 1.24)

1.24

(1.06 - 1.44) **

inferior field

1.26

(0.99 - 1.60)

1.35

(0.98 - 1.86)

superior field

1.15

(0.92 - 1.45)

1.49

(1.07 - 2.06) *

overall field

1.11

(0.99 - 1.25)

1.16

(0.99 - 1.37)

inferior field

1.12

(0.82 - 1.52)

1.78

(1.08 - 2.95) *

superior field

1.09

(0.87 - 1.37)

1.08

(0.80 - 1.46)

Visual Field Sensitivity, per dB reduction

RNFL, per 10µm

IVF-60 , per dB reduction

IVF-120, per 10 points missed

AVFDIV, per point missed

AVFSEL, per point missed

Notes: Bold values indicate significant associations; * p<0.05; ** p<0.01; Any Falls (no falls
vs. 1 or more falls); Multiple Falls (none or 1 fall vs. 2 or more falls); OR = odds ratio; RNFL
= Retinal Nerve Fibre Layer; IVF = Integrated Visual Field; AVF DIV = Divided Attentional
Visual Field; AVFSEL = Selective Attentional Visual Field
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Appendices

Appendix 12: Incident Rate Ratio Calculations

The unit change required to double the IRR was calculated by using the
following Microsoft Excel formula:
UNIT[double] = LOG(2, IRR[per

original unit change]),

where IRR[per

original unit change]

represents the IRR calculated using the original unit change, and UNIT[double]
represents the unit change which equates to an IRR of 2.
For example, in the unadjusted models presented in Chapter 7, every 10
points missed on the IVF-120 increased the rate of falls by 1.21 times (IRR =
1.21). Using the above formula, every 36 points missed on the IVF-120
would increase the rate of falls by 2 times (IRR = 2.00). To further illustrate
this calculation, Table A. 12-1 presents the equivalent IRR for various unit
change estimates (in 10 steps).
Table A. 12-1: Incident Rate Ratios for falls according to different unit change in IVF120.

Incident Rate
Ratio
IVF-120 (per 10 points missed)

1.213

IVF-120 (per 20 points missed)

1.471

IVF-120 (per 30 points missed)

1.785

IVF-120 (per 40 points missed)

2.165

IVF-120 (per 50 points missed)

2.626
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