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Aims: To predict the burden of blindness, partial sight, and visual impairment (binocular visual acuity
6/18 or less) due to late stage age related macular degeneration (AMD) in the ageing population of
the United Kingdom.

Methods: A systematic review, followed by a request for data, was used to establish a pooled preva-
lence of AMD and corresponding visual loss. Prevalence figures were applied to the UK population.
Using UK population trends, the future burden of AMD over the coming decade was established.
Results: Pooled data from six studies showed that the prevalence of visual loss caused by AMD
increased exponentially from the age of 70-85 years of age, with 3.5% (95% Cl 3.0 to 4.1) having
visual impairment beyond the age of 75 years. The authors estimate that there are currently 214 000
(95% CI 151 000 to 310 000) with visual impairment caused by AMD (suitable for registration). This
number is expected to increase to 239 000 (95% Cl 168 000 to 346 000) by the year 2011. Cur-
rently there are 172 000 (95% ClI 106 000 to 279 000) and 245 000 (95% CI 163 000 to 364 000)
with geographical and neovascular AMD, respectively.

Conclusions: Estimates of visual impairment agree with official statistics for the number registered par-
tially sighted or blind, caused by AMD, and are well below other figures often cited. Although these
estimates are associated with wide confidence intervals (Cl) and a number of caveats, they represent
the best available data, which can be used to guide health and social care provision for older people

common cause of adult blind registration in many

developed  countries,'* including the  United
Kingdom.’ * AMD occurs predominantly in older people and is
associated with significant impairment in quality of life and
functional independence.” AMD is largely incurable. Treat-
ment is appropriate for few and, at best, halts progression of
the disease.’” Geographical variations in the provision and
accessibility of low vision rehabilitation services exist.’
Growth of the older population will increase the burden of
ocular morbidity and visual disability due to AMD (assuming
that there will be no improvements in factors influencing the
incidence or treatment of AMD). Despite the public health
importance of this condition, attempts to quantify the future
burden in the United Kingdom have not been made, although
analysis of sequential blind registrations in the United
Kingdom may indicate an increase in the number of people
with visually impairing AMD.” However, blind registers only
give data on the incidence of certification, and not the
incidence or prevalence of disease.” The extent to which regis-
trations reflect the prevalence of visually impairing AMD in
the population is controversial, with suggestions of substan-
tial under-registration.”” " The few population based preva-
lence studies of AMD in the United Kingdom have been too
small to provide reliable estimates.” The purpose of this
study was to estimate the prevalence of visually impairing
AMD in the United Kingdom by pooling data from suitable
population studies to ascertain registration coverage and
assess the implications for future levels of health and social
care provision.

ﬁ ge related macular degeneration (AMD) is the most

METHODS

Definitions of blind and partial sight

In the United Kingdom a person is registered blind (B) if their
better eye Snellen visual acuity (VA) is less than 3/60 (6/60 if
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in the UK setting. Implications for low vision services are outlined.

there is severe restriction of their visual field). An acuity of
6/60 to 3/60 warrants partial sight (PS) registration (6/18 or
worse with gross restriction of the visual field, 6/24 or worse
with moderate restriction of the visual field). Severe periph-
eral field restrictions do not occur with AMD as it affects cen-
tral vision. Hence, data on visual fields are not always collected
or presented. To avoid this problem the prevalence of better
eye VA 6/18 to better than 6/60 was used to denote PS, 6/60 to
3/60 PS and/or B (PS/B), and less than 3/60 pure B. The B cat-
egory is identical to the International Classification of
Diseases 10th edition (ICD-10) definition of blindness.” A
collective category of visual impairment (VI) was used to
denote those with VA 6/18 or less similar to the ICD-10 defini-
tion category 1 (VA less than 6/18) to 5 (no light
perception).”

Definitions of age related macular degeneration

Ideally the international definition'® of AMD, including
geographical AMD (GAMD) and neovascular AMD (NVAMD),
should be used. However, as studies were conducted before the
existence of this definition, “geographical/dry/atrophic/non-
exudative/late” AMD was used to denote GAMD, and
“neovascular/exudative/wet,” NVAMD.

Systematic review process and request for data

A systematic review of AMD prevalence and visual loss caused
by AMD was conducted using published papers, letters,
abstracts, and review articles from Medline, Embase, and Web
of Science databases. References were identified using a com-
bined text word and MESH heading (for Medline only) search
strategy of AMD (macular degeneration {epidemiology}, age
related maculopathy, senile macular degeneration) and preva-
lence (also incidence). Papers were restricted to studies writ-
ten in English, conducted in representative population based
samples, from predominantly white populations. Studies
including volunteers” or specific professions were
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Table 1 Summary of studies that responded to the request for data
Range of age groups
for which data was Number of Number of Total study
Study Country Study dates provided males females number
Beaver Dam Eye Study?® USA 1987 to 1988 <50 to 89 years 2157 2740 4897
Blue Mountains Eye Study®? Australia 199210 1994 <50 to =90 years 1582 2072 3654
Copenhagen City Eye Study?’ *° Denmark 1986 to 1988 60 to 79 years 464 482 946
tNorth London Eye Study' UK 199510 1996 65 to =90 years 623 924 1547
Rotterdam Study®' Holland 199010 1993 55 to =90 years 2613 3805 6418
Melbourne Visual Impairment Project?? 33 34 Australia 1993 to 1996 <50 to =90 years 2212 2532 4744
tData on visual impairment caused by AMD only.
Table 2 Meta-analysis of GAMD, NVAMD, and PS (caused by AMD) prevalence, aged 65-79 years
Test for heterogeneity Combined percentage
Number of studies  between studies (p Effects model used for prevalence for age groups
Condition Sex used value) combined estimate 65-79 years (95% Cl)
GAMD Male 5 0.702 Fixed 0.60 (0.351t0 0.85)
Female 5 0.542 Fixed 0.45 (0.26 to 0.64)
All ) 0.367 Fixed 0.53 (0.37 to 0.68)
NVAMD Male 5 0.239 Fixed 0.81 (0.5210 1.11)
Female 5 0.011 Random 1.03 (0.49 to 1.58)
All 5 0.001 Random 1.05 (0.57 to0 1.52)
AMD related PS Male 6 0.173 Fixed 0.15 (0.03 to 0.27)
Female 6 0.050 Fixed 0.21 (0.09 to 0.33)
All [¢) 0.003 Random 0.35 (0.14 t0 0.57)
PS = partial sighted, best VA 6/18 to >6/60, caused by AMD, GAMD = geographical/dry/atrophic/non-exudative/late AMD in at least one eye,
NVAMD = neovascular/exudative/wet AMD in at least one eye.
excluded®™ since these may be selected and biased groups.
This search was completed in August 2001 and yielded 673 ‘
references. The abstracts of these articles were reviewed and Beaver — +
27 unduplicated references were identified as being of poten- !
tial relevance. Because of the heterogeneous presentation of Blue : H
results in these papers (containing different age groups or |
definitions of AMD), 19 studies were chosen, based on Copenhagen — T
geographically defined, randomly sampled populations, pub- |
lished in 1990 onwards, where a current contact address could Melbourne | +
be found. Authors of these studies (reference list on request) 1
were written to and invited to provide data. Reminders were Rotterdam - +
sent to encourage participation. i Pooled | 0.53%
Given that the prevalence of AMD rises sharply from the | rooed prevalence 193 7%
» . . I (95% Cl 0.37 to 0.68)
age of 60 years,” age stratified prevalence of the above defini- Combined I
tions of binocular visual loss (caused by AMD), were sought | ‘ | | |
from less than 50 years of age, 50-90 years of age in 5 year 0 0.5 1 15 2
bands, and from 90 years of age onwards. In addition age Percentage (%) with GAMD
stratified rates of GAMD and NVAMD in at least one eye were .
requested. Data for males and females were requested Figure 1 Percentage prevalence of GAMD (for males and females,

separately.

Statistical methods

Statistical analysis was performed using Intercooled stata 7.0
for Windows software (Stata Corporation, TX, USA). Most
studies provided data on the prevalence of PS attributed to
AMD and prevalence of GAMD and NVAMD in the age range
65-79. A meta-analysis of the study prevalence estimates for
these three outcomes was performed for this age group using
a fixed and random effects model (META command within
statA). Sex differences in prevalence were also explored. In the
absence of any statistically significant between study hetero-
geneity a fixed pooled effect is reported.” If there was statisti-
cally significant (p<0.05) between study heterogeneity a ran-
dom effects meta-analysis was performed. To assess the
impact of heterogeneity between studies, pooled prevalences
were recalculated after removal of results near or outside the
95% range of the Galbraith plot.” This gives an indication of
the stability of combined prevalence estimates. Characteristics

aged 65-79 years) from Beaver Dam Eye Study, Blue Mountains Eye
Study, Copenhagen City Eye Study, Melbourne Visual Impairment
project, and Rotterdam Eye Study. Combined estimate based on a
fixed effects model shown by broken vertical line and diamond (95%

cl).

of the studies lying near or outside this 95% range were exam-
ined to see how they differed from other studies. An a priori
exception was made for the Rotterdam Eye Study, under the
assumption that this population has a similar lifestyle and
demography to the United Kingdom.

Stratifying by 5 year age groups resulted in very few, if any,
cases of visual loss or AMD in younger age groups. In view of
this, a sample size weighted average of prevalence was calcu-
lated and exact binomial 95% confidence intervals (CI) deter-
mined. This method of combining study estimates does not
allow for the between study heterogeneity to be explored
within age strata; however, in view of the small numbers for
some age groups the authors believe that this approximation
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|
Beaver — | B
|
|
Blue — L4
|
Copenhagen — li
|
Melbourne |- H i
|
Rotterdam — } i
i Pooled prevalence 1.05%
| (95% Cl 0.57 to 1.52)
Combined -
\ \ \ \ \
0 0.5 1 1.5 2

Percentage (%) with NVAMD

Figure 2 Percentage prevalence of NVAMD (for males and
females, aged 65-79 years) for Beaver Dam Eye Study, Blue
Mountains Eye Study, Copenhagen City Eye Study, Melbourne
Visual Impairment project, and Rotterdam Eye Study. Combined
estimate based on a random effects model shown by broken vertical

line and diamond (95% ClI).

is reasonable. Weighting by the square root of the study sam-
ple size made little difference to the combined estimate.

RESULTS

Data were received from six of the 19 studies (Table 1). Preva-
lence of visual loss (attributed to AMD) from the North Lon-
don Eye Study was the only source of UK data (prevalence of
GAMD or NVAMD was not recorded)."* Data from all studies
were provided for age groups between 65 and 79 years of age.
A meta-analysis of GAMD, NVAMD, and PS (caused by AMD)
prevalence (between the ages of 65-79) was performed for
males, females, and overall (Table 2). Differences in GAMD
prevalence between studies were not statistically significant,
percentage prevalences were similar in males and females
with 95% CI overlapping (Table 2). Figure 1 shows a forest plot
of GAMD prevalence and fixed effect combined estimate for
sexes combined (0.5% 95% CI 0.4 to 0.7).

Differences in NVAMD prevalence between studies for
males (aged 65-79 years) were not statistically significant
(Table 2). The prevalence of NVAMD among males, was higher
in the Beaver Dam Eye Study (1.45%, 95% CI 0.56 to 2.34)

Beaver — +
Blue - +
Copenhagen — i !
Melbourne - —.—i—
North London —

|
|
|
}
Rotterdam 7~I~ |
|
|
|
|
|

Combined
| | | | |
0 0.5 1 1.5 2

Percentage (%) with PS caused by AMD

Pooled prevalence 0.35%
(95% CI 0.14 to 0.57)

Figure 3 Percentage prevalence of PS caused by AMD (for males
and females, aged 65-79 years) for Beaver Dam Eye Study, Blue
Mountains Eye Study, Copenhagen City Eye Study, Melbourne
Visual Impairment project, and Rotterdam Eye Study. Combined
estimate based on a random effects model shown by broken vertical
line and diamond (95% Cl).
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Table 3 Age (years) specific percentage prevalence (95% Cl) of binocular visual impairment caused by AMD, and presence of GAMD and NVAMD in either eye

Total study
number

Total study
number

NVAMD

GAMD

PS/B

BS

Age range

L}
fa)
=

— | <

o | >
AAAAAAAAA o Z
DN ONNDG D O -
— - YOO O x o
OCO0OOCO—mOVO o &
0900909000020, o
cooNvVvwoOO®y [ &
SOS8—~—uvKNING | =
Coo0OooSoS—onX—| o
vvvvvvvv - 8
OV OMOULOWULO N =
SOONM®NVO = o
QOO OOONTTO— =
fa)

=

<

Q@

S

SRR
T-oSRCO=0g | 5
—NaN2SNoOoNZ2 | 3
OSSO0 gOoo~—Y®,o| 2
PRl LS (3
QO —-—S0WVWmMOXO| §
SO0 - N®R®RO g | £
SeogseeS=a"| 3
= o | Z
CON®OYOVOVOND [ &
OO O OANNNOO 5| O
coococoo~—~ao— | §
~

f
el
>~

(o]
.0
-

[o N

<]

MO MOANOONWO O N (2]
DO —O0M—m—— < 9
ONOYM®O——<— | &
N— ANMOOANN — T
fa)
=
<
O
| o
AAAAAAAAA n| ©
NooooquoNOo~Y | &
—N———ANOY— g v
QO OO0 —u — <
L Q0QLOLLOLLLRO| >
C0o0o0O0O—0SNO | B
©S909000Oo—-YoN | ¢
[SRSReReReReReReR N N
el
comoowvwoSmn [ £
©O09000COM®XM— | 5
CoococoOocOoOo™mo |
[aa}
o
0
S~
o
Q.8
NomooNaNYO | X8
—N———NONYOx® | Oc
Soococococo—auw | L5
090900000000 | T35
coooo—otom| @2
SO0 O0000ONN® | Qc
000000009 | ©wc
c O
C000QWVWYToY [ 52
©0 Q00O QONX®Y | D
cocoococococooonN| TO
EO
5 82
'e)
ﬁ'o
Is]
o
SR
_| Lo
HHHHHHHHH [N "=
NRomo—=—S—-—owoo | g2
—N——oNYNN | S E
cococococo—~awuv— | T2
oo o o e N o K o B e g o B o] >~
cooOoOSYo—wmo | 2
SO Q000 O VNNY [ T >
coocoogo=dan| 89
O C
OO0 O0OM—U1O VM O o
56383 -N®GDY | S
cocoococococoo~—~mo| 33
~°
R
o £
<O
02
<<(
NomoNoNNOO | = 2
NN T NWONNN O 0
— OO ONANUL IO — I
N—ANOMOON— Q5
SE
58
o X
el =
8o
= 2
o9
YOO YOO g
oYY 4| w3
DLOUVLOUVLOWUVLOW,O (./)8
VWIOWOO0ONNO®OWO el (=




Burden of visual loss caused by AMD in the UK 315

compared to the Rotterdam Eye Study (0.53%, 95% CI 0.14 to

a | s 0.92) although 95% CI overlapped. In females, differences in
D 3| = NVAMD prevalence were statistically significant, with a larger
< — —_—— O NO!YOT Ny . .

o CRLIRQVODD 9| S difference in prevalence between Beaver Dam (2.14%, 95% CI
= 2222009 2 Q R % 1.23 to 3.04) and Rotterdam Eye studies (0.50%, 95% CI 0.18

3 g Z:SS:Z:%"J;E 3 to 0.83). Figure 2 shows a forest plot of NVAMD prevalence
_5 % « TTaYeeey £ (random effects combined estimate) for sexes combined,
- $ =| E showing differences between studies (especially between Bea-
gy é 5 _s53858% §§ é. ver Dam and Rotterdam studies). Exclusion of the Beaver Dam
O 3 ~9- T eoo0o | = Eye Study (as its result was outside the 95% range of the Gal-
s 5 2292,,00n3| §

o S|_|ecocnx—oIad=| 2 braith plot) resulted in a similar combined prevalence (0.70%,
£ N~ ~>25ca59| 1 95% CI 0.50 to 0.90, X* test for heterogeneity p=0.08).

2 Z |~ ~ = X g Yp

o : Figure 3 shows a forest plot of PS prevalence (caused by

O o
5 = § AMD) showing heterogeneity between studies, with PS being
2 ““G?ag BRE 2l 2 most common in the North London Eye Study (1.23%, 95% CI
= Coo s a2Eean o 0.59 to 1.87) and least common in the Rotterdam Eye Study
— Vot O— 5. .
> - %%-E—S%ﬁﬂf’—: 47 (0.10%, 95% CI 0 to 0.21). Exclusion of North London Eye

~ — — — — NN — ~ .

@ o |R —NYwL©vo E‘% Study and Copenhagen City Eye Study data (based on the
é 2 _| T8 Galbraith plot) resulted in a slightly reduced combined preva-
4 o ,\Aaaggg 2.5 lence (0.16%, 95% CI 0.07 to 0.25, X’ test for heterogeneity

S = RS2 ®® o| 38 =0.196).

%) S CREok 09000 N p
= 5 229022,5558| 02 Exclusion of studies with prevalence estimates out of line
o] 2 ooV NN | Q0

2 E|lg|oa-vo-gno3Iy %E with other studies (near or outside the 95% range of the Gal-

= Z |« - o braith plot) had minimal effect on the combined prevalence of

o] < 5 P p
S = % 2 NVAMD and PS caused by AMD. Hence, prevalence estimates

_ =38 S5 derived from all studies are used throughout.
E <~ < 00— Tz g

< SN — 50002 £5 Table 3 shows age stratified prevalence of PS, PS/B, and B
— 99000909 ®| S< & P . .

o Soo—saaba2| 3T caused by AMD, and prevalence of AMD type. Visual difficul-
o) S|oe—oveg-gwa| 5% ties are rarely seen below the age of 70 despite th -
3B = 2530 53 y ge of 70 years, despite the pres

c ~ ~ Qo . . .

IS = ence of GAMD and NVAMD in a small proportion of this age

] —| o0 . .. . . .

2 S| 55 group. Graphically, the prediction of visual compromise rises
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= > TS5 83%| L= exponentially beyond the age of 70, as does the number

& WOHO— 650002 25 . .

= o 0000020 2c suffering from AMD in at least one eye.
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E 2 ; E» A key question is the extent to which these pooled estimates
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27| 358 YO O SN s g g &g Britain are white” and so application of prevalences from
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Europe,””" and Australia® *** was considered appropriate.
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However, geographical variations in AMD prevalence exist”
because of genetic” and/or environmental exposures, such as
sunlight,’” smoking,"” > and diet.”®

There are many sources of heterogeneity between studies
and caution should be exercised when combining data from
different surveys because of non-standardised definitions of
disease, criteria for diagnosis, and examination methods.
Methods of examination included fundus photography,™ ' *
indirect," **' > and direct ophthalmoscopy.” Diagnosis made
solely at examination *** may be open to bias compared to
those verified independently from photographic images.” >
This may explain the higher percentage of PS attributed to
AMD found in two studies.” ””* In the Beaver Dam Eye
study,” causality between advanced maculopathy and visual
loss was not assumed. Hence, other pathologies may have
caused the recorded visual loss leading to overestimation of
the effect. Acuity measured with current spectacles (which
may not be up to date) as opposed to immediately after refrac-
tion, may cause additional visual compromise." A homogene-
ous approach to AMD classification has since been advised but
was not available to earlier studies."

Current AMD rates may have changed since the 1980s
and early 1990s,” * but there was no evidence of a cohort
effect among studies included. Method of population recruit-
ment, response rates (although generally high), and action on
non-responders varied between studies. Non-response may
bias prevalence estimates, as non-responders may represent
those with the disease. Response to the request for data was
low (32%), which may lead to study response bias in itself.
However, data were provided by four”** * of six'* major
population based studies which used independent photo-
graphic grading to confirm AMD diagnosis. An attempt was
made to compare our findings with published data from these
two other studies (Framingham Eye Study and Salisbury Eye
Evaluation).' * Our pooled estimate of VA 6/60 or worse (0.4%,
95% CI 0.3 to 0.5) in those aged 65-84 years, compared well
with data from the Salisbury Eye evaluation (United States) in
a white population of similar age (n = 7/1853, 0.4%, 95% CI
0.2 to 0.8). Our estimate of both GAMD and NVAMD
combined (3.4%, 95% CI 2.9 to 3.8) in those aged 65-84 years
was considerably less than the prevalence of AMD in the
Framingham Eye Study (n = 133/1249, 10.6%, 95% CI 9.0 to
12.5). However, comparison with a study carried out in the
early 1970s may not be appropriate.'

Sex specific rates of AMD were combined to give an overall
measure of prevalence, as sex differences were not statistically
significant. Numerous studies have failed to find a sex differ-
ence in prevalence of early stage age related maculopathy
(ARM) or AMD.**”7** Disputes over whether AMD blind-
ness is higher in females than males may be genuine or may be
due to increased life expectancy, and over-representation of
elderly females in studies.’

Local authorities in the United Kingdom reported that
193 956 were on the blind register and 160 197 were on the
partial sight register on the 31 March 1997." Approximately
half (48.5%) of these registrations can be attributed to AMD.’
Hence, 94 000 PS and 78 000 B registrations (total 172 000)
were potentially caused by AMD. This number agrees well
with our point estimate of VI for 2001 (Table 4). In 1991, the
Bruce report estimated that 300 000 should be registered blind
and 457 000 partially sighted in Great Britain. Half of this total
number ([H00 000) can be assumed to be caused by AMD.
These “conservative” figures were extrapolated from a highly
selected interviewed group and a measure of precision (95%
CI) was not given. The most widely quoted estimates of visual
impairment (PS and B) are given on the RNIB website,"
which are derived from the Bruce report." These figures esti-
mate that there are [P00 000 (125 940 and 750 460) visually
impaired people in the United Kingdom aged 65 years or
more. Just over half of these registrations (54.5% B and 53.2%
PS registrations) were due to degeneration at the macular and
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posterior pole in those aged 65 years and above.” Hence,
500 000 people in this age group are predicted to be B or PS
by AMD. These sources of data" " are often used to indicate
substantial under-registration of the visually impaired in the
United Kingdom.” * The results from the studies presented in
this paper suggest that, taking even the upper range of the
95% CI, substantial under-registration is unlikely.

We estimate that there are currently 172 000 people (95% CI
106 000 to 279 000) with geographical AMD in the United
Kingdom, and 245 000 (95% CI 163 000 to 364 000) with neo-
vascular AMD. The apparent greater prevalence of neovascular
AMD compared to geographical AMD (although not statisti-
cally significant) has been corroborated by a recent pooled
analysis” of three studies used in the current study.”” > In
addition, neovascular AMD has been shown to be a more
common cause of blind registration compared to the
geographical variety.' * Disparity in population prevalence and
clinical presentation of AMD type could be due to difficulties
in distinguishing between late stages of either disease or sam-
ple bias in those who present to hospital eye departments.
NVAMD progresses more rapidly to visual loss than GAMD.
Despite patients being less likely to perceive age related visual
changes associated with GAMD, hospital eye departments
may accumulate large numbers of patients with slowly
progressing disease, increasing the proportion seen with
GAMD compared to those with acute NVAMD. Patients with
NVAMD are more likely to present acutely with irremediable
late stage disease, and might not be seen in hospital eye serv-
ice clinics for the same period of time as those with GAMD. If
the population prevalence of visual loss caused by GAMD and
NVAMD are similar, then the natural history of the disease
determines that larger numbers with early stage GAMD must
exist. This may explain the historic view that nearly four fifths
of all AMD cases have GAMD, when a definition of GAMD
including an early stage of disease was used (that is, macular
drusen or pigmentary disturbance without exudation of fluid
or proliferation of scar tissue).'

Despite the caveats associated with the derivation of these
estimates, there are a large number of elderly patients in the
United Kingdom with visual impairment caused by AMD,
which is likely to increase with time. The levels of vision
described amount to considerable visual compromise and
constitute a major public health burden, resulting in increased
social isolation, depression,” restriction of daily activities,*
risk of falling and hip fracture.” Reassuringly, our estimates
did not demonstrate a hidden burden of service need.
Although numbers in need of low vision rehabilitation will
increase, it is unlikely to be overwhelming. However,
nationwide low vision services are notoriously fragmented
and access variable.® Potential beneficiaries often do not have
access to services™ which improve vision related quality of
life.” ** Public sector reform > > and recent initiatives” seek to
tackle these inequalities in service provision and access. Ulti-
mately, these need to be redressed if help is to be given to
growing numbers of older people living with poor vision.
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