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Purpose

Vision and hearing impairments are known to increase in middle age. In this study we
describe the prevalence of vision impairment and dual sensory impairment in UK adults
aged 40 to 69 years in a very large and recently ascertained data set. The associations
between vision impairment, age, sex, socioeconomic status, and ethnicity are reported.
Methods

This research was conducted using the UK Biobank Resource, with subsets of UK Biobank
data analysed with respect to self-report of eye problems and glasses use. Better-eye visual
acuity with habitually worn refractive correction was assessed with a logMAR chart (n =
116,682). Better-ear speech reception threshold was measured with an adaptive speech in
noise test, the Digit Triplet Test (n = 164,770). Prevalence estimates were weighted with
respect to UK 2001 Census data.

Results

Prevalence of mild visual impairment and low vision was estimated at 15.2% (95% Cl 14.9-
15.5%) and 0.9% (95% Cl 0.8-1.0%), respectively. Use of glasses was 88.0% (95% Cl 87.9-
88.1%). The prevalence of dual sensory impairment was 3.1% (95% Cl 3.0-3.2%) and there
was a nine-fold increase in the prevalence of dual sensory problems between the youngest
and oldest age groups. Older adults, those from low socioeconomic and ethnic minority
backgrounds were most at risk for vision problems.

Conclusions

Mild vision impairment is common in middle aged UK adults, despite widespread use of
spectacles. Possible barriers to optometric care for those from low socioeconomic and
ethnic minority backgrounds may require attention. A higher than expected prevalence of
dual impairment suggests that hearing and vision problems share common causes.
Optometrists should consider screening for hearing problems, particularly among older

adults.
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Introduction

The primary aim of this study was to provide an objective current estimate of prevalence
visual impairment and dual-sensory impairment among UK adults aged 40 to 69 years.
Secondary aims were to document associated demographics and prevalence of spectacle
use. Definitions of visual impairment have been recommended by the International Council
of Ophthalmology (Table 1); where such detailed reporting is not possible, the WHO
categories are used. “Low vision” is considered to mean that the individual may require
access to vision rehabilitation in order to prevent activity limitation resulting from that
impairment. Mild visual impairment represents a level of visual acuity (VA) which is beyond
the 99% confidence limits of the visual performance of the normal population. (1) Although
described as ‘mild’, this level of impairment may still have an adverse impact on visual
function and quality of life. (2) One particular task where good vision is essential is driving,
where the legal VA limit is 6/12. For this reason some studies consider low vision as <6/12
rather than <6/18. When considering functional ability it is important to measure habitual
acuity (presenting acuity), rather than best corrected. (3) Any difference between the
habitual and best corrected acuity is due to uncorrected refractive error (i.e. the lack of up-
to-date distance spectacles). However, perhaps due to an interest in impairment rather than
disability, most population studies tend to assess best-corrected vision. (4) Studies that have
assessed both presenting/habitual and best-corrected acuity suggest that there is potential
for significant improvement, especially for lower levels of impairment (prevalence of
VA<6/12 fell from 2.6% to 0.61% with correction). (5) Two recent studies have suggested an
even higher prevalence of habitual mild impairment. (6, 7) Besides an emphasis on best
corrected acuity, most previous studies focused on older age groups, because of higher
levels of impairment among older adults, and on low vision rather than mild visual

impairment, because of its functional significance. (8)

(insert table 1)

In previous studies in the UK, the prevalence of low vision (visual acuity <6/18) in those aged
between 65 and 74 years has been estimated at 6%, increasing to 32% in those aged over
85, based on habitual visual acuity. (9) Mild visual impairment (visual acuity <6/12) was

estimated at 16% in 65 to 74 year-olds, rising to 54% in those aged over 85 years.
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Comparable results were obtained in a study of those aged 75 years and older (10). A
summary concluded that visual impairment affects ~10% of those aged 65-75 and ~20% of
those aged over 75 years. (11) Estimates of the prevalence of visual impairment in younger
age groups are summarised in Table 2, and show a considerably lower prevalence. Two US,
one Danish and one Icelandic study show that prevalence of best corrected VA <6/12 rises

by a factor of at least 30x between the ages of 40 and 80 years.

(insert table 2)

A dual sensory problem refers to the co-existence of both vision and hearing difficulties.
Some studies suggest increased difficulty with activities of daily living, (12, 13) increased risk
of depression, (14) lower quality of life (15) and higher risk of mortality (16) for those with
dual sensory problems compared to those with either hearing or visual impairment alone.
Estimates of the prevalence of dual sensory problems are rarer than those for either vision
or hearing impairment, as studies have usually focused on one or the other. As there is no
accepted definition of dual sensory problems, estimates of prevalence also vary widely
depending on definition and study population. (17) Based on self-report, 1.3% of US adults
aged over 18 years (16) and 21% of those aged over 70 years (12) were reported to have a
dual sensory problem. Based on visual acuity and audiometric measures (best-corrected
better-eye visual acuity <20/40 and better ear threshold > 25dB HL across 0.5 to 4 kHz),

1.5% of those aged over 20 years had dual sensory problems. (18)

The present study provides a snapshot of vision impairment and dual sensory impairment
experienced by UK adults aged 40 to 69 years based on a large and inclusive sample. Vision
assessment was based on presenting/habitual visual acuity. Relations between vision

impairment, age, sex, socioeconomic status and ethnicity are also described.

Methods

The UK Biobank is a resource for the investigation of the genetic, environmental and
lifestyle causes of diseases in middle and older age. Participants were recruited via the UK
National Health Service and aimed to be as inclusive and representative as possible of the

UK population with reference to the 2001 UK Census. (19) Over the course of 2006-2010,

Ophthalmic and Physiological Optics



Page 5 of 24

O©CoO~NOUTA,WNPE

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

Ophthalmic and Physiological Optics

Vision impairment and dual sensory problems

503,325 participants were recruited with a response rate of 5.47%. All participants
responded to questions on sex and ethnicity based on 2001 UK Census categories.
Townsend deprivation score of the area of residence was recorded for each participant. The
Townsend index is a proxy measure of socioeconomic status widely used in health studies.
(20) It is comprised of four input variables on unemployment, non-home ownership, non-car
ownership and household overcrowding. Each variable is standardised with respect to
national level and summed to give a single deprivation score for each area. Lower scores
represent less deprived socioeconomic status. Table 3 shows the demographic profile for
the UK Biobank sample and for the corresponding section of the UK population. The UK
Biobank contained a marginally higher proportion of females, ethnically White people and
people living in less deprived areas than the general population. During the course of data
collection, additional measures were added to the test protocol such that some measures
were completed by a subset of participants. In the present study, prevalence estimates are
based on the subset of participants that completed each measure. For visual acuity data and
dual sensory impairment, data for 116,682 participants were obtained. Different numbers of
participants also completed self-report questions on glasses use and eye problems
dependent on when the question was included in the protocol. The sample size for each

guestion is reported below.

(insert table 3)

Participants attended a UK Biobank assessment centre and provided informed written
consent. They then completed a 90 minute assessment which included questionnaire and
physical measures. Questionnaire measures involved lifestyle, environmental and medical
factors, with responses collected via a touchscreen computer. Detailed information on the

protocol and other data collected may be found elsewhere (http://www.ukbiobank.ac.uk/).

Vision self-report questions
Participants responded to questions on use of glasses or contact lenses, eye problems and
reason for using glasses presented via the computerised touchscreen interface. They

included
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e “Do you wear glasses or contact lenses to correct your vision? (Yes; No; Prefer not to
answer)” (N=499,365);

e “Why were you prescribed glasses/contacts? (You can select more than one answer) (For
short-sightedness, i.e. only or mainly for distance viewing such as driving, cinema etc (called
‘'myopia’); For long-sightedness, i.e. for distance and near, but particularly for near tasks like
reading (called 'hypermetropia'); For just reading/near work as you are getting older (called
'presbyopia’); For 'astigmatism'; For a 'squint’ or 'turn' in an eye since childhood (called
'strabismus’); For a 'lazy' eye or an eye with poor vision since childhood (called 'amblyopia’);
Other eye condition; Do not know; Prefer not to answer)” (N=106,043);

e “Do you have any other problems with your eyes or eyesight? (Yes; No; Prefer not to
answer)” (N=499,365);

e “Has a doctor told you that you have any of the following problems with your eyes? (You can
select more than one answer) (Diabetes related eye disease; Glaucoma; Injury or trauma
resulting in loss of vision; Cataract; Macular degeneration; Other serious eye condition; None

of the above; Prefer not to answer; Do not know)” (N=173,671).

Visual acuity test

Visual acuity (VA) testing was based on reading high contrast letters, with the participant
seated at a distance of 4 metres. Visual correction was worn for those participants that
normally wore glasses or contact lenses for distance, and visual acuity measures were
completed monocularly on both eyes. The score was determined as the logMAR size at
which 3 out of the 5 letters presented were read correctly. Normal vision was defined as
visual acuity (decimal Snellen) 20.8, mild impairment as <0.8 and > 0.3 and low vision <0.3
and > 0.05. Blindness (<0.05) was not a focus of the current study. Those with visual acuity
within the blindness range (n = 4) were excluded from analysis. We are not aware of any
standard criteria for dual sensory impairment. In this study, dual sensory impairment was
identified based on ‘insufficient’ or ‘poor’ performance on the DTT hearing test combined

with visual acuity in the ‘mild impairment’ or ‘low vision’ range.

Digit Triplet Test
The Digit Triplet Test is a speech-in-noise test originally developed in Dutch by Smits and
colleagues (21) which provides an objective and ecologically relevant measure of hearing

disability and correlates highly with audiometric thresholds (r = 0.77 (21)). The DTT is

Ophthalmic and Physiological Optics
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described elsewhere (http://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100049). The signal

to noise ratio (dB SNR) for the 50% correct speech recognition threshold is estimated via an
adaptive tracking method for each ear. Lower scores correspond to better performance.
DTT performance was categorised with respect to a normative sample of young normally
hearing listeners. (22) Performance cut-offs were based on previously recommended
standards, (21, 23) such that insufficient or poor performance corresponds to performance
lower (worse) than -2 standard deviations with respect to the normative group, or a 50%

correct recognition threshold higher than -5.5 dB. (22)

Data analysis

Analyses were performed with Stata version 12.1. In each subsample, iterative proportional
fitting (IPF, or raking; ipfweight command in Stata) was applied in each age category to
adjust the subsample margins to known population margins of sex, ethnicity and
socioeconomic status from the 2001 UK Census. For socioeconomic status, deciles of
deprivation weighted for each five year age-group using 2001 UK Census data were linked to
each participant. This allowed for the Biobank sample being selective of people living in
slightly less deprived circumstances and that the distribution of people across differently
deprived areas varies by age. The 2001 UK Census was selected as the reference population
because Biobank recruitment aimed for comparability with this census. Because different
subsets of participants completed each measure, the weights were calculated separately
within subsamples based on whether the respective outcome variable was observed. It was
assumed that any missing data may be ignored because the reason for missing data is not
systematically related to the outcome variable nor any other variable. Missing data were
largely accounted for by the addition of measures at different points over the course of data
collection, and this was unrelated to the hearing or vision status of participants. The
iterative proportional fitting procedure involves a stepwise adjustment of sampling weights
until the difference between the observed subsample margins and the known population
margins across sex, ethnicity and socioeconomic status is less than a specified tolerance, set
at 0.2%. Convergence of the fitting procedure was achieved in less than 10 iterations for all
subsamples and age categories. All subsamples were weighted and cross tabulations

performed to generate the population prevalence estimates. Multinomial logistic regression

Ophthalmic and Physiological Optics
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was used to model the association of age, sex, ethnicity and socioeconomic status with

vision impairment.

Results

Vision

The prevalence of both mild impairment and low vision with habitually worn refractive
correction for distance viewing increased with age (Figure 1), with proportional increases of
3.6x and 2x between the youngest and oldest age groups for mild impairment and low

vision, respectively.

(insert figure 1)

Self-reported use of glasses was common (Figure 2); by age 50 and over 90% of participants
reported using glasses or contact lenses. Use of glasses or contact lenses was similar among
all categories of visual impairment; 88.1%, 91.0% and 91.3% for normal vision, mild
impairment and low vision, respectively. For those with normal vision or mild impairment,
the commonest reason for use of glasses was presbyopia (use of glasses for reading or close
viewing). Myopia, hypermetropia and astigmatism were next most common. Myopia was a
particularly common reason for use of glasses in the low vision group. Eye conditions were
more common among those with mild impairment or low vision. The overall rate of eye
conditions in the impaired categories was 18.2%. For those in the impaired categories who
reported no eye condition, 46.6% used glasses for distance viewing® while 36.8% reported
neither an eye condition nor using glasses for distance viewing. Cataracts were the most
commonly reported eye condition (~10% of those with mild impairment or low vision),

followed by macular degeneration, glaucoma and diabetes-related eye disease.

(insert figure 2)

The main effects of age, sex, socioeconomic status, and ethnicity were tested in a logistic

regression model for the prevalence of visual impairment (‘mild impairment’ and ‘low

* Distance viewing was estimated as the sum of those who report using glasses or contact lenses for either
myopia, hypermetropia or astigmatism.

Ophthalmic and Physiological Optics
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vision’; Table 4). Increasing age was associated with the largest risk for visual impairment.
Low socioeconomic background and Non-white ethnicity were associated with higher risk
for vision impairment. Although Non-white ethnicity was associated with higher risk of
vision impairment than White ethnicity, the proportion of non-Whites who reported an eye
problem was significantly lower than the number of Whites (19.7% versus 21.4%; X*(1)=
6.58, p = 0.01). Use of glasses was also lower among non-Whites compared to Whites
(79.1% versus 88.9%; X*(1)= 162.3, p < 0.01). Logistic models were re-run to provide risk
estimates for ethnic sub-groups compared to White British for vision impairment (mild or
low; see Supplemental Tables). Ethnicities at highest risk were Black Other, ‘Don’t know’,
Bangladeshi, Black African and Pakistani (ORs 2.0 to 3.5, p < 0.001). Female sex was a small
risk for mild visual impairment. The odds ratio for sex was the same for low vision as for
mild impairment, although the association was not significant for low vision (perhaps due to

a smaller number of participants and reduced statistical power).

(insert table 4)

Dual sensory problems

Prevalence of dual sensory problems (Figure 3) has a higher proportional increase with age
than for vision impairment alone; a 9x increase between youngest and oldest age groups.
Overall, 2.4% of participants had a dual sensory problem. The occurrence of dual sensory
problems was significantly greater than if hearing and vision problems occur independently
(expected proportion of 1.5%; X*(1)= 584, p < 0.01). Average speech in noise recognition
thresholds were significantly worse for those with mild or low vision compared to those
with normal vision (by 0.5 and 0.6 dB respectively, p<0.01). Risk factors for dual sensory

problems followed a similar pattern to those of hearing and vision (not shown here).
(insert figure 3)

Discussion

Vision

The overall prevalence of vision impairment (mild and low vision) was 14.0%, based on

visual acuity measures with participants wearing the spectacles or contact lenses habitually

Ophthalmic and Physiological Optics
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worn for distance viewing. With the available data, we cannot distinguish the proportion of
impairment due to refractive error or to an eye condition. The overall rate of self-reported
eye conditions among those with impaired vision was 16.1%. Previous studies concluded
that the majority of cases of impairment in western countries were due to imperfectly
corrected or uncorrected refractive errors. (24-26) In a population (age 30 years and above)
in Finland, of those with VA <0.5, 37% had no documented eye disease: of those only 25%
reported using spectacles, 61% had not had an eye examination for 5 years and 35% had
never had an eye examination. (27) In a recent UK study, of those with VA <6/18, 28% had
uncorrected refractive error. (7) We therefore suspect that refractive error is likely to be the
most common cause of visual impairment in this UK sample. Despite the suspicion of high
rates of un- or imperfectly corrected refraction, use of glasses was very common, and
matches the pattern reported in earlier studies. In an Australian study described earlier, (5)
participants aged 40-98 years reported that 56% wore distance spectacles and 87% women
and 85% men wore near spectacles. Distance spectacle wear progressively increased
throughout age span, but near spectacles increased notably between the 40-49 (approx.
60% wearing) and 50-59 (95%+ wearing) age groups (5). High levels of spectacle use have
been reported in the UK with older age groups (aged 65+ years); 60.6% had distance specs

and 89% had near spectacles. (9)

It was surprising that refractive error is likely to be the most common cause of visual
impairment in this sample, despite the use of spectacles being so common. It may be that
spectacles were originally optimally prescribed by an optometrist but the prescription has
become outdated. A recent study of 768 Canadians aged over 40 years found the
prevalence of presenting acuity <20/40 in the better eye was 2.7%, with over 70% being
correctable by refraction, despite the fact that 68% of participants in that study already
wore distance correction, and 82.6% near spectacles. (6) The numbers with correctable
vision impairment decreased as age increased, but increased in those not tested for >2
years. It is recommended that adults under 70 years have an eye examination every 2 years,
with an annual examination for those aged over 70 years. Evans and Rowlands (11) felt that
additional publicity to raise awareness of the need for regular checks may be necessary, and

reviewed other reasons for the high prevalence of correctable visual impairment. They

10
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include cost (or perceived cost) of spectaclesb, inadequate service provision, lack of a
screening programme, poor recognition of the treatability of vision problems and avoidance
of healthcare services. For older adults, mobility and cognition problems may limit access to
services. Those from ethnic minority backgrounds may perceive language or cultural barriers
and tend to be under-represented in ophthalmology case-loads (28, 29) despite being at

greater risk of certain eye diseases.

In the present study, older age was the factor most prominently associated with poor vision.
Low socioeconomic status was also associated with higher odds of vision impairment. Male
sex was associated with slightly less risk for mild vision impairment, in agreement with
previous studies. (25, 30) Non-white ethnicities were associated with increased risk of vision
impairment. Examination of risks associated with ethnic subgroups suggested that this
association is driven by ethnic subgroups that are at particular risk for vision problems; Black
Other, Bangladeshi, Black African, and Pakistani in particular. This is in line with findings of
poorer general health within particular ethnic minorities in the UK. (31) Suggested reasons
for health inequality centre around culture and lifestyle, socioeconomic factors, reduced
uptake of services and biological susceptibility. (32) Despite higher odds of visual
impairment, use of glasses and self-reported eye problems were significantly lower in Non-
whites versus White ethnic groups in the present study. Taken together with previous
research (28, 29), this suggests that uptake of vision services may be lower among ethnic

minorities.

Cataracts were the most commonly reported eye condition in mild and low vision
categories, while macular degeneration, diabetic retinopathy and glaucoma were
proportionally more prominent in the low vision category compared to the mild category. .
The pattern of self-reported eye conditions agrees with previous studies. (25, 33-35) The

average waiting time for cataract surgery in England (estimated in 2011) was 60 days.(36) It

®In the UK, eligibility for free eye tests is currently means tested for individuals between the ages of 16 and 60
(except for a few specific exceptions), and vouchers towards glasses are provided on a means tested basis for
adults of all ages. However for those entitled to an NHS eye examination, this can be carried out in the home
for those who have limited mobility. Optical low vision aids (magnifiers) are however provided free of charge
(by hospital clinics). In contrast, audiological services and hearing aids are freely provided.

11
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therefore seems unlikely that a long delay for surgery is the reason that cataracts were the

most commonly reported condition.

Dual sensory problems

The prevalence of dual sensory problems was statistically significantly greater than expected
if vision and hearing problems occur independently. The proportional increase with age in
the prevalence of dual sensory problems was high compared to increases vision impairment
and previously reported (22) increases in hearing impairment alone (9x versus 3.3x and 3.9x
for vision and hearing impairment, respectively), suggesting that risks for sensory
impairment are not simply additive. The tendency for vision and hearing impairments to co-
occur has been noted previously, with a suggestion that they may share common risk
factors. (37-39) Factors associated with vision impairment in the present study were similar
to those previously observed for hearing impairment. (22) The consequences of the dual
sensory loss may be greater than predicted on the basis of the severity of the hearing and
vision losses when considered in isolation. For example, Dickinson and Taylor simulated
hearing and vision impairments in healthy volunteers, and found that even minor visual
defects significantly compromised speech-reading ability® when there was a concurrent

hearing loss. (40)

Given the tendency for hearing and vision problems to occur together and the impact of
dual sensory problems on quality of life, it may be helpful for audiologists and optometrists
to screen for impairments in both hearing and vision. (30) Audiologists could ask patients for
the date of their latest eye examination and if more than two years (or one year in those
individuals aged over 70 years, according to National Health Service guidelines;

http://www.nhs.uk/chg/Pages/1093.aspx?CategorylD=68&SubCategorylD=157), then advise

them to go to their local optometrist. Optometrists could also advise patients to request a
hearing test. This is not currently readily available in the UK, as this would require a referral
to a National Health Service audiology clinic from a general medical practitioner. However,
this is set to change with moves in England to open hearing aid provision to commercial

competition (the ‘any qualified provider’ scheme).

¢ Speech-reading refers to the ability to recognise speech sounds visually, using movements of the speaker’s
mouth or other sources of visual information.

12
Ophthalmic and Physiological Optics
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Limitations

Potentially the most significant limitation of the current study is that, despite the large
number of participants, the low response rate of 5.47% may have introduced unknown
biases into prevalence estimates that may not be accounted for by the statistical weighting
procedures used in this study. The UK Biobank argued that despite the low response rate,
the size and coverage of the sample allows generalisable associations between relevant risk
factors and health outcomes. (41) The size and coverage of the UK Biobank sample may also
give confidence in the reliability of prevalence estimates reported here. An additional
limitation is that UK Biobank recruitment and testing was not designed to cater for those
with vision impairment. This may have excluded those with vision problems, and so

prevalence figures reported here may be an underestimate.

The current gold standard acuity test in research is the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart. The letter presentation and the testing conditions in the
Biobank assessment differ from this; it is unclear how the “crowding” of the letter targets is
arranged, and acuity measurements are conducted in a darkened room

(http://biobank.ctsu.ox.ac.uk/crystal/field.cgi?id=5201). The procedure to derive the VA

score is also unclear, but appears to be similar to the “ETDRS-FAST” used by Camparini and
colleagues. (42) Visual acuity was categorised according to ‘better eye’ performance based
on recommended cut-offs for mild impairment and low vision. (43, 44) It has been
suggested that binocular vision would be a more accurate representation of how the
individual functions in everyday life. (45) However binocular VA is determined by the VA in

the better eye (http://www.ski.org/Colenbrander/Images/Visual Impairmnt Guide.pdf),

and two population studies (46, 47) both identified the mean population difference in
binocular and better eye VA to be 0.02 logMAR, which Rubin and colleagues (46) noted to
be an insignificant difference. Better eye visual acuity estimates are therefore a reasonable

approximation of binocular performance in a population-based study.

Conclusions

Older people, those from low socioeconomic and ethnic minority backgrounds are
particularly at risk for vision problems. Vision impairment is rather prevalent despite
widespread use of spectacles and contact lenses. A high proportion of those who would
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benefit from correction may not receive effective intervention. Possible reasons for low
uptake may include lack of recognition of difficulties or lack of awareness of treatment
options. Cost may be a particular barrier for vision services. Hearing and vision problems
tend to occur together, and the proportional increase with age in those with both hearing
and vision problems was higher than for hearing or vision problems separately. This
suggests that causes of hearing and vision problems are not merely additive. Audiologists
and optometrists should test for dual sensory problems, as these persons are at a much

greater disadvantage in daily life.
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Figure 1. Prevalence (%) of visual impairment by age group. Error bars show the 95%
confidence interval for performance outside the normal range (Mild impairment/Low

vision).
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Table 1. Definitions of visual impairment

Ophthalmic and Physiological Optics

International Maximum Minimum WHO Maximum VA Minimum VA Acceptable driving
Council of VA VA standard (Europe)
Ophthalmology
Snellen logMAR  Snellen LogMAR Snellen logMAR  Snellen logMAR  Snellen logMAR
Normal 0.8 6/7.5 0.1
Mild vision loss  <0.8 6/7.5 0.1 0.3 6/18 0.48
205 6/12 0.3

Moderate vision <0.3 6/18 0.48 0.125 6/48 0.9 Low <0.3 6/18 0.48 0.1 6/60 1.0
loss vision

category

1
Severe vision <0.125 6/48 0.9 0.05 3/60 1.3 Low <0.1 6/60 1.0 0.05 3/60 1.3
loss vision

category

2
Profound vision  <0.05 3/60 1.3 0.02 6/300 1.7 Blindness  <0.05 3/60 1.3 0.0167 6/360 1.78
loss category

3
Near total <0.02 6/300 1.7 NLP Blindness <0.0167 6/360 1.78 LP
vision loss (sic) category
(near 4
blindness)
Total vision NLP Blindness NLP
loss (total category
blindness) 5
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Table 2. Estimates of the prevalence of visual impairment

Study Setting N Age VA Testing Prevalence
conditions
Kleinetal, 1991 Beaver Dam, 4926 43-54 <6/12 - >6/60 Best 0.7%
USA 55-64 corrected 0.7%
65-74 better eye 4.7%
75+ 19.1%
Gunnlaugsdottir Reykjavik, 1045 >50-80+ <6/18 Best 0.96%
et al 2008 Iceland <6/12 corrected, 2.01%
50-59 <6/18 bettereye 0%
<6/12 0.28%
>80 <6/18 7.9%
<6/12 11.80%
Buch etal 2004 Copenhagen, 9980 20-39 <6/12->6/60 Best 0.13%
Denmark 20-64 corrected, 0.25%
65-84 better eye 2.24%
80-84 8.29%
Tielsch et al Baltimore, 2490 40-59 <6/18-0.5/60 Best 0.17%
1990 us corrected, Caucasians
better eye 0.83% Blacks
Taylor et al, Melbourne, 3268  40-90+ <6/12-26/18 Habitual, 2.6%
1997 Australia <6/18->6/60 better eye 0.92%
<6/60->3/60 0.21%
<6/12->6/18 Best 0.61%
<6/18->6/60 corrected, 0.43%
<6/60->3/60 better eye 0.15%
Robinson et al Ontario, 768 39-94 <6/7.5 (0.1 Habitual, 15.2%
2013 Canada logMAR) better eye
<6/12 (0.3 (weighted 2.7%
logMAR) prevalence)
Khawaja et al Norwich, UK 8563  48-92 <6/10(0.22 Habitual, 5.65%
2013 logMAR) better eye
<6/18 (0.48 (weighted  0.55%
logMAR) prevalence)
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Table 3. Participants in the UK Biobank versus 2001 UK Census data for sex, age, ethnicity
and socioeconomic status. Sex and ethnicity are shown as percentages while socioeconomic
status is reported as average Townsend deprivation index score (with standard deviation).

UK Biobank UK Census 2001
Sex Male 45.6 49.2
Age group (years) 40-44 10.4 20.1
45-49 13.2 18.0
50-54 15.3 19.3
55-59 18.2 16.3
60-64 24.3 13.8
65-69 18.7 12.5
Ethnicity White 94.1 91.3
Mixed 0.6 1.3
Asian or Asian British 2.0 44
Black or Black British 1.6 2.2
Chinese 0.3 04
Other ethnic group 0.9 0.4
Prefer not to answer 0.3 -
Missing data 0.2 -
Socioeconomic status Mean Townsend score* (SD) -1.3(3.1) 0.7 (4.2)

*Lower Townsend scores indicate less deprivation
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Table 4. The odds ratios from the logistic models fitted to the prevalence of better-eye

vision impairment.

Factor Odds ratio
Mild VI Low Vision
Age 40-44 - -
45-49 1.6%** 1.5%**
50-54 2.4%%* 1.7%**
55-59 2.9%%* 1.6%*
60-64 3. 5** 1.9%**
65-69 4.8%*** 2.4%**
Sex Female - -
Male 0.9*** 0.9
Ethnicity White - -
Non-white 1.7%%* 1.4%%*
Medium-high socioeconomic status - -
Socioeconomic status  (>-1SD)
Low socioeconomic status (<-1SD)" 1.5%%* 2.0%**

*#% 1 < 0.001
** < 0.01
* p < 0.05

T Low socioeconomic status was defined as a Townsend deprivation index score lower than 1
standard deviation (SD) below the mean with reference to the general population of 40 to 69 year-

olds; i.e. the most deprived 15% of the population.
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