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SUMMARY

Falls have a major impact on the quality of life of fallers and on the health and social
economy of the nation.

An evidence base of predominantly laboratory studies exists, which suggests bifocal
and progressive addition lens designs increase falls risk. Findings either lacked
discrimination between bifocal and progressive addition lenses, were not powered to
differentiate between them, or were based on the premise that gaze direction when
walking or using stairs is through the lower, near powered zones. This has led to
single vision lenses being recommended to those at falls risk.

The primary aim of the studies described in this thesis was, therefore, to investigate
whether field trials in the form of a retrospective case control and a prospective
cohort study of community-dwelling elderly persons supported previous
recommendations.

A survey of GOC registered optometrists and dispensing opticians was undertaken
before the main study. Single vision lenses were the lens design of choice for
patients deemed at risk of falls.

The main study uniquely differentiated between single vision, bifocal and
progressive addition lenses in a UK-based population study of well habituated
wearers.

A measure of visual attention (Global Measure of Vision) was designed and
evaluated specifically for the study. Established “Timed up and Go” and SF12v2®
provided measures of participants’ balance, mobility, and physical and emotional
wellbeing.

Logistic regression analysis showed no variable demonstrated statistically significant
influence on falls risk in the retrospective study, including spectacle lens design. In
the prospective study, previous fall history was the only significant predictor of falls
(Odds Ratio: 2.71, p = .01), aligning with levels reported in a recent meta-analysis.

This study did not confirm that bifocal or progressive addition lens wear increases
falls risk in well-habituated community-dwelling older people, and indicates that
changing to single vision lenses may not be necessary.

Keywords: vision, single vision, bifocal, progressive addition lens, multifocal
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Chapter 1.  Thesis objectives and structure

1.1 Thesis objectives

The causes of falls in the elderly population are multifactorial, and their outcomes impact
not only on the quality of life and mortality of those who sustain falls, but also on the
health and social economy of the nation as a whole. This thesis provides an overview of
generic falls risk factors, a literature review of visual falls risk factors, and a review of

research pertaining to spectacle lens design features and falls risk.

Previous research has reported an increased falls risk when wearing bifocal or
progressive addition lens designs. It has been recommended that switching to single
vision lenses (SV) may be beneficial for everyday locomotion or for negotiating stairs if
one is considered to be at high risk of falling, and for older people who take part in regular
outdoor activities. Key limitations of this research are its predominance of laboratory-
based investigations of gait adaptations, a majority of bifocal wearers in the earlier
population-based studies, and - most importantly - insufficient discrimination between

bifocal and progressive addition lens designs.

A survey of practising optical professionals was undertaken to determine whether and
how falls research findings are interpreted in practice. The primary focus of the
guestionnaire was to ascertain chosen prescribing and dispensing practices for those

deemed to be at risk of falls.

Traditional measures of vision, such as visual acuity (VA), contrast sensitivity (CS) and
visual fields (VF), provide no information about visual attention, the impairment of which is
associated with mobility problems. It was, therefore, considered fundamental that some

measure of this aspect should be included in the study.

The Global Measure of Vision (GMV), an inexpensive paper and pencil test, was devised

specifically for this purpose.
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The primary aim of this study was, therefore, to investigate the influence on falls risk of
spectacle lens designs worn by presbyopes, in a community dwelling UK population of
persons aged 65 and older. Of specific interest was whether wearers of bifocal (Bif) or
progressive addition lenses (PAL) performed differently with regard to sustained falls. To
this end, field trials in the form of a retrospective case-control and a prospective cohort

study of community-dwelling elderly persons were undertaken.

Visual attention was measured with the GMV, participant mobility was assessed with the
Timed up and Go test, and the short form health questionnaire SF12v2® provided
physical and emotional health measures. Logistic regression was employed to analyse
the study outcomes. The number of falls over a 12 month retrospective and a 12 month
prospective period, their circumstances and the severity of sustained injury were identified

and analysed with regard to habitual lens wear (SV, Bif or PAL).

1.2 Thesis structure

Chapter 2 details the definitions of “fall” found in research papers, and the definition
adopted in this study. The impact of falls on the quality of life of an individual, and the
health and social economy of the nation are highlighted, especially with regard to the
forecast changes in the UK population structure. A range of falls risk factors are

presented as the backdrop to this study.

Vision impairment is a widely acknowledged falls risk factor and Chapter 3 reviews the
literature pertaining to visual aspects of falls, such as stereopsis, depth perception,
contrast sensitivity and visual acuity. Chapter 4 reviews the literature that directly
investigated spectacle lens form (single vision, bifocal or progressive addition lens
designs) and falls. Currently valid British, European and International Standard definitions
of these lens forms are provided. As this research may be of interest to non-optical

professionals, a brief introduction to presbyopia precedes the literature review.
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The survey of prescribing and dispensing practices of optical professionals is described in

Chapter 5.

Chapter 6 details the rationale for the development of the GMV, and the study evaluating
its correlation with the computer-based Useful Field of View (UFOV) test, providing

justification for its use in the main studies.

Both the retrospective and prospective studies are discussed in Chapter 7, which provides
detailed information on the methodology and instruments used. Descriptive, thematic and

logistic regression analyses are presented and discussed.

Chapter 8 summarises the thesis and provides suggestions as to future research areas.
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Chapter 2. Risk factors and prevention strategies

2.1 Introduction

To understand the roles of vision and spectacle lenses in falls risk (see Chapter 3 and
Chapter 4) it is helpful to have an appreciation of the multifactorial nature of falls. This
chapter introduces definitions for the term “fall” and highlights the demographic and socio-

economic drives for falls reduction strategies.

Although falls are generally thought to be “accidents”, they are not in fact just “random

” 1 This means that causative factors can be identified and either reduced or

events
eliminated. A range of common falls risk factors are described, but this section should not

be considered exhaustive.

This chapter also addresses the purpose and features of falls prevention strategies.

2.2 Definitions of a fall

One of the difficulties encountered when comparing studies is the use of different fall
definitions, with some studies also restricting their findings to injurious falls only. A
Cochrane review suggested that a simple consensus definition of a fall would aid

comparison of falls studies®.

The American Geriatrics Society (AGS) and the British Geriatrics Society (BGS) defined a

fall as:

“.an event whereby an individual unexpectedly comes to rest on the ground or another

lower level without known loss of consciousness®”.

This is a more concise version of the definition used in 1987 by the Kellogg International

Working Group of:
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“unintentionally coming to the ground or some lower level and other than as a
consequence of sustaining a violent blow, loss of consciousness, sudden onset of

paralysis as in a stroke or an epileptic seizure®”.

The Prevention of Falls Network Europe (ProFANE) Consensus group recommended a

fall should be defined as:

“an unexpected event in which the participants come to rest on the ground, floor or lower

level®”,
The Cochrane review proposed this version should be adopted.

The main study in this thesis used the ProFANE fall definition in conjunction with a falls

injury classification system, proposed by Schwenk et al.® (see Section 7.8.1.4).

2.3 Demographic and socio-economic factors of falls

The Office for National Statistics (ONS) predicts a change in the structure of the UK
population, especially with regard to the number of older people. In 2014 there were
almost equal numbers of pensioners (= 65years) and children under the age of sixteen
(12.4million and 12.2million respectively). ONS projections for 2039, however, show the
number of pensioners outstripping the number of children by 3.3million’. Long term

predictions suggest there will be 28.6 million people aged 65 and over by 21148,

These demographic changes have a particular relevance to falls research, as the majority
of falls occur in the over 60 age group and have a significant impact on NHS costs. Hip
fracture statistics are often used to illustrate this burden on health and social care costs,
as a substantial number (88%) occur as a result of falls. Incidence rates have been found
to increase sevenfold between the 50 — 54 and 70 - 74 year age bands®. Hospital

Episode Statistics (HES) 2014 — 2015 show a total of 203,784 people aged 80 or over
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were admitted to hospital in England as a result of a fall. This age group represented
almost half (44.4%) of all fall-related admissions'®. Figure 2.1 illustrates this steep

increase in hospital admission episodes for older age groups.
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Figure 2.1 Hospital admission episodes for all falls (England 2014 — 2015)"

The costs to the NHS to treat hip fractures alone have been estimated to be £1.7billion
per annum™. Further to in-patient treatment, subsequent social care is often required,

increasing the cost to over £2billion per annum*?.

In addition to purely financial implications, the costs to the quality of life of individuals,
particularly those who have suffered injurious falls, should not be forgotten. Loss of
independence, fear of falling again, reduction in social activities and subsequent
depression are reported®®. Twenty-five percent of those living independently prior to their
hip fracture remain in a nursing home for at least a year. One fifth of elderly people who

suffer a hip fracture die within the year®.
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2.4 Falls risk factors

The range of identified falls risk factors is extensive, and is usually categorised into

intrinsic and extrinsic factors.

Intrinsic factors pertain to the individual’s specific characteristics, such as general health
issues, physical or cognitive abilities. Extrinsic factors are external influences which
impact on the individual, such as the home environment, footwear, and use of walking

aids.

Lord™ identified 5 key risk factors: dementia, depression, multiple medications,
inappropriate footwear, and visual impairment, but a more recent review identified
impaired balance and gait, polypharmacy and history of previous falls as the major risk

L1817 1t has

factors™. The latter is widely acknowledged to increase risk of further falls
also been demonstrated that fallers and non-fallers show different characteristics. A
large study (n = 9592) employing logistic regression tree analysis identified the highest

risk factor for non-fallers was cognitive impairment (OR 2.3), and for fallers was

prescription drugs use (OR 3.6)*8.

2.4.1 Cognitive impairment and emotional wellbeing

A 2005 published study found the prevalence of cognitive impairment in the UK in the 75
years and older age group to be 18.3%". In 1988 Tinetti reported an adjusted falls odds
ratio of 5.0 for cognitive impairment®. A more recent 2013 study found a slightly lesser
but still marked falls odds ratio of 2.3 for cognitively impaired persons aged 77 or above
who had no limitation in activities of daily living (ADL)*®. The mechanism of this increased
falls risk is complex, but neuro-degenerative effects impact on physical and functional
processes, such as slowed reaction times and gait impairments®. The risk of multiple

falls has also been found to be greater®.
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Physical activity restrictions can also be self-imposed as a result of a previous fall, due to
the fear of falling again. This fear of repeated falling is linked to depression®, which can
be both the cause and the result of falls. Its causative mechanisms can include attention
deficits and slowed processing speeds, which may be exacerbated by anti-depressant
usage®’. A meta-analysis found the odds ratio for depression and falls to be 1.63 in

community dwelling older people®.

2.4.2 Dehydration and continence

Dehydration is known to increase confusion and disorientation in the elderly®® and there
have been accounts of fall reduction when increased water consumption was encouraged
in a residential home setting?’. Those who suffer from urge or stress incontinence may

reduce fluid intake to help control symptoms, thereby increasing the risk of dehydration.

Poor urinary control increases falls risk, especially with regard to night visits to the toilet.
A systematic review of urinary continence found a pooled odds ratio of 1.54 for the

association of falls with urge incontinence (the sudden need to urinate) 2.

2.4.3 Footwear and foot care

Appropriate footwear can play an important role in falls prevention. Comfortable slippers
or shoes may not provide enough support for stability. Menant® describes recommended
shoe features as a slip-resistant sole, a supported heel collar, and a thin firm midsole, as

shown in Figure 2.2.

Rheumatoid arthritis, bunions, claw toes and lack of toenail care can also lead to

discomfort and instability when walking, having an adverse effect on balance.
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Figure 2.2 Recommended shoe features by Menant®

2.4.4 Balance

Balance is the term used to describe “the dynamics of body posture that prevent falling”,
and is maintained by a combination of three sensory systems: visual, vestibular, and

somatosensory®.

The somatic senses are those of the skin, muscles, joints and viscera, and their
proprioceptors give feedback about change in joint movements and muscular tension,

contributing thereby to a sense of position and self-movement.

The vestibular system provides information about linear motion (moving forward or
sideways), rotation, and sense of gravity (which way is up). The visual and vestibular
systems are connected by the vestibulo-ocular reflex (VOR), the main purpose of which is
to stabilise the retinal image during head movements. The visual contribution to postural

stability is often referred to as visual stabilisation®*33,

Disruption of one or more of these sensory mechanisms disturbs balance and can lead to

falls.

Balance is affected by age-related difficulties in walking and mobility as well as certain

pathologies, such as stroke or Parkinson’s disease. The inability to walk and talk
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simultaneously is also an indicator of a disturbance in balance mechanisms and is an

increased falls risk factor®*.

In good lighting conditions, healthy individuals are considered to achieve postural stability
by relying on somatosensory information to 70%, vision to 10% and vestibular information
to 20%°°. Those with a vision impairment depend more on their somatosensory and

vestibular systems to maintain stability®.

Vertigo and dizziness no doubt affect postural stability, however, the use of these terms
has been inconsistent, both by professionals and lay persons®. International
classifications are being developed, based on presenting symptoms, producing a complex
matrix under four main headings (vertigo, dizziness, vestibulo-visual symptoms and
postural symptoms)®. Briefly, vertigo can be considered the feeling that “things are
spinning or moving around”; dizziness can be considered the feeling of being
“lightheaded, swimmy or giddy”; and unsteadiness the sensation that one is “feeling

unsteady, about to lose balance”.

Dizziness has been found to increase the risk of recurrent falls*®*:,

2.45 Medications

Polypharmacy — the taking of multiple medications — is implicated in falls risk. The greater
the number of drugs taken, the greater the risk of falling®. It has been reported that there
is no clear advice on which number of medications can be considered as a cut-off point for
increased falls risk, although = 4 is frequently quoted*. Benzodiazepines,
antidepressants, antipsychotics, antiepileptics, anticholinergics, sedative hypnotics,

muscle relaxants and cardiovascular medications are all frequently associated with falls*.

Side effects of medications have a wide range of presentations, amongst which can be

low blood pressure, possibly leading to dizziness, disturbances of balance, or fainting.
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2.4.6 Osteoporosis

Medical and social care costs of falls are often illustrated using the example of hip
fractures (See Section 2.3). The principal cause of hip fractures is an injurious fall in
those with bone disease or osteoporosis. In the UK there are an estimated 3million
people with osteoporosis*, with three quarters of all hip fractures occurring in women™.
20% of men over the age of 50, however, also suffer fractures as a result of bone

disease®.

Mortality risks in the first year after a fracture are higher in men than in women, but it has
been reported that a 50 year old woman has a 2.8% risk of death due to hip fracture

during her remaining lifetime, equal to that of breast cancer®’.

2.4.7 Vision impairment

Vision impairment is quoted as approximately doubling falls risk, with the risk increasing

as visual function deteriorates®.

Chapter 3 discusses the impact of different types of vision impairment on falls risk, but is it

possible to identify where vision impairment ranks with regard to other risk factors?

Masud and Morris*® summarised 12 studies that identified the most likely cause of fall in
3684 cases, by ranking the mean percentage found across the studies. Excluding the
categories “other specified causes” and “unknown”, vision disorders were ranked last but
one (Table 2.1). Nonetheless, optical professionals — as primary healthcare providers -
should be aware of any vision-related falls risk factors, (see Chapter 3), as they are in a
position to address these either directly or by onward referral, thereby contributing to falls
reduction strategies. Furthermore, it is important to remember that loss of vision

combined with hearing or balance impairments potentiates falls risk*.
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Mean (%)

Accident / environment related 31
Gait / balance disorders 17
Dizziness / vertigo 13
Drop attacks 9
Confusion 5
Postural hypotension 3
Visual disorder 2
Syncope 0.3
Other specified causes 15
Unknown 5

Table 2.1 Most likely cause of fall according to mean percentage ranking™

2.4.8 Location

The Health Education Authority reported in 2001 that for older people, accidents happen
mainly in the home environment and contribute to 53% of injuries in the 65 — 74 age

group, and 72% in those aged over 75°.

The National Health Service (NHS) collects admission statistics on falls in twenty different
categories, such as falls on same level from slipping, on and from ladders, and even from

trees (Table 2.2).

Figure 2.3 highlights the top five categories in the total admission episodes for falls during

2014 - 2015.
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Category Description

WQ00 Fall on same level involving ice and show

Wo01 Fall on same level from slipping, tripping and stumbling

W02 Fall involving ice-skates, skis, roller-skates or skateboards

W03 Other fall on same level due to collision with/pushing by another person
W04 Fall while being carried or supported by other persons

W05 Fall involving wheelchair

W06 Fall involving bed
Wo7 Fall involving chair
W08 Fall involving other furniture

W09 Fall involving playground equipment

W10 Fall on and from stairs and steps

w11 Fall on and from ladder

w12 Fall on and from scaffolding

W13 Fall from, out of or through building or structure

W14 Fall from tree

W15 Fall from cliff

W16 Diving or jumping into water causing injury other than drowning or
submersion

w17 Other fall from one level to another

w18 Other fall on same level

W19 Unspecified fall

Table 2.2 National Health Service Fall Statistics Categories
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A study by Bleijlevens et al.” identified fall locations according to the type of activity

undertaken:

e Indoor falls related to lavatory visits

¢ Indoor falls during other activities of daily living

e Outdoor falls near the home during instrumental activities of daily living

e Outdoor falls away from home, occurring during walking, cycling and shopping for

groceries

and concluded that there was a higher risk of injurious fall at either end of the activity
spectrum: those who were most inactive sustained injuries indoors relating to lavatory

visits, and those who were most active sustained injuries outdoors, away from home.

Whilst falls from stairs and steps have been implicated as the most common place for
falls®®, the hospital admission statistics show only 9% for this location. There is, however,

a very large percentage of unspecified falls (36% see Figure 2.3).

Falls on stairs are considered to be a cause of serious injuries and death. Templer™
reported that the top and bottom three stairs are the main locations for falls accidents.
The Health and Safety Laboratory®® reported that in the UK deaths from accidents in the
home are nearly as frequent as deaths from traffic accidents. In more than half of these
home accidents, falls are the cause of death. Half of these falls occur on stairs. This is

the driver for investigations into stair negotiation dynamics.
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w18 On and from stairs
Other fall on same level —> and steps
14% 9%

Figure 2.3 Hospital admission episodes by NHS fall category
(England 2014 - 2015)

2.4.9 Environmental factors

Hazards in the home that contribute to tripping include wayward pets, trailing wires from
extension cables, frayed carpets, loose rugs and clutter on the floor. These can often be

easily identified and remedied.

An adequately heated home is vital for older people, and the concern over excessive
heating costs may lead to restricted use of heating. A cold home can increase deaths
from respiratory and cardiovascular diseases®, with hyperventilation and hypotension (as
well as a range of other cardiovascular abnormalities), leading to faints. Arthritis becomes
worse in cold, damp environments and mobility is affected, leading to an increased falls

risk®.
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Poor lighting or moving from a well-lit room to a dark hallway can also increase falls risk,
as older adults require significantly more time to recover light sensitivity in the dark than
younger adults®” and have longer glare recovery times®®. Stairways are often poorly lit
and have unsuitable, highly patterned carpets that obscure step edges, which is especially

dangerous when descending stairs (Figure 2.4).
All stairs should also have a bannister or stair rail for safety, and to aid stair negotiation.

With regard to stairways outside the home, strip edging is used to highlight the step edge,
and if high friction material is used, to offer slip resistance. High contrast edge strips flush
with the step edge have been found to improve safety on stairs®. Figure 2.5a is an image
of a stairwell in a shopping centre with two anti-slip treads per step, with the outer strip not
flush with the stair edge, giving rise to a misleading impression of the step edge position.

Figure 2.5b shows the improvement in step edge visibility after re-painting.

Figure 2.4 Patterned carpets obscuring stair edges
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Figure 2.5 Strip edge highlighter and anti-slip treads

a) misleading stair edge location b) improvement after re-painting

2.4.10 Behavioural aspects

Behavioural factors further contribute to falls risk. Alcohol and drug misuse may affect
perception and reaction times, and overstretching to reach objects just out of reach can
lead to loss of balance. Rushing to catch a bus or to get to the bathroom creates a less
careful approach to obstacles, such as kerbs or uneven pavement slabs, and may also
create situations where balance recovery is impaired. A review of fifteen studies found a
pooled odds ratio of 5.3 for falling when undertaking a walking task in conjunction with an
attention-demanding task, such as counting backwards or having a conversation®*. This is
referred to as “dual tasking”. Not having one’s hands free to break a fall makes carrying

large or heavy objects (especially up and down stairs) inadvisable.

2.4.11 Previous fall history

Perhaps the most important fall risk factor is the history of having already sustained a fall.
A systematic review and meta-analysis of risk factors for falls in community-dwelling older
people found history of falls, gait problems, walking aids use, vertigo, Parkinson disease
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and anti-epileptic drug use to have the strongest associations®. 74 studies were
analysed and for all fallers (ie single and recurrent fallers), history of falls had an OR of

2.8. ltis noted that none of the studies were UK based.

2.5 Fall prevention strategies

Falls prevention strategies can be considered to have three goals: to decrease the
number of first falls, to reduce the chances of falling again, and to minimise injury when

people do fall*?.

2.5.1 Risk assessments

In order to decrease the number of first falls or to reduce the chances of falling again a
falls risk assessment personalised to each individual's specific circumstances is

recommended.

The National Institute for Health and Care Excellence Clinical Guideline 161 (NICE
CG161)% states that a multifactorial risk assessment should be offered to those aged 65
or older presenting for medical attention because of a fall. The assessment should be
tailored to the individual and carried out by an appropriately trained healthcare

professional, and may contain the following:

o Falls history (causes and consequences)

e Assessment of gait, balance and mobility, and muscle weakness
e Assessment of osteoporosis risk

o Assessment of functional ability and fear of falling

e Assessment of cognitive impairment and neurological examination

o Assessment of urinary continence
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e Assessment of home hazards
e Cardiovascular examination and medication review

e Assessment of visual impairment (added in 2013)
Assessment of appropriate footwear was highlighted with regard to hospital in-patients.

It was identified as a priority that older people in contact with healthcare professionals
should be routinely asked whether, or how many times, they have fallen in the past year,
and the circumstances of the falls. Optical professionals providing primary healthcare
should, therefore, be incorporating falls history into their routine history and symptoms

assessment.

2.5.2 Falls prevention

Falls risk factors have been shown to vary between non-fallers, fallers and recurrent
fallers, indicating the need for differently structured falls risk prevention programmes
according to falls history*®. Individualised multifactorial risk assessments lead to
individualised multifactorial interventions, common features of which are strength and
balance training, home hazard reduction, treatment of vision impairments and medication
review. The optical professional can refer at risk individuals to local falls prevention

teams, many of which operate an open referral system.

2.5.3 Injury reduction

Injury reduction may be achieved by adapting the environment (to remove sharp edges or
hard surfaces), maximising bone health by treating osteoporosis, and educating the faller
how to act if unable to get up after a fall. The so-called “long lie” is a situation where the
faller is unable to summon help for a considerable amount of time, and as a result may

suffer dehydration or hypothermia. Advice is to remain calm, check for injuries, and
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attempt to get up from the floor if at all possible. Otherwise try to keep warm by covering
with a blanket or any other item close to hand ®*. Having a personal alarm can aid swift
assistance and, with this, better recovery times.

Hip protectors in the form of padded underwear (Figure 2.6) are sometimes used as a
strategy to minimise injury when people fall. They do not, however, prevent all fractures
and their use can lead to skin irritation. Most research has looked at their use in

residential care situations®.

Figure 2.6 SAFEHIP® hip protectors

2.6 Summary

This chapter has defined the term “fall” and discussed the impact of socio-demographic

changes on both health and social care costs, and the quality of life costs to the individual.

The causes of falls are both varied and specific to each individual, and differ between
fallers and non-fallers, creating the need for appropriately tailored falls risk assessments

and falls prevention programmes.

It is important to recognise that falls do not always have one single identifiable cause. In
fact, in most cases, falls are a result of a combination of one or more intrinsic and extrinsic

factors, a range of which have been identified.
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Falls risk increases with the number of risk factors present, ranging from 8% with no risk
factors, to 78% with four or more risk factors®®. The falls risk attributed to vision
impairment is potentiated when compounded by hearing or balance impairments (dual

sensory loss)®.

Optometrists have a duty, as primary health care providers, to identify individuals at falls

risk, and to signpost appropriately.

Chapter 3 addresses falls risk factors attributed to vision.
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Chapter 3. Visual falls risk factors

3.1 Introduction

Vision impairment is a widely acknowledged falls risk factor, with its traditional
definitions based on visual acuity and visual field defects. This chapter describes
current UK definitions of vision impairment, and investigates the prevalence and
causes of vision impairment in the UK that have been associated with increased
falls risk. In addition to reduced visual acuity and restricted visual fields, levels of
contrast sensitivity and stereopsis or binocular vision have also been found to be

falls risk factors.

3.2 Vision impairment definitions

In the UK, registration as “sight impaired” (formerly partially-sighted) and “severely

sight impaired” (formerly blind) is based on a combination of visual acuity and visual

Sight impaired Severely sight impaired
(partially sighted) (blind)

3/60 — 6/60 Snellen < 3/60 Snellen

with full field

Up to 6/24 Snellen 3/60 — <6/60 Snellen

with moderate contraction of the field, with a very contracted field of vision

opacities in the media or aphakia

6/60 Snellen or better
with a contracted field of vision,
especially in the lower part of the field.

6/18 Snellen or better

if there is a gross defect for example
hemianopia, or if there is a marked
contraction of the visual field

Table 3.1 UK criteria for vision impairment registration®
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field defects as detailed in Table 3.1.

In clinical practice however, vision impairment is generally acknowledged when the
level of vision an individual has, no longer allows them to fulfil their activities of daily

living without supplementary devices, daily living aids or specialist training.

3.3 Vision-related falls risk factors

Reduced visual acuity is a recognised descriptor of vision impairment. However,
other aspects of vision impairment have also been implicated as falls risk factors,

predominantly reductions in stereo-acuity, contrast sensitivity and visual fields.

Table 3.2 analyses 33 studies that attributed aspects of vision to falls risk. Itis
evident that there is no agreement on the role of any one visual factor. Furthermore,
the studies vary according to the investigated outcome, with some studies
investigating all falls, and others investigating specific types of fracture or injury.
Adaptive locomotion and postural stability have also been employed as surrogate

markers of falls risk.

3.3.1 Visual Acuity: Prevalence of low vision and falls-related risk

Direct comparisons of studies investigating prevalence of low vision in the UK are
difficult because of differences in the adopted definitions of vision impairment and

variances in age categories.

The North London Eye Study® found the prevalence of bilateral visual impairment
(defined as <6/12 Snellen) in a random sample of 1547 over 65s to be 30%. Of note
is that nearly three quarters of these had an impairment that was deemed potentially

remediable.
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In a random postcode selection of areas in mainland Britain, the prevalence of low
vision (defined as <6/18 Snellen) was investigated as part of the National Diet and
Nutrition Survey (NDNS)®. Overall prevalence in the over 65s was found to be
14.3%, with prevalence increasing with age (65 — 74 years: 3.1%; 75 — 84 years:

11.6%; over 85: 35.5%).

A 2002 Medical Research Council (MRC) trial®® found the prevalence of vision
impairment (VI) defined as <6/18 Snellen in those aged 75 years and above to be

12.4% overall, but rising to 36.9% in those age 90 and above.

Using the prevalences found in the latter two studies in conjunction with 2001
population census data, a 2007 paper estimated there would be over 600,000

people in the UK aged over 75 with a vision impairment®®.

Assuming a prevalence of 14% in the over 65s and applying this to the ONS 2014
UK population of 12.4million in this age group would give an estimate of over
1.7million vision impaired people. Applying this same prevalence to the projected

mid-2035 population of 16.9million, this figure increases to almost 2.4million.

Given the size of the affected population, the question is raised whether screening
for vision impairment would be appropriate. A Cochrane review of community
screening for vision impairment in older people reported, however, that no evidence
existed to show that screening resulted in an improvement of asymptomatic older

patients’ vision®’.

Twenty-two of the 33 studies detailed in Table 3.2 - which is by no means
exhaustive - identified reduced visual acuity as a falls risk factor. Ten studies found

this to be the only contributory visual factor®*®*~"®. Other studies found poor depth

77,78 79-83

perception’”", or visual field defects alone to be causative. Reduced contrast

sensitivity was only implicated in combination with other factors.
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Author Year SD®* VA CS VF Outcomes Comments

Kallstrand® 2016 v v X X F SD?® associated with recurrent falls; VA better eye
Black® 2016 - v - v AL Optical blur and gaze position

Pineles™ 2015 v - - - F, IF, Fra, HFra  Disorders of binocular vision except amblyopia

Black®® 2014 - v v - AL Optical blur and low contrast

Yip® 2014 - v - - F VA and Self-reported VA

Wood®’ 2011 - v v X F, IF, Fra Central 24° visual field loss not significantly associated
Black”® 2011 - X X v F, IF Inferior field loss

Patino® 2010 - v - v F,IF Binocular VA

Graci® 2010 - - - v AL Toe clearance and foot placement in obstacle avoidance
Rossat™ 2010 - v - - F, RF Distance binocular acuity

Lamoureux® 2010 X X X X F Significance found for non-participation in physical activity
Knudtson® 2009 v v v - F, RF Any of these factors

Kulmala® 2009 - v - - F Especially with other sensory and balance impairments
Marigold® 2008 - - - v FP Inferior visual field for navigation

Freeman® 2007 X X X v F Especially peripheral fields

Cumming92 2007 - X - - F, Fra Improvement of vision may increase risk of falls
Coleman® 2007 - X X v RF Binocular visual field loss

SD? = Stereo-deficiency, VA = Visual Acuity, CS = Contrast Sensitivity, VF = Visual Fields
v =found to be falls risk factor, x = found not to be falls risk factor, -

= not investigated

F = Falls, IF = Injurious Falls, Fra = Fractures, HFra / WFra = Hip / Wrist Fractures, AL = Adaptive Locomotion, RF = Recurrent falls, PS = Postural Stability

Table 3.2 Comparison of studies of visual aspects attributed to falls
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Author Year SD®* VA CS VF Outcomes Comments

Harwood® 2005 - v v - F First eye cataract surgery reduces the rate of falling
Buckley®" 2005 - v - - AL Effect of foot placement on stepping dynamics
Coleman” 2004 - v - - RF Declining visual acuity

Heasley94 2004 - v v - AL Vertical stepping up toe clearance and foot placement
Brannan’ 2003 - v - - F Cataract-related visual impairment

Anand® 2003 - v v - PS CS implied by cataract simulation

Anand” 2003 - v - - PS Refractive blur and dual tasking in elderly subjects
Anand” 2002 - v X - PS Refractive blur: young subjects

Patla’’ 2002 v - - - AL When approaching and negotiating an obstacle

Lord®® 2001 v v v - F Only weak association found with visual field loss
Ramrattan® 2001 - - - v F, HFra, WFra  Falls recorded as a measure of disability in daily activities
Ivers®’ 2000 v v - - HFra Also not wearing glasses and time since last eye exam
lvers®® 1998 - v v v RF Also cataracts

Dargent-Molina’® 1996 - v - - HFra VA strongly associated with CS and depth perception
Cummings™® 1995 v X v - HFra VA not an independent risk factor

Felson® 1989 v v - - HFra VA in women only

SD? = Stereo-deficiency, VA = Visual Acuity, CS = Contrast Sensitivity, VF = Visual Fields

v =found to be falls risk factor, x = found not to be falls risk factor, - = not investigated
F = Falls, IF = Injurious Falls, Fra = Fractures, HFra / WFra = Hip / Wrist Fractures, AL = Adaptive Locomotion, RF = Recurrent falls, PS = Postural Stability

Table 3.2. (cont.) Comparison of studies of visual aspects attributed to falls
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One study found no significant influence of any of the four studied visual aspects,

concluding that only physical inactivity was independently associated with falls®.

Age-related macular degeneration (AMD) is the most common cause of sight loss in
the UK, with a UK prevalence of late stage AMD estimated to be 4.7% in those aged
> 65 years, rising to 12.2% in those = 80 years'®. Wood®" investigated 76
community dwelling adults with AMD and found both visual acuity and contrast
sensitivity to be significant predictors of falls. Indeed, many studies find that not just
one component of vision impairment increases falls risk, and this is to be expected,
as eye conditions, such as AMD or cataracts for example, impact on more than one

aspect of vision.

Buckley et al.””", however, reported on the effects of blurred vision as a stand-
alone factor, with regard to stair negotiation, which is particularly important as falls
on stairs cause significant injuries, and even death. When stepping up, toe
clearance increased both vertically and horizontally as a compensation strategy for
the reduced acuity. Blurred vision and simulated cataracts increased step execution
time and affected physical attributes such as knee flexion, with participants tending
to “feel” their way to the next step down’®%*. Accurate visual feedback plays an
important role in the stability of medio-lateral balance dynamics when stepping up or
down, and improving visual acuity was proposed as an intervention to improve stair

negotiation’.

3.3.2 Cataract: Prevalence and falls-related risk

The presence of cataracts is another common cause of reduced visual acuity. In a
random sample of 1547 people aged 65 and over, the 1998 North London Eye
Study®® found the prevalence of vision impairment (defined as VA <6/12 Snellen)

caused by cataracts to be 30%. An add-on study to the MRC trial looked at the
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causes of vision impairment in 49 GP practices and found a similar prevalence:
vision impairment (defined as VA < 6/18) attributed to cataracts was 36%, with its

prevalence increasing with age (Figure 3.1)™%.
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Figure 3.1 Cataract prevalence (%) with age'®

It is vital, therefore, that we understand the specific impact of cataract on falls risk.
Cataracts affect both contrast sensitivity and visual acuity. Five studies were found

that identified a combination of these two factors alone as increasing falls risk®®"%%

95

There are, however, conflicting research findings with regard to cataract surgery. A
longitudinal study of participants with and without cataract surgery found no
difference in falls risk ratio between the two groups, and concluded that in
independently living adults, there was no association with cataract surgery and the

rate of falls'®.

A 2012 study, however, found an increase in falls in the first year after unilateral

cataract surgery, compared with the falls rate in the year prior to surgery'®.
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Conversely, a prospective study of the rate of falls before and after cataract surgery

found it to be an effective intervention”.

A randomised controlled trial published in 2006

noted that although second eye
cataract surgery improved “visual disability”, the effect on falls remained uncertain.
In contrast, Tseng et al.’® reported in 2012 that, in a cohort of over 1.1million
patients with cataract in the United States between 2002 and 2009, those who had

undergone surgical intervention had lower hip fracture odds within one year after

surgery, than those who had no surgical intervention.

As mentioned above, the presence of cataracts influences both visual acuity and
contrast sensitivity. Harwood*® highlights the close correlation between these two
factors and depth perception (r ~ 0.6) and compares odds ratios (OR) for falls risk

for each of these factors (Table 3.3).

Odds Ratio Odds Ratio (adjusted)
min — max
Visual Acuity 1.1% - 5.1% 1.2 - 4.8%
Depth Perception 1.2 - 2.1% 1.9% - 2.1*
Contrast Sensitivity 1.2 - 1.8% 1.2

Table 3.3 Comparison of Odds Ratios for falls risk®

IlOG

Cataract surgery has also been found to improve postural control™, reduce

dizziness'”’, and aid mobility by improving obstacle avoidance'®.
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One particular issue of concern is anisometropia after unilateral surgery, and its
effect on depth perception, which is critical in determining accurate information
about the environment and obstacles within it. Spectacle lens magnification

changes are addressed in Section 4.4.

3.3.3 Depth perception

Depth perception is the ability to appreciate differences in distances to objects
remote from an observer. Whilst other cues, such as shadow or motion parallax
also enable depth perception with monocular vision, stereoscopic vision is
considered to increase its precision. Stereopsis occurs in binocular vision as a
result of slight disparities between the retinal images of the two eyes'®. In an
investigation into the effects of binocular disorders on falls risk, amblyopia was
found to have the weakest association, which was considered a reasonable finding,
given that it is a longstanding condition, to which patients would have adapted

during their lifetime’®.

As part of the Auckland Hip Fracture Study®’, it was found that both reduced
binocular visual acuity and reduced stereopsis were risk factors for hip fracture. The
Framingham Eye Study took place between 1973 and 1975, and the Framingham
Study® investigated hip fracture rates in this group of 2,633 participants over the
subsequent ten years. Findings indicated that those with moderately reduced vision
in one eye only, had a higher risk of fracture than those with a comparable degree of
reduced vision in both eyes, suggesting that good stereoscopic vision is a falls
prevention factor. Recurrent falls have been found to be more frequent in those with

a lack of stereopsis®.

|77

Patla et al.”’ reported on the results of three experiments undertaken to investigate

the role of binocular vision with regard to locomotion, specifically how it influences
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head movement, fine-tuning of movement, and pre-planning of obstacle negotiation.
The results showed that binocular vision was not critical in determining distance to
the object, but was necessary in providing accurate information about the
environment and obstacles within it. Head movements were found to be important
for reorientation of the visual field when binocular vision was suddenly
compromised. No additional head movements, however, were required under
monocular vision conditions, as the retinal motion created by normal head

movements provided sufficient information.

Whilst all three experiments were conducted on young participants (22.1+3.3yrs,
20.8+1.6yrs, 22.2 +2.6yrs respectively) with binocular vision reported as “in the
normal range”, situations do occur in the elderly population that also create sudden
changes in stereopsis, such as monocular vascular incidents, wet age-related

macular degeneration, or post-operative outcomes.

A retrospective population-based study found an association with increased hospital
admissions from fall injuries in the year following first eye cataract surgery, and
proposed further research was necessary to identify causes'®. It is reasonable to
assume a post-operative change in the refractive error of the operated eye.
Depending on the magnitude of this change, a disturbance of stereo-efficiency is
feasible. In clinical practice, emmetropia often seems to be the target post-operative
outcome. In former ametropes, this may well lead to anisometropia until second eye

surgery is performed.

Further investigations into stepping precision regarding the accuracy of foot
placement and toe clearance when negotiating stairs have been undertaken by

110-112

Johnson and colleagues , specifically with reference to spectacle lens design,

which is discussed in Chapter 4.
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3.3.4 Visual fields

The Rotterdam Study™*® found the incidence of visual field loss to increase 5-fold
between the ages of 55 and 80 or above (Figure 3.2) with glaucoma being the most
common cause in those aged < 75 years, followed by stroke, AMD , then retinal
vascular occlusive disease. These pathologies have very different patterns of field

loss, and studies have investigated both peripheral and central field loss.
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Figure 3.2 Visual Field Loss incidence rates™®

Ramrattan et al.®

carried out a population-based cohort study, to determine the
prevalence of visual field loss in 6250 community dwelling elderly residents. An
increase in prevalence with advancing age - comparable to the previously noted

age-related increases in cataracts and visual impairment - was reported, specifically

3.0% in those aged 55-64 years, rising to 17% in those aged 85 and older.

Although it would initially seem that visual field loss could be considered
independently to the correlated factors of contrast sensitivity, visual acuity and depth

perception, the findings of Ramrattan et al.* indicate a difference between unilateral
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and bilateral visual field loss, and therefore a possible link to stereo-deficiency.

It is conceivable for unilateral visual field loss to create problems with stereopsis,
and it is interesting to note that this study reported more frequent falls and wrist

fractures in these subjects, than in those with no field loss.

Although bilateral field loss was found to increase falls frequency 6-fold, these falls
did not result in an increase in wrist and hip fractures when compared with subjects

with no field loss.

AMD particularly links central visual field loss with reduced visual acuity and contrast
sensitivity, and - in its unilateral presentation - with reduced stereopsis. Studies
pertaining to AMD and postural stability or gait have found binocular central scotoma

14 to be the most significant predictor of mobility performance, and contrast

size
sensitivity'*® to be the strongest correlate with postural stability. A further study of
AMD patients by Wood et al.®” found central 24° field measures in this sample were
not predictive of falls, whilst there was a significant association with reduced

contrast sensitivity and increased rates of falls and other injuries. Reduced visual

acuity was only associated with increased fall rate, not injuries.

Glaucomatous visual field loss effects postural sway**®. An investigation into the
effects of central visual field loss in AMD patients on postural sway found that, when
compared to subjects with normal vision, those with central visual field loss had a
lesser contribution of vision to postural stabilisation®:. When investigating the
effects of different types of field loss on postural sway, it was found that when
comparing equal sized (30°) areas of central or peripheral field, it is the central

visual field that dominates postural control*2.

When looking at visual stabilisation in patients with peripheral field loss as a result of
retinitis pigmentosa (RP), it has been found that increased field loss decreased

visual stabilisation™'’. However, when comparing the results with individuals with
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matched artificially restricted fields, they indicated other causative factors may be

involved, such as anomalous processing of visual information.

Investigations by Freeman et al.*" into the effects of contrast sensitivity, visual
acuity, stereopsis, and visual field loss, found that only binocular visual field loss
was associated with falls. Central, lower and upper peripheral fields were all found
to be associated with an increased risk of falls. In a multiple regression model
analysis of central and peripheral visual field loss, only peripheral field loss

remained significant.

The lower visual field has been found to be important when negotiating multi-surface
terrain®. Loss or reduction of binocular inferior visual fields were implicated in

increasing the rate of falls in a study looking at glaucomatous field loss".

Coleman et al.® studied a large cohort of 4071 community dwelling women aged 70
or above and found severe binocular field loss in 10% (n=409). In a third of these,
frequent falls were attributed to the field loss. When looking at results adjusted for
age, race, study site and cognitive function, a later study estimated the risk of hip
and non-spine, non-hip fractures to be 66% greater in women with severe binocular

visual field loss, than in those with no visual field loss*é.

3.4 Summary

The reviewed literature illustrates the complexities in attributing specific falls risk- or
odds ratios to stand-alone visual factors. Studies vary not only in the type of visual
impairment investigated, but also according to outcome data. Some studies report
on falls, injurious falls, or specific falls-related injury such as hip fracture, and others
on adaptive locomotion factors, such as postural stability, obstacle avoidance or foot

and toe placement.
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Falls are generally accepted as the outcome of a combination of contributory
factors, with vision impairment widely recognised as one such. Although the role of
reduced visual acuity is widely understood and reported on, both in academic
research papers and public information leaflets, it is important to recognise that -
along with acuity - contrast sensitivity, visual fields and depth perception all play
important intertwined roles. A 2012 systematic review of nineteen studies
concluded that the evidence regarding poor depth perception and poor low contrast
visual acuity as falls risk factors was convincing, with other factors being more

controversial**®,

The impact of blur on the lower visual field is one of the falls risk factors implicated
when wearing bifocal or progressive addition lenses (PAL). Research findings
regarding spectacle lens design and falls risk are investigated in the following

chapter.
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Chapter 4. Spectacle lens design and falls risk

4.1 Introduction

This chapter examines spectacle lens correction modes for the ageing eye and their
possible influence on falls risk. The literature review is approached with regard to

four main critical issues:

1. Confusing use of the term “multifocal” and poor differentiation of lens designs
in study outcomes

2. An assumption that, when walking or undertaking stepping tasks, wearers of
bifocal or progressive addition lenses habitually look through the near area of
the lens

3. Misconceptions about perceived distortion and other peripheral aberrations
by comparing step edge appearances when looking through progressive
addition lenses held at arm’s length

4. Whether or how any allowances for habitual wear were incorporated.

In addition, blur and spectacle lens magnification are discussed, particularly in

respect to their influence on stepping strategy and gait adaptations.

As falls research is of interest to a range of non-optical professions such as
occupational therapists, nurses, rehabilitation workers, or physiotherapists, this
review is preceded by a brief introduction to the ageing process of the eye, in order
to understand the need for spectacle lenses that incorporate two or more different
powers. A description of bifocal (Bif) trifocal (Trif) and progressive addition lenses
(PAL) and their salient features is also provided, along with their currently valid

British and International Standard definitions.
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4.2 Presbyopia

The ability of the eye to focus at different distances is termed accommodation, and
its range is referred to as its amplitude. The eye’s amplitude of accommodation
reduces with increasing age, causing an individual’s near point to recede. This is
referred to as presbyopia. Its age of noticeable onset varies with the individual and

their specific visual demands, but can be from as early as 40 years.

The outcome of this reduction in accommodation is that no one lens power can
provide a clear range of vision from distance to near. Different, task-specific
spectacle lens powers are required in order to provide the wearer with a range of
vision comparable to that in their youth. The difference between the lens power
required at distance and the more positive lens power at near is referred to as the
addition, traditionally abbreviated to “Add”. Lens powers are measured in dioptres

(D), with typical Add values ranging from +0.75D to +2.75D.

Many studies have investigated the rate of progression of presbyopia. The early

12022 in the late 19" and early 20" century

studies of Donders and Duane
respectively describe a reduction in mean amplitude of accommodation from the age
of 10 to 60. Duane™® compared his findings of a reduction from 14.00D to 1.20D,
with the reduction from 18.00D to 1.50D found by Donders. Whilst the overall trend
was comparable, Duane found the loss of accommodation was not a steady
process, with periods of stability being followed by periods of more rapid
deterioration. The present study is investigating falls risk in those aged 65 and
above, so it important to understand how much residual accommodation is present

in this age group. Figure 4.1 depicts the data from Duane’s 1922 study'*.

Although in later research it has been argued that the non-linear decline in
amplitude of accommodation could be a manifestation of false high readings for the

oldest age groups, there is nonetheless agreement that there is little change in
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accommodative ability after about 50 years of age™®.

Binocular measures of amplitude of accommodation have consistently been found to
be greater than monocular measurements, and are considered the result of
increased accommodative ability driven by the coupled mechanism of convergence
and accommodation. In those aged over 53, binocular accommodation was found

to be 0.30D greater than monocular values.
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Figure 4.1 Monocular amplitude of accommodation (Data from Duane'®)

Whereas Duane ruled out the argument that depth of focus accounted for the 1.00D
residual accommodation in older age groups, a more recent study concluded

otherwise'?,

It has also been postulated that after the early 50s, the need for increased reading

addition for near tasks, is a result of an age-dependent reduction in visual acuity**.

Whilst the exact mechanism of presbyopia has been the subject of much academic
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research and debate, the fact remains that its correction modalities, in the form of

spectacle lenses that incorporate two or more powers, are a feature of everyday

prescribing and dispensing practices.

4.2.1 Spectacle lenses for presbyopia: definitions and design features

An understanding of the basics of presbyopic lens forms and their correct

nomenclature is fundamental to the analysis of published research. It is useful at

this stage, therefore, to introduce the currently valid definitions as found in the

British, European and International standards document BS EN ISO 13666:2012'%

(Table 4.1) as well as simulated depictions of their appearance when worn (Figure

4.3).
Lens form Definition
multifocal lens designed to provide two or more visibly divided portions of
different focal powers
bifocal multifocal lens having two portions, usually for distance and
near vision
trifocal multifocal lens having three portions, usually for distance,

progressive power (PPL)
progressive addition (PAL)

progressive surface

intermediate and near vision

lens with at least one progressive surface, that provides
increasing (positive) addition power as the wearer looks down

surface which is non-rotationally symmetrical, with a
continuous change of curvature over part or all of the surface

Table 4.1 BS EN ISO 13666:2012 Spectacle lens homenclature
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Inaccurate usage of the term “multifocal” has led to it also being used to describe
progressive addition lenses (PAL), which are also frequently termed “varifocal’
lenses. This confusion may be one of the reasons why advice issued to the public,

such as found on the Directgov website'®®

, misleadingly referred to “vari-focal”
(PAL) lenses alone (Figure 4.2). This was subsequently amended to “inappropriate

spectacles”. (This website has now been replaced by www.gov.uk).

Directgov

st | )

Home | Directories | Contacts | Do it online | Newsroom Tuesday, 12 August 2008

Browse by subject Home and community Fire Safety |

» Crime, justice and the

b How to reduce trips and falls CAN
PREVENTIT

» Education and learning Trips and falls account for a larne amaunt of infiiries in =

» Employment the home. By folowing sinf ~ Home and Communty — How to tackle trips and falls
e reduce the risk to you and '3:5??&:9“ safetyin m nretcaocmegnske; ﬁa;ed;t]:g :approach to risk assessment provides a useful framework
greener ng ! Solety.atfiome o look around for anything that may cause an accident, for example, sippery
} Government, citizens » Money, tax and benefits floors
and rights f » Motoring o decide who is at risk
) Health and wel-being ‘ : ) Travel and transport o take preventative measures
o keep a record of what you have changed
Browse by people o continually monitor your fiving space - keep a note of all potential hazards
* Young people Accidents in the home are frequently caused by:
¥ Britons fiving abroad + poorly organised walkwiays
» Caring for someone « inadequate/unsuitable fighting
» Disabled people o incomrect cleaning procedures
. . » Over 50 « moving/handling a load
poor eyesight, vari-focal L = e
o fatigue
hko poor eyesight, vari-focal glasses
+ medication which can lead to dizziness

Figure 4.2 Screenshot of Directgov webpage

There are many variations in construction designs for each of the lens categories.
This means that comparisons of bifocal wearers or progressive addition lens
wearers (PAL or alternatively progressive power lens PPL) are most likely not

comparing identical products, yet there will be common salient features, such as
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image jump in bifocal and trifocal lenses, and unwanted peripheral astigmatism in

PALs.

Distance

Bifocal

Near

Distance
Trifocal

<— Intermediate

Near

Distance
PAL centration point*

Centre of near
zone*

Figure 4.3 Schematic representation of lens designs for presbyopia

* The reference points in PAL lenses are invisible.

4.2.1.1 Bifocal lens design

With regard to bifocal lens design, image jump on transition from the distance

portion to the near segment is often quoted as contributing to increased falls

k111,112,126—l31

ris . Image jump occurs as a result of the change in prismatic effect at
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the segment dividing line, which is a factor of the distance of the near geometric
centre from the segment dividing line (x), and the power of the reading addition

(Equation 4.1 and Figure 4.4)

Equation 4.1 Image jump (prism dioptres) = x (cm) - Add (D)

Distance optical centre Op

Segment dividing line

Geometric centre of segment G

Figure 4.4 Bifocal lens dimensions for image jump calculation

Two commonly encountered bifocal lens designs in the UK are referred to as C and
D segments, a simple descriptor of their shapes. (A “D” segment is depicted in
Figure 4.3 and Figure 4.4. A “C” segment has a curved dividing line.) The notation
D28 refers to a D segment 28mm across at its widest point. In these designs, the
segment geometric centre is below its dividing line, which gives rise to a base down
prism. The image will therefore seem to move upwards, when the eyes move from

the distance to the near portion.

Trifocal lenses have an additional intermediate segment, which usually has half the

full Add power. Image jump in trifocals is, therefore, less when transitioning the top
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of the trifocal segment, than that of a bifocal lens with equal distance and near
prescriptions. There is, however, an additional image jump when transitioning from
intermediate to near zone, but - because of the proximity of the geometric near

centre to the top of the near segment - this is considered negligible.

Walsh**? proposed that the concept of jump may be flawed, as it assumes a sudden
transition from distance to near segment, and does not take into account the size of
the pupil, whereby images from both distance and near may be perceived
simultaneously. This would give rise to monocular diplopia, and if the near
segments were not correctly positioned, then a binocular perception of four images
could occur. Although investigations were carried out on young subjects (n=20)
aged between 17 and 30, it was concluded that diplopia may be “at least as likely as

jump” to cause problems when using bifocal lenses.

4.2.1.2 PAL lens design

PAL lenses do not display image jump. The power of the lens increases gradually
from an area allocated for distance vision, through a corridor of increasing positive
power for intermediate distances, reaching a near zone in the inferior portion of the
lens. However, peripheral astigmatism occurs in the areas both temporal and nasal
to the progression corridor, and can induce peripheral image blur and distortion.
The amount and direction of this astigmatism can also create a changed room

perspective.

An iso-cylinder plot of a currently available PAL is shown in Figure 4.5, courtesy of
Dr.C.W.Fowler, Aston University. The areas with little or no surface astigmatism

(<0. 50D) are depicted white.
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The direction of the peripheral astigmatism is not consistent, as can be seenin a
vector diagram created by the author with data from the same lens as in Figure 4.5
(Figure 4.6). The centre of the plot is the prism reference point, which is situated just
below the distance centration point (fixation cross). Peripheral astigmatism,
together with peripheral prismatic effects, cause in some wearers a perceived

movement of the environment, often referred to as “swim”*33134,

4.3 Literature Review

A literature search into spectacle lens forms and falls risk was performed in August
2012 using the Web of Science and Medline databases and the following search
terms for all years: fall, elderly (older, aged, ageing, aging, over 65s, over 75s),
single vision, bifocal, multifocal, varifocal and progressive addition lenses. Weekly

search alerts were programmed and secondary searches were also performed.

An updated search was carried out in December 2016, with 21 papers identified that
either directly investigated spectacle lens form and falls, or inferred increased falls
risk as a result of lens-related properties, such as optical blur or spectacle lens
magnification. One conference abstract was also included as it uniquely

investigated the effects of two different PAL designs.

4.3.1 Differentiation of lens design

The search results were analysed to examine the definitions used for lens design,
the number of wearers in each lens groups, and whether the lens design was
differentiated in the study outcomes in nineteen of the identified studies (Table 4.2).
This is vital in order to be able to attribute falls risk to a specific lens design, ie

bifocal or PAL.
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This analysis was not applicable in two studies which investigated the effect of
spectacle lens magnification'*® and the effect of combined spectacle lens
magnification and blur'**® when stepping up, as these were laboratory studies
undertaken with single vision lenses. It was also not applicable in a study

investigating walking behaviour with occlusion of the lower visual field®.

No studies referred to the above-mentioned BS EN 1SO13666:2012 standard or any
of its earlier versions. 10 studies defined multifocal lenses as bifocal and PAL; 4
studies included trifocal lenses in the definition, and a further five did not provide any
definition. Only six studies differentiated between bifocal and PAL lenses in their
results: a narrow evidence base for lens design recommendations regarding falls

risk. In the earlier studies a predominance of bifocal wearers is apparent.

Differentiation is of particular importance when interpreting study outcomes,
especially those disseminated to optical professionals in falls prevention literature,
such as the College of Optometrists’ publication “The Importance of Vision in

Preventing Falls™*’

. As an example, one of the references in this document,
supporting the statement that the incidence of falls has been linked with “bifocal and
varifocal wear” was a laboratory-based study that investigated stepping behaviour
when wearing single vision lenses, bifocals or PALs™!. The study was
underpowered to detect any difference between bifocal and PAL lens design and

gave no information as to how the habitual lens wear of the participants (12 bifocal,

7 PAL) may have influenced the outcomes.

Another example of the need to exercise caution is a reference in a paper by
Gassmann®. Lord’s 2002 findings are misquoted as “Varifocal glasses impair
depth perception and edge contrast sensitivity at critical distances for detecting
obstacles in the environment”. The original statement referred to “multifocal”, not

varifocal.
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Definition of

Lens differentiation

Author Year multifocal Regular wearers of lens designs (n) in results
Bifs PALs Subjects
Bifs Trifs PALs or or TOTAL
PALs Trifs
Black® 2016 Bifs and PALs 5 5 19 No
Supuk®®”’ 2016 Bifs and PALs 115* 287 No
Kallstrand-Eriksson®* 2016 Bifs and PALs 50 101 212 Yes
Elliott™® 2016 Bifs and PALs 14 14 Yes
Ellison*® 2014 Bifs, Trifs and PALs 31 31 n/a
Black®® 2014 Bifs and PALs 1 3 10 No
Beschorner*®® 2013 No definition 0 0 22 n/a
Brayton-Chung** 2013 Bifs, Trifs and PALs 1 4 28 46 No
Timmis'*? 2010 Bifs and PALs 11 9 20 Yes
Haran'?’ 2010 Bifs, Trifs and PALs 192 (173)** 26 (33)* 66 (79)** 305 (301)** No
Gassmann® 2009 No definition 277 622 No
Menant'?® 2009 Bifs and PALs 18 12 30 No
Johnson™*° 2009 Bifs and PALs 9 9 18 Yes
Johnson'*® 2008 Bifs and PALs n/k n/k 19 Yes
Johnson** 2007 Bifs and PALs 12 7 19 No
Hill**? 2007 No definition 136%+ 300 No
Lakkis™*® 2005 No definition 17 17 Yes
Lord?® 2002 Bifs, Trifs and PALs 76 11 156 No
Davies' 2001 No definition 80 1250 No

* pre-operatively; ** Intervention (Cohort); *** includes non-specified spectacles and 82 bifocals; **** Details referring to 1996 study on leisure and domestic injuries

Table 4.2 Lens definitions and differentiation
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Although Lord defined multifocal as bifocal, trifocal or progressive lenses, that study
comprised 76 bifocal wearers and 11 participants who wore either trifocal or PAL

lenses and was not powered to examine differences between these lens designs.

It is important to examine the sources of recommendations about lens design and
falls risk and to understand their limitations in order to ensure best possible

prescribing and dispensing advice is given to our elderly patients.

4.3.2 Overview of core publications

Table 4.3 lists the 22 publications that were identified as core to this review, and
details the studied variables. These cover five main categories: visual aspects,

head and eye movements, indicators of balance, physical health, and falls.

Visual aspects included visual acuity, low contrast visual acuity, stereopsis, contrast
sensitivity and visual fields. The implications of these factors for falls risk were

addressed in Chapter 3.

Investigations of head and eye movement parameters have included gaze direction

and head pitch, particularly when walking and under conditions of obstacle

81,85,86,128

avoidance It is widely accepted that, when walking, an individual fixates

an average of about 2 steps ahead of their current position'*. In the core studies, it
has not, however, been determined through which part of a bifocal or PAL lens the

wearer is looking when walking or negotiating steps, although there is a common

assumption they are looking through the lower near segment®8>86:110-112,126,130,141,

This has formed the basis of many theories about increased falls risk with bifocal

and PAL use. Indicators of balance included adaptive gait measures (such as

81,85,128,141 111,112,135,136,138,140

obstacle avoidance and step negotiation ,) postural stability

107,110,126,130,143,144 143

, co-ordinated stability ***, proprioception'?, stepping accuracy®
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Author Year Variables Comments

Visual Eye/Head Balance and Mobility Health  Falls
VA VA SA CS VF Track Pitch aAg/ PS CoSt WS PF® F
(LC) DGI
Black®® 2016 Vv v v 4 v blur on foot placement and precision stepping
Supuk107 2016 v v v v cataract surgery, dizziness and falls
Kallstrand-Eriksson® 2016 v v v v v \vision, lens type and falls
Elliott™® 2016 v v intermediate Add PALs
Ellison*® 2014 4 prismatic effect on reaction time and accuracy
Black®® 2014 Vv v v v v blur and CS on foot placement and precision stepping
Beschorner*®® 2013 v stepping up and down in novice PAL wearers
Brayton-Chung'** 2013 v v v v v falls in middle-aged when wearing Bifs, Trifs or PALs
Chapman® 2011 v v SM when stepping up
Elliott** 2010 v v SM and blur when stepping up
Timmis'*? 2010 v v v v when stepping down with SV, Bifs and PALs

VA = visual acuity, VA(LC) = low contrast visual acuity, SA = stereoacuity, CS = constrast sensitivity, VF = visual fields Track= Head / Eye tracking, Pitch = head pitch
PS = postural stability/dizziness, CoSt= co-ordinated stability, WS = walking speed, PF? = physical function, AG = adaptive gait, DGI = Dynamic Gait Index
SV = single vision, Bif(s) = bifocal(s), Trif(s) = trifocal(s) PALs = Progressive addition lenses, SM = spectacle lens magnification

Table 4.3 Comparison of core study variables
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Author Year Variables Comments
Visual Eye/Head Balance and Mobility Health  Falls
VA VA SA CS VF Track Pittch aAg; PS CoSt WS PF? F
(LC) DGI
Haran?’ 2010 v v v 4 falls when comparing SV use with Bifs, Trifs, and PALs
Gassmann® 2009 v 4 falls in community dwelling older people
Menant?® 2009 v v v v 4 obstacle avoidance when wearing Bifs and PALs
Johnson** 2009 v 4 v v v balance control when wearing SV cf Bifs and PALs
Johnson** 2008 n/k n/k n/k n/k stepping up to raised surface with SV, Bifs and PALs
Marigold®* 2008 v v v 4 VF when walking across multi-surface terrain
Johnson™*? 2007 v 4 v v stepping up to raised surface with SV, Bifs and PALs
Hill**2 2007 4 v v sleep disturbances; Bifs identified as falls risk factor
Lakkis** 2005 4 v v comparing 2 different PALs and a bifocal
Lord*®® 2002 4 v v v risk of falls when wearing Bifs, Trifs or PALs
Davies** 2001 influence of bifs / PALs on falls risk

VA = visual acuity, VA(LC) = low contrast visual acuity, SA = stereoacuity, CS = constrast sensitivity, VF = visual fields Track= Head / Eye tracking, Pitch = head pitch
PS = postural stability/dizziness, CoSt= co-ordinated stability, WS = walking speed, PF? = physical function, ,AG = adaptive gait, DGI = Dynamic Gait Index
SV = single vision, Bif(s) = bifocal(s), Trif(s) = trifocal(s) PALs = Progressive addition lenses, SM = spectacle lens magnification

Table 4.3 (cont.) Comparison of core study variables
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(8128141143146 * co_ordinated stability is the ability to maintain

and walking spee
balance by adjusting body position, when the feet are stationary. No study the
writer is aware of has included an analysis of all three balance components, namely
visual, vestibular, and somatosensory. It is, therefore, not possible to say whether

those who have a predominantly visual balance deficit are more likely to experience

falls with any one particular lens design.

Health factors recorded have included a wide range of known risk factors: dizziness
4197 “reduced cognitive ability as assessed by the mini-mental state examination
(MMSE)*"128.142 ‘limitations in physical ability, as determined by the timed get-up-
and-go test (TUG)**"**? reaction time'®, pain scores'*?, and physical activity levels

41,111,112,126,127,130

or reductions in activities of daily living (ADL) . Medication use and

health issues such as Parkinson’s disease, diabetes mellitus, heart disease, or

orthostatic hypotension have also received attention®"12%127112.142

Whilst a range of the above factors were either examined as predictors of falls, or
used to categorise subjects, only eight studies had falls as an outcome measure,

and no studies investigated variables across all five main categories.

4.4 Spectacle Lens magnification (SM)

Spectacle lens magnification (SM) applies to all lens designs, including single vision
lenses. An awareness of SM allows a greater understanding of studies investigating
gait adaptations and step negotiation, particularly those of Chapman®*® and Elliott**°.
The latter paper investigated the relationship between SM and blur, and is

addressed in Section 4.7 (Dioptric blur).

Convex (positive) lenses enlarge the retinal image size of an object, when compared

with the image size in the uncorrected eye; conversely concave (negative) lenses
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reduce the retinal image size. This is referred to as spectacle lens magnification,

and is a product of the power factor of the lens (PF”) and its shape factor (SF?).

The power factor takes into account the back vertex power of the lens (F’,) and
distance of the lens to the eye (d), otherwise known as the back vertex distance

(BVD) (Equation 4.2).
Equation 4.2  PF°=1/[1-(d-F,)]

The lens thickness (t), its refractive index (n) and the front surface power (F,) are

used to calculate the shape factor (Equation 4.3).
Equation 4.3 SF? =1/ [1-(t/n)-F4]

The power factor is greater with increased back vertex distance, whilst steeper
curvature of the front surface of the lens increases the shape factor. Modern lens
designs, especially with lenses of higher refractive indices and flatter front surface

curves — particularly in concave lenses — demonstrate a reduced shape factor.

Chapman® investigated the effect of spectacle lens magnification (1%, +2%,+3%
and £5%) on adaptive gait changes in 10 young subjects (mean age 22.3 + 4.6
years) and ten older subjects (mean age 74.2 + 4.3 years), when approaching and
stepping up to a raised surface at 152mm. Building regulations stipulate a
maximum rise of 220mm, a minimum going of 220mm and a 42° maximum pitch for
stairs in private properties'’. (See Figure 4.7 for a diagrammatic explanation of the

terminology and Table 4.4 for minimum and maximum data.)

It is well known that positive lenses make objects seem larger and closer than they
are in reality, and negative lenses reduce image size and make objects appear

further away, which suggests SM may influence safe step negotiation.

The height of the raised surface in Chapman’s investigation is just above the
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minimum rise height for domestic properties and expected increases in foot
clearance when positive (size magnifying) lenses were worn, and reduced clearance
when negative (size minifying) lenses were worn were confirmed. Mean trail vertical
toe clearance was found to be 20.3mm (SD 10.1) in older adults, and 22.3mm (SD"
12.2) in younger adults. With a positive SM of 5% this increased to 22.5mm (SD"

5.8) in older adults and 22.9mm (SD" 8.3) in younger adults.

Pitch
Rise
Going
Figure 4.7 Stair terminology>®
Minimum Maximum
Rise (mm) 150 220
Going (mm) 220 300
Pitch - 42°

Table 4.4 Minimum and maximum dimensions for domestic staircase treads*’
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Of more concern would be reduction in clearance when the image seemed further
away, with a negative 5% SM. In this case the reduction was 2.8mm (SD" 8.2) in
older adults (from 20.3mm SD" 10.1 to 17.5mm SD" 8.2) with no difference found in
younger participants (22.4mm SD" 9.9 compared with 22.3mm SD 9.9). This would
suggest that, even with a 5% image size reduction, sufficient toe clearance for safe

stair negotiation is present.

The effects of long-term adaptation to altered room perception were not
investigated, but short-term adaptation was found not to take place. Information
about the length of time it takes to adapt to different image size and room perception
would be invaluable for the practitioner. Although large prescription changes, in
both the sphere (to correct myopia or hypermetropia) and cylinder (to correct
astigmatism), and large cylinder axis changes are usually avoided by the seasoned
practitioner, there are some cases where these are unavoidable, such as in post-

operative cataract outcomes.

The effect of changes in lens power on image size difference can be calculated with
Equation 4.2 and Equation 4.3. Table 4.5 shows a range of values calculated from
-6.00D to +6.00D in 2.00D steps, using front surface power (F;) and lens thickness
(t) data kindly provided by Frank Norville, The Norville Group, for two refractive

indices.

To achieve a £ 5% image size change, a variation in prescription of more than *
2.00D would be necessary, which is not commonly encountered in routine

prescription updates, but is entirely feasible as a post-cataract surgery outcome.

This should prompt us to consider which post-operative refractive outcome is least
likely to increase falls risk. In light of this study, emmetropia — in the case of
previous ametropes — may not be the optimum post-operative outcome, especially

after unilateral cataract surgery.
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Back vertex power Fy (D) -6.00 -4.00 -2.00 0.00 +2.00 +4.00 +6.00
Back vertex distance d (m) 0.012 0.012 0.012 0.012 0.012 0.012 0.012
PE° 1/(1-dF’v) 0.93 0.95 0.98 1.00 1.02 1.05 1.08
For refractive index n = 1.50
Refractive index n 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Front surface Power F. (D) 1.95 1.95 4.00 5.00 5.80 7.68 7.68
Lens thickness t  (m) 0.0020 0.0020 0.0020 0.0022 0.0032 0.0054 0.0073
SF* 1/[1-(t/n)F4] 1.00 1.00 1.01 1.01 1.01 1.03 1.04
SM
SM = PF”.SF? 0.94 0.96 0.98 1.01 1.04 1.08 1.12
SM(%) =100 [(PFb-SFa)-l] -6.47 -4.33 -1.82 0.74 3.74 8.03 11.94
For refractive index n = 1.60
Refractive index n 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Front surface Power F1 (D) 2.17 2.17 2.17 4.86 6.29 7.43 8.57
Lens thickness t (m) 0.00191  0.00191 0.00191 0.00220 0.00280 0.00460 0.00630
SF? 1/[1-(t/n)F4] 1.00 1.00 1.00 1.01 1.01 1.02 1.03
SM
SM = PF”.SF? 0.94 0.96 0.98 1.01 1.04 1.07 1.12
SM(%) =100 [(PFb-SFa)-l] -6.47 -4.33 -2.09 0.67 3.60 7.34 11.52

D = Dioptre, m = metre, PF° = Power factor, SF* = Shape factor, SM = Spectacle lens magnification

Table 4.5 Spectacle lens magnification calculations
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Whichever presbyopic lens design is investigated, spectacle lens magnification
issues hold true in all cases. With the advent of freeform technology, it is becoming
increasingly more common for progressive surfaces to be worked on the back
surface of the lens, so the SF? in such a lens is comparable with that found in single

vision lenses.

4.5 Stair negotiation

Four other studies in the core publications reviewed also addressed the issue of

stair negotiation and “multifocal” lens use™'% 1214,

Beschorner'® investigated the influence of multifocal lens use (in this case PALs
only) in a group of 15 young and 7 middle-aged adults who had never worn PALs
previously, when undertaking step up and step down tasks. It is asserted that PALs
distort step edge perception, as demonstrated by an image taken through a lens
held at arm’s length (Figure 4.8a). This, however, is misleading as it does not
replicate the optics and the visual perception when a lens is worn at the correct back

vertex distance (BVD).

Figure 4.8 Images through PAL lens at arm’s length a) Beschorner b) Ellison
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The same assumption is found in a paper investigating prismatic displacement

effects of PALs™ (Figure 4.8b).

Beschorner reiterates that multifocal lenses reduce contrast sensitivity and “distort”
depth perception needed for locating steps. This finding was, as previously
reported, based on the assumption that wearers look through the lower portions of

their lenses when walking or stepping.

This paper aimed to inform about the effects of PALs on novice wearers, but used
lenses with a 2.75D Add, which does not reflect the norm in clinical practice for new
wearers. No adaptation time was allowed. No difference was found between the
age groups, with both demonstrating increased toe clearance and increased time
taken and less controlled landing when stepping down. A similar investigation using
Add powers commonly found in new PAL wearers — in the region of 1.00 D - would
be helpful to highlight if similar issues presented. Adaptation to lens change is a
highly individual trait, dependent on factors such as change in prescription, change

in lens design or material, size and fit, particularly pantoscopic tilt and BVD.

Johnson''! investigated the effect of multifocal lens use (defined as bifocals and
PALs) compared with single vision lens use, when stepping up to three different
levels. The previously mentioned studies used a height of 152mm. Johnson’s study
used heights of 75mm, 150mm, and 220mm, representing kerb heights, stair risers

and bus entry steps respectively.

Nineteen elderly subjects (mean age 71.4 years) were issued with 3 different pairs
of spectacles to wear when carrying out the stepping tasks: single vision, D28
bifocal, and a Norville NCF5 PAL design. Twelve subjects were regular bifocal
wearers, and seven regular PAL wearers. It was stated that the subjects were not
informed which lens design they were wearing during the trials, but it is doubtful this

was not easily perceived.
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The tasks involved stepping up to the new height from a standing position that was
half a foot length away from the front of the step. The influence of bifocal and PAL
lenses on the minimum horizontal and vertical lead limb toe clearance were
measured, as were centre of mass dynamics. It was stated that a one-step situation
was chosen to reflect the transition from level walking to stair ascent, yet the

subjects did not have a walking approach in the trials.

All measurements of visual function were taken at a distance of 1.4m when wearing
distance, intermediate and near prescriptions in trial frames. Understandably, the
results were worse when looking through near powers. This situation cannot be
directly compared with that of wearing a spectacle frame fitted with bifocal or PAL
lenses, as no analysis of the actual gaze direction and subsequently accessed area

of lens power was undertaken.

The results showed no influence of lens design (including single vision) on centre of
mass dynamics, and also no difference in the mean vertical toe clearance. It was
proposed that the greater within-subject variability found in bifocal or PAL wearers
would give rise to more tripping incidents. How or whether habitual use of a
particular lens design was factored in, was not indicated, so it is not possible to say
whether habituated bifocal lens wearers performed worse when wearing PAL lenses

or vice-versa.

Johnson also reported on a similar study of nineteen participants (mean age 72.5
years) where a walking approach was used from a distance of 3m, and the step was
a platform of 15 x 100 x 300 cm™°. In this case performance was assessed when
habitual bifocal and PAL wearers used D28 bifocals, NCF5 PALs and single vision
lenses. Mean vertical toe clearance of the platform edge decreased with single
vision, as opposed to bifocal or PAL lenses. Less within-subject variability was also
found with single vision lenses, when measuring the lead toe—to-platform, and trail

toe-to-platform distances. Here it is proposed that not toe clearance, but control of
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foot placement is the critical factor when considering collision with the front of the
platform. It was concluded that changing habitual bifocal and PAL wearers to single
vision lenses — in those at high risk of falling — may be a useful risk reduction

strategy.

Changing elderly habituated lens wearers to a different lens design is generally
avoided in practice. Having to cope with two separate pairs of spectacles brings its
own set of challenges; confusion about which pair of spectacles to wear for which
task arises, and the correct pair is not always to hand. Walking in single vision
reading lenses would give rise to the same amount of blur attributed to looking
through near zones of bifocal or PAL lenses. If toe clearance can be ruled out as a
contributing factor, then it may be necessary to look again at the influence of SM. A
comparison of SM across a range of SV, bifocal and PAL lenses may be

advantageous.

45.1 Step descent

Step descent is more dangerous than step ascent, as the trip or fall will not be
broken by the facing vertical rise of the flight of stairs. A study by Timmis et al**?
found that the accuracy and manner of foot placement when stepping down (landing
control) was improved when wearing single vision lenses. In common with previous

studies?

, Visual factors of high and low contrast visual acuity, contrast
sensitivity and depth perception were measured at 1.4m, in this case to simulate the
distance from the subject’s eyes to the ground when standing on a 15cm high block.

The assumption that viewing would take place through the lower near portion of the

lenses was also repeated.

20 long term multifocal (bifocal and PAL) wearers, mean age 71.9 + 4.2 years were
each issued with three different lens designs (single vision, D28 bifocal, and NCF5

PAL) using a prescription taken from their current spectacles by focimetry.
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This would ensure that no adaption to a new prescription was necessary, but could
also give rise to measuring errors. A copy of the latest issued prescription would
have ensured an exact power match. Using the same step-down heights as were
used in the step-up experiment by Johnson', a step-down task was initiated from a
standing position onto a force platform. Timmis suggested a walking approach

should be the subject of further studies.

Pre-landing kinematics (ankle and knee angle, medio-lateral and vertical centre of
mass velocity) and the mechanics of landing (angular velocity of knee and ankle,
vertical centre of mass velocity and peak force during landing) were investigated
with each of the lens designs. Again, no information was provided how habitual

bifocal lens wearers performed with the PAL lenses, or vice versa.

Whereas other studies have highlighted the variability of within-subject data, this
study found no variability across all lens designs. It did, however, draw attention to
some differences between the mean results of bifocal and PAL lenses, whereby the
pre-landing kinematic of knee angle was reduced with both single vision and PAL

lenses, but not with bifocals.

With regard to landing mechanics, ankle angular velocity and vertical centre of mass
velocity decreased with both single vision and PAL lenses, but not with bifocal
lenses. In the context of falls risk, this means that single vision and PAL wearers
were more certain about the lower step position, and stepped down in a more
controlled manner. This suggests that the optical differences in the two lens designs
may come into play here. Should the wearer be looking through the lower segment
of bifocal lenses, this would lead to blurred vision. Buckley70 found blur led to a
change in foot and ankle angles, as the subject “felt” for the position of the lower

step, rather than lowering the limb onto it.
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4.5.2 Missed edge accidents

Although elderly people may use staircases step by step, it would be interesting to
see whether gait is modified in the same way when negotiating a flight of several
steps. Templer™ reported that the top three and bottom three steps on staircases

were the main locations for falls accidents.

A paper by Davies et al*** reported on two studies that investigated accidents
looking at use of bifocal and PAL lenses, lighting, and missed step accidents. One
study reported on accidents in paid employment, and the other in domestic and
leisure settings. This review investigates the results reported for the domestic and
leisure settings, on the assumption that the subjects of interest to this report are

aged 65 and above and no longer in full-time employment.

A retrospective analysis of 1250 underfoot accidents, using patient interviews
obtained with the Merseyside Accident Information Model (MAIM), looked at two
hypotheses: a) the use of any type of spectacle (as a result of visual field losses
caused by frame) and b) the wearing bifocal or varifocal (PAL) lenses, as risk

factors.

The 1250 patients had all suffered injurious accidents and were attending fracture
clinics. 745 had experienced “underfoot accidents”. Although data was recorded
about whether spectacles were worn at the time of the accident, and if so, which

lens design, no differentiation was applied between bifocal and PAL lenses.

618 participants reported they did not need spectacles. 378 participants reported not
wearing their spectacles at the time of their accident: in the over 60 age group, this
included 11 bifocal and varifocal (PAL) wearers who should have been wearing their

spectacles.
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Of the 243 who reported wearing the correct spectacles, 45 in the over 60 age group
were wearing either bifocal or PALs, and one was wearing reading glasses. In this

latter case, it is not feasible that these were the correct spectacles.

The odds ratio for missed edge of step (as an underfoot first event) with bifocal or
varifocal (PAL) spectacles compared with all other underfoot first events (trips, slips,
turned ankle, loss of balance, or unintended step) was found to be 3.7 (p =.005) with
a 95% confidence interval of 1.5 — 9.1. When investigating movements such as
turning a corner, moving down, and stepping down when wearing bifocals or
varifocals (PALS), stepping down was found to have the greatest odds ratio for

missed edge of step of 27.9 (p = .003) with a 95% confidence interval of 4.6 — 168.6.

Visual field limitations caused by the spectacle frame itself were not found to

increase underfoot accidents.

There was no information regarding the visual acuities of the participants, nor the
time elapsed since their last eye examination. It was assumed that those wearing
bifocal or varifocal (PAL) lenses would be looking through the near lens portion

when walking about.

Age was also found to be a predictor of underfoot accidents. Although there was an
association between underfoot accidents and wearing spectacles, this does not

necessarily indicate causality.

4.6 Gaze direction

Gaze behaviour can influence safe obstacle and stair negotiation, by providing
timely information about the environment to enable adaptive gait changes. Aligning

the head with the direction of travel gives the central nervous system a frame of
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reference to the environment, that helps control body movement™. When initiating

a change of direction, the head turns before the rest of the body.
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On average, the gaze position is two steps ahead, and is interspersed with obstacle
fixation or landing target fixation. A stepping point is fixated approximately a second
beforehand'*® and is fixated during the approach phase, and not during its actual

negotiation*°.

With regard to stair negotiation, Templer™ suggested that a conceptual scan initially
takes place, to assess the stair's shape and condition, then the first step is fixated to
accurately locate its position. This is often preceded by a noticeable hesitation.
Thereafter the staircase is scanned about every seven steps, with a final scan to

locate the last step and the transition to a level surface.

Zietz and Hollands found central visual information necessary to identify upcoming
stepping locations, with both older and younger adults primarily fixating on these
(approximately 90% of the time during stair descent, and between 75% and 90%
during stair ascent)*®*. On average, a position three stairs ahead was fixated on
ascent. On descent, older participants fixated more frequently (two stairs ahead)

than younger participants (four stairs ahead).

Conversely, den Otter** found that foveal information was not imperative for safe
stair negotiation, as a substantial amount of treads that were stepped on were never

fixated (28% - 34%).

When investigating the influence of bifocal lenses or PALs on safe stair negotiation,
not only the direction of gaze is relevant, but also the amount of head pitch adopted,

as this will influence the accessed lens area.

Marigold ® looked at walking adaptations when negotiating a walkway with many
different surface structures: solid, rocky, slippery, compliant, tilted and irregular.
Walking trials were undertaken with ten young (mean age 26.1 + 5.2 years) and ten
older (74.1 7.2 years) adults, both with and without spectacles that completely

blocked the lower visual field.
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It was demonstrated that head pitch was increased and walking speed was reduced
when the lower visual field (LVF) was occluded, in both cases to a greater extent in
the older than in the younger subjects. In all settings, the older subjects took shorter

steps, and this was used to explain their increased head pitch.

It was proposed that, when the LVF is occluded, one of two situations can occur.
Firstly, the subject may shift the direction of the eye, in conjunction with increased
head pitch, in order to view the ground closer to them. Secondly, the subject may
maintain a gaze at 2 steps ahead, but the increased head tilt allows information
about the terrain to be perceived using peripheral vision. It is also feasible that a

combination of these two responses takes place.

The increase in head pitch observed with occlusion of the LVF was compared with
adaptations that multifocal lens users (bifocal, trifocal, and PALs) may make in order
to view through the upper lens areas. In a previous study by Marigold**?, however,
peripheral vision was found to be “sufficient for obstacle avoidance”, which would

negate the need for increased head pitch.

Wearing bifocal or PAL lenses does not occlude the LVF, and - when looking
through the near vision areas at distant objects - causes blur, not distortion as

suggested by Marigold. It is possible to assess the amount of blur encountered.

Let us assume the subject in question has a depth of focus of 1.00D and is wearing
a +2.50D Add. The range of clear focus when looking through the distance portion
of a bifocal lens would be from infinity to 1m. When looking through the near
portion, it would be from 40cms to approximately 29cms. At a viewing distance of
1.4m, the target would be in focus using the distance portion. If looking through the
near portion, the target would be 1m beyond the range of focus, and would require a
lens power of +0.71 D (1/1.4m) to bring it into focus. As the subject is wearing a
2.50 D Add, the resultant blur would be 2.50 D — 0.71 D = 1.79 D. Each spherical

dioptre of blur reduces visual acuity by a frequently quoted average of four lines
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(Snellen). Given the non-linear construction design of the Snellen chart, this can
only give us a guideline, but we can estimate the visual acuity through a
conventional +1.75D value to be about 6/60, given a starting acuity of 6/6. | would
suggest, even at this relatively low level of visual acuity, there is a large amount of
useful visual information provided to the subject, than when compared with total

occlusion of the lower visual field.

Black® investigated stepping accuracy with optical blur and gaze direction either on
target, 30cm ahead or 60cm ahead. Again the assumption is made that the lower
visual field is blurred in “multifocal” lens wear and the trials were undertaken with
participants wearing single vision lenses with +2.50D in addition to their best
distance correction, mounted in Halberg trial clips, to represent “the blur resulting

from commonly prescribed multifocal lens additions”.

Disregarding the blur condition, results showed that stepping accuracy was reduced
when gaze was directed further away from the target. In the blur condition,
significant understepping errors were attributed to SM, which in trial lenses is

unlikely to be of the same magnitude as in full aperture lenses.

In addition, it was found that some participants transferred their gaze away from the
target, before they had completed the stepping task, and that this also impaired
stepping accuracy. The recommendation was to maintain gaze on the stepping

position until heel contact had occurred.

The finding that older people at high risk of falls might benefit from single vision
lenses to improve stepping accuracy can be called into question, as the trial
situation does not replicate real-life situations, where head pitch and eye movement
may mean that bifocal and PAL wearers are not looking through the near lens

segments.
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4.6.1 Postural stability when looking down

Postural stability can be affected by head flexion, and it has been found that flexing
the head downwards, presumably in order to maintain a visual axis through the
distance portion of the lens, can increase instability. However a study by Johnson**
found that no multifocal design (in this case bifocals and PALSs) affected standing
postural stability, and that a “head flexed gaze down” approach had less impact on
postural stability than “head neutral gaze down”, when looking at a target on the

ground, with either bifocal, PAL or single vision lenses.

Each participating subject was issued with 3 different pairs of spectacles to wear
when carrying out the postural stability tasks, with single vision, D28 bifocal, and
Norville NCF5 PAL lenses. Of the eighteen participants, nine were regular bifocal
wearers, and nine regular PAL wearers. It was stated that the subjects were not
informed which lens design they were wearing during the trials, but it is doubtful this

was not easily perceived.

Postural stability was least affected in the “head neutral gaze forward” position. It is
notable that postural stability deteriorated when viewing in the “head flexed gaze
down” position even with single vision lenses. This could lead us to assume that
lens design per se has no influence on postural stability. Interestingly, a study
investigating postural stability and gait characteristics in patients with age-related
macular degeneration (AMD) found no difference in outcome measures in a group of

32% bifocal , 23% PAL, 4% trifocal and 5% single vision wearers'*™.

4.7 Dioptric Blur

When considering the effects of blur, the study by Elliott and Chapman®* is
informative. The effects of dioptric blur on adaptive gait changes were investigated

in a group of 10 older adults (mean age 77.1 + 4.3 years). These subjects
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approached a step of 152mm in height from a distance of 2 walking paces, in this
case 1.79 + 0.9m, and stepped up onto the raised surface. Using a trial frame, the
subjects wore their optimal refractive correction for this distance, as well as
additional blur lenses of £ 1.00D and + 2.00D. If blur had been the driver for gait
adaptation, then leading vertical toe clearance would be expected to be the same for
positive or negative 1.00D blur situations, and likewise for positive or negative 2.00D

blur.

Although trial frame lenses were used, where shape factor is negligible due to the
shallow front surface curve and reduced lens thickness, power factor still contributes
to image size. As vertical toe clearance was found to be greater with positive blur
lenses, and smaller with negative blur lenses, it was concluded that not blur, but
spectacle magnification was the cause of these adaptations. This was subsequently

confirmed by the later paper by Chapman®*®, as detailed in Section 4.4.

Black®® investigated blur with regard to stepping accuracy. The task was to walk up
and down a corridor stepping as closely as possible onto the middle of each
stepping target and to walk around or over the other non-stepping carpet rectangles.
Halberg trial clips were fitted into eye tracker goggles and the task was repeated

with best subjective refraction, +2.00 blur and +3.00D blur.

The conclusion that older adults at high risk of falls might benefit from SV glasses to
improve stepping accuracy does not take into account that the wearing of SV
Halberg clips does not provide a real-life simulation of bifocal or PAL lenses and that
wearers may indeed be using the distance portion of the lenses when walking. Blur
was found to have a significant effect on stepping accuracy, (understepping) but
only with the +3.00D blur lens. There was no significant difference between the
+2.00 D blur condition and no blur condition. Step accuracy also decreased when

stepping onto the low contrast target compared with the high contrast target, and
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this was combined with a longer fixation time on the low contrast target, which would

have implications for executive function and future planning.

Studies of this nature replicate more the situation where SV reading spectacles are

used for walking, which is not comparable with the use of bifocals or PALs.

To investigate whether reduced blur levels improved stepping accuracy was the aim

138 " Fourteen

of a study that compared intermediate and full Add bifocals and PALs
well habituated PAL wearers undertook step ascent and descent trials when wearing
their own PALs, intermediate and full Add PALs, intermediate and full Add bifocals,
and single vision lenses. Gait parameters with the participants’ own spectacles
were similar to the results found using the trial intermediate PALs and single vision

lenses. This would suggest that habituation is a critical factor in step negotiation

safety.

4.8 Multifocal lenses and dual tasking

Dual tasking, specifically stopping walking when talking, is a recognised risk factor
for falls****%. The study by Menant'?® looked at how older, habituated mutifocal
(bifocal and PAL) wearers fared when a) negotiating a walkway with obstacles, and
b) negotiating the same walkway and simultaneously carrying out two additional
visual tasks. Of the thirty participants (mean age 77 + 6.5 years), 18 were bifocal
wearers, and 12 wore PALs. The walkway was 14.5m long and contained obstacles
in the form of foam blocks at different heights and cardboard strips, which were to

be stepped over.

Measurements of the mean head angle and the mean pitch to pitch movements of
the head and eye were taken. Eye movements were recorded with an eye-tracker.
However, this was not able to identify through which part of the lens the participants

were looking.
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The additional visual tasks were demanding. The participant had to identify a
sequence of three letters presented at eye level, over a total of 1.5 seconds,
followed by a 2 second break, and then a further presentation block. Although not
specifically stated, it seems that this task continued for the length of the walking
task. In addition, at one position to the right hand side of the walkway, and one to
the left, the suit of a playing card, positioned at eye level, had to be identified. This
effectively constitutes triple-tasking. It was found that multifocal wearers, when
carrying out the additional visual tasks, did not increase head pitch, in order to utilise
the distance areas of the lens to view the walkway. As a result of this, more
obstacle contacts occurred. The reduced head pitch could indeed drive the subjects
to look through the near area of the lenses, increasing dioptric blur at ground level,
but the position of the eye relative to the lens was not identified. It may have been
the case that the predominant visual gaze direction, in order to read the letters
presented at eye level, was straight ahead. In this scenario, the obstacle
negotiating task would not be performed in line with the usual “two steps ahead”

gaze direction when walking.

4.9 A comparison of two PAL designs with a bifocal

An abstract was presented at the American Academy of Optometry Conference in
2005, entitled “The Effects of Multifocals on Balance and Mobility in Older
Persons™®. Unfortunately, it was never published as a full paper (personal

communication with SA Haymes).

In spite of this it deserves attention, because it forms a starting point in investigating
the optical differences, not only between bifocal and PAL lenses, but also between
two different PAL designs. The study focussed on balance and mobility performance

in a group of 17 experienced bifocal wearers (65 years or older).
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In a random masked crossover trial, two PAL designs were worn for three weeks
each. At baseline (with bifocals), with PAL at time of supply, and after 1 and 3
weeks’ wear, the following variables were measured: distance visual acuity, postural
sway, co-ordinated stability, and walking speed using an indoor obstacle course and

step negotiation.

The PAL designs were both found to be better than the bifocal with regard to co-
ordinated stability (p = <.05). No significant differences were found between any of
the lens designs with regard to walking speed and step negotiation with both high
and low illumination, or different step widths. Dynamic postural stability was
significantly better with one of the PAL designs, when compared to the bifocal, and

fell just short of statistical significance with the other design.

Even though the subjects were aged 65 or older, and change in lens design would
normally be approached with caution, all of the subjects in this trial continued to
wear the PALs after the study had finished. No indication was given for the

subjects’ motives for remaining with the PALs.

Here we see, for the first time, a study concluding that PAL design may in fact be

superior to bifocal lenses with regard to balance and mobility.

4.10 Population-based studies

Six population-based studies investigated a range of physical, medical and visual

aspects on falls risk*H84126:127.142,144

, with Lord’s 2002 study on edge contrast
sensitivity and depth perception providing an impetus for many of the previously

discussed laboratory—based studies.
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4.10.1 Edge contrast sensitivity and depth perception

Lord’s paper “Multifocal Glasses Impair Edge-Contrast Sensitivity and Depth

»126

Perception and Increase the Risk of Falls in Older People is widely cited in the

81,85,110-112,127,128,130

core papers , and also in the College of Optometrists’ document

»137

“The Importance of Vision in Preventing Falls”**, and therefore deserves particular

attention.

Lord’s paper reported on a one year prospective cohort study in Australia, of 156
community dwelling elderly people between the ages of 63 and 90. The study did
not differentiate between the different optical properties of bifocal, trifocal and PAL
lenses. Indeed, of the 87 subjects who were regular wearers of any of these lens
designs, 76 were bifocal wearers and 11 were wearers of either trifocal or PAL
lenses. How many were PAL wearers was not identified. Edge-contrast sensitivity
and depth perception were measured on all participants, but wearers of multifocal
lenses (defined in this study as bifocal, trifocal or PAL) carried out the tests twice:
once looking through the near area of the lens, and a second time looking through

the part of the lens for distance vision.

The edge-contrast sensitivity measurements were conducted with the test chart at
ground level, at a distance to the subject of 135cm. This distance was chosen to

represent the “two steps ahead” distance.

Edge contrast sensitivity has been found to be sensitive to blur'®*. Each 1.00D of
blur reduces contrast sensitivity by half. If we assume the mean height of male
participants to be 175cms, and of female participants to be 162cms, this would give
a viewing distance of 221cms and 211cms respectively. Given that the depth of
focus in these elderly subjects is around +1.00D, this would give a clear range of

focus up to 1m, when looking through the distance part of the lens.

Itis, therefore, no surprise that Lord’s results showed reduced edge contrast

90



sensitivity measurements when looking through the near portion of bifocal, trifocal or
PAL lenses. Assuming an Add of 2.50D, the furthest distance of clear vision
through the near portions of the above lenses would be around 40cms, which would
give rise to approximately 1.75D of blur for the edge contrast testing distance. This

would reduce contrast sensitivity to an estimated quarter of its distance value.

It still remains to be ascertained whether users of bifocal, trifocal or PAL lenses do in
fact look through the lower portions of the lenses when walking or navigating steps,
and whether there is a difference in use between bifocal and PAL lenses, given their

different design characteristics.

Although Lord measured proprioception, sway, strength and reaction time in his
subjects, this was not investigated as a dependent variable of “multifocal” lenses,
but to identify whether “multifocal” lens use was an independent falls risk factor. In
the one year follow-up on falls in this cohort, it was found that regular “multifocal”
lens wearers were — possibly unsurprisingly - wearing their glasses at the time of
their falls. No non-regular wearers fell when wearing “multifocals”. “Multifocal”
wearers were found to be more likely to trip, fall when walking up or down stairs, or

fall when outdoors.

It could be argued that non-regular wearers are more cautious when wearing lenses
they are not completely familiarised with. Inferences about the impact of spectacle
lens magnification or blur are not possible, as there is no information about lens

powers worn.

It is worth recalling that the number of PAL wearers was not identified in this study,
and that the PAL and trifocal wearers, grouped together, accounted for 7.05% of the
cohort, and bifocal wearers for 48.7%. We should therefore be cautious in

assuming that the findings of this study apply to PAL wearers.

Depth perception in the same study was measured using the Howard-Dohlman
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equipment, where the subject has to align the position of two vertical rods, from a
distance of 3m. This test was also performed twice: firstly through the distance
portion of the lens, and secondly through the near portion. The argument about
whether looking through the near portion is a valid representation of habitual bifocal
or PAL lens use also applies here. With increased blur - caused by looking through
the near segments - it was found that regular multifocal (bifocal, trifocal and PAL)
wearers performed significantly worse than when looking through the distance lens

area.

Reconciling these findings with those of Elliott**®

, it could be argued that the poorer
performance was not indeed a consequence of blur, but of spectacle lens

magnification.

4.10.2 The VISIBLE trial

The Visual Intervention Strategy Incorporating Bifocal and Long-distance Eyewear
(VISIBLE) randomised controlled trial*?” investigated the effect of providing an
additional pair of single vision distance spectacles to multifocal wearers, with
instructions to wear them when walking up and down stairs outside the home,
walking in the street and in shopping centres, walking or standing in other peoples’
homes or in unfamiliar buildings, negotiating rough or uneven ground, and when

alighting public transport.

In this trial, the number of bifocal, trifocal and PAL wearers was stated, but the
analysis of outcome measures of falls and injurious falls did not differentiate
between these lens designs. The majority of participants were bifocal lens wearers,
which were stated to be the most common type of “multifocal” lenses. (Intervention
group: 63% Bifocal, 22% PAL, 9% Trifocal; Control group: 57% Bifocal, 26% PAL,

11% Trifocal).
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This is not comparable with the UK market, where in 2010 bifocal lenses accounted

for only 12% and PALs for 22% of all lenses dispensed™”.

Whilst care was taken to ensure prescriptions were updated, and that the
prescription in the single vision lenses matched the distance prescription in the
“multifocal” lenses, the outcomes are confounded by the fact that the single vision
lenses were either photochromic (Transitions) or had some sort of fixed or
graduated tint. There is no data whether, or how many, spectacles with “multifocal”
lenses incorporated any tint. The assumption is we are comparing tinted single

vision lenses with untinted “multifocals”.

Whereas in other core studies those with falls risk factors were excluded, in this
case relatively high risk of falls was an inclusion criterion. High falls risk was defined
as either being aged 80 or over, being 65 or over and having either had a fall in the

previous twelve months or a timed up and go (TUG) score of at least 15 seconds.

The intervention group were advised by the optometrist how “multifocal” glasses
impaired visual abilities for judging depth and obstacle avoidance, and were also
shown images of street scenes with and without the lower field subject to simulated
blur. As the control group did not receive this information, it could be argued that
the intervention group then used their multifocal lenses with an increased perception

of risk, or even a greater fear of falls. This in itself is a falls risk factor*®**°,

The figure that detailed the reasons for withdrawals from the trial (28 from the
intervention group, and 19 from the control group) was missing from the paper, but

the completion rate was high at 90% and 94% respectively.

It was found that falls rates did not differ significantly between groups, but a
subanalysis highlighted that more active participants in the intervention group had
fewer overall falls, fewer falls outside the home, and fewer injurious falls. The less
active participants in the intervention group had a significant increase in falls outside

the home.
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The subsequent recommendation that single vision lenses should be provided for
outdoor use when the first pair of multifocal lenses is prescribed, does not
necessarily follow from this intervention. This cohort of early presbyopes would not
have an increased falls risk factor due to age, and would generally have a level of
fitness that would not increase TUG scores. The low Add required at this age would

also not give rise to an intermediate area of optical blur if wearing bifocals.

Other recommendations were that multifocal lens use should be avoided in those
with a minimal (not defined) distance prescription. It is, however, conceivable that
PAL use could enhance intermediate vision specifically for those with a low level of

uncorrected hypermetropia.

The study was not able to shed light on any variations in falls outcome measures
related to lens design in the control group. Given that the majority of participants
were bifocal lens wearers, the study’s findings that more active “multifocal” wearers
should have a supplementary single vision distance pair for outdoor use, and less
active “multifocal” wearers should use multifocals rather than different pairs of

glasses, may not be applicable to PAL wearers.

4.10.3 Falls and sleep disturbances

An investigation into sleep disturbances in a group of hostel participants and a group
of internet questionnaire respondents used bifocal lens wear, the use of any
spectacles, and Snellen chart score as a descriptor of poor vision**?. The
assumption of poor vision purely by spectacle or bifocal lens wear cannot be made.
In the internet respondents, only self-reported visual impairment was possible.
Nonetheless, bifocal use was found to have a statistically significant association with
falls in people reporting sleep disturbances. The questionnaire was not available, so
it was not possible to determine whether participants had been asked about PAL or

single vision wear. Given that this paper was published in 2006, and the majority of
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respondents came from Australia, it is likely that PAL wearers would have been
included in the study. In-depth analysis of what type of influence bifocal lens wear

may have had, did not take place.

4.10.4 Merseyside Accident Information Model (MAIM) reports

Interviews of patients attending a hospital clinic in Liverpool were investigated using
the MAIM software system of analysing accidents according to their causative
factors and injury outcomes, as well as personal and activity-related factors. There
were two parts to this study: accidents that occurred during paid employment, and
accidents that occurred during domestic or leisure activities. The outcomes of the

latter part were discussed in Section 4.5.2 (Missed edge accidents).

4.10.5 PALs and falls in an older community-dwelling German population

A trial of 622 community-dwelling people aged 65 years or older in Germany
investigated a range of demographic, medical and functional data with regard to
falls. Varifocals (PALs) wear was found to be a predictor for any falls, (OR 1.76; ClI
0.99 — 3.13, p = .05), yet the findings were not statistically significant when
comparing non-fallers and single fallers (OR 1.59; Cl 0.81 — 3.12) and when
comparing recurrent fallers and non-fallers (OR 2.19; CI 0.79 — 6.00). There was no
information as to whether any other lens designs were taken into consideration or
worn by the trial group. This may simply reflect a predominance of PAL wear in
Germany. The strongest predictor was a history of recurrent falls, with an OR of

31.99 (CI 12.99 — 78.71).
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4.10.6 Spectacle lens design and falls in an older community-dwelling

population in Sweden

A 2016 Swedish study examined purely visual aspects (the influence of monocular
and binocular visual acuity, contrast sensitivity, stereoscopic vision and visual fields
as well as the type of habitual lens wear) on retrospective falls data. 298
independently living people aged between 70 and 80 years were assessed, of whom
50 were habitual bifocal wearers, and 101 habitual PAL wearers. The only
statistically significant risk factor for falls was best monocular VA (OR 2.26, p =
.013). For recurrent falls, statistical significance was found only for stereoscopic
vision (OR 3.23, p =.002). No significant association was found for worn lens

design and single falls (p = .078) or worn lens design and recurrent falls (p = .15).

4.11 Summary

This chapter has described presbyopia and its correction modalities in the form of
bifocal, trifocal and progressive addition lenses, and investigated a range of studies

that have looked at lens design features and falls risk.

Advice based on current research to those at risk of falls, or those who have already

fallen, is to wear single vision lenses as opposed to “multifocal” lenses'% 1126127,

The literature review highlighted that the definition of multifocal is not consistent
across the studies, with poor discrimination between the optical characteristics of
bifocal, trifocal and progressive addition lenses. The inherent differences in the
optical design features of these lenses should drive us to consider them as separate

entities.

To the author’s knowledge, no data of head and eye movements, which identifies

the lens area typically looked through when walking or using stairs, is available. The
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assumption that gaze direction is through the near portion remains to be confirmed.

Gaze direction through the near portion at a point two steps ahead would create a
level of blur, dependent on the individual’s depth of focus and near addition. It has
however been proposed that not blur, but spectacle lens magnification with its
inherent alteration of perceived object location, is the causative factor for changes in

foot and toe placement.

The amount of head pitch adopted, and the subsequent influence on postural
stability, may vary between bifocal and PAL designs. This could be an important
factor in stair descent, which accounts for 75% of all falls on stairs*®. The
recommendation to substitute single vision lenses for “multifocal” lenses in active
elderly subjects did not discriminate between bifocal and PAL wearers. Whether a
deficit in the visual component of our balance system has a different effect on

performance with bifocals or PALs has not been established.

Both bifocal and PAL lenses are unable to provide the wearer with a perfect
substitution for pre-presbyopic vision. Image jump and diplopia challenge the bifocal
wearer, as do peripheral astigmatism and prismatic effects for the PAL wearer.

Perceived distortion is not as simulated when looking through a lens at arm’s length.

The next chapter describes a survey undertaken to explore current attitudes to

dispensing and prescribing for elderly patients or customers at risk of falls.
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Chapter 5. Survey of professional attitudes

5.1 Introduction

The Prescribing and Dispensing Survey was undertaken as a precursor to further
studies directed at investigating the effects of different spectacle lens designs on
falls risk, in order to gain an understanding of current dispensing and prescribing
practices of GOC registered optometrists and dispensing opticians, when dealing

with elderly patients or customers at risk of falls.

5.1.1 Study goal and objectives

The primary aim of the study (Objective A) was to identify the professional’s level of

agreement with the statement:

“It is advisable to switch elderly (65 and over) long-term varifocal and bifocal

wearers, who are at a high risk of falling, to single vision lenses.”

This statement was chosen based on the following research findings:

e ....this study provides preliminary evidence that switching long-term

multifocal wearers to single-distance-vision eyeglasses may be a useful

strategy in elderly multifocal wearers at high risk of falling”**°.

e ....use of single vision distance lenses in everyday locomotion may be

advantageous for elderly multifocal wearers who have a high risk of falling”**?

e “With appropriate counselling, provision of single lens glasses for older

wearers of multifocal glasses who take part in regular outdoor activities is an

effective falls prevention strategy”**’

e “Older people may benefit from wearing nonmultifocal glasses when

negotiating stairs and in unfamiliar settings outside the home”*?°.
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Further objectives were:

B: identifying how confident the professional feels with regard to assessing a

patient’s risk of falls

C: identifying how the professional who feels confident in the above task,

undertakes this assessment

D: investigating prescribing and dispensing practices when the patient /

customer is assessed either “at risk of falls” or “may be at risk of falls”

E: investigating prescribing and dispensing practices when the patient /

customer is either “not assessed” or “assessed and found not to be at risk of falls
F: investigating variations or consistencies in practice

G: investigating the level of interest in specific practice support documentation

and/or a dedicated falls assessment tool for use in practice

5.2 Methods

Ethics approval was granted by Aston University Life and Health Sciences Research

Ethics Committee (Appendix 1).

5.2.1 Sample size

Sample size was calculated using a freely available online calculation tool*®’. A
population figure of 23,000 was applied, based on General Optical Council (GOC)
Annual Report 2010 registration figures of 23,110 registered individuals, including
student members. 378 respondents are required to obtain results at a 95%

confidence level with a confidence interval (margin of error) of 5%.
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5.2.2 Questionnaire design and structure

The questionnaire was designed using Bristol Online Surveys (BOS), which was
created by the University of Bristol and is reported to be used by approximately 130
universities as well as other public bodies and companies. An online survey was

chosen as an inexpensive, environmentally friendly, and widely accessible format.

The questionnaire was reviewed by the Head of Market Research at Aston
University, and the project supervisor, and subsequently piloted by 12 optical
professionals. Minor amendments, mainly regarding routing of the questions, were

made in line with the feedback.

Objectives Question(s) (n)

A Level of agreement with primary 7 Q)
aim statement

B Level of confidence in assessing 8/9 (2
falls risk in elderly patients

C/D/IE Method of risk assessment;
Preferred lens designs, coatings 10/11/12/13/14  (5)
and tints for elderly patients at risk/
at possible risk / not at risk or not
assessed

F Respondent profile 1/2/16/17/18/19/20/21 (8)
(age, gender, qualifications and work
environment)

F Usual patient profile 3/4 (2)
(age, visual acuity)

F Lifestyle questions routinely asked 5/6 (2)

G Level of interest in practice support 15 Q)

documentation

Table 5.1 Questionnaire content structure
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The final questionnaire (Appendix 2) comprised 21 questions linked to the objectives
listed in Section 5.1.1 (see Table 5.1).
Freeform boxes were included either for additional information or for answers that

did not conform to the chosen categories.

5.2.3 Recruitment

The questionnaire was launched on 26.02.2013, with an expected time span of 8

weeks to obtain sufficient responses from the identified population.

It was widely publicised in the optical press (Optician 01.03.13, Optometry Today
08.03.13), in online e-newsletters (General Optical Council (GOC) e-bulletins Spring
2013 and July 2013, Association of British Dispensing Opticians (ABDO) e-
newsletter March 2013, Optometry Today e-newsletter 07.03.13), and in the
newsletters of the Association for Independent Optometrists and Dispensing
Opticians (AlO) Spring 2013, and the Local Optical Committee Support Unit
(LOCSU) April 2013, and printed cards with details of the survey were handed out to
attendees of Optrafair 2013. As the response rate was lower than expected, the
time span was extended and the survey closed on 26.08.2013 with a total of 209

respondents.

5.3 Results reporting structure

The findings of the survey are reported on in categories: survey respondent
characteristics according to gender, age and profession; supplementary
qualifications, working environment and years in practice; response to core
statement; level of confidence in risk assessment; falls risk assessment modalities;
lifestyle questions; lens design choices, lens tints and coatings according to

confidence level.
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Decision tree analyses then examine which factors influenced the response to the
core statement and the level of confidence identified by the practitioners

themselves.

5.3.1 Gender, age and profession of respondents

The survey was open to all professionals registered with the General Optical Council
(GOCQ), including pre-registration optometrists and trainee or pre-registration
dispensing opticians. As, however, only 3 responses from trainee/pre-registration
dispensing opticians and one sole pre-registration optometrist completed the survey,

these categories were excluded from the evaluation.

205 respondents completed the survey, which was lower than required.
Nonetheless, this still represented a confidence interval of 6.81% with a 95%
confidence level. This was based on the population of registered dispensing
opticians and optometrists (n = 19,798) excluding student members, according to

figures released in the GOC Annual Report 2012 - 2013.

The Chi square (x?) frequency distribution of dispensing opticians and optometrists
in the survey and on the GOC register showed no statistically significant difference

(x¥*=3.81,df =1, p = .051).

When considering fully qualified dispensing opticians and optometrists, the 2012 -
2013 ratio of female to male General Optical Council (GOC) registrants was 1.30 : 1.
The response ratio for all female to male questionnaire respondents was greater
than this, at 1.73 : 1, but this difference was not statistically significant ()(2 = 3.83, df

=1, p =.050), albeit at a marginal level.

A G*Power 3" analysis showed that the number of respondents sufficient to yield a
power of 0.80 when investigating gender distribution according to professional

category was satisfied (n= 44 per group). The difference between the gender
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response ratios for optometrists and dispensing opticians was not statistically

significant for either group (Table 5.2).

Most (99.5%) respondents submitted age data, which was collected in 5-year age

bands, and analysed according to gender (Figure 5.1) and profession (Figure 5.2).

Optometrists Dispensing Opticians
(%) (%)
Survey GOC Survey GOC
Female 61.0 55.3 70.6 59.5
Male 38.9 447 29.4 40.5
Ratio F:M 1571 1.24:1 2.40:1 1.47:1
Chi square 2.02 2.60
p-value 0.16 0.11

Table 5.2 Gender breakdown of respondents and GOC registrants

Chi square tests for independence showed a statistically significant gender
difference across the age bands (x? = 33.03, df = 9, p = <.001). Figure 5.1 indicates
that females outnumbered males below the 46 - 50 year age band, but that the
distribution became more equal after that. There was no statistically significant
difference in the proportion of optometrists and dispensing opticians across the age
bands (x*= 4.79, df =9, p = .85); responses from optometrists consistently

outnumbered those from dispensing opticians.

103



40

~—~

[

N—r

n

)

S mmm Male
c

= mmm Female
= T

2 e T Ot
Q

x

N o n o n o LN o N N
~ %) o0 < <t n N © © ©

1 1 1 1 1 1 1 1 1 —
— €] — — €] — €] — °>J
~ ~ o0 o0 < < LN ) © 3

Age group (years)

Figure 5.1 Age and gender of respondents

40

35
<
[%2] . .
= = Dispensing
3 Opticians
c .
S mmm Optometrists
(%]
Q
4 Totals

n o N o n o n o n n
~ ™ ™ < < N N ) [Ce) [T}

1 1 1 1 1 1 1 1 1 S
— (o} — (€] — G} — [T} — 0>J
~ ~ ™ ™ < < N N €] 3

Age group (years)

Figure 5.2 Age and profession of respondents

5.3.2 Supplementary qualifications

Forty seven respondents (22.93%) indicated that they had additional qualifications.
The majority of the additional qualifications (n=39) were directly related to the

practice of optics (postgraduate diplomas and certificates in contact lenses,
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glaucoma, ocular conditions, diabetes, low vision, spectacle lens design, Eye Health
Examination Wales accreditation, membership of the British Association of
Behavioural Optometrists, fellowship of the College of Syntonic Optometry, and

fellowship by examination of the College of Optometrists).

Not directly related were qualifications in dementia, kinesiology, counselling and
fitness instruction. Academic qualifications (n=13) included 7 doctorates and 6

masters degrees.

5.3.3 Working environment and years in practice

The greatest amount of respondents came from the independent sector (44.9%),
followed by those from large multiple chains (32.2%) (Figure 5.3). The modal group
for the amount of years in practice was 6 — 10 for those working in a large multiple
chain, and 26 - 30 for those in independent practice. Surprisingly, this did not
contribute to a statistically significant difference regarding the working environment

and practice years (x°= 49.25, df = 40, p = .15) (Figure 5.4).

Independent practice

Large multiple chain

Small group practice (= 5 practices)
Other

Hospital Eye Service

Medium group practice (= 10 practices)

0 20 40 60 80 100
Respondents (n)

Figure 5.3 Working environment of respondents
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5.3.4 Response to statement

To address the main objective of the survey (Objective A, Section 5.1.1)
respondents were asked to rate, on a five-point Likert scale, their level of agreement

with the statement:

“It is advisable to switch elderly (65 and over) long-term varifocal and bifocal

wearers, who are at a high risk of falling, to single vision lenses.”

As seen in Figure 5.5 only 3.9% of total respondents had no opinion on the
statement, 44.9% disagreed more than agreed, and 35.6% agreed more than
disagreed. The categories “agree fully” and “disagree fully” were equally
represented at 7.8%. This demonstrates both a polarity of opinion, and a level of

ambivalence across the profession.
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Figure 5.5 Statement agreement according to profession

5.3.5 Level of confidence in assessment of falls risk

Contributing to Objective B, survey participants were asked to rate their level of
confidence in being able to assess falls risk on a Likert scale ranging from 1 = not at
all confident to 10 = totally confident, with the additional option of choosing a “do not
assess” category. The percentage distribution is shown in Figure 5.6 according to

professional status.

Nearly a fifth of all respondents (19.5%) indicated that they do not assess falls risk,
with slightly greater percentage of dispensing opticians (25.5%) than optometrists
(17.5%) choosing this category. The remaining distribution showed a confidence

level of 7 as the mode for both professions.

The participants were then asked to allocate themselves to a broader category with
only 3 options: confident to assess falls risk, not confident to assess falls risk, do not

assess falls risk. It was anticipated that the category “do not assess falls risk” would
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Figure 5.7 Forced choice confidence categories
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relate directly to the count in the previous question, (n = 13 for dispensing opticians,
n = 27 for optometrists) but this reduced in the dispensing category to 11, and
increased in the optometrist category to 38. It is not clear why this should have
been the case, as the wording of the question did not prove problematical in the
piloting of the survey. The fact that respondents had to click through to the forced
choice category question, meant that the original question was no longer visible on
the screen, which may have been a contributing factor. In total nearly a quarter of
all respondents (23.9%) did not assess falls risk. The greatest percentage of
respondents chose the “not confident to assess” category (40.5%). There was no
statistically significant difference in overall category choice between optometrists

and dispensing opticians (x*= .233, df = 2, p = .89).

5.3.6 Falls risk assessment modalities

Respondents who had identified themselves as confident (n = 73) were asked how
they assessed falls risk (Objective B). Ten themes (Figure 5.8) were identified from

the responses:

e asking about patient’s level of confidence

¢ living circumstances: living alone, lighting at home, level of activity

o types of spectacles worn

¢ vision: all aspects of visual assessment

e problems with steps or stairs

e general health: including medications, balance, hearing, history and
symptoms

e observation of mobility and gait in practice

e asking about history of falls

o discussion with patient, family members or carers

¢ identifying use of mobility aids
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Figure 5.8 indicates that falls risk assessment was undertaken primarily based on
observation of patient mobility and discussion with the patient and their family or

carers.

With only one practitioner reporting use of a specific falls risk assessment tool, the

absence of a structured approach was apparent.

In addition to the above categories, one practitioner referred to a senior member of
staff for advice, and a further respondent used the experience gained from having a

family member at risk of falls.

Patient's confidence

Living circumstances
Types of spectacles

Vision

Problems with stairs

General Health
Observation of mobility
History of falls

Discuss with patient / family

Mobility aids

0 10 20 30 40 50 60
Responses (n)

Figure 5.8 Thematic analysis of falls risk assessment modalities

The type of spectacles worn was specifically mentioned only by two practitioners,

with one other identifying if the spectacles were broken in the course of a fall.
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5.3.7 Lifestyle questions

This topic was directed at investigating whether lifestyle questions asked of patients
aged 65 and above differed from those asked of younger patients, specifically with
regard to eliciting information about falls risk (Objective F). Respondents were first
asked what lifestyle issues they routinely asked of those aged 65 and over. Along
with hobbies, television, computer use, mobility and driving, the option to choose an
“other” category was provided (Figure 5.9). A freeform box enabled respondents to

enter their own lifestyle questions.

The latter option was completed by 36 respondents, providing 9 topics. A thematic
analysis of these responses identified four main areas: daily living skills; reading and
visual problems; outdoor activities, sports and mobility; current or previous

profession (Table 5.3).

A history of previous falls was only mentioned by one respondent.

w
o

N
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Respondents (%)
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Figure 5.9 Lifestyle questions asked of patients aged 65 years and older
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Daily living skills
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Smoking

Crafts

Living circumstances

Piano

P P NN W N © ©

Falls, balance

Table 5.3 Analysis of responses in “other” category

Only 40 respondents (19.5%) indicated the lifestyle questions they asked their
patients or customers aged 65 years and older differed from those asked of the
under 65s (Table 5.4). This suggests there is an unmet requirement for a tailored

approach, which may provide an insight into a patient’s falls risk profile.

The main difference was with regard to questions about mobility (n=18), with 7
respondents saying they do not ask under 65s about this. Living circumstances
were not asked of the younger group by 3 participants. Stereotypically, driving and
crafts or hobbies were asked more of the older age group, whereas computer use,

occupation and sport were targeted at the younger age group.
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< 65 years 265 years

Ask Do not ask Ask Do not ask

(n) (n) (n) (n)
Mobility - 7 11 -
Crafts/Hobbies - - 2 -
Computer 5 - - 1
Lighting - - 1 -
Driving 1 - 3 -
Living circumstances - 3 1 -
TV - 1 - -
Contact lenses 1 - - -
Occupation 2 - 1 -
Posture and balance - - 1 -
Sport 2 - - -

Table 5.4 Breakdown of differences in lifestyle questions

5.3.8 Lens design preferences

Lens design preferences were investigated according to the chosen level of

confidence of the survey respondents.

For those assessed at risk of falls, whether confidently or not confidently, the
amount of bifocal and trifocal lens designs chosen was negligible. Separate single
vision distance and near lenses were chosen by 80.6% of those who were confident
in assessing falls risk. A slightly greater percentage of those who were not confident
(84.7%) also chose separate single vision distance and near lenses, and were

comparatively less likely to choose a progressive lens design (Figure 5.10).
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Figure 5.10 Lens design of choice for those assessed at risk of falls

For those practitioners who did not assess falls risk, as well as for those who
assessed (whether confidently or not) and found their patients to be not at falls risk,

progressive addition lenses were found to be the most popular lens choice (Figure

5.11).
100
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o .
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0 .
SV Bif Trif PAL
Lens design

Figure 5.11 Lens design of choice for those not at falls risk, or not assessed.
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5.3.9 Lens tints and coatings

The great majority of respondents indicated they would not prescribe specific tints to
their patients at falls risk.

The responses in the “other” category (n = 23) indicated that their recommendations
would depend on clinical requirements, co-morbidity and whether the patient was
symptomatic (n= 13). One respondent highlighted that inappropriate tints could
contribute to falls risk.

From Figure 5.12 and Figure 5.13 it is apparent that tints are more frequently
prescribed for those either not assessed, or assessed and found not to be at risk of
falls. The difference was found to be statistically significant (x*= 73.46, df =7, p =
<.001).

There was no statistically significant difference in the type of coatings chosen for
those assessed (either confidently or not confidently) at falls risk, and those either
not assessed, or assessed and found to be not at falls risk (x*=7.49, df =6, p =

28).

Other
Polarising tint:
Photochromic tint:

Fixed tint ~ 25%.. ) )
m Not confident at risk

Fixed tint ~ 35%.. of falls
Fixed tint ~ 65% m Confident at risk of
> falls

Fixed tint ~ 80%..

None:

0 20 40 60 80
Respondents (%)

Figure 5.12 Lens tints of choice for those assessed at risk of falls
(confidently or not confidently)
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Figure 5.13 Lens tints of choice for those assessed not at falls risk

(confidently or not confidently), or not assessed

5.4 Decision Tree Analysis

Chi-squared Automatic Interaction Detection (CHAID) is a Decision Tree Analysis
model created in 1980 by Gordon v. Kass™®. At each split of its tree, CHAID
identifies which of the independent variables has the strongest interaction on the

160

dependent variable™". It has the advantage of being able to merge categories and

provide multi-way splitting, in contrast to the binary splits found in Classification and
Regression Trees (CRT) and Quick, Unbiased, Efficient Statistical Trees (QUEST).
CHAID analysis was chosen for its chi-square analysis base, and its ease of
interpretation in diagrammatic form. The analyses were performed using IBM SPSS

for Windows, Version 21.0%,
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CHAID works best with large sample sizes, but parameters can be adjusted to
account for smaller samples. As the recommended preferred method for small
samples, the Likelihood Ratio method was chosen in preference to the Pearson

method*®°.

Further adjustments were made to the parent and child node size. The parent node
size determines whether the node is acceptable for sub-analysis. Personal
communication from Frank Wyman (Vice President, Advanced Analytics, MARC
Research) recommended that, as a rule of thumb, the smallest node should be no
smaller than 5% of the total sample. This would be n = 10 for the current study.

Bonferroni adjustment was also removed in accordance with his recommendations.

5.4.1 Level of agreement with core statement

CHAID analysis was undertaken to see which of the variables listed below

influenced the level of agreement with the core statement:

e Gender

e Years in practice

e Practice environment

e Profession

e Supplementary qualifications

¢ Number of >65s seen in an average week

e Number of >65s with a VA of 6/12 Snellen or less in an average week
e Ageinyears

e Employment status

¢ Chosen confidence category
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The independent variable that had the greatest influence on the level of agreement
with the core statement was the number of years in practice (x*>= 25.74, df = 8,

.001).

Those with 1-5, 11-15, or 16-20 years of practice agreed more than disagreed with
the statement. The next level of influence on this group was employment status (x°=
13.49, df = 4, p = .009), with the majority of practice owners, self-employed locums
or those in the “other” category, agreeing more than disagreeing with the statement

(Figure 5.14).

Those with 31 and more years of practice disagreed more than agreed. This node

(Node 3) is a terminal node: no other factors had a significant influence on this

group.

Of those with either 6-10 or 21-30 years of practice, the majority disagreed with the
core statement. This node was further influenced by practice environment,
whereby those in independent practice, large multiple chains, and medium group
practices predominantly disagreed more than agreed more with the statement (x

14.86, df = 4, p = .005).

None of the other independent variables had a statistically significant influence on

the level of agreement with the core statement.

Whilst this analysis would appear robust, given the levels of statistical significance
calculated for the nodes, it is important to take the risk estimate into consideration,
which in this case was calculated to be 0.502. This means that the risk of

misclassifying, if using as a predictive model, is 50.2%.

However, for those who disagreed more than agreed with the statement, the model
was correct in 94.6% of cases, whereas for those who agreed more than disagreed,

the model was weak, being correct in only 20.5% of cases.
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Figure 5.14 CHAID decision tree analysis of variables influencing the level of agreement with the core statement



5.4.2 Chosen confidence category

A further CHAID decision tree analysis was undertaken to see which factors influenced

the forced choice category of confidence to assess falls risk (Figure 5.15)

The independent variables were the same as those used for the previous analysis

(Section 5.4.1).

The main predictor of confidence was the number of patients seen in a week aged 65 and

over with a visual acuity of 6/12 Snellen or less (x> = 10.11, df = 2, p = .006).

The majority of those who saw more than 10 such patients per week chose the “confident
to assess” category (55.8%). The majority of those who saw fewer than 10 such patients

per week chose the “not confident to assess” category (43.8%).

For both Nodes 1 and 2 the next defining variable was age. No other variables had a

statistically significant influence on the chosen confidence level.

The risk estimate was again 0.502. In this case, however, the model correctly identified
“not confident to assess” in 72.6% of cases. “Confident to assess” and “do not assess risk

of falls” would be correctly identified in 33.3% and 34.7% of cases respectively.

5.4.3 Falls information

The majority of respondents indicated that they would benefit from further information
about falls generally (75.9%), further information about the visual aspects of falls (87.9%),
practice leaflets about falls generally (65.7%) and practice leaflets about the visual
aspects of falls (79.7%). This indicates that there is a large interest base in additional
knowledge regarding falls and their visual aspects.

85% of practitioners would welcome a quick and easy falls risk assessment tool to support

them in practice.

120



Tt

Risk of falls

Confident to assess
m Not confident to assess
B Do not assess

Which category applies

Node O
Category % n
Confident to assess 351 72
risk of falls
M not confident to assess 41.0 84
risk of falls

™ Donot assess risk of 239 49
falls
Total 100.0 205

’_\*—I

Number of patients per week with VA 6/12 or less aged 65 and over

p =0.006, x2= 1|o.11o‘ df=2

[
=1-10

|
>1-10

|
Mode 1

—Category 2% n
Confident to assess 296 48
risk of falls

W Not confident to assess 43,8 71
risk of falls

¥ Donot assess risk of 265 43
falls
Tatal 79.0 162

Age bracket
p =0.007, le =09.903,df=2

[
41-45; 46-50; missing

Node 3

Category % n
Confident to assess 341 14
risk of falls

™ ot confident to assess 24.4 10
risk of falls

M Do not assess risk of 415 17
falls
Total 200 41

|=—_

|
21-25; 26-30; 51-55; 56-60; 61-65;

31-35; 36-|40; over 65

Node 4
Category % n
Confident to assess 281 324

risk of falls
® not confident to assess 504 61
risk of falls

¥ Do not assess risk of 215 26
falls
Total 550 121

e —__|

1
Node 2
—Category 2% L
Confident to assess 55.8 24
risk of falls
® Not confident to assess 30,2 13
risk of falls
¥ Do not assess risk of 140 6
_falls
Total 210 43

Age bracket
p =0.007, )(2I =9,903,df=2

[
21-25; 26-30; 36-40; 46-50;
56-60; over 65

|
31-35; 41-45; 51-55; 61-65

risk of falls
™ not confident to assess 304 7
risk of falls

L
Node § Node &
Category % n Category % n
Confident to assess 435 10 Confident to assess 700 14

risk of falls
™ not confident toassess 300 6
risk of falls

J.:_—J

¥ Do not assess risk of 261 6 ¥ Donot assess risk of 0o 0
falls falls
Taotal 112 23 Total 9.8 20

T — |

Figure 5.15 CHAID decision tree analysis of chosen level of confidence



55 Summary

The survey outcomes provided an insight into current UK prescribing and dispensing
practices for elderly patients at risk of falls.

It could be argued that the survey results were subject to self-selection bias, by
respondents with a particular interest in falls research, or a pre-defined opinion about best
prescribing practices. This would appear to be borne out by the fact that only 3.9% of
respondents chose the “don’t know” category for the level of agreement with the core
statement, and 80.5% fell into two categories (“agree more than disagree”, “disagree more
than agree”).

The lower level of response to the survey than expected, in spite of a wide range of

publicity both in paper journals and electronic media, could be indicative of a lack of

interest in the topic of falls among optical professionals.

CHAID decision tree analysis proved to be a useful tool for investigating the hierarchical
influence of a range of variables. The level of agreement with the core statement was
seen to be primarily influenced by the respondents’ number of years in practice, with the
CHAID model accurately predicting the category “disagree more than agree” in 94.6% of
cases. The statistical differences in respondents’ other demographics (gender,

profession, age) did not therefore impact on this analysis.

Confidence grows - not unexpectedly - with familiarity with the target population group. It
was an interesting finding, therefore, that the level of confidence did not alter the choice of
lens design for those at risk of falls (separate single vision distance and near lenses).
Progressive addition lenses were the design of choice for those not assessed, or
assessed and found not to be at falls risk. On reflection, the survey would have benefitted

from identifying the underlying rationale for these choices.
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No significant difference between groups was found with regard to recommended lens
coatings, but the prescribing and dispensing of tints was found to vary at a significant

level.

Although the topic of falls has received increased attention in recent years, practitioner
awareness of falls risk could still be improved with continued publication of falls
information relevant to optical professionals. ldentification or development of a suitable
dedicated fall risk assessment tool could contribute to reducing the currently lacking

structured approach to falls risk assessment in optical practice.

The recent drive to include primary care practitioners in programmes such as “Make Every
Contact Count” (MECC)'®*, where health professionals utilise their patient interaction to
deliver health protection messages (for example smoking cessation), could be expanded

to include falls risk identification and appropriate signposting to falls prevention teams.
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Chapter 6.  Global Measure of Vision

6.1 Introduction

Many studies of visual aspects of falls have investigated traditional visual function
measures such as low or high contrast visual acuity, contrast sensitivity, or visual
fields (see Chapter 3). These, however, provide no information about visual
attention aspects such as visual search or attention switching, otherwise known as
divided attention. Impairment of visual attention and slowed visual processing

1627185 Divided attention has a

speed are associated with mobility problems
significant association with the Performance Oriented Mobility Assessment (POMA)
which assesses balance and gait in community dwelling populations*®?, and with

bumping into objects when walking®.

It was, therefore, considered fundamental that some measure of visual attention
should be included in the present study, given its potential to predict mobility better
than standard visual measures. A paper and pencil test was devised for this
purpose, and - to differentiate it from other visual attention tests - was named the

Global Measure of Vision (GMV).

This chapter describes the purpose and design of the Global Measure of Vision test
(GMV), and the study investigating its correlation with the computer-based measure

of visual attention, the Useful Field of View test (UFOV).

6.2 The Useful Field of View Test

The Useful Field of View Test (UFOV) was designed as a screening instrument, and

is a computer-based test of functional vision and visual attention'®®. A meta-analysis
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of eight studies confirmed its validity and reliability as an indicator of driving

performance®®’,

The UFOV comprises three subtests that investigate processing speed, divided

attention, and selective attention.

Scores are given in milliseconds for each subtest, with cut-off points classifying
normal or reduced response times. Combined subtest results provide an overall

crash-involvement risk category ranging from 1(very low risk) to 5 (high risk).

Subtest 1 (processing speed) presents a central object, either a car or a truck, and
the participant has to identify which object was presented. The presentation time is
shortened after two correct responses, and increased if the response was incorrect.
If the score for this subtest exceeds 500ms, then Subtest 2 is not presented, and the

test is complete.

Figure 6.1 Schematic diagram of UFOV divided attention subtest showing the

eight possible radial orientations, with example in position 2.
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Subtest 2 (divided attention) also presents a central object, but at the same time a

target is presented in one of eight peripheral locations (Figure 6.1)

The task is to simultaneously identify the central object, again either a car or a truck,
and the location of the peripheral target, which is always a car. Presentation times
are adjusted according to correct or incorrect responses. As with Subtest 1, if the
score for this section exceeds 500ms, then the test is complete and Subtest 3 is not

presented.

Subtest 3 (selective attention) is the same as Subtest 2, but the peripheral target is

embedded in a field of 47 triangles, which act as distractors (Figure 6.2)

Figure 6.2 Screenshot of UFOV selective attention subtest, showing central

lorry target, peripheral car target, and field of distractors

6.3 Global Measure of Vision design

The design brief was that the GMV should be a quick and easy measure of visual

attention, able to be used in high street practice without recourse to expensive
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equipment or software. Its design was based on i) the Trail-Making Test A (TMT-
A)*® i) the American Association of Retired Persons’ (AARP) driver skill

assessment resource'® and iii) the Auto-Trails Il test'”.

6.3.1 Trail Making Test A (TMT-A)

The Trail Making Test (TMT) is one of the most commonly used neuro-psychological
tests in clinical practice™ and forms part of the Halstead-Reitan Neuropsychological

Test Battery (HNTB)'"2. The TMT comprises two sections: TMT-A and TMT-B.

TMT-A consists of 25 circles containing the numbers 1 to 25 displayed randomly on
a page (Figure 6.3). The participant has to draw lines connecting the numbers in
consecutive ascending order, as quickly as possible, without lifting the pencil from
the paper. TMT-B is a more complex task and consists of circles containing both
numbers 1 to 13 and letters from A to L. In this case, the participant has to draw
lines connecting alternate consecutive numbers and letters in alphabetical order

(1:A:2:B:3:C:4:D etc.).

173

The TMT-A is primarily a test of visual attention skills™"* and a general measure of

visuospatial scanning ability*”*. TMT-A specifically measures visual search and

motor speed*”

. In a study investigating brain injury, visual attention and the UFOV,
TMT-A had a significant correlation with the divided attention subset of the UFOV

(r=.594, p =.02)"".

Poorer performance on TMT-A and TMT-B has a significant association with fall
rates (Incident Rate Ratio 1.30, p =.009 and 1.33, p = .009 respectively)®:. TMT-A
and TMT-B have been found to be equal regarding visual search demands, with
TMT-B having a higher cognitive burden®”’. GMV, therefore, used the TMT-A type

of simple number sequence.
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Figure 6.3 Schematic representation of Trail Making Test A

6.3.2 The AARP reaction time test

The AARP reaction time test was reported on in the US Department of
Transportation Safe Mobility for Older People 1999 notebook, along with the

178

AutoTrails Il test™*®, and was developed in conjunction with the ITT Hartford

Insurance Group .

Similar to the TMT-A, the AARP test showed a series of numbers. In this case they
ranged from 1 to 14 and were superimposed on a driving scene, which acted as a
background distractor. The object of the test was to touch the numbers in
ascending order within a ten second timeframe. The last number touched

represented the achieved score. Scoring was later modified to the total time taken
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to touch all numbers. A significant reduction in performance with increasing age

was reported*’.

A scanned copy of the 1992 test version was kindly provided by Frank Carroll,
Curriculum Development, AARP (Figure 6.4). This test has been superseded by

more comprehensive driving courses and interactive tools.

Aston University

ustration removed for copyright restrictions

Figure 6.4 AARP Reaction Time Test

6.3.3 Autotrails Il

The AARP test evolved into a postcard-sized unit containing a chip that sounded an
alarm when the test time had expired. This was called AutoTrails. Professor Frank
Schieber, University of South Dakota, USA, developed a computer-based version of

the Auto Trails test (AutoTrails II) that ran on a touch-screen principle®’°.

Again,
numbers from 1 to 14 were superimposed on a driving scene (Figure 6.5). In this

case the outcome measure was the total time taken to complete the trail.
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Aston University

Hlustration removed for copyright restrictions

Figure 6.5 AutoTrails Il Screenshot

6.4 GMV construction principles

The GMV is a simple paper and pencil test. Like the AutoTrails Il and the AARP
reaction time test, the GMV shows a series of numbers from 1-14, superimposed on
a distracting background scene. As the GMV was used to investigate falls risk in the
present study, a pedestrian scene was employed instead of a road image (Figure

6.6). A black and white design was adopted to ease reproducibility.

Aston University

Hlustration removed for copyright restrictions

Figure 6.6 Global Measure of Vision (not to scale)
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The actual image used measured 17 x 10.6 cm, with a total trail length of 115.5 cm.
The white numbers followed a spatial distribution similar to that of the AARP
reaction time test and had a height of 3mm (approximately equivalent to Sloan 2M

or N16) enclosed in a black oval (14mm horizontal x 9mm vertical) (Appendix 3).

The UFQV software is designed for use on a 17inch (43.2 cm) monitor with a
recommended viewing distance of 18 — 24 inches (45.7 — 61.0 cm). The visible
horizontal screen dimension of 32.6 cm equates to an angular field of view of 39.2°
and 30.0° respectively. In order to match this field of view, the GMV would have to
be carried out at distances between 23.8 and 31.8 cm. As most of the elderly
participants in the present study required an increased near addition for these
distances, participants were allowed to carry out the GMV at a comfortable reading

distance of their own choice, using their own spectacles.

For the TMT-A, a completion time of 5 minutes is allowed”’, and this was also used

as the maximum allowed time for the GMV.

6.5 UFOV and GMV Comparison Study
6.5.1 Study goal and objectives

A link between driving difficulties and risk factors for falling has been reported®®#?
and the visual factors measured by the UFOV have also been found to be
associated with mobility in older adults*®**®. The rationale behind the study
described in this chapter was that if performance on the GMV was related to
performance on the UFOV test, then poor GMV performance may also indicate
elevated risk of mobility problems. The advantage of the GMV over the UFOV would
be, however, that it could be suitable for use in high street practice without recourse

to expensive equipment or software. The purpose of this study was to investigate,
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therefore, whether a correlation existed between the computerised UFOV and the

paper-based GMV.

6.5.2 Methods

This study was approved by Aston University Life and Health Sciences Research
Ethics Committee (Appendix 4). An a priori power analysis was carried out using
G*Power 3.1'*®. This indicated that 29 study participants were required to detect a
large effect size effect'®® at the 5% level of statistical significance and with 80%
power when using a bivariate normal model of correlation. A large effect size
provided a realistic number of participants to justify the intervention, and statistically
significant findings would be more likely to be of clinical value. Participants were
recruited from volunteer members of the Aston Research Centre for Healthy Ageing

(ARCHA) and personal contacts.

Thirty participants (13 male, 17 female) with a median age of 71 years (IQR 67.75 —
76.75 years) completed both the GMV and the UFOV, alternating which test was

undertaken first.

The UFQV test was administered as directed in the UFOV User’s Guide Version
6.1.4'*. Participants were seated comfortably at a desk with a monitor and mouse.
Instructions on how to use the mouse were given if required. Participants were
informed that the test consists of three parts and would take about 15 minutes to
complete. They were also advised that the length of time screen images are
presented becomes ever shorter. Practice tests preceded the actual assessments
for each subtest. The recommended viewing distance of 18 — 24inches (45.7 — 61.0
cm) was observed, with a median participants’ viewing distance of 56.8 cm (IQR
52.5 - 60.0 cm). Participants wore the spectacles they normally used for computer

tasks. The testing room was quiet and void of distractions, with dim ambient lighting
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to ensure absence of screen glare. Time (ms) taken to complete each subtest and

the overall risk category were noted.

The GMV was administered with the participant seated at a comfortable distance of
their choice at a desk. The median viewing distance was 45.0 cm (IQR 41.75 —
48.25 cm and the field of view achieved ranged from 16.1° minimum to 25.2°
maximum. A demonstration of the test procedure was given using a TMT-A sample
sheet, which has no background distractors (Figure 6.7). This was chosen as a

practical solution to reduce printing costs.

The participants were advised that the actual test was similar, but had numbers
ranging from 1 to 14, superimposed onto a black and white image (Figure 6.6).
They were informed they had to join the numbers in rising sequence as quickly as
possible, without taking their pencil off the page. They were also advised that if they
made an error, it would be pointed out to them and they would have to resume from
the place before the error happened. The participant started the assessment with a
pencil positioned on number 1 and the remainder of the image covered with a blank
sheet. The masking sheet was removed after a countdown (3 -2 -1- go) and the total

completion time was measured using a timer on a tablet device.

Aston University

lustration removed for copyright restrictions

Figure 6.7 Trail Making Test Part A — Sample

(derived from University of lowa example sheets'®)
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6.5.3 Results
Results were analysed with IBM SPSS Version 21.0%%.

Normality of distribution was investigated with Shapiro Wilk’s W. No variables
demonstrated normal distribution [S1 (W = .377, p = <.001); S2 (W =.739,p =
<.001); S3 (W =.788, p = <.001); UFOV risk category (W= .483, p = <.001); GMV
time (W = .686, p = <.001)]. Correlations (Spearman’s rho) between the speed of
GMV test completion versus the three UFOV subscores, as well as the UFOV

overall risk category are shown in Table 6.1.

Statistically significant correlations were found between GMV and S2 (divided
attention), GMV and S3 (selective attention), and GMV and UFOV overall risk
category. All three correlations demonstrated a medium effect size according to

Cohen’s guidelines ( 0.1 - <0.3 = small effect size; 0.3 - <0.5 = medium effect size;

183

20.5 — large effect size)™". No statistically significant correlation was found between

GMV and UFQV processing speed (p = .156).

1 2 3 4 5
1 UFOV-S1
2 UFOV-S2 683**
3 UFOV-S3 530** BAT**
4 UFOV - risk category .761** 831* 540%
5 GMVtime 266 438* 391* 462*

* = correlation is significant at the 0.05 level (2-tailed)
** = correlation is significant atthe 0.01 level (2-tailed)

UFQV = Useful field of view, S1 = processing speed, S2 = divided attention,

S3 = selective attention, GMV = Global Measure of Vision.

Table 6.1 UFOV / GMV Spearman’s rho correlation matrix
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6.6 Summary

Impaired visual attention, especially impaired divided attention, predicts mobility
difficulties in the elderly. It was, therefore, considered essential that a measure of
visual attention should be included in the present study, given its potential to predict

mobility better than standard visual measures.

The UFOQV is a computer-based test of functional vision and visual attention. A
paper and pencil test of visual attention, the GMV, was devised specifically for the

present study. Its design principles and features were described.

A comparison study of the GMV with the UFOV was undertaken, the rationale being
that if performance on the GMV was related to performance on the UFQV test, then

poor GMV performance may also indicate elevated risk of mobility problems

Statistically significant correlations between the GMV and all but one UFQOV score

indicated that the GMV test could be used for this purpose.

Together with the Timed-Up-and Go (TUG)(Section 7.8.1.2) and the SF-
12v2®(Section 7.8.1.3), the GMV forms part of the assessment of health, mobility
and visual awareness of participants in the study described in the following chapter,
which investigates the influence of spectacle lens design on falls risk in elderly,
community-dwelling individuals. If found to be predictive of falls, the GMV could

constitute a simple practice-based assessment of falls risk in high street practice.
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Chapter 7. Retrospective and Prospective studies

7.1 Study goal and objectives

The primary study objective was to investigate the influence on falls risk of spectacle
lens designs worn by presbyopes (either SV, Bif or PAL lenses) in a community
dwelling UK population of persons aged 65 and older. The secondary objective
was to analyse the nature and severity of any sustained falls. It is hoped the results
will contribute to the evidence base accessed by optical professionals when

dispensing to older adults at risk of falls.

7.2 Study design

The explanatory observational study comprised two parts: a retrospective case
control study and a prospective cohort study. The outcome measures for the study
were counts of all falls that had occurred in the previous twelve months
(retrospective study) and the twelve months during the trial (prospective study),
along with an evaluation of the severity of the sustained injury. Data was also
collected on the location and nature of the fall, and whether the participant was
wearing spectacles at the time of the incident. In addition, visual acuity data on
presentation, when commencing and completing the study was obtained from Aston
University Clinic records, which were also used to confirm the reported worn lens

design.

7.3 Internal validity

The study addressed four of the five key areas identified in the 22 core studies of

vision, head pitch and eye tracking, balance indicators, physical health, and falls
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(see Chapter 4). The instrument chosen for each category is detailed in Table 7.1.
This study was unable to investigate which part of the lens was used when walking
or negotiating steps, as commercially available equipment, such as ISCAN’s video-
based eye tracking system (ISCAN Inc, Woburn, Massachusetts, USA) was

prohibitively expensive.

The rationale for choosing the instruments is detailed in Section 7.8 (Methodology).

Key area Instrument

Visual aspects Global Measure of Vision
Visual acuities (decimal)

Balance and mobility Timed up and Go

Physical and Emotional SF-12v2 health questionnaire
Wellbeing

Falls ProFANE definition

- level of sustained injury Schwenk et al. definition
Head pitch / Eye tracking not assessed

Table 7.1 Instruments used in key areas

7.4 Ethics

Ethics approval was granted by Aston University Life and Health Sciences Ethics

Committee (Appendix 5).

7.4.1 Consent

All participants received a Research Participant Information Sheet, which detailed

the purpose of the study, who was eligible, and what would happen when taking
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part. Participants were also made aware that they may withdraw from the study at
any time without any explanation. Contact details for queries and complaints were

included. Signed consent was obtained at the initial assessment appointment.

7.4.2 Risk assessment

The designated University risk assessment spreadsheet identified no medium or
high risk interventions and was considered to have low potential risk in accordance

with the University Regulation REG/11/203(2).

7.4.3 Data Management

All individual patient data was stored in an encoded format. The key to the coding
was stored in a separate password protected database, accessible only by the

author.

7.5 Participants

Study participants were patients who attended the Aston University Eye Clinic for

their routine eye examinations, and fulfilled the required inclusion criteria.

7.5.1 Inclusion and exclusion criteria

The inclusion criteria were as follows:

e Aged 65 or over

¢ Community dwelling individuals
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¢ Habitual wearers of either single vision, bifocal or progressive addition
lenses

¢ Independently mobile, including use of mobility aids (walking sticks etc.)

e Sufficient command of the English language to understand test instructions

e Basic numeracy to be able to complete the Global Measure of Vision test

No exclusion criteria were applied.

7.5.2 Sample size

The primary investigated outcome was whether there was a statistically significant
difference in number of falls experienced during the twelve months prior to the initial
assessment (retrospective study) or in the subsequent twelve months (prospective

study), according to worn lens design (SV, Bif or PAL).

A logistic regression (LR) method was chosen to analyse this dichotomous, mutually
exclusive outcome (fall(s) versus no fall(s). LR is suitable for both categorical and
continuous independent variables, and is not constrained by the need for normal
distribution®®’. In particular, it describes the effect of any one independent variable,
whilst controlling for all others. In addition, using LR enabled more meaningful

comparisons with a seminal paper in this field*?°.

In LR the limiting sample size is determined by the least frequent event of the

dichotomous outcome rather than the total sample size'®®*%

. For example, if the
most frequent outcome were that the participants experienced a fall, then the
number of non-fall events would be used to estimate the sample size. In falls
research, however, falls rates between 30% and 40% have been reported in

129,190,191

independent living people aged 65 and older . Itis, therefore, expected that

fallers represent the least frequent outcome event.
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In a computer simulation study of proportional regression analysis, Peduzzi et al*®

found a ratio of 10 or fewer events per variable (EPV) made resulting coefficient
values less accurate and precise. In a later study, Vittinghoff and McCulloch®®
found there was no clear dividing line for an acceptable level of EPVs. ldentifying
levels of false positive errors > 7%, confidence interval <93% and relative bias
>15% as problematical, they discovered these levels were uncommon with EPV
ratios of 5 — 9, but were not completely absent in greater EPV ratios of10 — 16. The
authors concluded that discounting statistically significant results of studies with
EPVs from 5 — 9 did not seem justified. Sample size for the study was, therefore,

calculated for a range of EPVs from 5 — 10.
Sample size N is calculated as:
N=EPV*k/p

where k is the number of independent variables in the regression, and p is the
expected proportion of events. Seven variables were planned regressors: Age,
Gender, GMV, TUG, SF-12v2-P, SF-12v2-M and Lens design. Using EPVs ranging
from 5 to 10, and an expected fall rate of 35%, the number of participants to be
recruited would be between 100 (min) and 200 (max). This would increase to 120

(min) and 240 (max) when accounting for 20% attrition.

7.6 Originality of study

To the author’s knowledge, this was the first UK-based observational study of falls
rates in a community-dwelling older population, which differentiates between three

types of worn lens design (SV, Bif and PAL).
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7.7 Recruitment

Potential participants were identified by reviewing records of patients booked into
the clinic. They were contacted by telephone prior to their appointment, to invite
them to take part in the study. No immediate response was required. Flyers and
posters were also displayed in the clinic waiting area to increase awareness and

capture any possible participants who had not been contactable by telephone.

From October 2014 to April 2015 inclusive, 132 community dwelling individuals aged
65 and over were recruited to take part in the retrospective case-control study, with
130 participants going on to complete the subsequent prospective cohort study.

Final assessments took place from October 2015 to April 2016.

7.8 Methodology

At the initial assessment, the research information sheet and consent form were
issued and signed. The participant then completed the Short Form SF-12v2®
health questionnaire. The type of worn lens design (SV, Bifocal or PAL) was
confirmed, and the participant gave an estimation of how long they had been
wearing that specific design. Any falls that had occurred in the previous twelve
months were recorded, along with their location (eg indoors/outdoors), activity being
undertaken, time of day and associated lighting levels (e.g. daylight/dusk), whether
the participant was wearing spectacles at the time of the fall, and what level of injury
they sustained according to the guidelines proposed by Schwenk® (see Section
7.8.1.4). The Global Measure of Vision test (GMV) was then undertaken, and,
lastly, the Timed Up and Go Test (TUG). Visual acuity data was obtained from clinic

records.

Falls diaries (Appendix 6) were issued to all participants for the twelve month

prospective study. Rather than using the formal definition of a fall (See Section 2.2),
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wording more appropriate to the lay community, as suggested by the Prevention of
Falls Network Europe (ProFANE)®, was used in the diary. The instructions for

completion, therefore, stated:

“If you experience any fall, including a slip or trip in which you lost your balance and
landed on the floor, ground or lower level, please record this in your diary. Itis

important also to note any slips or trips where you did not hurt yourself.”

Participants were asked to record the same information as was collected for the
retrospective study. This was facilitated by the diary’s column headings and the

guidelines on the reverse of the diary.

A range of prospective falls studies, which are considered the gold standard in falls

87.194-19¢ 1n order to reduce the

research', have used monthly falls diaries
administrative burden and eliminate associated postage costs, participants were
asked if they were happy to be contacted by email (n =95) or phone (n=37). An
anonymised email group was created to provide general updates (n = 9) to keep
participants engaged in the project. Time burdens resulted in less frequent update
phone calls (n = 4). Participants were encouraged to email or phone the study to
report falls as and when they occurred, as well as noting them in their diary. In this
way it was possible to record falls throughout the trial duration, thereby reducing the

risk of data loss through misplaced diaries. Fridge magnets were also issued to all

participants, to act as a constant reminder.

After the 12 month follow-up period, participants were invited to a de-brief
appointment, where the falls diaries were reviewed and the SF-12v2®, GMV and
TUG were repeated. Visual acuity data at the end of the study was again obtained
from clinic records (see Study Flowchart Figure 7.1). Participants unable to attend
were interviewed by telephone.

All data was entered into an Excel 2010 (Microsoft Corporation) spreadsheet and
was analysed using IBM SPSS Version 21.0%%,
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7.8.1 Instruments

The instruments used in the study were the Global Measure of Vision (GMV), the
Timed Up and Go Test (TUG), the Short Form-12v2® Health Survey (SF-12v2®),

and the Fall Injury Classification System proposed by Schwenk®.

7.8.1.1 Global Measure of Vision (GMV)

The rationale and development of the GMV was addressed in Chapter 6.

7.8.1.2 The Timed Up and Go Test (TUG)

Five reviews on fall screening assessments informed the choice of the Timed up

and Go test from the wide range of possible instruments to evaluate the participants’

197-201

balance and mobility . It is one of the most commonly used screening tests in

3,202 »203

community settings™ and gives a “global indication of postural stability

Developed by Podsiadlo and Richardson in 1991%*, it is a timed version of the Get

up and Go Test, which used a 5 point evaluation scale ranging from normal to

|205 4111,112,127,130,142

severely abnormal®”. Five of the studies investigated in Chapter

also reported TUG findings.

Furthermore, the TUG requires little additional training and minimal equipment, is
quick and easy to complete, and poses minimal risk to the participant. The
participant is required to stand up from a chair, walk a 3m long course, turn, walk

back to the chair and sit down.

In one study it was found to be a sensitive (87%) and specific (87%) measure for
identifying those prone to falls in a community dwelling elderly population®®; in
another it discriminated between fallers and non-fallers, correctly classifying 72% of

all subjects®’.
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132 participants recruited

Initial appointment
October 2014 — April 2015 \l/

Research Information Sheet
Consent Form
SF12v2®
History

o Worn lens design

o Duration of wear

o Fall definition explained

o Previous 12/12 fall history
Deceased:1 e GMV

o Falls diary
o Plus fridge magnet
o Explained how to complete
o Explained how to notify of falls
o Ongoing contact method agreed
e TUG

e Visual acuity (clinic record)

Lost to follow-up:1

130 participants completed
12 months follow-up

Follow-up appointment (n = 111)

October 2015 — April 2016

v

e SF12v2®
¢ Confirmed falls sustained during trial
o Falls diary & email/phone records
e GMV
e TUG
e Visual acuity (clinic record)

Follow-up telephone interview (n = 19)

L

e Confirmed falls sustained during
trial —>

o Falls diary & email/phone

C END OF TRIAL \
A

Figure 7.1 Study flowchart
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Whilst it is acknowledged that there is a debate about the predictive ability of the

198,199

test , the TUG has been found to have the largest area under the curve (AUC)

for predicting the occurrence of falling, when compared with the One-Leg Stand,

Functional Reach and Tinetti Balance tests®®,

Different cut-off points have been suggested for evaluation of the test results. This
may be a result of documented variances in the test procedure, such as advised
walking pace (usual pace, as fast as possible, a comfortable and safe pace) or chair

design (with or without armrests)*%2%°,

Results were, therefore, not categorised as low / medium / high risk of falls, but as
time taken (in seconds) to complete the course. Should the TUG results be
predictive of falls, receiver operator curves (ROC) can be further investigated to

identify cut-off scores for this population. The chair and walkway used in this study

are shown in Figure 7.2.

nt

Figure 7.2 Chair and walkway dimensions for Timed Up and Go Test
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Equipment

Arm chair: seat height approximately 46 cm
arm height approximately 65 cm

Stopwatch / Timer

Level Walkway: 3m long, measured from front of chair legs

Protocol

Ensure the chair is stable so it will not move when the participant stands or sits
Use of the arm rests during the sit-to-stand and stand-to-sit movements is allowed
The participant should wear their regular footwear

The participant may use any walking aids they normally use

The participant may not be assisted by another person

Start timing on the word go

Stop timing when the participant's buttocks come into contact with the chair seat
There is no time limit and the participant may stop and rest if needed

A practice trial that is not timed should be performed first

Participant instructions

Sit with your hips all the way back onto the chair seat, with your back
touching the chair back.

Your arms should be resting on the armrests and your walking aid, if needed, at hand.

When | say “go”, | would like you to stand up and walk to the line, cross over it and turn
round, then walk back to the chair and sit down again. | will count you down “3,2,1,go”.

Walk at a comfortable and safe pace.

Table 7.2 Timed up and Go procedure
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Table 7.2 shows the required equipment, the protocol (based on the original

210

Podsiadlo and Richardson design, as reported in Tate“™) and participant

instructions.

7.8.1.3 Short Form-12v2® Health Survey

The Short Form-12v2® Health Survey (SF-12v2®) was chosen to evaluate the
participants’ perceived physical and emotional health status. It is one of the
recommended generic health-related quality of life measures proposed by ProFANE

in their common outcome data set for fall injury prevention trials>.

The SF-12v2® belongs to a family of short form health surveys that are available in
formats with 36, 12, or 8 questions. The SF-36 contains 36 questions from a range
of eight domains [Physical Functioning (PF®), Role-Physical (RP), Bodily Pain (BP),
General Health (GH), Vitality (VT), Social Functioning (SF®), Role-Emotional (RE)
and Mental Health (ME)]. The SF-12v2® is a more concise version of the SF-36,
containing 12 of the SF-36 questions taken from each of the eight domains, and - in
the same fashion as the SF-36 - provides two summary measures of physical and
mental health [Physical Component Score (PCS) and Mental Component Score
(MCS)]. Whilst PF?, RP, BP and GH are attributed mainly to the PCS (Table 7.3), it
is important to note that they also contribute to MCS. Similarly, VT, SF° RE and ME

contribute to PCS.

In the United States (US) the PCS-36/PCS-12 and MCS-36/MCS-12 are reported to
be closely correlated (0.95 and 0.97 respectively). An international study found
some subtle country-specific variations as to which twelve questions most closely
matched the US results. However, the US SF-12 questions and scoring algorithms

were recommended to enable comparison of study results®**. The SF-12v2®
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offered a compromise solution providing an acceptable level of precision and a

minimal time burden for the participant.

Domain Question

Physical Health Measures

Physical 2a Moderate activities such as moving a table, pushing a vacuum
Function cleaner, bowling, or playing golf
2b Climbing several flights of stairs

Role- 3a As aresultof your physical health, how often have you
Physical accomplished less than you would like
b Were limited in the kind of work or activities

Bodily Pain 5  How muchdid pain interfere with your normal work (including

both work outside the home and housework?
General 1 Ingeneral, would you say your health is: excellent,very good,
Health good fair or poor?

Mental Health Meaures

Mental 6a Have you felt calm and peaceful?
Health 6c Have you felt downhearted and low?
Social 7  How much of the time has your physical health or emotional
Functioning problems interfered with your social activities (like visiting with

friends, relatives, etc.)?
Role 4a As aresultoffeeling depressed or anxious, how often have you
Emotional accomplished less than you would like

4b Did work or other activities less carefully than ususal

Vitality 6b Did you have a lot of energy?

Table 7.3 SF-12v2® questions and domains

The PCS and MCS scores range from 0 to 100, where 50 represents the norm with

a standard deviation of 10. Standard and acute forms of the questionnaire are
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available, whereby the standard form is recommended for single application, or for

re-use after a period of at least four weeks.

The SF-12v2® standard form was completed by the study participant in a self-
administered paper and pencil based form and in accordance with the
recommendations in the administration guide, specifically before any other health

questions were posed, and in a quiet environment 2*?

. Five point (10 questions) or
three point (2 questions) Likert scale responses were evaluated using Quality Metric

Health Outcomes™ Scoring Software 4.0.

7.8.1.4 Fall injury classification system

Chapter 3 highlighted the difficulty in comparing falls studies because of variation in
outcome measures and lack of standardisation, especially when recording falls
where injuries have been sustained. A review paper by Schwenk et al.® evaluated
41 randomised controlled trials and proposed fall injury classification guidelines

which were adopted in this study (Table 7.4).

Category Definition

a serious injury medically recorded fracture, head or internal injury
requiring accident and emergency or inpatient treatment

b moderate injury wounds, bruises, sprains, acuts requiring a medical /
healthcare professional examination such as physical

examination, x-ray, suture

c minor injury minor bruises or abrasions not requiring health
professional assistance; reduction in physical function

(eg due to pain, fear of falling) for at least three days

d no injury no physical injury detected

Table 7.4 Falls injury classification system (Schwenk et al.®)
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These guidelines were based on the most frequent type of definition used in the
examined studies, a system initially adopted by Campbell et al.?*®. Fall severity is
recorded according to type of injury (ranging from abrasions to fractures) and level

of medical intervention.

7.9 Results

The study results are presented for both the retrospective and the prospective study

in three sections: descriptive data, thematic analysis, and logistic regression.

7.9.1 Descriptives

Participant data for the retrospective study are detailed in Table 7.5. These
variables also provided baseline data for the prospective study. The median length

of trial participation was 366 days (IQR 365 — 376).

A chi square test for independence indicated no statistically significant association

between gender and worn lens design [x* (2, n = 132) = 1.52, p = .47].

Shapiro Wilk’'s W was used to investigate normality of distribution. In the study
population as a whole, no variables demonstrated normal distribution [Age (W =
971, p = .006); GMV (W = .626, p = <.001); TUG (W = .661, p = <.001); SF-12v2-P
(W =.968, p =.004); SF-12v2-M (W = .937, p = <.001); Duration of wear (W = .944,

p = <.001)].

A Kruskal-Walllis test revealed a statistically significant difference in duration of wear
across the three lens designs [x*(2, n = 132) = 8.87, p = .012]. The median length
of wear was statistically significantly longer in bifocal than PAL wearers (Mann-

Whitney U = 712.5, z = -2.876, p = .004, r = .29).
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SV Bif PAL Total
n (%)
Lens design 31(23.5) 32 (24.2) 69 (52.3) 132 (100)
Gender (Female) 13 (41.9) 17 (53.1) 38 (55.1) 68 (51.5)
median (IQR)
Age (yrs) 76.0 (71.0-80.0) 755 (71.5-80.5) 740 (71.0-80.0) 76.0 (71.0-80.0)
GMV (s) 483 (35.6-59.4) 458 (42.8-71.8) 459 (35.6-53.6) 460 (36.8-57.3)
TUG (s) 112 (9.9-133) 127 (10.9-14.1) 111 (9.9-124) 114 (10.2-13.3)
SF12v2®- P score 50.8 (39.9-56.7) 47.1 (40.4-53.7) 48.2 (41.6-56.9) 48.8 (40.7-55.9)
SF12v2®- Mscore 55.3 (49.0-59.2) 56.2 (50.0-59.9) 56.0 (48.0-59.2) 559 (48.9-59.3)
Timeworn (yrs) 200 (125-325) 250 (20.0-30.0) 200 (100-25.0) 200 (10.5-28.0)
Table 7.5 Participant data: retrospective study
sV Bif PAL Total
n (%)
Lens design 31(23.8) 32 (24.6) 67 (51.5) 130 (100)
Gender (Female) 13 (41.9) 17 (53.1) 38 (56.7) 68 (52.3)
median (IQR)
Age (yrs) 76.0 (71.0-80.0) 755 (715-805) 740 (71.0-80.0) 76.0 (71.0-80.0)
GMV (s) 483 (35.6-59.4) 458 (428-71.8) 459 (35.0-539) 46.0 (36.7-57.5)
TUG (s) 112 (99-133) 127 (109-141) 111 (9.9-12.4) 114 (10.2-13.3)
SF12v2®- P score 50.8 (39.9-56.7) 47.1 (404-53.7) 482 (42.0-56.9) 48.8 (40.8-56.0)
SF12v2®- Mscore 55.3 (49.0-59.2) 56.2 (50.0-59.9) 56.2 (48.2-59.2) 56.0 (49.0-59.3)
Time worn (yrs) 200 (125-325) 250 (20.0-30.0) 200 (10.0-25.0) 20.0 (11.0-28.0)

Table 7.6 Participant data: prospective study
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All other variables displayed no statistically significant difference across lens design
[X*(2, n = 132) Age = .679, p = .712; GMV = 3.158, p = .206; TUG = 5.607, p = .061;

SF-12v2-P = 2.265, p = .322; SF-12v2-M = .478, p = .787].

The attrition rate for the study was 1.5%. One participant was lost to follow-up, and
one participant was deceased. They were both male, PAL wearers. Participant

data for the prospective study was therefore as in Table 7.6.

Wilcoxon Signed Rank tests for the 111 participants who attended a follow-up
appointment showed no significant difference in GMV, SF12v2-P and SF12v2-M
measures at begin and end of the prospective trial across all three lens types [GMV
(SV) z = -1.105, p = .269, (Bif) z = -.267, p = .790, (PAL) z = -.736, p = .462;
SF12v2-P (SV) z = -1.626, p = .104, (Bif) z = -1.841, p = .066, (PAL) z = -1.719, p =
.086; SF12v2-M (SV) z = -.165, p = .869, (Bif) z = -1.206, p = .228, (PAL) z = -.422,
p =.673]. TUG scores showed no significant difference in SV and Bif wearers [(SV)
z=-1.842, p = .066, (Bif) z = -.750, p = .453)] but a significant difference in PAL
wearers (z = -2.472 p = .013) was found with a small to medium effect size of .23

according to Cohen’s classification'®,

In compliance with ProFANE’s recommended data outcome set®, the number of
falls, fallers and repeat fallers for both retrospective and prospective studies is
shown in Table 7.7. This equates to a fall rate per person year (ppy) of 0.6 for the

retrospective study, and 0.5 for the prospective study.
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Retrospective study Prospective study

SV Bif PAL TOTAL SV Bif PAL TOTAL
Participants 31 32 69 132 31 32 67 130
Falls
n 22 22 36 80 17 14 33 64
fallr-ateppy 0.7 0.7 0.5 0.6 05 04 05 0.5
Fallers
n 13 13 28 54 11 10 24 45
% 419 406 406 40.9 353 31.3 358 346
Repeat
fallers
n 5 6 6 17 4 3 8 15
% 16.1 18.8 8.7 12.9 129 94 119 115

Table 7.7 Retrospective and Prospective study falls data

7.9.2 Thematic analysis

The retrospective and prospective studies were further analysed according to the

following themes:

e Spectacle wear at time of fall by worn lens design
e Level of sustained injury by worn lens design

e NHS Fall categories

¢ Indoor / outdoor falls and level of sustained injury
e Lighting levels at time of fall

e Low Vision fallers
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7.9.2.1 Spectacle wear at time of fall

Table 7.8 shows whether study participants were wearing their spectacles at the

time of their sustained falls.

Retrospective study Prospective study
SV Bif PAL TOTAL SV Bif PAL TOTAL
Total falls 22 22 36 80 17 14 33 64
Falls with
spectacles
n 9 20 30 59 10 11 22 43
% 409 90.9 833 73.8 58.8 78.6 66.7 67.2
Falls without
spectacles
n 13 2 6 21 7 3 11 21
% 59.1 9.1 16.7 26.25 41.2 214 33.3 32.8

Table 7.8 Spectacle wear at time of fall

In the retrospective study, two participants were wearing their reading spectacles at
the time of their fall, and this was deemed to be comparable with not wearing
spectacles. It was apparent in both retrospective and the prospective studies that
bifocal and PAL wearers were more likely to be wearing their spectacles at the time
of their fall than single vision wearers. Single vision wearers were more likely to fall
- compared with bifocal or PAL wearers - when walking unaided or with their reading

spectacles, in both studies.
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7.9.2.2 Level of sustained injury

The level of sustained injury was analysed according to the system described in

Section 7.8.1.4 (Table 7.9).

Retrospective study Prospective study
SV Bif PAL TOTAL SV Bif PAL TOTAL
Total falls 22 22 36 80 17 14 33 64
Level of injury (n)
a 0 2 3 5 1 2 2 5
b 1 3 2 6 3 1 4 8
c 8 8 14 30 6 5 15 26
d 13 9 17 39 7 6 12 25
Level of injury (%)
a 00 91 8.3 6.3 59 143 6.1 7.8
b 45 136 5.6 7.5 176 7.1 121 12.5
c 36.4 36.4 389 37.5 35.3 35.7 455 40.6
d 59.1 409 47.2 48.8 412 429 36.4 39.1

a = serious injury, b = moderate injury, ¢ = minor injury, d = no injury (see Table 7.4)

Table 7.9 Level of sustained injury

Injury classifications a and b are those that require some form of medical attention.
This applied in 11 falls (13.75%) in the retrospective study, which included three
fractures (2 x wrist, 1 x thumb; 0.02 fractures ppy), and 13 falls ( 20.3%) in the
prospective study, which included 6 fractures (3 x wrist, 2 x thumb, 1 x vertebrae;
0.05 fractures ppy) . Figure 7.3 demonstrates the cumulative distribution (%) of
sustained injuries, and shows that in the majority of cases for all lens types either no

injury, or minor injuries were sustained.
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Figure 7.3 Comparison of sustained injury levels

7.9.2.3 HES Falls category comparison

Of the twenty HES fall categories (see Table 2.2), nine applied in the retrospective,

and eight in the prospective study (Table 7.10)

The Hospital Episode Statistics (HES) for England 2014 — 2015 (Figure 2.3) showed
the greatest number of falls recorded as unspecified (W19). However, the
circumstances of all falls in both retrospective and prospective studies were

recorded, rendering the category redundant in this analysis.

A comparison between the percentage of falls sustained during the trials and their

respective frequency in HES 2014 — 2015 is shown in Figure 7.4.
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Category Retrospective Prospective

n (%) n (%)

WO0O Ice and show 6 (7.5 0 (0.0
WO01 Same level 30 (37.5) 30 (46.9)
WO06 Involving bed 1 (1.3 2 (31
W07 Involving chair 2 (2.5 1 (1.6)
W08 Other furniture 2 (2.5 4 (6.3)
W10 Stairs and steps 23 (28.8) 15 (23.4)
W11 Ladder 2 (2.5 2 (3.1
W17 Other different level 8 (10.0) 3 @7
W18 Other same level 6 (7.5 7 (10.9)
Total 80 (100.0) 64 (100.0)

Table 7.10 Falls according to HES Fall category

Excluding the HES unspecified fall category, there is agreement that the greatest
number of falls were sustained in category WO01 (fall on same level, from slipping,

tripping and stumbling).

Falls on and from stairs and steps (W10) ranked second in the retrospective and
prospective study, whereas in HES 2014 — 2015 other falls from same level (W18)

ranked second.

Falls on the same level (W01 and W18 combined) and falls on stairs and steps

(W10) were, therefore, the most frequent fall locations in all cases.
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Figure 7.4 Comparison of Hospital Episode Statistics, Retrospective and

Prospective studies according to NHS Fall category

7.9.2.4 Indoor / Outdoor falls

Lord™® found that regular multifocal ( Bif, Trif, PAL) wearers were more likely to fall
outside the home than non-wearers (39.8% vs 24.6%). Both retrospective and
prospective studies identified indoor and outdoor falls, and falls that occurred when

transitioning from indoors to outdoors or vice-versa.

The majority of falls for all categories together occurred outdoors (59%) in the
retrospective study, and indoors (50%) in the prospective study. In the retrospective
study, SV and bifocal wearers showed a greater difference between outdoor vs
indoor falls (31.8% and 45.5% respectively) than PAL wearers (13.9%), suggesting
that PAL wearers perform differently. This variation was not as marked in the
prospective study, where only bifocal wearers fell more outdoors, with a modest

7.1% difference.
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Retrospective study Prospective study

SV Bif PAL TOTAL SV Bif PAL  TOTAL

Total falls 22 22 36 80 17 14 33 64
Indoor

n §5 5 15 25 9 6 17 32

% 22.7 22.7 41.7 31 529 429 515 50.0
Outdoor

n 12 15 20 47 8 7 13 28

% 545 682 556 59 471 500 394 438
Indoor / Outdoor
Change

n 5 2 1 8 0 1 3 4

% 22.7 9.1 2.8 10.0 0.0 7.1 9.1 6.3

Table 7.11 Indoor / Outdoor Fall location

7.9.2.5 Lighting levels at time of fall

As inappropriate lighting conditions have been identified as fall risk factors (Section
2.4.9), the studies were analysed according to five different descriptors derived from

the participants’ own accounts of ambient lighting conditions at the time of fall.

In both studies most falls were reported as having occurred in good lighting
conditions (retrospective 81%, prospective 76.6%), with the prospective study also
showing dim or overcast situations reported in 17.2% of falls. There were only
infrequent reports of falls occurring in glare conditions, or when adapting to a

change in lighting conditions.
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Total falls

Retrospective study

SV Bif PAL

22 22 36

Daylight / good indoor

lighting

n

%
Dim /
Overcast

n

%
Glare

n

%
Dark

n

%

17 19 29
77.3 86.4 80.6

0.0 00 111

0 2 0

00 91 00

2 1 3
30 00 0.0

Change in lighting

levels
n
%

3 0 0
136 0.0 0.0

TOTAL

80

65
81

IN

2.5

3.0

3.8

Prospective study

SV Bif PAL

17 14 33

13 10 26
76.5 71.4 78.8

4 3 4
235 214 121

0 0 1
00 00 30
0 1 1
00 7.1 30
0 0 1
00 7.1 30

TOTAL

64

49
76.6

11
17.2

1.6

3.1

3.1

Table 7.12 Lighting levels at time of fall

7.9.2.6 Low Vision Fallers

For the retrospective study, visual acuity data was recorded as presenting VA at the

time of the participant’s eye examination at study begin. Prospective VA was

recorded as best VA after this eye examination. All data was obtained from clinical

records and transposed to decimal acuity, to facilitate analysis.

To align with the recommendations in the College of Optometrists’ falls documen

137
t

participants with a best monocular VA of 0.5 decimal (6/12 Snellen) or less were
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considered to have low vision. Table 7.13 shows falls data for low vision

participants.

Retrospective study Prospective study
SV Bif PAL TOTAL SV Bif PAL TOTAL

Participants 31 32 69 132 31 32 67 130
Low Vision 7 3 9 19 5 2 4 11
Falls

n 7 3 6 16 5 3 5 13
fallrateppy 1.0 1.0 0.7 0.8 10 15 13 1.2
Fallers

n 3 2 4 9 3 1 3 7

% 429 66.7 444 474 60.0 50.0 75.0 63.6
Repeat
fallers

n 1 1 1 3 1 1 1 3

% 14.3 33.3 11.1 15.8 20.0 50.0 25.0 27.3

Table 7.13 Retrospective and Prospective study falls data

for low vision participants

Low vision participants represented 14.4% (retrospective) and 8.5% (prospective) of
the study participants. The fall rate per person year overall was 0.8 and 1.2
respectively, and is higher in both studies for all lens designs than for persons with
VA > 0.5 decimal (6/12 Snellen) (Figure 7.5). In the retrospective study those with
low vision fell 1.33 times more frequently (falls rate ppy 0.8 vs 0.6), but this

difference rose to 3 times in the prospective study (falls rate ppy 1.2 vs 0.4).
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Figure 7.5 Fall rate per person year

7.9.3 Logistic Regression

For the retrospective study, a logistic regression was carried out to assess the
influence of worn lens design (SV, Bif, PAL) on falls risk, adjusting for age, gender,

GMV, TUG, SF-12v2-P and SF-12v2-M.

This represented a total of eight variables for calculation of the EPV, as the lens
design option was not binary, and therefore has to be counted as two variables. For
the retrospective study this equated to an EPV of 6.75, reducing to 5.6 in the

prospective study.

Model 1 contained all the variables except lens design; Model 2 included lens

design in the model.

The Model 1 Hosmer and Lemeshow Goodness of Fit test indicated support for the
model (x?= 10.77, df = 8, p = .215) and is the most reliable test of model fit***25,

The omnibus test of model coefficients, however, showed that the model did not
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perform better than the baseline (Block 0) assessment (x>= 3.53, df = 6, p =.741).
None of the independent variables made a significant contribution to the model, with

correctly predicted percentages only increasing from 59.1% to 59.8%.

For Model 2, with the inclusion of worn lens design, the Hosmer and Lemeshow test
again indicated a good model fit (x*= 12.44, df = 8, p = .133), and the omnibus test
of model coefficients again showed no improvement over baseline (x?= 3.57, df = 8,
p =.89). Correctly predicted percentages remained at 59.1%. Lens design - both
per lens type and as an overarching category - was not found to have a statistically

significant influence on the odds ratio of falls (Table 7.14).

The prospective study was analysed in the same fashion, but previous falls (as
found in the retrospective study) were entered as an additional independent variable

(Table 7.15).

The Hosmer and Lemeshow Goodness of Fit tests indicated good fit for models with
and without worn lens design [Model 1 (x* = 6.48, df = 8, p = .59); Model 2 (X* =
7.12, df =8, p =.52)]. Only previous history of falls was a significant predictor of
falls in both cases, with an odds ratio of 2.71. Including lens design in the model did

not improve its predictive ability, and indeed reduced it slightly from 65.4% to 64.6%.
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Model 1 Model 2

0, 0,
B SE Wed df b 8 (i Rao B SE WAl 9T b Cide Raie

Lower Upper Lower Upper
Constant -0.80 3.33 0.06 1 081 045 - - -0.74 3.37 0.05 1 0.83 048 - -
Age 0.02 0.03 0.38 1 054 102 096 1.09 0.02 0.03 0.35 1 055 102 096 1.09
Gender (Female) 037 038 0.95 1 033 144 069 301 037 0.38 0.97 1 032 145 069 3.04
GMV 0.00 0.01 0.39 1 053 100 099 101 0.00 0.01 0.38 1 054 100 099 101
TUG -0.01 0.06 0.01 1 091 099 089 111 0.00 0.06 0.00 1 095 100 089 112
SF12wv2 - P -0.01 0.02 0.23 1 063 099 094 1.04 -0.01 0.02 0.23 1 063 099 094 1.04
SF12v2 - M -0.02 0.02 0.50 1 048 098 0.94 103 -0.02 0.02 047 1 049 098 094 1.03
Lens design 0.05 2 0.98
Lens design (Bif) -0.12 054 0.05 1 083 089 031 256
Lens design (PAL) -0.06 045 0.02 1 089 094 039 228
Nagelkerke pseudo r? 4.0% 4.0%
Classification accuracy 59.8% 59.1%

B = regression coefficient, SE = standard error, Wald = Wald statistic (B*/SE?), df = degrees of freedom, p = p-value, Cl = confidence interval.
The coefficient for Gender contrasts with Male. The coefficients for Lens design contrast with SV.

Table 7.14 Retrospective study: logistic regression results
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Model 1 Model 2

0, 0,
B SE Wed df b 8 (i Rato B SE WA 9T b il Raie

Lower Upper Lower Upper
Constant -5.01 367 186 1 0.17 0.01 -5.26 3.72 2 1 0.16 0.01
Age 0.02 0.04 024 1 0.62 102 095 1.09 0.02 0.04 0.23 1 063 102 095 1.09
Gender (Female) 0.02 041 0.00 1 0.96 102 046 228 0.00 041 0.00 1 099 100 045 2.26
GMV 001 0.01 279 1 0.09 101 100 1.02 0.01 0.01 3.00 1 008 101 100 1.02
TUG -0.05 0.08 048 1 0.49 095 081 1.10 -0.05 0.08 0.36 1 055 095 082 111
SF12wv2 - P 0.02 0.03 0.75 1 0.39 1.02 097 1.08 0.02 0.03 0.78 1 038 1.02 097 1.08
SF12v2 - M 0.03 0.03 1.26 1 0.26 103 0.98 1.08 0.03 0.03 1.32 1 025 1.03 098 1.09
Previous falls 1.00 040 6.28 1 0.01 271 124 5090 1.00 040 6.29 1 001 271 124 592
Lens design 0.38 2 0.83
Lens design (Bif) -0.05 0.58 0.01 1 094 095 030 3.00
Lens design (PAL) 0.22 049 021 1 065 125 048 3.26
Nagelkerke pseudo r? 12.7% 13.0%
Classification accuracy 65.4% 64.6%

B = regression coefficient, SE = standard error, Wald = Wald statistic (B*/SE?), df = degrees of freedom, p = p-value, Cl = confidence interval.
The coefficient for Gender contrasts with Male. The coefficients for Lens design contrast with SV.

Table 7.15 Prospective study: logistic regression results
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7.10 Discussion

7.10.1 Evaluation of results

The logistic regression analysis for both the retrospective and prospective studies
did not find an influence of lens design on falls risk. This corroborates the findings
of the recent Swedish study referred to in Section 4.10.6. The only statistically
significant variable was history of previous falls, with an OR of 2.71. This aligns with
the findings of an OR of 2.8 in the previously reported review of risk factors in

community-dwelling older people®.

Although GMV, TUG, SF12v2®, age and gender were not found to be statistically
significant variables, their measures confirmed homogeneity of visual status and

physical and mental health across all three lens types.

Whereas Lord'* found that regular “multifocal” wearers were wearing their glasses
at the time of most of their falls, this study demonstrated that falls in single vision
wearers occurred with almost equal frequency when walking with or without
spectacles in both retrospective (40.9% vs 59.1%) and prospective (58.8% vs
41.2%) studies. When compared with bifocal or PAL wearers they fell more

frequently when walking unaided or with their reading spectacles.

13.75% (retrospective) and 20.3% (prospective) of falls required medical attention,
with three and six fractures reported respectively. No hip fractures were recorded.
As the majority of falls did not require medical attention, it is possible that early
intervention opportunities are being missed, that may avert subsequent falls with

more severe injurious consequences.

This study did not confirm findings that “multifocal” wearers were more likely to fall

outside the home. Whilst the majority of falls in the retrospective study did occur
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outdoors, this was found for all lens wear types, including single vision. The results
varied for the prospective study, which showed an increase in outdoor falls only in
bifocal lens wearers. When aligned with the HES falls categories, falls on the same
level (from slipping, tripping and stumbling) and falls on stairs and steps were the

most frequent locations.

That most falls occurred in good lighting conditions was not an expected outcome,
given that poor lighting, glare and changes in lighting levels have all been implicated

in increasing falls risk.

In the retrospective study, the percentage of low vision participants (14.4%)
accurately reflected the 14% prevalence indicated in Section 3.3.1, but this reduced
to 8.5% in the prospective study. Nonetheless, a higher falls rate was found in
those with a best monocular VA of < 0.5 decimal (6/12 Snellen). This was more

pronounced in the prospective study (3x) than in the retrospective study (1.3x).

7.10.2 Strengths and limitations

A key limitation of the study was the lack of investigation into which part of the lens
was used when walking or negotiating steps. Commercially available equipment
was prohibitively expensive.

The decision to recruit solely through the Aston University Eye Clinic provided a
source of trial participants who regularly attended the university for their eye
examinations, and this no doubt contributed to the low attrition rate of 1.5%. It also
provided access to clinical records for confirmation of worn lens designs and visual
acuities. There may have been discrepancies in the recording of VA data, as it was

taken by final year optometry students with a range of clinical supervisors.
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The retrospective study is also likely to have suffered from recall bias, with events
either being forgotten or mistakenly attributed to having happened within the 12

month timeframe in question.

Where other studies have struggled to find PAL wearers, the challenge here was to
find sufficient SV or Bif wearers. The studies had a PAL to SV and PAL to Bif ratio
in the region of 2:1, which reflected current UK sales figures. Adopting logistic
regression analysis negated the need for equal group sizes. Although the sample
sizes are within reasonable limits, the studies would have benefitted from a greater
number of trial participants, which would have made the results more robust and

possibly able to detect smaller effect sizes.

The main strength of the studies is that they follow many of the recommendations
laid out in the ProFANE consensus document for a common outcome data set for
fall injury prevention trials®. Specifically, the studies adhered to the ProFANE
definition of fall, and the falls diaries employed the wording recommended for lay
persons. The minimum monthly reporting system was not adhered to because of
the associated administrative burden, but this was offset to some degree by emalil
and telephone updates to maintain ongoing contact with participants. Telephone
and face to face interviews were conducted in accordance with these

recommendations to rectify missing data and obtain further details.

Falls data was also collected as recommended regarding number of falls, number of
fallers / non-fallers / frequent fallers, and fall rate per person year. The requirement
for a 12 months follow-up period was achieved with a mean completion time of 366

days.

The recommendations that injuries should be classified according to the
International Classification of Diseases classification system was not complied with,

as it was felt that this was not an appropriate system for lay persons. The injury
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classification system used in the studies has the advantage of being easy to

understand and has been publicised on the ProFANE community network.

The psychological impact of falls was not specifically investigated, although the
SF12v2® did provide a measure of emotional wellbeing, which was included in the
logistic regression analysis and was one of the recommended health-related Quality

of Life measures.

The consensus document deemed further research was required before a specific
recommendation for physical activity measures could be made. Nonetheless, it was
felt that a measure of physical ability should be incorporated into the study, and the
TUG was chosen as detailed in Section 7.8.1.2. TUG did not prove to be predictive
of falls in both studies, and this may reflect the fact that the participants were
generally fit and active, with a maximum time completion score of 14.1s. Whilst it is
acknowledged that, as a result of differences in test methodology there is a wide
variation in recommended cut-off scores to categorise at risk participants, scores of
less than 15s have been found to rule out a high fall risk in residential care
facilities?®. The study would have benefited from a greater number of participants

with a more diverse range of physical abilities.

7.11 Summary

This chapter described the retrospective case control and prospective cohort studies
that were carried out to investigate the influence of spectacle lens design on falls
risk in community dwelling elderly persons. The studies’ objectives and methodology
were specified, with results presented according to descriptive, thematic and logistic
regression analyses. The main outcomes of both studies were summarised, and

their strengths and limitations were discussed.

Chapter 8 provides an overview of the whole thesis and suggestions for future work.
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Chapter 8. Thesis summary and future work

8.1 Thesis summary

The primary aim of the study was to investigate the influence of spectacle lens
designs on falls risk, in a community-dwelling UK population of persons aged 65 or
older, in order to contribute to the body of evidence-based research on which

currently recommended prescribing and dispensing practices are founded.

Background information about the multifactorial nature of falls (Chapter 2) provided
an introduction to a review of falls risk factors related to vision impairment (Chapter
3).

A critical review of previous research into spectacle lens correction modes for
presbyopes (SV, Bif and PAL) highlighted variations in the usage of the term
“multifocal” and poor levels of differentiation between bifocal and PAL designs in
study outcomes (Chapter 4). Furthermore, previous research has asserted that
wearers of these lens designs looked through the lower or near lens area when

walking on the level or using steps and stairs.

Whereas gaze direction studies have provided information about target gaze
location, no studies have yet identified which lens area is accessed during
locomotion. This brings into question the rationale for recommending single vision
distance lenses as a preferred option for certain tasks, as there is no research base
that confirms a gaze direction through these near portions, with their incumbent
levels of blur or reduced contrast sensitivity. It is conceivable that a combination of
head tilt and eye rotation is undertaken that provides a gaze direction through the

distance area of bifocal lenses, or an intermediate area in PALs.
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Furthermore, images of step edges through a PAL held at arm’s length have shown
distortion and peripheral aberrations that do not represent real-life situations when
the lens is worn correctly fitted with an appropriate back vertex distance and

pantoscopic tilt.

Other studies did not report whether or how allowances were made for previous
habitual wear of trial participants, which may have influenced performance if
switching from PAL to Bif or vice-versa in the trial setting. The importance of
habituation was demonstrated in a study comparing intermediate and full Add
lenses, where performance with the participant’s own spectacles was comparable to
results using trial PAL lenses with an intermediate Add and SV lenses. Habituation

may also counterbalance any spectacle lens magnification issues.

A survey of optical professionals was undertaken to investigate how confident
practitioners felt about identifying those at risk of falls, and what lens designs they
recommended in such cases (Chapter 5). When asked to rate their level of
agreement with a core statement (“/t is advisable to switch elderly (65 and over)
long-term varifocal and bifocal wearers, who are at a high risk of falling, to single
vision lenses”) the results showed an almost even distribution between “agree more
than disagree” (35.6%) and “disagree more than agree” (44.9%), with very few

participants agreeing or disagreeing fully, or not knowing.

The lens design of choice for those assessed at risk of falls, was overwhelmingly
single vision, irrespective of confidence level. If not assessed, or assessed and
found to be not at risk of falls, PALs were by far the lens of choice, again
irrespective of confidence level. The survey did not identify the underlying rationale
for these decisions, but it would seem a reasonable assumption that they were
based on previously published research findings and their attendant

recommendations.
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Most respondents indicated they would benefit from further information about falls,
and would welcome a quick and easy risk assessment tool for use in practice.
During the course of this study, the College of Optometrists has contributed to
practitioner awareness of falls with its 2014 publication “Focus on falls” and

continuing education material.

The requirement for an inexpensive measure of visual attention for the retrospective
and prospective studies, led to the development of the Global Measure of Vision
(Chapter 6). This is a paper and pencil test based on the Trail Making Test, the

AARP reaction time test, and AutoTrails Il.

A link between driving difficulties and falls risk has been reported, and visual factors
measured by the UFOV are also associated with mobility in older adults. The GMV
had significant correlations with UFQV divided attention, selective attention and its

overall risk category, and was, therefore, chosen as the measure of visual attention

for the retrospective and prospective studies (Chapter 7).

132 participants took part in the retrospective case-control study, of which 130
completed thel2 month prospective study. Both studies investigated the number
and severity of sustained falls, the location and nature of the falls, the duration and
nature of habitual spectacle lens wear (SV, Bif or PAL), and whether spectacles
were worn at the time of the incident. Visual acuity data was obtained from Aston
University clinic records, and GMV, TUG and SF12v2® data was taken at study

onset and for 111 participants who were able to attend follow-up appointments.

Logistic regression analyses showed no influence of spectacle lens design on falls
risk in both the retrospective and prospective studies. This corroborates findings of

a recent Swedish community-based study and demands further investigations.

The prospective study identified a previous fall history as the only statistically

significant risk factor. This highlights how important it is in practice to identify
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patients who have previously fallen. Indeed, the NICE guideline CG161 states that
practitioners, as health care professionals, should routinely ask whether patients
have fallen. Onward referral or signposting to appropriate agencies can then be

undertaken for appropriate multifactorial risk assessments.

The difficulty faced, not only by optical professionals, is how to identify those who

have not yet fallen, but may be at imminent risk.

8.2 Future research

8.2.1 Gaze direction

Studies investigating eye-lens position in conjunction with gaze direction when
walking or negotiating stairs are necessary in order to provide a true evaluation of
accessed lens powers and any associated levels of blur. This would dispense with
the assumption that gaze direction is through the near portion of the lens. The main
requirement would be that the equipment is sufficiently light and unobtrusive so as
not to impair customary head and eye positions. Such studies should differentiate
between bifocal and PAL designs, in order to assess whether adopted gaze
positions are lens- or user-specific. Investigations should include wearers with a
range of Adds, as it is feasible that gait adaptations may vary with the power of the
Add. Use of the participant’s own lenses and frames, in addition to standardised
lenses and frames for trial purposes, would provide information about how

habituation contributes to safe locomotion.

8.2.2 Balance and postural stability

It has not yet been established whether the type of balance deficit (visual, vestibular
or somatosensory) influences performance differently according to worn lens design.
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Are those with a predominantly visual balance deficit more likely to experience falls
with any one particular design? Does this vary with type and severity of vision
impairment? There is a requirement for laboratory studies identifying the type of
balance deficit to be coupled with prospective observational falls studies

differentiating between habitually worn lens designs.

It may be possible to stratify further and identify a difference within the lens design:
a variation in postural stability with two different PAL designs has already been
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found in one study "°, and further studies are required to build on this evidence

base.

8.2.3 Safe stair negotiation

Most laboratory studies of gait adaptations on stairs have been carried out on either
a single step or a flight of three steps. Whilst Templer® reported the top three and
bottom three steps on staircases were the main locations for falls accidents,
investigations into stair negotiation when covering a whole flight of stairs are lacking.
These would preferably be undertaken with the participant’s own spectacles, to
ensure habituation is accounted for, in addition to standardised lenses and frames
for trial purposes. Staircases should correspond to current building regulation
stipulations. Together with information from gaze direction studies that also
identified eye-lens position, a complete picture of stair negotiation dynamics could

be obtained.

8.2.4 Community studies

Further studies of community-dwelling older people would enrich the evidence base

regarding the influence of spectacle lens design on falls risk in real-life scenarios.
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These studies should be large enough to incorporate groups with complex needs
that have been identified as being at greater risk of falling, such as those with
cognitive or vision impairment. Adherence to the recommendations in the ProFANE
consensus document would enable inter-study comparisons. As no agreement has
yet been reached on a recommended measure of physical activity, further research

IS necessary to identify an appropriate metric.

In summary, a range of research across several areas is still required, before
definitive statements about lens design and falls can be made that are pertinent to

community-dwelling older people.
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APPENDICES

Appendix 1 Ethics Committee Approval Letter Project #513

Aston University reon range
Birmingham Birmingham B4 7ET

United Kingdom
Tel +44 (0)121 204 3000

www_aston.ac.uk

Memo

Life and Health Sciences Research Ethics Committee’s Decision Letter

To: Dr Mark Dunne

Cc: Rachel Giles, administrator o the Life and Health Sciences Research Ethics Committee
From Dr Robert Morse

Chair of the Life and Health Sciences Research Ethics Committee

Date: 257212013

Subject: Project #513 Provision of optical comection to elderly people at risk of falls

The documentation and addifional information for the above proposal has been considered by the Chair of the
LHS Research Ethics Committee.
Please see below for details of the decision and the approved documents:

Reviewer's recommendation: Approved
Reviewer's comments:
Reviewer #1.
Some elderly patients may have problems with on line format. Other than that good to proceed
Reviewer #2.

This is a clearly written proposal and | can find no items that require attention

Please see the tabled list below of approved documents:

Documentation Version/s Date Approved
Consent Form N/A

Participant Information N/A

Sheet (PIS)

Protocol Version 1.0 31/1/2013 'l
Risk Assessment N/A

Questionnaires 1.0 291172013

Other (please detail)

Aston University

Nlustration removed for copyright restrictions
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Appendix 2 Prescribing and dispensing survey questions

Q1 Please indicate your professional  Registered Dispensing Optician
status Registered Trainee / Pre-registration
Dispensing Optician
Registered Optometrist
Registered Pre-registration Optometrist
Q2  Where do you mainly practise? Hospital Eye Service
Independent practice
Small group practice (5 or fewer
branches)
Medium group practice (10 or fewer
branches)
Large multiple chain
Other (please specify)
Q3 How many patients /customers do 1-10; 51-60;
you see who are 65 years and 11-20; 61-70;
over 21-30; 71-80;
in an average week? 31-40; 81-90
41-50; >100
Q4  How many patients /customers do 1-10; 51-60;
you see who are 65 years and 11-20; 61-70;
over 21-30; 71-80;
in an average week who have a 31-40; 81-90
binocular acuity of 6/12 Snellen or 41-50; >100
less?
Q5 What lifestyle issues do you None
routinely ask about for patients / Hobbies
customers Television
aged 65 and over? Computer use
Mobility
Driving
Other (please specify)
Q6 Does this differ from the Yes
guestions you ask under 65s? No
If yes, please say how?
Q7  Please indicate to which extent Agree fully
you agree with the following Agree more than disagree
statement: Don't know

It is advisable to switch elderly
(65 and over) long-term varifocal
and bifocal

wearers, who are at a high risk of
falling, to single vision distance
lenses.

Disagree more than agree
Disagree fully
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Appendix 2 (cont.) Prescribing and dispensing survey questions

Q8 How confident do you feel in your  Please indicate on a scale from Do not

ability to assess an elderly assess, 1 - 10, where 1 is not at all
person's risk of falls? confident, and 10 = totally confident
Q9 If you had to summarise which Confident to assess risk of falls

category you feel applies to you Not confident to assess risk of falls
overall, which would you choose? Do not assess risk of falls

Q10 Q10 applies to you if you chose confident to assess as your answer to Q9.
Otherwise skip to the next question.

a) What is your lens design of Separate single vision distance and near
choice for your patients / Bifocals

customers aged 65 or over who Trifocals

are at risk of falls Varifocals

b) Which coatings do you None

regularly recommend for your Hard coat

patients / customers aged 65 or Basic AR coat

over who are at risk of falls? Multiple AR coat

Hydrophobic coat

Combined MAR, hard and hydrophobic
coat

Other (please specify)

¢) Which tints do you regularly None

recommend to those aged 65 and Fixed tint ~80% transmission
over who are at risk of falls? Fixed tint ~65% transmission
(select all that apply) Fixed tint ~35% transmission

Fixed tint ~25% transmission
Photochromic tint

Polarising tint

Other (please specify)

d) How do you assess the Freeform answer box
patient's fall risk?

Q11 Q11 applies to you if you chose not confident to assess in Q9
Otherwise skip to the next question

a) What is your lens design of Separate single vision distance and near
choice for your patients / Bifocals

customers aged 65 or over, who Trifocals

you feel may be at risk of falls?  Varifocals
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Appendix 2 (cont.) Prescribing and dispensing survey questions

b) Which coatings do you None

regularly recommend for your Hard coat

patients / customers aged 65 or  Basic AR coat

over who you feel may be at risk  Multiple AR coat

of falls? Hydrophobic coat
Combined MAR, hard and hydrophobic
coat
Other (please specify)

¢) Which tints do you regularly None
recommend to those aged 65 and Fixed tint ~80% transmission
over who you feel may be at risk  Fixed tint ~65% transmission
of falls? (select all that apply) Fixed tint ~35% transmission
Fixed tint ~25% transmission
Photochromic tint
Polarising tint
Other (please specify)

Q12

Q12 applies to everyone and is asking about dispensing and prescribing
for those aged 65 and over who are a) not assessed or b) (confidently or
not confidently) assessed and found not to be at risk of falls.

What is your lens design of Separate single vision distance and near
choice for those aged 65 or over Bifocals

who are not assessed or not at  Trifocals

risk of falls? Varifocals

Q13

Which coatings do you routinely None
recommend to those aged 65 and Hard coat
over who are not assessed or not Basic AR coat
at risk of falls? (select all that apply)  Multiple AR coat
Hydrophobic coat
Combined MAR, hard and hydrophobic
coat
Other (please specify)

Q14

Which tints do you routinely None

recommend to those aged 65 and Fixed tint ~80% transmission
over who are not assessed or Fixed tint ~65% transmission
not at risk of falls? (select all Fixed tint ~35% transmission
that apply) Fixed tint ~25% transmission

Photochromic tint
Polarising tint
Other (please specify)
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Appendix 2 (cont.) Prescribing and dispensing survey questions

Q15

Would you benefit from any of the following:

a) Further information about falls generally

b) Further information about visual aspects of falls

c) Practice leaflets about falls generally

d) Practice leaflets about visual aspects of falls

e) A quick and easy falls risk assessment tool

for use in practice

Yes / No / Don’t know
Yes / No / Don’t know
Yes / No / Don’t know
Yes / No / Don’t know

Yes / No / Don’t know

Q16 Youare Male
Female
Q17 Do you have any supplementary  Yes
gualifications? No
If so, then which?
Q18 Which age bracket are you? Under 20; 41 -45; over 65.
21 - 25; 46 — 50;
26 — 30; 51 - 55;
31 - 35; 56 — 60;
36 — 40; 61 — 65;
Q19 If fully qualified, how many years 1 -5; 26 — 30;
have you been in practice? 6 —10; 31 - 35;
11 - 15; 36 — 40;
16 — 20; above 40.
21 - 25;
Q20 Areyou Practice owner
Employee
Self-employed locum
Other (please specify)
Q21 How many days per week doyou Lessthanl; 4;
practise on average? 1; 5;
Please use a daily testing time of ~ 2; 6;
7 hours. 3; 7.
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Appendix 3 Global Measure of Vision (to scale)

Aston University

Hlustration removed for copyright restrictions
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Appendix 4 Ethics Committee Approval Letter Project #694

Aston University pston Triangle

Birmingham

Birmingham B4 7TET
United Kingdom
Tel +44 (0)121 204 3000

www.aston.ac.uk

Memo

Life and Health Sciences Research Ethics Committee’s Decision Letter

To:

From:

Date:

Subject:

Dr Mark Dunne

Cc: Rachel Giles, administrator to the Life and Health Sciences Research Ethics Committee
Dr Corinne M. Spickett

Chair of the Life and Health Sciences Research Ethics Committee

22/7/2014

Project #694: Investigation to examine | correlations 1 Useful Field of View test

(UFOV) and Attentional Field of View (AFOV)

Thank you for your submission. The information for the above proposal has been considered by 2 reviewers
and the Chair of the LHS Ethics Committee. Please see below for details of the decision and the approved
documents.

Reviewer's recommendation: Approved

Please see the tabled list below of approved documents:

Documentation Version/s Date Approved
Participant information ufov_research_participant_information_and_consent_v1 | 24/7/2014 4
sheet and Consent form

Protocol protocol_ufov_afov_v1 21/7/2014 v
Test material aarp_reaction_time_scan_v1 21/7/2014 v
Test material attentional_field_of_view_test_v1 21/7/2014 v
Test material trail_making_test_a_and_b_v1 21/7/2014 v

NOTE: When printing the consent form, please ensure it is double-sided so that the participant and
researcher signatures are on the same sheet.

After starting your research please notify the LHS Research Ethics Committee of any of the following:

Substantial amendments. Any amendment should be sent as a Word document, with the
amendment highlighted. The amendment request must be accompanied by all amended
documents, e.g. protocols, participant information sheets, consent forms etc. Please
include a version number and amended date to the file name of any amended
documentation (e.g. “Ethics Application #100 Protocol v2 amended 17/02/12.doc”).

Aston University

Hlustration removed for copyright restrictions
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Appendix 5 Ethics Committee Approval Letter Project #680

Aston University pston Triangie

Birmingh Birmingham B4 7ET
irmingham United Kingdom
Tel +44 (0)121 204 3000

www.aston.ac.uk

Memo

Life and Health Sciences Research Ethics Committee’s Decision Letter

To: Dr Mark Dunne

Cc: Rachel Giles, administrator to the Life and Health Sciences Research Ethics Committee
From: Dr Corinne M. Spickett

Chair of the Life and Health Sciences Research Ethics Committee
Date: 22/7/2014

Subject: Project #680: Comparison of falls in elderly people with three modes of spectacle lens wear

Thank you for your resubmission. The additional information for the above proposal has been considered by
the Chair of the LHS Ethics Committee.

Please see below for details of the decision and the approved documents.
Reviewer’s recommendation: Approved

Please see the tabled list below of approved documents:

Documentation Version/s Date Approved

Participant information ethics_application_680_consent_form_v2_amended_ | 21/7/2014 v

sheet and Consent form 18.07.14

Clinical protocol ethics_application_680_clinical_protocol_v2_amende | 21,7/2014 v
d_18.07.14_0

Risk Assessment ethics_application_680_risk_assessment_v2_amend | 21/7/2014 v
ed_18.06.14

Amended application ethics_application_680_word_version_online_applica | 21/7/2014 4
tion_v2_amended_18.06.14_0

Test material attentional_field_of_view_test 21/7/2014 v

Test material timed_up_and_go_test 21/7/2014 v

Questionnaire sf-12v2_interview_script_standard 21/7/2014 v

Supporting information excerpt_linking_aarp_upon_which_the_afov_is_base | 21/7/2014 v
d_to_safe_mobility

Supporting information grid_linking_the_tug_sf12_to_falls 21/7/2014 v

After starting your research please notify the LHS Research Ethics Committee of any of the following:

Aston University

Hlustration removed for copyright restrictions
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Appendix 6 Falls diary

Aston University

Life &HealthSciences

Please record the following information in the diary: Falls diary

e The date of the fall, slip or trip
e The approximate time (morning, day, night) Name....ooooiiiii
* Whether you were indoors, outdoors, or doing a specific activity
eg going up or down stairs, on the way to bathroom in the night,
shopping etc. How to complete the diary
* Whether you were wearing your spectacles at the time of the
incident If you experience any fall, including a slip or trip in which

* To what extent you hurt yourself according to the following
you lost your balance and landed on the floor, ground or

categories:
lower level, please record this in your diary. It is important
also to note any slips or trips where you did not hurt
a |[seriousinjury |medically recorded fracture, head or internal injury requiring yOUfSG|f-
A&E or inpatient treatment
b |moderate injury [wounds, bruises, sprains, or cuts requiring a medical health
p ional ion such as physical ination, X-
ray, or stitches The back page of this booklet explains what to record,
C |minor injury minor bruises or abrasions not requiring health professional . L.
assistance, reduction in physical function (eg due to pain, and how to CateQOTlse any injuries you may have had as a
fear of falling) for at least three days result of vour fall
d_|no injury no physical injury detected y .
Date Time of day Activity Wearing specs Level of injury Any other comments

Yes/No
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Appendix 7 List of posters, presentations, other activities and publications

Posters

11.09.2015

08.03.2015

09.09.2013

07.09.2012

Can an inexpensive paper-based test serve as a surrogate
measure of visual factors relating to mobility in community-
based studies of elderly populations?

British Geriatrics Society 16™ Falls and Postural Stability Meeting
2015, London.

Can an inexpensive paper-based test serve as a surrogate
measure of visual factors relating to mobility in community-
based studies of elderly populations?

Optometry Tomorrow 2015 Annual Conference, Brighton.

Spectacle lenses and falls: where do we look?
British Geriatrics Society 14™ International Falls and Postural Stability
Conference, Bristol.

Spectacle lenses and Falls

Falls and Balance Conference, Wales School for Primary Care
Research & Wales Association of Chartered Physiotherapists in
Neurology, Cardiff.

Presentations

24.03.2016

08.09.2016

28.04.2015

24.01.2014

21.10.2013

26.06.2013

An introduction to Logistic Regression
Ophthalmic Research Group, Aston University (Appendix 8).

The impact of spectacles for presbyopes on mobility and falls
Essilor University and College Symposium, Tring.

Considering vision in falls prevention

Joint presenter with Suzy England, Occupational Therapist,Thomas
Pocklington Trust,College of Occupational Therapists’ CET
Conference, Naidex, Birmingham.

Falls: the background story
Ophthalmic Research Group, Aston University.

Spectacle lenses and Falls
Royal National Institute of Blind People Research Day 2013, London.

Provision of optical correction to elderly people at risk of falls
Life and Health Sciences Postgraduate Research Day, Aston
University.

Awarded First Prize in Research Talk Category.
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Appendix 7 (cont.)

25.04.2013

30.09.2012

Spectacle lenses and Falls
Ageing Research Forum (Joint Aston Research Centre for Healthy
Ageing & Keele University Ageing Initiative), Aston University.

Avoiding slips and trips in our elderly patients
Association of British Dispensing Opticians’ 2012 CET Conference
and Exhibition, Stratford.

Other activities

14.06.2015

12.09.2013

Publications

June 2016

June 2014

July 2012

Think sight with falls and older people
Invited review of College of Occupational Therapists’ e-module and
supporting facilitation notes.

Falls and Varifocals —an open discussion
Invited Chair, Essilor University and College Symposium, Stratford.

Falls information for the domiciliary practitioner
Online CET article commissioned by Clearview Training for The
Outside Clinic (Appendix 9).

Fall risk assessment in optometric practice: an introduction to
non-visual and visual risk factors
Optometry in Practice, Vol15, Issue 2, 39-48 (Appendix 10).

Avoiding slips and trips in our elderly patients

Additional Learning Material with MCQs as supplement to 2012
ABDO Conference Presentation (Appendix 11).
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Appendix 8 An introduction to Logistic Regression

Presentation to Ophthalmic Research Group, Aston University,
March 2016.

Aston University Acknowledgements
e b Meakh Scinces.

Dr Mark C. M. Dunne

Dr Richard Armstrong

Ophthalmic Research Group Seminar
24" March 2016

This research is supported by:
Thomas Pocklington Trust

as part of its commitment to research into the
prevention, treatment and alieviation of sight loss.

_Aum' University

Regression analysis Linear relationship

Creates a model to predict an outcome variable, using one or
more explanatory variables:

Univariate
Multivariate

<
sumbeuweuned

} Dependent / outcome

Unifactorial
Multifactorial Independent / explanatory
Multivariable

& University Auvnn Universiy

Linear relationship Linear relationship

X X
Trendiine based on least squares method The regression formula lets us predict values of Y given X
a = intercept
- b = gradient - T
Aston Universi Aston University
aSmolniversky oJseont.

Multiple linear regression Why logistic regression?

The study:

Y =a+bX, + bX, +byXg +........ b Xy The influence of presbyopic spectacie lens design on falls risk
+ Aged 65 or over
+ Community dwelling individuals

4= iniarospt [ consiant + Habitual wearers of either single vision, bifocal, or progressive
b, = slope / regression coefficient for variable X, addition lenses
« Independently mobile, including use of mobility aids (walking
sticks etc)
b is the change in Y for every unit change in X
E_\)ﬂhﬂsﬁy _é_umzy
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Appendix 8 (cont.)

Why logistic regression ?

Independent variables A regression model for a dichotomous or binary outcome,
Age where the two outcomes are mutually exclusive.

er
SF12 (physical and mental health questionnaire)
Global measure of vision (GMV)

Worn lens design
Dependent variable

+ Falls v No Falls

Mummky zl}vdmsiw

A Bty

Logistic regression

: comammmosssse mmo

Auanl University Aston University

e Poraraity

Logistic regression

Variables

Age
Gender
GMV
wmmm————— ¥'=0.025X - 0.0531 TUG

SF12

~ Universicy . m‘ nUniversicy

Probability and Odds

dd: iber of to event
Probability (a) - odds num outcomes corresponding to event (a)
1+ odds total number of outcomes
number of ways event (a) can occur
Odds (a) - number of ways event (a) fails to occur
Logit = In (odds)
»E".‘UMV _ﬁsﬂ{&urﬁv«dw

202

Logistic regression

Timed Up and Go (TUG) Y can only have one of two values:

0 =non-event (No fall)

1 =event (Fall)

Logistic regression

¥'=0.025X - 0.0531

Probability

SEECT
= The likelihood of the
IOQ“ o ev:m :ccumng

Probability, Odds and Logit

001 001 -4.60
0.05 0.05 294
0.1 0.11 -220
02 025 -1.39
03 043 085
04 0867 -0.41
05 1.00 0.00
06 1.50 0.41
07 233 085
o8 4,00 139
09 9.00 220
0.95 18.00 294
098 98.00 460




Appendix 8 (cont.)
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Appendix 8 (cont.)

Dichotomous outcome scatterplot Standardised form

Relationship between Age 11 Test score and achieving 2 5 GCSEs Grade A-C

Transformation of the IV and DV to standardised variables:

“ .
v
g -
) -
o g Mean=0; SD =1
Gos
w ¥=-0.0677 + 0.0041x
oa
¥,
%" Zy =Bz,
i o mme s m m m
® Age 11 Test Score:
 Aston University  Aston University

Calculating proportion of students achieving
= 5 GCSEs Grade A-C

Calculating proportion of pupils achieving
2 5 GCSEs Grade A-C

e | engion & Total | (Probability) e eed | ncengssh & maths | Yool | (probobie)
oo | tve Ve [ Tos! G | 1vs Yes [ Tou!
EY) 28 T | 200 | oooss 24 208 1 05 | 000
22 n o 1n | oo 22 1 ) u | oo
21 8 0 s | oowo 58 o ss—{ o000
2 % 1 7 | oo 2 7 1 7 | oo J
19 91 0 o1 | oo 13 o1 v ST 00000
18 ws | o | w5 | oo 18 0 | o 105 | o000
17 135 1 15 | ooos 17 135 1 16 | oo
16 15 | o | 15 | oowo 16 55 | o 155 | oo
15 158 2 w0 | oous 15 18 | 2 10 | aozs
14 209 3 | a2 | oo 14 0w | 3 | a2 | oo
13 27 | 6 | 2 | omss 13 2 | 6 | 23 | omss

wheoon Lnkvesstcy

_ Aston University

Proportion (Probability) of pupils achieving

Calculating log odds of pupils achieving 2 5
2 5 GCSEs Grade A-C

GCSEs Grad A-C

S or more GCSEA™C Proportion
= :‘:;'::: ind. English & maths | Total | (Probabilty)
=os Ono dyes Yes / Total
3 24 208 1 209 0.0048
2 22 u 0 u | 00000
S 23 s8 o 58—} 0,000
3 2 7% 1 ki 00130
2 T3 ST—|—0——9r——o000
g 18 105 0 105 | 00000
3 -17 135 1 136 0.0074
R 16 155 o 155 | 00000
£ uﬂ” 15 158 2 160 | oo1zs
14 209 3 w | oo
o by = 13 2 5 23 | ooss
24 as as e pel )

o '
Standardised Age 11 Test Scores 0.0130

T-oomm) = " 433

Logit = In (odds) = In (ﬁ)a In

Ln transformation of Y axis Regression equation

Ln (odds) pupils achieving = 5 GCSEs Grade A-C Ln (odds) pupils achieving 2 5 GCSEs Grade A-C
. .
b . i
k4
: !
8. e 8. —
“ n
g
§ £
3 Y =-0.51+218X
i ° s g -
5 o) 5 250)
Standardised Age 11 Test Scores Standardised Age 11Test Scares
- . <.
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Appendix 8 (cont.)

Logit equation Maximum Likelihood Estimation

Logit (Y) = a + ByX, + BoX, + BeXg +........ B.Xs

a = intercept / constant

B, = slope / regression coefficient for
variable X,

B is the change in In(odds) for each unit change in X

MLE maximises the log likelihood of getting the observed
results given the fitted regression coefficients

 Aston University Aston University

The logit equation Equation interpretation

Logit =a+BX

Ln (odds) = a + BX

Logit (Y) = a + B,X) + BX; + BsXs #.veveeee [ S
Todts  morem
pi(1-p) =ed*PX
Logistic regression P =gatPX /1 +@a+pX
equation
1 Mumrﬁq &Urﬁmﬁq

Equation interpretation Classification table

Variables in the Equation

ot S

Tep 1 ) 00 1870 7 :
T y £ 15608 1 3 1 Simamid = v bbb
| Consiam | 369 2302 2578 1 : s e = - oy

3. Variable(s) entered on step |: age, gender.

E
£

|2

Y 54 0 o
Grarall Percentage. T 501 )
Logit=In(odds) = a + B.X, +  BX 3. Constantis included in the model.

b.The cutvalue is 500
=-3.696 + 0.040age + 0.473gender

% : o
A one unit increase in age has a .040 increase in the In(odds) of a fall How gOOd is the model without any:reg ars

T p— the odds of a fall by & fackor of 1,041 Baseline model with no Vs would predict correctly

i 9
A one unit increase in age increases the odds of a fall by 4.1% in 59.1% of cases.

 Aston Universicy  Ascon University

Have we improved the model? Omnibus Tests of Model Coefficients

3
Shestcaaten Omnibus Tests of Model Coeficients
Predicted
Faller Percemage Chi-square df Sig.
Observed N Y Comect Step1  Step 3164 2 206
Step 1 Faller c 69 9 885 Block 3164 2 206
¥ 42 12
Grerall Percantage To14 Modsl 3164 2| (308
a The cutvalus is 500 = o
Percentage correct after using age and gender as How well does the model perform over and
. above Block 0?
regressors is now 61.4%
Not significant as > 0.05
xumm _{gz:__umzy
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Appendix 8 (cont.)

Hosmer and Lemeshow

-2LL Deviance statistic

Model Stanmasy Hosmer and Lemeshow Test
-2 Log Cox&SnellR | Nagelkerke R -
| Step likelihood Square Square df Sig.
1 175.402° 024 .032 L 253
a. Estimation terminated at iteration number 3
i by less

anont 4 Is the model an adequate fit to the data?

-2LL = unexplained variance Poor it if p < .05

Pseudo R2= ~ explained variance Good fitifp > .05

JBston Unbversicy  Aston University

Assumptions and violations

Comparisons

I

Continuous DV Dichotomous DV
(mutually exclusive) Regression Increase in Y for increase in Y log odds for

Normal distribution (Normal distribution coefficients (b) one unit increase in X one unit increase in X
Heskcaple} Deviatiqn fromi the Residual sum of squares -2LL statistic

Linear relationship between Linear relationship between regression

each IV and DV Vs and DV In(cdds) Correlation coefficient R (Point Biserial Correlation)

Independent errors Independent errors Coefficient of R? Pseudo R?

' icity required ity not determination Nagelkerke's R?
required importance of 5

NG R o N p explanatory variable t-test Wald statistic

No significant outliers Not applicable Goodness of fit ANOVA -2LL reduction

Normally distributed Normally distributed

S residuals residuals not required
 Aston University  Aston University

Resources
+ Regression

+ Modelling, prediction, hypothesis testing Research Methods Module Dunne & Armstrong

« Logistic Regression (Binary) The use of data analysis methods Amstrong & Eperjesi
+ Dichotomous outcome variable OT 2000 - 2010

« Independent variables National Centre for Research Methods ww.restore ac.uk

+ Continuous and/or categorical

Statistics 101 Brandon Foltz www voutube com/watch?v=zAULhNmuL4

Uses In(odds) transformation

Khan Academy www khanacademy.ora/math/probability/regression
« Predicts odds of DV occurring

Aston I_‘l\}ﬂhelﬂlv _Q‘mLUnmmy

Resources

SPSS Survival Manual IBM SPSS 19 Statistics
made simple
Julie Paliant
Colin D. Gray &
Paul R Kinnear
>
%
VRS Discovering Statistics Using Multivariate Statistics B
using IBM SPSS Statistics H
Andy P. Field Barbara G.Tabachnick & H
o & Linda S. Fidell H

“It's © non-linear pottern with
oulliers.....but Tor some teason
t'm very happy with the data.”

Aston University
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Appendix 9 Falls information for the domiciliary practitioner

Online CET article commissioned by Clearview Training
for The Outside Clinic, June 2016.

Contmung Education & Trainimg

C zxxxx (VD) 1 CET point (General)

Falls information for the
domiciliary practitioner

Anita Morrison-Fokken

=

fre—rr-g
o [y ol e, ey

O

TheOutsideClinic

Hore Optician & Heaning Speciaksl

Anita Morrison-Fokken's research of Aston University is supporied by Thomas
Pocklington Trust as part of its commitment to research into the prevention,

treatment and alleviation of sight loss.

Introduction

Mimimi of ind d ip of magjor concern o many of
eur Salsr communitr-dwrsling sldeclr populabizm. Ths
akclity to combzus Eving in ooa® ow= boms cazn b
ssopardizsd by sge-celated phorsicn] and cofeibivs chanfes
whick alio izcremes ths rzk of ustaim: g fall.
Tha sweults of falls cxn havs & eifniScent impact on bodh
gaabiiy of bis for the sndswidusl, snd the bealth scozomy of
e markiom.

FPromasy srw care poowsdsss, pastculazly thoss cfaci=g
1 1 ly placed to identify thees
whe bave Iallhz, ox who may ke at sk of fallisg. Thiz azticds
provides mn orvasrTsaw of . tal m=d hssltE-related
cauzss of Salls, diccorses visaal a=d epectacls leazs nzpacks of
falls rizk, azd dirscte the practitiozar to balpful sitee both for
tepmralves, xnd for their patissts.

iriHwry

What is & fll?

Thazs ase =any dLfscrwct debxibicns: of a fall bemng weed iz
tos hefsrwbors, which com lsad o mo=me cozmfurion whaz
o falle, or indesd rpac=hic frpes of falle izjusy, such m
ki factorss. Ths Amsccaz Cematsics Socieky mzd the
Bribch Ouristticz Sccisty daSzs a fall az “a= svazt wherstr

lzex of cozsciousnscs, suddsz cnewt of paralyzic mr iIn o ok
or a= apdspbc ceirure™.

Tha Fravenbion of Falle Netwook Ewrops (FroFaliE}
Cozssmsus froup found some 1 wers raloctent to
md=it to falle, =tk phrazss such sz “tEpe” or “i=opr” cfizn
baizg used imskead. Thiz coald be dSven by ths coocesz thald
the adeviesien of kewing hed a @l may thresten theis
tnd d B t ProFalE caffsciz thai haalth
profacricnale should ack “Hare you had aay fell (nelading o
alip or trp (n which vou et your balmer and landed o dhe
fInor ar ground oF Inwer kel %, The Hational Inctitats for
Haalth and Cars Excellsmcs PTICE) cecom=azde that cldar
peopls in coxtact with hsalth profscciozals cheeald bs acked
reutnaly whettar thay haws fallsa= m ths park Feacl
Judiciour wee of opsn snd cloged guesbome coupled Wtk
mwarsnsrz of Terkal and pez-vecbal cuse, =l w=d w

- Bl ed .
B

A staxndardized sretsm for defizing Eallrelated injories has
alzs beaz supZectsd by Schorssk of al whick optomosdzicks
=ay S=d uesdul® {Takle 1L

Envirnmasenis] fells rak Getors

Fall: xrw geoscally cozcidazed to be mulbEfaciorial =ik a
wids ra=gs of 1 dml trizsic] amd imdividwsl
(Enkringich rick factors (Tahbes 28,2h). Furthermors, ceatain

anctber lomar leesl] wtkout kecwn lome of 1 N
This iz & morw 1 of the deExmition uced = 1957
Kallogg Istwmaticzal Wokog Group of
i ko b i or comms lowrar laesl
axnd othsz thaz ar & co= of teining a wial blowr,

by the

kahwwicure puch s mulbi-tesking, drisli=sg aleakel saeki=g
carxrizgd lax@s chjscis or 4 = ca= all brilwks o
Ealle =ick. Ths fsax of falli=g itzalf iz considared & Sizk fachar
lart o= modif of xrat

mr ik =y lssd to a
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Appendix 9 (cont.)

Cotegory Drefinithom

2 — seTious injury Medirally recorded fracture, head or internal injury requiring accident and

| EMeTEENCY of Inpatient treatment

b — mederate imjury | Weounds, brgi=es, sprains, cuts requiting 2 medical’health professional
examination such as physical examination, X-ray, suture

€ — MIBOL INjuTy Afimor boaises or abrasions not requiring health professional assistance,
reduction in phy=ical fanction (=g due to pain, fear of falling) for at least
three days

d —no injury No phy=sical injury detected

Table 1@ Standardised system for categorising and defining fall-related injuries (Schwenk et ol

lewrals, which can rwsul in ds dihs,
increased ssoal tsclvbon and dspressosd.

of

tems,

pefients or thetr carery may find Hee & velnabls rescarce. It
cam. ke domelondsd e of  charge from:

Lighting

azmsndmants. Most local wethorifiss have falls fiom
tanms shafind by biomal tk it ickk i

Lghting i & parbcular saampls of xn

murss amssasore or rababilifsfion workers, Offsn thers io sx
opsn rederral mrrbes, oo the comcsrned cpéomatricd an mefar
dirwctly to the amxm. Opd tozts shoald maks th
referzal coiterin. A guick online mmrch wdll  identidy

iky falls £ Fez 1 rtal-bazed was, HHE
3 (mww.ohs uk] provides & “Sed falls services™ search

Cowrmnbry Tmi ity has dsvaloped » Fallcherk App fhat
you Herough locabicms in the houss whers falls risk fact

tal factor that the mimtisg optomebsst should bs
ranckes the retine of n 30 year old falls om the refime of u 30
gunr old’. In addsbion, older sdults reguirs signshcantly mors
Eims to rwcover Light ssnstbvify mnothe dark thas poosgec
ws should aleo ke sorars that changes in Lighbizg levsls -
oz cos roozm to the hallewsy, for exempls - caz be & f2lls
sk facor amd ld e i
Stairweays wre oftsn poocly lit med kave ussurbabls, Raghly
putfurned carpsin ket checurs siwp sdfes, which in
upacially dasferous when descending stasrs (fmags 1)

Dldar dmsi

.y - e

=y b t, xmd bom om appropmixks
sclubions. & checklst of "to do” ibems can ke cosated. Tour

Toble 2n: Examiples of extrinsic falls risk factors

§= s=naryy --- t i Ihllu-n.
(OFLz} prumsniwd problsme with slowr ocossd &= fll
brggktnsn, but oewer desifne sre avedsbls thet have o

Table 2 Examples of intrinsic falls risk factors

. Extriopsic Falls Risk Factors Intrinsic Folls Risk Fectors
Poor lLightime / chamee i Hghting levels from room to Copnitive impairment [ dementia
room Continence problems
Loose or frayed rog= and carpets Balance | gait disorders

__Patterned carpet= chsoaring stair edpes Drual sensory loas

. Trailing wires or bedoovers Palypharmacy
Wet or =k =urfaces Orthestatic hypoten=icn
Pets underfoot Wizl impairosest
Cold envivooment es=ion
Footwear (Unsuitable or lackons) Parkinson's disea=e

Siroke
Dhahetes
Arthritis
Disteoporoms
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Appendix 9 (cont.)

Image 1: Pattemned carpet chsmaring stair edges

“quack ptart” ticz. Ths B h Inetst for Cazsu=msc
Affyire (rirm) and the BNIH in comjunctoz with the Thomas

bk Zrester dbe rick of fallizg Thars iz =o clear advics on
which zamtar of =edicationz caxn be cozzidazed az a oot-oE

paizt for mosased £l ook, althoagh @ 4 2 Swquaztly
auotedt, B . . g n P

azbispelaphics, aztichelimsrfice dniire Ey 1 ]
il bz and cardic Laz dicatices are all fwquastly

accocintsd woth falls'.  If you idschifr that yoar patact 1o
taking four or mors diffarent medicabizme, ok iz wics b check
it thay ars baving a regular medicatioz review witk thair
@F.

Vishos and Halanos
Exiztaning balance in a 1l Eiwred wsizg
pazsory innrmater Eom thres —achsnssss:  wizaasl
vuctbalar, and romaioesnscry. The soxbocsszrory cyoies
inclodes seneatone of touck and praccors, e cazcs of bodyr
stiem ip i tiom} wod bedy b cocrdizated by
ballum. Ths bal sofans in the Testbular srete=
ths weetitals-ocular reflen (WOE)L which whlices
cempazeatory sre moremants to stabiBss the image oo the
retiza during hesd = te. Baduced rizual input =y
ducs thic redlan ', xnd deces with a wicaal impairmazt are

e

FockEngton Trust bavs balpdul goides ko the di5 rpex

d to maly mors Esavmly on cencec of fouch amd

af bultes sradabls, azd Eow ko 1 bghting witkin ths
bozns. Theze aze availakls to download Som:

in gtom-tows bocf ukiwp-

Fous-bosa. paf

Glars recovery H=e iz alee prolonged weth izcreasizg afs .
This iz impertant ook ol for the dexign of ightng, soraring
the balk i suficeotly coversd. bub thought should also be

grsczure, az well mp vechbulsr cezcsr, to azabls them to
datect body poritioz mzd maintwin shebdity®. Vision and

Esazng losx kizad [damal ) Furthes
imcranzs falls risk
Vishoa and Falls
I=proving wision ar & ckand-al falle swduckion skratwgr

Ear nod beaz found #o ke affsches!’, but thould foom part of

a . A mp

ceviaw a=d meta-analrnie of falls rek fackore iz commumity-

giras bz tae gl 4 of ophFhal ithin the Bl ays dewralling clder adults found the sx shrongect azmociabions fox
samminabon. £alle wars: x ous falls hetery, gadt Elazs, walkizg
nid mes, ign, Farkizscn & and anbi-apdepbic drug
Intrinsic falls risk factors wss. Wiz probleme’ tadfza lB: sk
Intrizsic falls sisk factors can be considered tiose relsted to  Seswrmest fallacs !t
fenazal hualth cozditione. Whiled balancs or gait dizcrdezes az
2 2 Elsawd wirual impai i d ko srnwhal

x reeult of a ctmoks, Packmson's dizssacs, diabab
paripharal nsurcpadty, or a-iEnbe aow msadily ddsnbEatls,
tars iz u wide range of more suwtls Sackore.

It 1z bayezd ths rcops of thie asticls to dircase all tobp=eie
Emckoxs in dwkadl, but the wntng coptoseksist should be asracs
of the implicatioze of cogzshive declize and =ukipls
mudication mea@s, which have both besn oecogzized o kay
gk factore’®, Falls cdds ratic kas besn found to be 2.3 Emas
Eraatex in thoms witk a cofnitve dmpairmezt Thic in ters
e=mprands physiclosfical tmpairmenks, thassby izcrsasizg
te ek of mulbpls falle -5,

Madirstseze caz Bxes wooranbed cds-sfectz whick may alss
toczsass falls rizk. Tha grestes the oumber of drage fakes,

deulkds falls sick, witk dee leval of mick izcrsasizf az wizaal
Fanchkisn  detexiozates'. The cpecBe pss of wizaal
i i ek to falls itk bhave beaz fousd to
inclade reduced wirual scwiky, reducsd ontrast cezsibividr,
wizual EBald dsfects (botk ceoktral aod paziphezall and
binocularity. It ix difScult to acsign &alle rick to any cos
ctand-alons viswal fxctor, ap an inbertwined rols of abbribabes

im 1 t i both virual mcuily and
condrast  panechivity; age-calated macoler  defsoesation
d tral Baslds, tral virual scwdy xnd conbmact

pazribivity, bizoculasity can ke affected by wndstersl srs
dizsmze, or =niatesal izisrvechon: that affect sefrackes
rach ax t susfary.
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Cataract surgery

Thazs axe comflichi=zf reesarchk Endinge wiik swfard o falls
zizk reduckizn apd cargical imisrvenbion for cataraciz. A
macazt rhady found & sedwchion in dixrmsce. tat ook falle™, &
lexgitudinal study of parficipazts found oo difwrencs in flle
sk rabio babwwsn thoes who bed rargery, azd thors who did
ned?!| wharsar soother ctady foazd ik bo e o affechow

mkervenbom®™. Tet azmcther found ao assccabcn with
mrrsassd hoecprial sdmizspiozs fom fall izju—mss iz the reas
Eellowing Eret agre cat t ]
A particular izgus  of iz ami tropin  after
wnilxberal sacgecy, asd itz afwcts oo deplh percapbion, whick
i crikicel i d Tmiz g information sbout the
T t azd chotecler withim k% If the pabsnt iz
unakls to tclerab tacc] of the susfical

ouico=s, ths cplometsict = faced with a challangizg
scsnanig. CDontwct lences may not e o prechical solutez, axd
prescribing a balancw lazs for the zoz-opsrabed sre magy alss
cauze dizcrisntation

Lk Ear kasz azded to Eallr e large
rafrmctive chanfes, usisf o mamizvam chaogs of O.7ED, a=zd
to warz pabisntz of cpectacls lan: magziScsbion (BLED
chaagus, whick can affect sxfe negotisbon of stazre™ ¥, SLU
changer axs a combinsbion of powsr azd chaps fBacies
{Equatiezc 1 xod 2, o cozsidamation skould alic ke givaz to
chaogus iz reErackive izdex, sspecially when dizpsnsay high

powes lsnsac.

Fowsr factar =FF = e Egquaten 1
T
Bbxps factor =iF = 'I'||\. Equatez
.

Tes bact zcsnaxcic beoe iz prevactoz, rmather than ours &
foed zappart =itk Four local spe clizmic chould miar= Fow
atout their wrmel pracioss, aod whathsr sm—stmopis 1o the
targwt owicoms. Mot all myopic patisoiz. who Rars besz
accustomad to reading 1dsd, mar bavizg to
ndapt to baing pact traly smmetropic at diet [arikk
its smcociabed SLAL chazfec), axd to now ke in oesd of
reading spectaclar. Shoald rou kavs o Eruil eifmificastly

acmity =aght not be the izstaxok solabion cze would sspect,
witk & Z007 skwdr by Cumming Ending conkradichzg
lazzsa (FALz) havs besn impkcated iz ncraasizg falle sick in
a razfe of rbodise pastculerly thoos ookizg ab cafe ctair
zagobxtion. Wa could ba forgiven for beng cozfused az ko dhe
bart way fororaxd.

8o what tzsues have besn Righlighied with refard to bifcals
azd PALr spd falls” Whilt the currsxt BE EN IS0
LIE8-301 TS diffarwctistss betwsaz malbincal (kifecal and
trifocall azd FALz (Tabls J)L the term “mulioal™ haz cfien
besz azed o k te to tocluds FALs, which am, of
coures, opbically very diffarazt Candoz i, thecsdore, urged
whan 2 L b Endi

Ik ir fezarally sccwpted that, when walkizg az izdividual
Enatez aboot 2 wallong ctwpe abead of theiz cwmesi

stiom™. Maey studs that the patiszt iz lookizg
terough ke nsar portez of the lsn: when wallkng, gowizg
rize to & loval of btlur iz the lower viruwsl Sald but to dke
awthor’s kocwlsdfs == stody bas beaz carsied oud bkad
imwestifates whethar thiz iz o fact e caze. Whilst blus
nwcte ] skabilsky™, it in tacls lams =agfmiScakion
ket driver chep nafcbatios chan@ee™". Raperted reductbon
in sdife comt eamcifivily aloo salater o uxizg lenoes o dhe
akove mazner, ie. lockng through the near portion whiled
Enabizg akout I shape ahsadi?

Livmtwhione in =obdhty sre commeozplacs in ths doomclarye
atinzt. Guit md ki az a result of physical chazges
rack s kyphoris (commemly cefammed b oar “dewafes
ba=p”) or wes of walkizg aids mary meas dhat the targed
viewizg distance and the Jewel of adopted hasd pibch =ar
d=ffar Eroan that o § mors motcls pop Fuctk

baad satsnsics, is. Gpping the bead backwards iz relabom to
fhe fomms, particulasly whes ez c . - .
portural combrel more thaz fscng the hesd Srwand™.
Farficular cars shoald, tharsfoze. be @iven to the Skh=g
baigkte of bifscal azd Progr lensue.

Changing sldecly hakst d lazz to m dzffarazt lans
darifn ix fezerally avcided iz prackcs. Havizg to cops witk
tws saparats paxe of cpectaclss bringe itz cwm cek of
hallazgas, 5 sberat wihsch pasr of cpactaclec to maar

amstmopic pabsnt whe may oot e abls to d ko d
arw surfasy withiz a chort Himairams, i would be prudext &
dipoues pozeitls refractve outromae of the suxferr. zo thar
can maks informed chaoices.

Prascribing for ihe at-rish patient
Tea Neosik Lomdon Eps Study found tewt zsackr thees

for wksck tack mmpse, a=d ths cormect pair ic oot adwags o
kand Walling in sizgls virion resdog leosse wroald ges
rizw to the sume b od bler attributed to lockizg throagh
zaar consc of bifocal or PAL lsnses.

Istarwctingly, a stody ivesHgating pocteral stabilitr and

gaartsrr of e siody populsbion had & weual i ir=amt
that was pobsmbally semediakble, scther throafh susfesy o
spectaclar” . Homwwvar updatng cpsctacles to improre wizual
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Appendix 9 (cont.)

Lens type Definition
. lens desapmed to provide two or more wisibly divided portions of
multifocal lens 3355, ol
bifocal lens mnh:ﬁnlh:hwm;mm.mﬂl;hi:ﬁnuaﬂnﬂr
vizin
. mulafocal lens baving thres portdons, wsaally for distance,
trifocal lens . Fate and neas vish
PrOETERIve power lens wath at least one prozressive surface that provides increasing
lens {posiave) addition power a= the wearer looks dowm
=arfape, which is non-Totationally symmermical, with a contmueus
progressive surface chanze of curvatars over part or all of the murface, menerally intended
to provide increasing additon or degreszion power

Table :: Spectacle lens nomenclature (sdapted from BE-EN 130 13666&2012)

trzfocal and B% engls vison seases
Ons shady that provided particcpazts with o ts pair of
inghs wiri tache £ oubd _— T

pastisular aitwntios’’, It was found dat thoes whe wers lae
. Eon, Tear dad clinr. Eakbibual “multifecal”

whao lectsks Littls i T
For the domiciBary servics provsdsr e orowld lsod t

form part of ® Fifmctorial fulls H 2.
&:ng:miﬁlh:lﬂzrr.lﬂl]:hﬁﬂhl-nﬂ.ﬁlr
farzal cxzt will bls afackivs o Z to cthas

-3

agsncies, mﬂuw&mddnnh#
optcmestictz &2 carry oub 1. boms

aczsze=axmtbe, they rhould be akls 4o sdwics oz appoopmiats
Eghtizg and wimual aspeciz of flls. Azy unidsteral oz
‘bilatera] rizion loze caz conkributs to me d falls mick
ywt sur@ical solutio=s may give S b probleme e o sezali of

to mot chaoging well-adapied bifccal o FAL domiciBazy
frrand whather bifscale or FALz vrears prafacable.

Dozcherion

Demiclisry cptometrizts can play sz tmportazt mels o falle
m_b_h'llnilﬁ-qplhﬂ-'hw'hnﬁﬁml
falls risk Ths Eib zewds ba awass that
falls hars mmny axnd that 1 vicaz chould

Anitn Morrison-Fokken MCOptom DipTrans ACIL

lazges changes in mirackive srmer. Iz habitaal bifocal or FAL
woanz wik low levals of cubdoo achwiy, :l.ll.a'lnflll.l
dar3fn wan zok dsd. For tha bk t
I‘.h'l:l.l.n'hnlmﬁh.lr lobion azd d climscal
judgmant choald b Lied mifk " izg
Frachboue.

Stantl geprAngenoptikerin Angenoptikermeisterin

Anita Morri=on-Fokken i= 2 sef-employed optometrist and German — English translator. She qualified in
Germany 2= 2 Staat] pepr. Anmenoptikenin(Aupenoptikermsi=terin in 1986 and registered 25 an optometrist

with the GOCin 1952, She has been 2 visiting member of staff at Aston University for over 20 years, whene

she i= currently undertaling research under the supervision of Dr. M.CA. Dumne into the provision of aptical
correction to elderly prople at sk of falls. This research is supported by the Thoma= Pocklineton Trast.
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Multiple Choice Questions

1. Which of the following sre not considered
to be intrinsic falls risk factors?

A. Poor fitong shppers

B. A history of anxisty

C. Reduced acutty in one =ye cnly

I). Low hlood pres=are when standme up from a
=ting positon

2. Which of the following lighting adviee is
appropriate in an clderly person's home?

A. Avoid divect lighting for 2 near taskm a

darkened room

Return to old-style incandescent lizht bulbe

which are easier to control with dimmer

switches

. When moving from ballway to bathooom a
=lowr onset CFL bulb iz advizahle to anad
glare

. An elderly person nesds 2 central living
mom lizht three tmes brigkter than a 20-
year-old person

B.

& What has been found to be an effective
falls risk redoction strategy?

A. Prescobing for best possible visoal acusty,
ezpedally of large champes m refractive ermor
are found

B. A bome barard assessment 2= partof a
multfartoral mterventicn programme

C. Mot referring for undlateral cataract susgpery

[ I=samg advice leaflets

4. Which of the following is not considered &
visual risk fnctor for falls?

A. Anisomemopia

B. Vizual Seld lo==

. Recent cataract sargery
. Kyphosis

When prescribing spectacles for a patient
who has an increased risk of falls due to
visunl impairment. which of the following
should normally be avoided:

A. Changminr the presoriposon by +i- 0,600
sphere

B. Chanminga howsebound pacent whe ha=
kabitnally worn PAL's to two separate pairs
of =pectacles

C. Prescrbing single-vision reading
presoiption for 2 bed-bound patient

. All of the above should be avcided.

. Which of the following statements is true?
A. GeometTic pattered carpets obsoure stair
edzes more than dark coloured carpets.
Orptometrists must refer patients throagh
the patient’s GF to 2 local flls team when
indicated
Spectacle lens mapnification changes after
cataract sargery can affect safe negotiation
of =tams,
Studies have shown that many elderly
patients look through the pear portion of
their bifocal when wallong.

B

C.

I
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Falls risk assessment in optometric practice: an introduction
to non-visual and visual risk factors

Anita Morrison-Fokken mcoptom and Mark Dunne sho mcoptom

Aston University School of Life and Health Sciences, Ophthalmic Research Group, Birmingham

EV-20120 C-36683

1 CET point for UK optometrists

Introduction

To understand the roles of vision and spectacle lens design
in falls risk, it is helpful to have an appreciation of the
multifactorial nature of falls. This review defines a fall,
highlights the demographic and socioeconomic drives for
falls reduction strategies and identifies a range of visual
and non-visual falls risk factors. The role of spectacle lens
design (single-vision, bifocal or progressive addition lenses) is
complex and is outside the remit of this review.

Optical professionals provide a front-line contact with the
elderly and are well placed to offer timely advice with regard
to falls risk, particularly by identifying those with a change or
reduction in vision.

Lord et al. (2007) emphasise that, although falls are generally
thought to be accidents, they are not ‘random events’. This
means that causative factors — often classified as intrinsic or
extrinsic —can be identified and either reduced or eliminated. In
terms of vision, a disease process leading to a visual impairment
is an intrinsic factor, whereas spectacle lenses to correct a
refractive error are extrinsic. Because extrinsic factors are
easier to amend or adapt, it is vital that the optical correction
choices offered to our elderly patients at risk of fall are based
on sound findings. This is becoming ever more important
with the changing demographic of the UK population,
specifically the change in the ratio of old to young. The Office
for National Statistics (ONS) reports that, whereas in 2010
there were 0.6 million more people of pensionable age than
children aged under 16, this figure is projected to reach over
2.6 million by 2035 (ONS 2012).

Falls have a significant impact not only on the initial cost of
medical care, but also on enduring social care costs. NHS
care for hip fractures - the main cause of which is falls in the
elderly - costs about £1.7 billion per year. When considering
the additional cost of subsequent social care, a figure of
£2.3 billion per year is quoted (National Osteoporosis Society
(NOS) 2014). It is important to remember that there are not
only financial cost implications. The quality of life of fallers
can also be severely affected by loss of independence and fear
of falling again. This in turn can lead to reduction of activity

levels with associated social isolation and resultant depression
(Peel 2011). The number of admission episodes for falls
increases in the 60-79-year age group, and peaks in the
over-80s, with females accounting for more admissions
than males.

Fall definitions

The American Geriatrics Society (AGS) and the British
Ceriatric Society (BGS) define a fall as 'an event whereby
an individual unexpectedly comes to rest on the ground or
another lower level without known loss of consciousness’
(AGS/BGS 2011). This is a more concise version of the
definition used in 1987 by the Kellogg International
Working Group.

The Prevention of Falls Network Europe (PROFANE) Consensus
group recommended that a fall should be defined as 'an
unexpected event in which the participants come to rest on
the ground, floor or lower level’ (Lamb et al. 2005).

One of the difficulties when comparing studies is the
application of different fall definitions. Some studies also
restrict their finding to injurious falls only.

Non-visual falls risk factors

lord et al. (2007) identified four non-visual key risk
factors: dementia, depression, multiple medications and
inappropriate footwear. The National Institute for Health and
Care Excellence (NICE) Clinical Guideline 161 (NICE 2013)
states that a multifactorial risk assessment should be carried
out for all inpatients at risk of falling, and should include:

+ falls history (causes and consequences)
+ cognitive impairment
+ continence problems
+ footwear (unsuitable or missing)
health problems

postural instability, mobility problems and/or balance
problems

medication
+ syncope syndrome (fainting)

Date of acceptance: 15 May 2014. Address for correspondence: A Morrison-Fokken, Aston University of Life and Health Sciences, Ophthalmic

Research Group, Aston Triangle, Birmingham B4 7ET, UK. morrisad@aston.ac.uk

© 2014 The College of Optometrists
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(Visual impairment was added to these recommendations
in 2013, and is addressed in the section on visual aspects of
falls, below.)

Falls history, cognitive impairment and
continence problems

Previous falls history increases risk of further falls (Cummings
et al. 1995; Lord et al. 2007; Pluijm et al. 2006). A recent
study of 9592 subjects used a tree-based logistical regression
method to identify predictors of falls. The results showed
that risk factors for falls varied between non-fallers and
those who had already experienced a fall, indicating the need
for differently structured falls risk prevention programmes
according to falls history (Yamashita et al. 2012).

The same study also identified that those with a cognitive
impairment had a falls odds ratio 2.3 times that of those
with no impairment. A greater risk of multiple falls was also
found, as cognitive impairment compounds physiological
impairments (Martin et al. 2013).

Poor urinary control has been reported to increase falls
risk, especially with regard to night visits to the toilet.
Consolidated data from a systematic review of urinary
continence found urge incontinence (the sudden need
to urinate) was associated with a falls odds ratio of 1.54
(Chiarelli et al. 2009).

Those who suffer from urge or stress incontinence may
reduce fluid intake to help control symptoms. Dehydration,
however, is known to increase confusion and disorientation in
the elderly (Begum and Johnson 2010) and there have been
accounts of fall reduction when increased drinking of water
was encouraged in a residential home setting (Cawley 2008).

Footwear and foot care

Appropriate footwear can play an important role in falls
prevention. Comfortable slippers or shoes may not provide
enough support for stability. Menant and colleagues (2008)
describe recommended shoe features as a slip-resistant sole,
a supported heel collar and a thin firm midsole.

Rheumatoid arthritis, bunions, claw toes and lack of toenail
care can also lead to discomfort and instability when walking.

Health problems

Any general health issues that affect mobility or balance can
impact on falls risk. The conditions implicated are extensive,
and include Parkinson’s disease, dementia, stroke, dual sensory
loss, arthritis, diabetes and visual impairment. Medications
used to treat disease processes can also disturb patients’
stability and cognitive awareness. Osteoporosis or poor bone
health can exacerbate the injurious effects of a fall.

Balance

An intact balance system is key to stability and reduced falls
risk. Balance is driven by three sensory mechanisms: visual,
vestibular and somatosensory. The somatosensory system
includes sensations of touch and pressure, the sense of body

position (proprioception) and body movement. Disruption of
one or more of these sensory mechanisms disrupts balance
and can lead to falls.

Balance can be affected by age-related difficulties in
walking and mobility as well as certain pathologies, such
as stroke or Parkinson's disease. The inability to walk and
talk simultaneously has been identified as an indicator of a
disturbance in balance mechanisms and an increased falls
risk factor (Beauchet et al. 2009). Those with a visual
impairment depend more on their somatosensory and
vestibular systems to maintain stability (Horvat et al. 2003).

Medications

Polypharmacy - the taking of multiple medications - is
implicated in falls risk. The greater the number of drugs
taken, the greater the risk of falling (Easterbrook et al.
2001). It has been reported that there is no clear advice
on which number of medications can be considered as a
cut-off point for increased falls risk, although four or
more has been quoted (Al-Aama 2011; Close et al. 2003;
Easterbrook et al. 2007; Lee et al. 2013). Benzodiazepines,
antidepressants, antipsychotics, antiepileptics, anticholinergics
and cardiovascular medications are all frequently associated
with falls (Moylan and Binder 2007).

Side-effects of medications have a wide range of presentations,
amongst which can be low blood pressure, possibly leading to
dizziness, disturbances of balance or fainting.

Osteoporosis

The principal cause of hip fractures is a fall in those with bone
disease or osteoporosis. In the UK there are an estimated
three million people with osteoporosis (NOS 2014). Loss
of bone density occurs faster in women than in men, with
three-quarters of all hip fractures occurring in women (Banks
et al. 2009). Twenty per cent of men over the age of 50,
however, also suffer fractures, mainly as a result of bone
disease (NOS 2014).

Mortality risks in the first year after a fracture are higher
in men than in women, but the NOS also reports that a
50-year-old woman has a 2.8% risk of death due to hip fracture
during her remaining lifetime, equal to that of breast cancer.

Falls locations

Health Promotion England reported that, for older people,
accidents happen mainly in the home environment and
contribute to 53% of injuries in the 65-74 age group and
72% in those aged over 75 (Department of Trade and
Industry 2001).

The NHS collects admission statistics on falls in 19 different
categories, such as falls on the same level from slipping,
on and from ladders, and even from trees. NHS admission
episode statistics from March 2010 to February 2011 identify
5% falls from a bed, 19% on the same level and only 8% on
stairs and steps, which elsewhere have been implicated as
the most common place for falls (Scott 2005). Unspecified
falls account for 40% of the admission episodes.
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A study by Bleijlevens et al.(2010) identified four different
fall locations:

1. indoor falls related to lavatory visits
2. indoor falls during other activities of daily living

3. outdoor falls near the home during instrumental activities
of daily living

4. outdoor falls away from home, occurring during walking,
cycling and shopping for groceries

and concluded that there was a higher risk of injurious fall
at either end of the activity spectrum: those who were most
inactive sustained injuries indoors relating to lavatory visits,
and those who were most active sustained injuries outdoors,
away from home.

Home environment

Hazards in the home that contribute to tripping include
trailing wires from extension cables, frayed carpets, loose rugs
and clutter on the floor. These can often be easily remedied.
Other trip hazards include pets that get under your feet, or
are poorly discernible.

Currently, there is much debate about the cost of heating
and fuel poverty. Arthritis, for example, becomes worse in
cold, damp environments and mobility is affected, leading to
an increased falls risk (Marmot Review Team 2011).

Poor lighting or moving from a well-lit room to a dark
hallway can increase falls risk, as elderly people need more
light to see clearly and have slower dark adaptation (Jackson
et al. 1999). Patterned stair carpets often obscure stair edges
and, combined with clutter on stairs and poor stair lighting,
create an unsafe environment (Figure 1).

Figure 1. (a, b) Patterned carpet obscuring stair edges.

All stairs should also have a bannister or stair rail for safety
and to aid stair negotiation.

Behavioural aspects

Certain behavioural aspects also contribute to falls risk,
for example:

+ overstretching to reach an object can lead to loss of balance

Falls risk assessment in optometric practice

» carrying large or heavy objects, especially up and
down stairs

» rushing to the bathroom

+ not turning lights on

+ drinking alcohol

+ multitasking

Hip protectors in the form of padded underwear are
sometimes used to minimise injury when people fall. They
do not, however, prevent all fractures and their use can lead
to skin irritation. Most research has looked at their use in
residential care situations (Easterbrook et al. 2001).

Non-visual falls risk factors are many and varied. The above
discussion should by no means be considered exhaustive.

Visual aspects of falls

Masud and Morris (2001) summarised 12 studies that
identified the most likely cause of falls by ranking the mean
percentage found across these studies (Table 1).

Table 1. Ranking of most likely cause of fall (Masud and
Morris 2001)

Most likely cause of fall Mean (%) | Range
Accident/environment-related 31 1-53
Gait/balance disorders or weakness | 17 4-39
Dizziness/vertigo 13 0-30
Drop attacks 9 0-52
Confusion 5 0-14
Postural hypatension 3 0-24
Visual disorder 2 0-5
Syncope 03 0-3
Other specified causes 15 2-39
Unknown 5 0-21

Excluding the categories ‘other specified causes’ and
‘unknown’, visual disorders were ranked last but one. However,
it is important to understand that falls do not always have
one single identifiable cause. In fact, in most cases, falls are
a result of a combination of one or mere visual or non-visual
factors. Having multiple factors can potentiate the falls risk,
as in the case of visual loss combined with hearing or balance
impairments (Kulmala et al. 2009).

Visual impairment is quoted as approximately doubling falls
risk, with the risk increasing as visual function deteriorates
(Harwood 2001).

In the UK, registration as ‘sight-impaired’ (formerly partially
sighted) and ‘severely sight-impaired’ (formerly blind) is based
on a combination of visual acuity and visual field data, as
detailed in Table 2.
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Table 2. UK criteria for registration as sight-impaired and
severely sight-impaired (Department of Health 2007)

Table 3. Comparisons of visual impairment prevalence
in UK studies according to age group

Sight-impaired
(partially sighted)

Severely sight-impaired
(blind)

3/60-6/60 Snellen with full field | <3/60 Snellen

3/60-<6/60 Snellen
with a very contracted
field of vision

Up to 6/24 Snellen with
moderate contraction of the
field, opacities in the media
or aphakia

6/60 Snellen or better
with a contracted field
of vision, especially in
the lower part of

the field

6/18 Snellen or better if there is
a gross defect (e.g. hemianopia)
or if there is a marked
contraction of the visual field
(e.g. in retinitis pigmentosa

or glaucoma)

In clinical practice, however, visual impairment is generally
recognised when the level of vision of an individual no longer
allows that person to fulfil activities of daily living without
supplementary devices, daily living aids or specialist training.

Vision-related falls risk factors

Reduced visual acuity is a recognised descriptor of visual
impairment. There are, however, studies that report that poor
visual acuity does not increase the risk of falls or hip fracture,
and that other visual factors such as poor depth perception
(Patla et al. 2002), reduced contrast sensitivity (Cummings
et al. 1995) or visual fields (Black et al. 2011; Coleman et al.
2007; Graci et al. 2010) are causative.

Visual acuity: prevalence of low vision
and falls-related risk

In a random postcode selection of areas in mainland Britain,
the prevalence of low vision, defined using the World
Health Organization criteria, was investigated as part of the
National Diet and Nutrition Survey (van der Pols et al. 2000).
In all, 14.3% of participants aged 65 and older were found to
have low vision, with prevalence - as expected - increasing
with age. Three age groups were categorised: 65-74 years,
75-84 years and over 85, with a prevalence of 3.1%, 11.6%
and 35.5% respectively.

The North London Eye Study (Reidy et al. 1998) found the
prevalence of bilateral visual impairment (defined as <6/12
Snellen) in a random sample of 1547 over-65s to be 30%.
Of note is that nearly three-quarters of these had an
impairment that was deemed potentially remediable.
Their results are compared with other UK studies of visual
impairment prevalence in Table 3.

Despite the high prevalence, especially in the older groups,
a Cochrane review of community screening for visual
impairment in older people reported that no evidence
existed that screening resulted in an improvement of
asymptomatic older patients’ vision (Smeeth and Iliffe 2001).

Study Definition | Age group
of visual prevalence (%)
impairment
65-74 | 75-84 | 85 years
years | years | and
above
VEMAIEEE || e 31 | 16 | 355
et al. (2000) : : :
RNIB (2006) =<6/12 56 85 26.8
e ;'6%%“”5 <6/18 124 | 235
North London
Study (Reidy <6/12 30
etal. 1998)

MRC, Medical Research Council

Falls risk can be a combination of two or more non-visual
factors, or a combination of visual and non-visual risk factors.
Many studies find that more than one visual component
contributes to falls risk. Buckley et al. (2005a, b) reported
on the effects of blurred vision as a stand-alone factor. This
was investigated with regard to stair negotiation, which is
particularly important, as falls on stairs are a cause of serious
injuries and death. Templer (1992) reported that the top and
bottom three stairs are the main locations for falls accidents.
A report prepared by the Health and Safety Laboratory
highlighted that in the UK deaths from accidents in the
home are nearly as frequent as deaths from traffic accidents.
In more than half of these home accidents death is due to
falls (Scott 2005).

Age-related macular degeneration (AMD) is the most common
cause of sight loss in the UK, with a UK prevalence of late-stage
AMD estimated to be 4.7% in those aged =65 years, rising
to 12.2% in those =80 years (Owen et al. 2012). Wood et al.
(20M1) investigated 76 community-dwelling adults with AMD
and found both visual acuity and contrast sensitivity to be
significant predictors of falls. The loss or impairment of central
visual fields is discussed later.

Cataract: prevalence and falls-related risk
The presence of cataracts is another common cause of reduced
visual acuity. In a random sample of 1547 people aged 65 and
over, the 1998 North London Eye Study (Reidy et al. 1998)
found the prevalence of visual impairment (defined as visual
acuity <6/12 Snellen) caused by cataracts to be 30%. Evans
et al. (2002) examined Medical Research Council trial data for
14 600 over-75-year-olds from 106 general practices in the
UK, and found a similar prevalence. In this study, cataract was
later identified as the causative factor of visual impairment
(defined as visual acuity <6/18) in 36% (Evans et al. 2004).

It is vital, therefore, that we understand the specific impact
of cataract on falls risk. Cataracts can cause reduction in
contrast sensitivity as well as reduced visual acuity. The
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authors identified five studies where a combination of
these two factors was implicated (Anand et al. 2002; Anand
2003; Harwood et al. 2005; Heasley et al. 2004; Wood et
al. 2011). Contrast sensitivity was not recognised to be a
stand-alone contributory factor.

There are, however, conflicting research findings concerning
cataract surgery. A longitudinal study of participants with and
without cataract surgery found no association with cataract
surgery and the rate of falls in independently living adults
(McGwin et al. 2006). Conversely, a prospective study of the
rate of falls before and after cataract surgery found this to be
an effective intervention (Brannan et al. 2003).

A randomised controlled trial (Foss et al. 2006) noted that,
although second-eye cataract surgery improves ‘visual
disability’, the effect on falls remains uncertain. In contrast,
Tseng et al. (2012) reported that, in a US cohort of over
1.1 million patients with cataract, those who had undergone
surgical intervention had lower hip fracture odds within 1 year
of surgery than those who had no surgical intervention.

As mentioned above, the presence of cataracts influences
both visual acuity and contrast sensitivity. Harwood (2001)
highlights the close correlation between these two factors and
depth perception (r ~ 0.6) and compares odds ratios from a
range of studies for each of these factors (Table 4).

Table 4. Comparison of odds ratios (OR) for falls

OR min - max

1.1-51
Cummings et al. (1995) -
Grisso et al. (1991)

Visual acuity

11-21
Kelsey et al. (1992) - Cummings
et al. (1995)

Depth perception

1.2-18
Ivers et al. (1998) —Klein et al.
(1998)

Contrast sensitivity

Derived from Harwood (2001).

Depth perception

As part of the Auckland Hip Fracture Study (lvers et al.
2000), it was found that reduced binocular visual acuity and
reduced stereopsis were independent risk factors for
hip fracture. The Framingham Study (Felson et al. 1989)
investigated hip fracture rates in a group of 2633 participants
over a period of 10 years. Findings indicated that those
with moderately reduced vision in one eye only had a higher
risk of fracture than those with a comparable degree of
reduced vision in both eyes, suggesting that good
stereoscopic vision is a falls prevention factor.

Patla et al. (2002) reported on the results of three experiments
undertaken to investigate the role of binocular vision in
locomotion. The results showed that binocular vision was not
critical in determining distance to an object, but was necessary

Falls risk assessment in optometric practice

in providing accurate information about the environment
and obstacles within it. Head movements were found to be
important for reorientation of the visual field when binocular
vision was suddenly compromised.

While all three experiments were conducted on young
participants (221 + 3.3 years, 20.8 + 16 years and
22.2 + 2.6 years, respectively) with binocular vision reported
as 'in the normal range’, situations do occur in the elderly
population that also create sudden changes in stereopsis, such
as monocular vascular incidents or postoperative results.

A retrospective population-based study found an association
with increased hospital admissions from fall injuries in the year
following first-eye cataract surgery, and proposed that further
research was necessary to determine causation (Meuleners
et al. 2012). It is reasonable to assume a postoperative change
in the refractive error of the operated eye. Depending on the
magnitude of this change, a disturbance of stereo-efficiency
is feasible. In clinical practice, emmetropia often seems to
be the target postoperative outcome. In former ametropes,
this may well lead to anisometropia until second-eye surgery
is performed.

Visual fields

The Rotterdam Study (Skenduli-Bala et al. 2005) found the
incidence of visual field loss to increase fivefold between the
ages of 55 and 80 or above. Glaucoma is the most common
cause in those aged <75 years, followed by stroke, AMD, then
retinal vascular occlusive disease. These pathologies have
very different patterns of field loss and studies have
investigated both peripheral and central field loss.

Ramrattan et al. (2001) carried out a population-based
cohort study to determine the prevalence of visual field loss
in 6250 community-dwelling elderly residents. An increase
in prevalence with advancing age was reported, specifically
3.0% in those aged 55-64 years, rising to 17% in those
aged 85 and older.

Although it would initially seem that visual field loss could
be considered independently from the correlated factors of
contrast sensitivity, visual acuity and depth perception, the
findings of Ramrattan et al. indicate a difference between
unilateral and bilateral visual field loss, and therefore a
possible link to stereo-deficiency. Although bilateral field loss
was found to increase the frequency of falls sixfold, these falls
did not result in an increase in wrist and hip fractures when
compared with subjects with no field loss.

It is, however, conceivable that unilateral visual field loss may
create problems with stereopsis and it is interesting to note
that the above study reported more frequent falls and wrist
fractures in these subjects than in those with no field loss.

AMD particularly links central visual field loss with reduced
visual acuity and contrast sensitivity. In its unilateral
presentation it is also linked with reduced stereopsis. Studies
pertaining to AMD and postural stability or gait have found
binocular central scotoma size (Hassan et al. 2002) to be the
most significant predictor of mobility performance. Contrast
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sensitivity (Wood et al. 2009) was found to correlate best
with postural stability. A further study of AMD patients
by Wood et al. (2011) found central 24° field measures in
this sample were not predictive of falls, whilst there was a
significant association with reduced contrast sensitivity and
increased rates of falls and other injuries. Reduced visual acuity
was only associated with increased fall rate, not injuries.

Visual field loss is reported to have an effect on postural
sway. Balance is the term used to describe the dynamics of
body posture that prevent falling and is maintained by a
combination of three sensory systems: visual, vestibular and
somatosensory (Winter 1995). The somatic senses are those
of the skin, muscles, joints and viscera, and their
proprioceptors give feedback about change in joint movements
and muscular tension, contributing thereby to a sense of
position and self-movement. The visual contribution to
postural stability is often referred to as visual stabilisation.

An investigation into the effects of central visual field loss in
AMD patients on postural sway found that, when compared
to subjects with normal vision, those with central visual field
loss had a lesser contribution of vision to postural stabilisation
(Turano et al. 1996). When investigating the effects of
different types of field loss on postural sway, it was found
that, when comparing equal-sized (30°) areas of central or
peripheral field, it is the central visual field that dominates
postural control (Straube 1984).

Investigations by Freeman et al. (2007) into the effects of
contrast sensitivity, visual acuity, stereopsis and visual field
loss found that only binocular visual field loss was associated
with falls. Central, lower and upper peripheral fields were
all found to be associated with an increased risk of falls. In a
multiple regression model analysis of central and peripheral
visual field loss, only peripheral field loss remained significant.

The lower visual field has been found to be important when
negotiating multi-surface terrain (Marigold and Patla 2008).
Loss or reduction of binocular inferior visual fields was
implicated in increasing the rate of falls in a study looking at
glaucomatous field loss (Black et al. 2011).

Coleman et al. (2007) studied a large cohort of 4071
community-dwelling women aged 70 or above and found
severe binocular field loss in 10% (n = 409). In a third of these,
frequent falls were attributed to the field loss. When looking
at results adjusted for age, race, study site and cognitive
function, a later study estimated the risk of hip and non-spine,
non-hip fractures to be 66% greater in women with severe
binocular visual field loss than in those with no visual field
loss (Coleman et al. 2009).

Optometrists and falls risk assessments

In 2013 the authors carried out a prescribing and dispensing
survey (unpublished) to gain an understanding of current
dispensing and prescribing practices of General Optical
Council-registered optometrists and dispensing opticians,
when dealing with elderly patients or customers (=65 years)
at risk of falls. Part of the survey investigated whether optical
professionals assessed falls risk, how confident they felt in
doing this and what method of assessment they applied.

The response rate was lower than expected, in spite of a wide
range of publicity both in paper journals and electronic media.
This could indicate a lack of interest in the topic of falls, or the
feeling that it is not directly relevant to daily practice. It could
be argued that the survey results were subject to self-selection
bias by respondents with an interest in falls research.

Of the 205 analysed responses, there were 154 optometrists
(94 female, 60 male) and 51 dispensing opticians (36 female,
15 male). A total of 23.9% (n = 49) of respondents did not
assess falls risk, 35.6% (n = 73) felt confident to do so and
40.5% (n=83) were not confident.

Falls risk assessment methods

Respondents who had identified themselves as confident
were asked how they assessed falls risk. Ten themes were
identified from the responses (Figure 2).

Patient's confidence ‘-

Living circumstances '
Types of spectacles ™

—
Vision [me——
Problems with stairs
General Health |
Observation of mobility |

Histary of falls |
Discuss with patient / family [e—p——
Mobility alds === | - L
0 10 20 30 40 50 60

Figure 2. Thematic
modalities.

analysis of falls risk assessment

Falls risk assessment was undertaken primarily based on
observation of patient mobility and discussion with the
patient and family or carers. With only one practitioner
reporting use of a specific falls risk assessment tool, the
absence of a structured approach was apparent. In addition
to the above categories, one practitioner referred to a senior
member of staff for advice, and a further respondent used
the experience gained from having a family member at risk
of falls.

The type of spectacles worn was specifically mentioned by
only two practitioners, with one other identifying whether
the spectacles were broken in the course of a fall.

Chi-squared automatic interaction detection (CHAID) is a
decision tree analysis model. This statistical method was
chosen to investigate which parameters influenced the level
of confidence in assessing falls risk. This method provides a
hierarchical analysis of multiple variables.

The factors investigated were:
+  gender
= yearsin practice
« practice environment
- profession
+  supplementary qualifications
number of >65s seen in an average week
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+ number of >65s with a visual acuity of 6/12 Snellen or
less in an average week

+ ageinyears
+ employment status
+  level of agreement with core statement

The main predictor of confidence was the number of
patients seen in a week aged 65 and over with a visual acuity
of 6/12 Snellen or less (¢ = 10.11; df = 2; P = 0.00).

The majority of those who saw more than 10 such patients
per week chose the ‘confident to assess’ category (55.8%).
The majority of those who saw fewer than 10 such
patients per week chose the 'not confident to assess’
category (43.8%).

In both cases, the next defining variable was age. No other
variables had a statistically significant influence on the
chosen confidence level.

The decision tree analysis model, if used as a predictor,
would correctly identify those ‘not confident to assess’ in
72.6% of cases.

Falls information

The majority of respondents indicated that they would
benefit from further information about falls generally (75.9%),
further information about the visual aspects of falls (87.9%),
practice leaflets about falls generally (65.7%) and practice
leaflets about the visual aspects of falls (79.7%). This indicates
that there is a large interest base in additional knowledge
regarding falls and their visual aspects.

In all, 85% of practitioners would welcome a quick and easy
falls risk assessment tool to support them in practice.

Conclusions

The causes of falls are both varied and specific to each
individual. The nature of falls risk differs between fallers
and non-fallers and demands appropriately tailored falls
prevention programmes. An increase in the elderly population,
who contribute to the majority of hospital admissions as a
result of injurious falls, demands falls risk reduction
programmes across all identified risk areas.

Optical professionals should have an understanding of the
role of vision, visual impairment and spectacle lens design with
regard to falls risk to be able to provide sound prescribing and
dispensing advice. Their role as primary health care providers
could enable them to play an important role in falls awareness
and falls risk reduction.

The reviewed literature illustrates the multifactorial nature
of fall and the complexities in attributing specific risk or odds
ratios to stand-alone visual factors. Studies vary not only in
the type of visual impairment investigated, but also according
to outcome data. Some studies report on falls, injurious falls
or specific falls-related injury such as hip fracture. Others
describe adaptive locomotion factors, such as postural
stability, obstacle avoidance or foot and toe placement.

Falls risk assessment in optometric practice

Falls are generally accepted as the outcome of a combination
of contributory factors, with visual impairment widely
recognised as one such. The role of reduced visual acuity is
widely understood and reported on, both in academic research
papers and public information leaflets. Along with acuity it is
important to recognise that contrast sensitivity, visual fields
and binocularity all play important intertwined roles.

Although there are publications that inform the practitioner
about falls (College of Optometrists and BGS 2011; Elliott
2012), the majority of the respondents would still welcome
further information for their own use, as well as practice
leaflets. Identification or development of a suitable dedicated
falls risk assessment tool could contribute to reducing the
currently lacking structured approach to falls risk assessment
in optical practice.

® Summary

To understand the roles of vision and spectacle lens
design in falls risk, it is helpful to have an appreciation
of the multifactorial nature of falls. This review defines
a fall, highlights the demographic and socioeconomic
drives for falls reduction strategies and identifies a range
of visual and non-visual falls risk factors. The role of
spectacle lens design (single-vision, bifocal or progressive
addition lenses) is complex and is outside the remit of
this review.

The causes of falls are both varied and specific to each
individual. The nature of falls risk, both non-visual
and visual, differs between fallers and non-fallers
and demands appropriately tailored falls prevention
programmes. An increase in the elderly population,
who contribute to the majority of hospital admissions
as a result of injurious falls, requires falls risk reduction
programmes across all identified risk areas.

Optical professionals provide a front-line contact with
the elderly and are well placed to offer timely advice
with regard to falls risk, particularly by identifying those
with a change or reduction in vision. A recent survey by
the authors identified the lack of a structured approach
to falls risk assessment in optometric practice. The great
majority of respondents would welcome further personal
development information, practice leaflets and a quick
and easy falls risk assessment tool for use in practice.
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CET multiple choice questions

This article has been approved for one non-interactive
point under the GOC'’s Enhanced CET Scheme. The reference
and relevant competencies are stated at the head of the
article. To gain your point visit the College’s website
www.college-optometrists.org/oip and complete the multiple
choice questions online. The deadline for completion is
31 July 2075.

1. The annual cost of social care for patients who have
undergone hip replacement surgery is:

(a) £0.5 billion

(b) £0.6 billion

(€) £0.7 billion

(d) £0.8 billion

2. Which of the following patients would be eligible for
registration as severely sight-impaired?

(a) 6/60 with moderate visual field contraction
(b) 6/24 with aphakia

() 4/60 with full field

(d) 6/36 with profoundly reduced visual field

3. Which of the following combination is incorrect about

the risk factors that should be included in a multifactorial
risk assessment for patients at risk of falling?

(a) Hypotension, footwear, dementia, syncope

(b) Labile blood pressure, footwear, psoriasis, arthritis

(c) Diabetes, arthritis, hypertension, incontinence

(d) Continence, reduced visual acuity, cognitive impairment,
footwear

4. Which of the following is not true?

(a) Falls are more common in people who have previously
suffered a fall

(b) Patients who suffer from osteoporosis are more likely to
suffer injury from a fall than patients who do not suffer
from the condition

(c) Patients who struggle to walk and talk simultaneously
are at an increased risk of falling

(d) Regular podiatry appointments do not lower the risk
of a fall

5. Which of the following advice is unlikely to reduce an
individual's risk of falling?

(a) Turn on the lights if you visit the lavatory during the night
(b) Do not talk whilst you are walking

(c) Wear hip protectors

(d) Refrain from drinking alcohol

6. Which of the following statements is incorrect?

(a) There is an unequivocal link between the risk of falls and
reduced visual acuity

(b) Reduced contrast sensitivity is a significant risk factor
for falls

(c) Binocular central scotoma size in AMD is associated with
reduced mobility

(d) Monocular visual field loss may increase the risk of falls
by reducing stereopsis

® CPD Exercise

After reading this article can you identify areas in which
your knowledge of falls risk assessment in optometric
practice has been enhanced?

How do you feel you can use this knowledge to offer
better patient advice?

Are there any areas you still feel you need to study and
how might you do this?

Which areas outlined in this article would you benefit
from reading in more depth, and why?

@ Reflection
1. What impact has your learning had, or might it have, on:

- your patients or other service users (eg those who refer
patients to you, members of staff whom you supervise)?
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Additional Learning Material with MCQs for Association of British
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Additional Learning Material
ABDO CET Conference

73/30" September 2012

Avoiding Slips and Trips in our Elderly Patients

Anita Morrison-Fokken

Introduction

On first glance, it may seem that the topic of falls in the elderly population has ne direct relevance to
your daily practice as an optician. As a front line contact with the general public however, your
awareness of falls risk factors could play a significant rele in raising public awareness of falls
reduction strategies, and moreover influence your lens dispensing recommendations.

This Additicnal Learming Material will highlight:

*  the definition of a fall

* the demographics and socio-economic factors of falls
* non-visual falls risk factors

* vision related falls risk factors

* falls prevention strategies

What is a fall?

The Prevention of Falls Metwork Europe (PROFAME] Consensus group recommended a fall should be
defined as “an unexpected event in which the participants come to rest on the ground, floor or

lower level”. *

In their 2010 updated Clinical Practice Guideline “Prevention of falls in older persons”, the American
Geriatrics Society and the British Geriatric Society keep their original definition of a fall as "an event
whereby an individual unexpectedly comes to rest on the ground or another lower level withowt
known loss of consciousness.™ ** This is the same definition as used in their 2001 guidelines, which
were referenced by the then Mational Institute for Clinical Excellence (MICE) in their 2004 Clinical
Practice Guideline 0G21.

The randomised controlled trial VISIBLE * used the Kellogg definition that a fall is “wnintentionally
coming to the ground or some lower level and other than as o consequence of sustaining a violent

blow, loss of consciousness, sudden anset of paralysis as in a stroke or an epileptic seizure ** N
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Lord® emphasises that although falls are generally thought to be “accidents”, they are not in fact just
“random events.”

Types and Locations of falls

The Health Education Authority reported that “for older people accidents mainly occur in the home,
contributing to 53% of injuries suffered by people aged 65-74 and 72% of injuries for people aged
over 75. " The main cause of these injuries is falls. 8 Figure 1 shows the last recorded DT location
statistics.

Location of falls (%)

M stairs/steps

M betweaen 2 levels
M on same level

W from a ladder

M from a building

Figure 1: Location of falls after DTl “Avoiding slips, trips and broken hips™ 2001

Other research’ has identified four fall types:
*  Indoor falls related to lavatory visits (hall and bathroom)
*  Indoor falls during other activities of daily living
*  Qutdoor falls near the home during instrumental activities of daily living

*  Qutdoor falls away from home, occurring during walking, cycling and shopping for groceries

Older people have varying levels of fitness, but increasing age inevitably increases the risk of a fatal
fall. " In the 75 — 84 year age group, falls are considered to be a significant cause of fatalities. In the
ower 85z this increases to become the main cause. Recent Hospital Episode statistics report that
females aged B0 or over represented 30.5% of all fall-related admissions.”
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Demographics and socio-economic factors of falls

Falls have a large financial impact on health and social care resources, and can affect an older
person’s life greatly. Increased fear of further falls can limit physical activity, which in turn
exacerbates frailty, social isolation and depression.

The British Orthopaedic Assocation estimated that the incidence of hip fracture will increase from
70,000 cases in 2007 to 101,000 cases in 20202 In the UK, hip fractures are estimated to cost the
NH3 and Social Care Systemns £2 3billion per year.™

Osteoporosis —a major risk factor in hip fracture - is not just a disease that affects women, and
although 1 in 2 women over the age of 50 are reported to experience a fracture because of poor
bone health, 1 in 5 men are also affected.

As mentioned previously, there is a real risk of death after a bone fracture, and it is estimated that
1,150 people are dying every month in the UK after a hip fracture. ({11} The overall mortality in the
first 12 months is greater howewver in men. Health Promeotion England reported that up to 33% of all
hip fracture patients die within twelve months of their accdent, and 50% lose the ability to lve
independently. u

You can also research your local falls-related mortality statistics by visiting
https:/findicators.ic.nhz.uk/webview/ | and on the left of the screen selecting 'Compendium of
Population Health Indicators' = 'lliness or condition' > "Accidents and injury” > "Mortality from
accidental falls'. There are many different analyses, and you can choose which you would like to
investigate further.

If you are further interested im NHS statistical information, www.hesonline.nhs.uk and the NH3

Information Centre www.ic.nhs.uk are valuable resources.

The National Service Framework for Older People (Standard 6:Falls) describes a model for falls
service provision. {13) Integrated falls services were to be implemented by local health authorities
and social services by April 2005. | recommend finding out what services are available in your area,
and how your patients can access them if required.

Owur older generation is therefore disproportionately affected by falls. This age group is steadily
increasing, and will place further demands on health and social care resources. The Office of
National Statistics (woerw.ons gov.uk] projects a 28% increase in those of pensionable age and a
doubling of the over 80 age group in the pericd from 2010 to 2035, ** Falls reduction strategies are
therefore of major importance in managing this need.

Figure 2 clearly shows the age-related increase in admissions to hospital as a result of falls.
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Figure 2. Graph to show the number of admissions to hospital for falls in 2007-2008
[Health and Social Care Information Centre www . hesonline.nhs.uk

MNon-visual falls risk factors

Falls risk factors are sometimes divided into extrinsic and intrinsic categories. Extrinsic factors are
those not related to the individual's own physical and mental health capacities and can generally be
easily amended, eg poor lighting in hallways etc.

Lord et al ** identified 4 non-visual key risk factors, of which three are intrinsic:

*  Dementia

* Depression

*  Multiple medications

*  |nappropriate footwear

Visual impairment was also identified as a risk factor, but we will look at this later.

The International Review of Interventions in Falls among Older People = further mentions
dehydration, previous fall history, Parkinson’s disease, diabetes, stroke, postural hypotension and
an increasing sedentary lifestyle as risk factors. Balance is also not sunprisingly implicated, with
difficulties walking and the inability to balance on one leg being highlighted. Visual impairment in
conjunction with other sensory loss - predominantly hearing - has been recognised as increasing fall
risk. ** Multi-tasking in the form of walking and talking at the same time is also a risk factor, and has

been used in some risk assessment studies.

We have mentioned that the home is where most accidents happen. It is important to leok at
extrinsic factors here that can be remedied, such as poor lighting, trailing wires, clutter on stairs, and
patterned carpets that obscure the step edge. (Figure 3)
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Figure 3. Stair edge obscuration due to patterned carpet.

Vision-related falls risk factors

Many aspects of vision have been implicated as falls risk factors. Table 1 details a selection of
studies that investigated the effects of different visual components.

Stereo - Visual | Contrast | Visual Not Increased time
deficiency | Acuity | Sensitivity | Fields | wearing | since last eye
glasses exam
Ivers 2000 v v v v
Beaver Dam Eye Study b v v v
Freeman 2007 = X X X v
Anand 2003 Y v
Harwood 2001 7 .
Ccumming 2007 ~ X
vers 1998 7 7 7
squirrel 2005 ** v
cummings v X v
Wood v v X
Table 1: Visual components of falls risk
Key: v Found to increase falls risk
X Found not significant in increasing falls risk

The Blue Mountain Eye Study ny reported that impaired vision and reduced visual fields were found
to double the risk of falls and that “for those aged 75 or older, moderate visual impairment was
associated with a nine-fold increase in risk of hip fracture during the subsequent two yesars”

228



Appendix 11 (cont.)

Lens design

What is perhaps of more interest from a dispensing point of view is that some studies have found
that those at risk of falls should be advised to wear single vision lenses, and not multifocals. Many of
these studies have not been camied out by optical professionals, so it is perhaps not surprising that
different definitions of multifocal lenses have been used. Bifocal and progressive addition lenses
have been grouped together. [Table 2) The very different optical properties of these lenses have not
been taken into account.

Study

Iohnson = Multifocal = bifocal and PALs

Cumming = Differentiated between bifocal and PALs
Anand™ No lens type differentiation

Lord Multifocal = bifocal, trifocal and PALs
vers - Bifocal only (No PAL wearers in study)
Campbell = No lens type differentiation

Haran * Multifocal = bifocal, trifocal and PALs

Table 2: Lens definitions used in studies

The correct definition of lens types can be found in B3 EN 150 13666:199% document. (Still current
at time of writing).

Regarding spectacie lens design, we find the following recommendations:

*  "Older people may benefit from wearing nonmultifocal glasses when negotiating stairs and
in unfamiliar settings outside the home.” h

*  "Usze of single vision improves stepping precision and safety when elderly habitual multifocal
wearers negotiate a raised surface. i

*  "A useful strategy to reduce falling in the older persen might be to advise multifocal and
distance single-vision spectacle wearers to flex their heads rather than just lower their eyes
when looking downwards. =

*  "With appropriate counselling, provision of single lens glasses for older wearers of multifocal
glasses who take part in regular outdoor activities is an effective falls prevention strategy.” i

Unfortunately, the research is not absolutely prescriptive. Haran (4) further comments that the
provision as in the last bullet point above could be “harmful, however, in multifocal glasses wearers
with low levels of outdoor activity”. Cumming * also finds that “in frail older people, comprehensive
vision and eye assessment, with appropriate treatments, does not reduce and may even increase the

risk of falls and fractures”
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Advancing age increases the dependence on bifocal, trifocal and progressive addition lenses, as well
as the prevalence of visual impairment and the risk of falls. 5trategy with Vision ¥ advised in a
personal communication that the market share of bifocal lenses in the UK in 20010 was 12%, and that
of progressive lenses 22%. This is a good third of all the lenses we dispense. The question we must
pose is whether current studies provide enough evidence to differentiate between the optical
effects of bifocal, trifocals or PALs with regard to increasing falls risk?

This forms the basis of my PhD research in the Department of Vision Sciences at Aston University.

| suggest reviewing a recent editorial by Elliott * and the AOP guidance issued in April 04, which
stated “Other changes of lens form may affect the risk, such as moving from varifocals to bifocals or
vice versa. For a well adapted wearer, switching from a multifecal to a single vision correction may
cause some disorientation”. The College of Optometrists has also produced a helpful overview
document. *

Cumming 2 advises prescribing conservatively and giving advice about the need for caution when
adapting to “new eyeglasses “. Experience tells us that we are indeed wise to alert our patients to
adaptation issues when there are large prescription changes, such as change of axis orientation and
cyl power, or if a different lens design is dispensed. As well as relying on your professional skills to
ensure correct centration and fit characteristics, communication is key to informing your patients of
potential isswes, along with identifying which of your patients may have an increased fall risk.

Ewven though issued in a different context, we would be wise to take on board the following quote:
“For lack of guidance a nation falls..." Proverbs 11:14
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abdol|ceT Mame |

5 kingsford Business Cenre, LayerPa.  apnoy numioer I
Kingsford, CO2 OHT F- 01204 734158

GO numioer |

Date I I you don't submit online, post or fax youwr answers using this form
C-19888 Avoiding slips and frips additional learning- MCQs

1. Which definition of a fall s used by NICE in the Clinical Practice Guideline CG217

The PROFAME definifion

Tne Kellogg definiticn

The visicée tral definition

000

The Amernican Geratrics Society & Britsh Genafrics Society definition

2. which one of the following is an infrirsic fal foctor?

(" Poorlighting on stais and in hakaways

" Loose fitting sippers

" Multiple medicafions

' Pattemed carpets that mask star edges

3. According to the DTl report, where do most falls ocour?
From o lagder

Cutside during activities of daily Iving
From stairs amd steps

29000

On the same level

4 ‘Which age group has the least number of hospital admissions as a result of falls®
BO - 84

30-34

F0-P4

0-4

000

5. Which staterment it HOT true?
Visual impairment is a recognised fals sk foctor

C

(T &ifocal lenses have been shown to reduce fals

(" Wisual field loss has been associated with increased falls sk factor
-

Falls risk factor s increased when visual impaiment i occompanied by nearing loss

& Which statement is true?

Prescribing conservatively and advising on aodaptation ssues & recommended

We should advise our pafients to leok siraight aheod when negotiating stairs if wearing PaLs
Stepping precision is improved when wearing bifocals

2000

Mulfifocal should always be prescribed o eldedy presbyopes

Please give your opinion of this CET. ¢~ Excepent
This will help ABDD CET to plan and

improve future CET provision. (" Good

Add any other comments in the

b (" Acceptaoie
(™ Poor
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