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ABSTRACT

The aim of this thesis was to investigate the prevalence and impact of age-related
macular degeneration (AMD) causing visual impairment in people aged 75 years and
above 1n the UK. A secondary objective was to investigate a small number of potential
risk factors for AMD. This was an add-on study to the MRC Tnial of the Assessment

and Management of Older People in the Community.

The prevalence of AMD causing visual impairment was estimated at 3.7% (95%

confidence interval 3.2% to 4.2%) 1n people aged 75 years and above. This prevalence
increased sharply with age. There was a higher risk of AMD causing visual impairment
in women. There were estimated to be approximately 192,000 people aged 75 years and
above 1n the UK living in the community with visual impairment due to AMD (95%
confidence interval 144,000 to 239,000) of whom 60,000 are aged 90 years or above.
The prevalence of AMD causing visual impairment did not vary by socio-economic

group or region.

After controlling for approprnate contounding factors, compared to people not visually
impaired, people visually impaired due to AMD were more likely to have functional
difficulties, report poor health and be depressed. They were more likely to be in the
worst quintile for the home management and mobility dimensions of the Sickness
Impact Profile (SIP). After controlling for appropriate confounding factors including
binocular acuity score, compared to people visually impaired due to other causes,
people visually impaired due to AMD were more likely to have functional difficulties
and report poor health and less likely to be in the worst quintile for SIP body care and

movement dimension or die.

There was an association between smoking status and risk of being visually impaired
due to AMD. This effect was particularly strong in people aged 75-79 years of age. In
these people there was a dose-response relationship between pack years of smoking and
risk of AMD causing visual impairment. There were no statistically significant
associations between alcohol consumption, cardiovascular disease and reproductive

factors (in women) and AMD causing visual impairment.
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CHAPTER ONE BACKGROUND

] T Introduction

| 1.2 Prevalence

l 1.3 Impact
1.4 Aetiology

| 1.5 Aims and Objectives

l Tables and figures

1.1 INTRODUCTION

The population of the UK 1s ageing rapidly. By 2040, the numbers of people aged 75
years and above are projected to increase by 90% and the numbers of people aged 90
years and above by 160%. Age-related diseases will assume increasing importance in
the public health of the nation. Age-related macular degeneration (AMD) 1s one such
disease. It is the most commonly occurring cause of prevalent visual loss in the UK. The

aim of this chapter is to review the literature on the prevalence, impact and aetiology of

AMD.

Most of the data presented in this thesis refer to analyses ot the prevalence and impact
of AMD causing visual impairment in a cohort of people aged 75 years and above
taking part in the MRC trial of the assessment and management of older people in the
community. There were limited data on risk factors in this cohort. In the literature
review, I will give most emphasis to the areas covered in the thesis, 1.€., prevalence,
impact and risk factors such as smoking and alcohol consumption. For completeness, I
will review briefly those areas not covered in this thesis, 1.e. the role of nutrition, light

exposure and genetics in the aetiology of AMD.

1.1.1 Clinical signs and definitions

AMD is a disease involving typical lesions in the macula in older people that cannot be
attributed to infectious or inflammatory causes. There are two types of AMD —
geographic atrophy and neovascular AMD. In geographic atrophy the retinal pigment

epithelium and overlying receptors degenerate. In cases of neovascular AMD, new

* hitp:// www, vad.gov.uk/population/. Accessed December 2002.
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vessels grow from the choroidal circulation, leading to the destruction of the retinal
pigment epithelium. If the vessels leak, the resulting haemorrhage results in further

scarring and visual loss.

AMD is associated with “drusen” (yellow spots clinically observable on the retina) and
pigmentary abnormalities such as hyper- and hypo-pigmentation. Drusen are commonly
seen 1n older people, not all of whom will go onto develop visually impairing AMD.

People with large, ill-defined “soft” drusen are more likely to develop AMD.

The investigators from several of the largest prevalence studies in Australia, Europe and

North America have agreed a common classification for AMD 1n epidemiological
studies. This classification 1s set out in table 1.1(Bird ef al. 1995). It 1s the terminology
that is used in this thesis. The overall term “age-related maculopathy” (ARM) covers
early and late stages of the disease. Early ARM refers to signs such as large, soft drusen
and pigmentary abnormalities that may, or may not develop into late stages of the
disease. The term ‘“age-related macular degeneration” (AMD) describes geographic

atrophy and neovascular disease.

1.1.2 Overview of the epidemiology of AMD

AMD is the most important cause of visual loss in western industrialised countries. In
the UK, approximately 30,000 people are registered blind or partially sighted every
year, half of whom will have macular degeneration(Evans 1995). This pattern in the
registered population is reflected in Europe, North America and Australia(Bjornsson
1981: Graf et al. 1999; Hansen 1981; Krumpaszky and Klauss 1992; Chan and Billson
1991). Cataract is probably more frequent as an incident cause of visual loss but, as

there is safe and effective surgery for cataract, it 1s less common as a prevalent cause of

visual loss.

AMD increased dramatically as a proportionate cause of registered visual loss in the
20" century(Evans and Wormald 1996; Maruo et al. 1991). In 1933, just 6% of the
registered population in England and Wales had “senile macular degeneration”,
compared to nearly 50% in 1990(Evans and Wormald 1996). Most of this increase can
be attributed to a combination of ageing population, declining importance of infectious
causes of visual loss, and increasing effectiveness of ophthalmic surgery. However, age-
standardised population rates indicate an excess incidence of approximately 30%. This

may reflect a real increase or simply indicate changes in the detection of this condition
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In parallel with its increasing importance. In section 1.2, I review the literature on the
prevalence and incidence of AMD, focussing on what i1s known about AMD as a cause

of visual loss in Britain.

Currently there 1s no treatment that can restore vision in AMD. There are some
treatments, for example, laser photocoagulation and photodynamic therapy, that can
delay the progressive loss of visual function in a small proportion of people with
neovascular AMD(Fine et al. 2000). As the consequences of the disease are severe
(visual impairment and blindness) and treatment not available for most people with the
disease, there 1s considerable interest in possibilities for preventing AMD developing in
the first place. The possible role of metabolites of molecular oxygen known as “reactive
oxygen species’ In the biology of ageing and age-related diseases such as AMD has
provoked considerable interest(Finkel and Holbrook 2000). Increased levels of reactive
oxygen species may lead to cell death by damage to proteins, lipids and DNA. Interest
in the role of vascular factors in the development of AMD has lead to investigations of
cardiovascular disease risk factors. As cardiovascular disease is also a disease of ageing
the shared common pathway may be oxidative stress. With developments in molecular
biology and genetic methods, there 1s increasing potential for discovery of the genetic
determinants of the pathological mechanisms leading to the development of AMD. The

evidence for the role of risk factors for AMD i1s reviewed 1n section 1.4.

Most research on AMD has investigated the biological, clinical and therapeutic aspects
of the disease. More recently, researchers have begun to investigate the impact of the

disease on the lives of people affected. Section 1.3 summarises the research in this area.

1.1.3 Identification of studies included in the literature review.

Over a period of several years, I have developed a database of references on the
epidemiology of AMD. These were identified using a combination of electronic
searching, searching reference lists and personal contact. In order to ensure that this

database was as complete as possible, I conducted the following searches of Medline,

EMBASE and the Cochrane Register in August 2002.

The following strategy was used to search MEDLINE and the Cochrane register to end
May 2002

#1 "MACULAR-DEGENERATION"/ all subheadings
#2 "RETINAL-DEGENERATION"/ all subheadings
#3 "NEOVASCULARIZATION,-PATHOLOGIC"/ all subheadings
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#4 "RETINAL-NEOVASCULARIZATION"/ all subheadings

#5 "CHOROIDAL-NEOVASCULARIZATION"/ all subheadings

#0 #1 or #2 or #3 or #4 or #5

#1 (MACUL* or RETINA* or CHOROID*) near (DEGENER* or NEOVASC*) in
TILAB

#8 MACULOPATHY in TLLAB

#9 (AGE or AG?ING or AGE?RELATED or SENIL*) in TLAB

#10 (#6 or #7 or #8) and #9

The tollowing strategy was used to search EMBASE to end May 2002.

#1 explode "RETINA-MACULA-DEGENERATION"/ all subheadings

#2 "RETINA-DEGENERATION"/ all subheadings

#3 "NEOVASCULARIZATION- (PATHOLOGY)"/ all subheadings

#4 "SUBRETINAL-NEOVASCULARIZATION"/ all subheadings

#5 ((MACUL* or RETINA* or CHOROID*) near (DEGENER* or NEOVASC#*)) in
TILLAB

#6 MACULOPATHY 1n TLLAB

#7 (AGE?RELATED or AGE RELATED OR AG?ING OR SENIL*) IN TI,AB
#8 (#1 or #2 or #3 or #4 or #5 or #6) and #7

The major ophthalmic journals were searched online for the period May to August
2002. These were: American Journal of Ophthalmology, Archives of Ophthalmology,
British Journal of Ophthalmology, Ophthalmology, Ophthalmic Epidemiology, Survey
of Ophthalmology.

Titles and abstract were scanned for articles of relevance to this review. Full text Copy

was obtained of potentially relevant references. The searches were iterative and

reference lists of all studies were searched by hand.

1.2 PREVALENCE

1.2.1 Prevalence studies

Table 1.2 sets out the details of the prevalence studies on AMD. The majority of
studies have been undertaken in industrialised countries — Australia/New Zealand (three
studies), Europe (seven studies), and USA (seven studies). Studies enrolling purely

volunteer samples or conducted 1n specific patient groups were excluded(Delcourt et al

1998: Cruickshanks et al. 1997).

There have been two National Health and Nutrition Examination Surveys (NHANES) in
the USA which have examined eye disease(Klein and Klein 1982; Klein ef al. 1995b).

These are large probability samples of the US noninstitutionalized civilian population.
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The first survey was conducted in the early seventies, the third in the late 80's. They
have been a particularly good source of information on racial difterences in ARM. The
Framingham Eye Study, which took place at around the same time as the first
NHANES-I, was a pioneering study in the development of methods and definitions in
eye disease surveys(Kahn ef al. 1977a; Kini ef al. 1978). Eye examinations were
performed on nearly 2,500 surviving members of the Framingham Heart Study cohort.
which has been examined biennially since 1948 for the purpose of identifying factors
that affect the risk of cardiovascular disease. A number of subsequent population-based
studies - 1n rural Iceland, Melton Mowbray, England and three areas in China - followed
the definitions developed in the Framingham Eye Study(Jonasson and Thordarson 1987,
Gibson et al. 1985; Wu 1987). The Copenhagen City Study was another add-on eye
examination to a heart study cohort(Vinding 1995; Vinding 1990). Similar definitions to

Framingham were used.

In the second half of the 1980's came the development of grading systems for
classification of the disease from colour fundus photographs. Two systems were
developed in the States, the Wisconsin Age-Related Maculopathy Grading System
(WARMGS) which was used in the Beaver Dam Eye Study(Klein ef al. 1991a) and the
Chesapeake Bay grading system(Bressler ef al. 1989). The Beaver Dam Eye Study was
a survey of the population aged over 43 years in the community of Beaver Dam,
Wisconsin(Klein et al. 1992a). The Chesapeake Bay study was conducted among the

watermen residing in Somerset County, Maryland(Bressler ef al. 1989). The

WARMGS was taken up by investigators in a number of countries and has been used in
surveys in the Netherlands(Vingerling ef al. 1995b),Finland(Laatikainen and Hirvela
1995),Australia(Mitchell ef al. 1995; VanNewkirk ef al. 2000a),Barbados(Schachat et
al. 1995), UK (Dickinson ef al. 1997) and the third NHANES(Klein ez al. 1995b; Klein
et al. 1999¢). It forms the basis for the International System for grading ARM (table

1.1)(Bird et al. 1995).

1.2.2 Methodological 1ssues

Table 1.2 shows the response rates achieved 1n these prevalence studies. Response rates
ranged from 46%(Klein et al. 1999a)to 95%(Vinding 1989). In general, response rates

were higher in the studies where assessment of AMD was “clinical”. When

photographic grading was used, some of the people taking part did not have gradable
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photographs. A couple of studies did not report response rates. In the case ot the study

in China, there was no discussion of a sampling frame, so it may well be that the sample

was a volunteer sample(Wu 1987).

These prevalence studies can be considered in the following categories: national
probability samples, probability samples of a defined area, samples drawn trom general
practitioner registers, samples drawn from cohorts set up for other purposes and study

of an occupational cohort.

NHANES I & III in the USA were national probability samples(Klein and Klein 1982;
Klein et al. 1995b; Klein et al. 1999¢). The aim of the NHANES 1s to provide periodic
national statistics on the health and nutritional status of the civilian noninstitutionalised
population through household interviews and standardised physical examinations. These
samples are complex multistage area probability samples caretully designed to provide

an unbiased sample of the US population.

The most usual study design was a population-based study in one region, town or
district using municipal registers or census records to identify everyone in eligible in the
chosen area. Depending on the size of the area either everyone 1n the specified age
range was invited to participate or a probability sample selected. In the Beaver Dam Eye
Study a private census of the population of Beaver Dam, Wisconsin was used to identify
eligible people who were all invited to take part in the study(Klein ez al. 1992a). In the
Rotterdam Study names and addresses of residents 1in one suburb of Rotterdam were
drawn from the municipal register(Vingerling et al. 1995b). Eligible people in randomly
selected clusters were invited to take part. The Oulu County Study examined everyone
aged 70 years and above in three communities in Oulu County, Finland(Laatikainen and
Hirvela 1995). The Barbados Eye Study selected a random sample of Barbados-born
citizens, aged 40 to 84 years(Schachat ef al. 1995). In the Blue Mountains Eye Study,
the sample was identified by door-to-door census of two postcode areas west of Sydney,
Australia(Mitchell et al. 1995). Similarly, in the Melbourne Visual Impairment Study,
door-to-door census identified all eligible people in nine randomly selected pairs of
adjacent census collector districts in urban Melbourne and four pairs of randomly
selected adjacent census collector districts 1n four rural communities in
Victoria(VanNewkirk et al. 2000a). The Melbourne Study also considered
nstitutionalised residents of 13 randomly selected nursing homes and hostels with 5 km

of the urban test sites. The Atherosclerosis Risk in Communities Study (ARIC)
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comprised a probability sample of men and women aged 45 to 64 years of age in four

US communities(Klein er al. 1999a).

For the studies conducted in the UK, the samples used were drawn from the registers ot
family doctors serving a particular area. In the case of Melton Mowbray, 1t was argued
that everyone 1n a defined geographic areca was served by one general
practitioner(Gibson et al. 1985). In the North London Study, seven general practices
were randomly selected from 17 practices in six electoral wards(Reidy ef al. 1998). A
simple random sample of people aged 65 years and above 1n each practice was drawn
subsequently. In the Leicester Study, random samples of people aged 40 years and

above were drawn from lists of patients registered with two neighbouring inner-city

practices(Das et al. 1994).

Several studies consisted of examination of cohorts set up for other purposes. In the
Framingham Eye Study, the Framingham cohort, which had originally been set up for
the study of heart disease, was undergoing its twelfth biennmial cycle when eye
examinations began in 1973(Kahn ef al. 1977a). Therefore only people surviving in the
cohort were eligible to take part in the study. Similarly, the Copenhagen City Study
was a random sample of people taking part in the Copenhagen Heart Study which had

been going to five years when the eye examinations took place.

There was one occupational cohort study. In the Chesapeake Bay Study, a survey of

watermen identified from fisherman licensing records at the Maryland State Department

and residing in two communities in Maryland was conducted(Bressler ef al. 1989).

In three studies, the sampling frame was not clearly described although the implication

was that everyone eligible in a particular area was 1nvited for examination(Wu 1987,

Martinez et al. 1982; Pagliarini et al. 1997).

The study design providing the best national estimates 1s clearly the national probability

samples such as the NHANES. However, given the size and national distribution these

studies are more complex to undertake and are more likely to suffer poorer response

rates. In addition, less eye-specific extra information, such as data collection on relevant
risk factors can be undertaken. The problem with the studies conducted in one area or
cluster is that between cluster variation 1s unknown. The smaller the area or cluster the

more of a problem this will be. In the UK, particular use has been of general practice
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registers to identify samples. However, these can be unreliable and not everyone 1n a

particular locality will be registered with a general practitioner.

1.2.3 Prevalence estimates

Figures 1.1-1.3 present the results of these surveys.

The prevalence of ARM, detected by grading of retinal photographs with no visual
acuity cutoff included 1n the definition of the disease, increases from a prevalence of
between 0 and 10% at age 50 to almost 100% at age 90 (figure 1.1). If visual function
1s included 1n the definition of the disease, the observed prevalence 1s lower (figure 1.2).
It increases from less than 10% 1n the 50-59 age-group to a prevalence of somewhere
between 20 and 50% at ages 85 and older. In general, similar age-specific rates have
been found 1n the different studies with the exception of the Gisborne study in New
Zealand which found lower rates. Using one age-group as an example, the Melton
Mowbray study in England found a rate twice as high 1n the age group 85 years and
above as was observed 1n Gisborne 1n the 90 years and above age group(Gibson et al.
1985; Martinez et al. 1982). Calculating confidence intervals around these estimates
suggest that the true prevalence for Gisborne lies somewhere between 17% and 37%
whereas for Melton Mowbray it lies between 37% and 64%. The large difterence

between these two estimates may be due to sampling error.

AMD is less common (figure 1.3). Approximately 10% of people over 75 years have

AMD. Barbados has a lower prevalence of AMD:; this 1s discussed below in section

1.2.6.

Smith et al pooled data from three large population-based prevalence studies that had
used similar classification methods(Smith et al. 2001). AMD diagnosis was made from
masked grading of stereo macular photographs. Table 1.3 shows the results of this
analysis. Overall, AMD was present in 1.63% ot the combined population of 14,752
participants. The prevalence rose from 0.2% 1n people aged 55 to 64 years to 13% of the
population older than 85 years. Neovascular AMD increased from 0.17% among
subjects aged 55 to 64 years to 5.76% of those aged 85 years and above. Geographic
atrophy increased from 0.04% to 4.22% for those age groups. It must be noted that, in
this analysis, all the data were pooled together without taking into the account the fact

that they came from different centres nor examining the data for heterogeneity.
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Owen et al pooled data from six studies in order to estimate the prevalence of visual
loss caused by AMD(Owen et al. 2002). In this analysis, correct meta-analysis
techniques were used. Table 1.4 shows the prevalence of binocular visual impairment
caused by AMD (in this case visual impairment was defined as 6/18 or less, rather than
the more usual less than 6/18 Snellen acuity). The prevalence of visual impairment due

to AMD rose from 0 in people less than 65 years of age to 15.3% (7.6% to 27.4%)’ in
people aged 90 years and above.

1.2.4 Gender

Women tend to live longer and people who live longer are at greater risk of AMD. The
Investigation as to whether there 1s a gender imbalance in risk of the disease must be
studied bearing this fact in mind. As there may be differences between the sexes in

health-seeking behaviour 1t 1s important only to consider data from population-based

studies.

Figure 1.4 shows results from all the population-based studies of AMD as to the risk of
the disease 1n men and women. The results are presented in terms of the relative risk of
AMD in women compared to men. In order to take into account of the effect of age, the
results have been stratified into three age-groups — 65-74, 75-84 and 85 years and
above. Confidence intervals around each relative risk are plotted and an overall

summary relative risk calculated for each age-group and for all studies.

[t is commonly believed that women are at increased risk of developing AMD, however,
the figure shows that there have been few studies that have demonstrated this increased
risk unequivocally. Overall, 1t would appear that women are at slightly increased risk,
however, we cannot be confident that we have completely excluded age effects from
this estimate. Other authors have pooled data from the major population-based studies

and similarly found only a small increased risk for women that could possibly be

attributed to age effects(Smith ef al. 1997; Owen et al. 2002).

" I will use the following convention regarding confidence intervals. 95% confidence
intervals will be quoted unless indicated otherwise. The confidence intervals will be the
form “lower to upper” confidence interval, in brackets after the estimate. If the estimate
is in brackets already. the confidence intervals will come after a comma.
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1.2.5 Socio-economic status

There 1s limited information about the social class of people with AMD. There was little
relationship between education, income and employment status and ARM in the cross-
sectional Beaver Dam Eye Study(Klein et al. 1994c¢). Follow-up of the cohort five years
later showed that lower educational status, and being in a service-related occupation
compared with a white collar professional occupation, was associated with the incidence
of early ARM(Klein ef al. 2001c). This association appeared to be independent of age,
sex, smoking and vitamin supplement use. Other studies have examined the relationship
between AMD and social class and education and found no relationship. In NHANES I
and the Eye Disease Case-Control Study Group there was a reduced risk of AMD with
increasing number of years of education. These associations were much attenuated
when other factors were included in the model, such as smoking(Goldberg ef al. 1988a;

Eye Disease Case-Control Study Group 1992).

1.2.6 Ethnic group

The study of disease 1n different ethnic groups i1s controversial and difficult. The risk
factor being studied 1s often unclear — 1s 1t a different genetic profile, or differences in
lifestyle? For example, there are many genetic and cultural differences between people

from different parts of Africa, however, in studies of ethnic group they are often

grouped together as “black™.

It is commonly believed that AMD occurs less frequently 1in people of African
Caribbean origin or in pigmented races generally. This view has come from the clinical
impression that black people form a small proportion of people presenting with the
condition at hospitals. For example, only 0.08% of people enrolled 1in a trial of laser
photocoagulation for AMD in the USA were black compared to 5-15% in other eye
trials (Diabetic Retinopathy and Corneal Transplant studies) in that country(Jampol and
Tielsch 1992). In the Baltimore Eye Survey, black people had twice the age-adjusted

legal blindness than whites but no cases of bilateral blindness in blacks were due to

AMD in contrast to 30% of blindness 1n whites.

Population-based studies such as NHANES-III show that early signs of ARM are
common in black people(Klein et al. 1999c¢). The population-based study in Barbados,
which largely comprised black people, found rates of early ARM which were similar to

those found in studies of white people but lower rates of neovascular disease(Schachat
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et al. 1995). It may be that later stages of the disease, particularly neovascular disease,

are less common in African people.

The prevalence of AMD in different populations has been reviewed recently(Klein et al
1999b). The authors concluded that the prevalence of ARM and AMD varies
considerably in different places and in different ethnic groups. This variation could be
due to variation in genetic and other risk factors differences, but differences in

classification between studies cannot be excluded.

1.2.7 Non-industrialised countries

There 1s very little information on the prevalence of AMD in non-industrialised
countries. The Barbados Eye Study results have been discussed above. The study in
China, which used Framingham definitions, found prevalence rates of the same order of
magnitude as USA studies, however 1t is not clear if the sample of people included in

the study were population-based(Wu 1987).

In general, macular degeneration 1s not an important cause of blindness in national
surveys conducted in non-industrialised countries, tor example, Nepal and Gambia.
However, not only do such countries have a younger population, but also they have an

excess of avoidable blindness due to corneal disease and cataract, which may mask the

existence of AMD, both physically and proportionately.

1.2.8 Incidence

Follow-up of the Beaver Dam Eye Study indicated that, in people aged 75 years and
above, approximately 17% developed features ot ARM such as large, soft drusen over
five years(Klein et al. 1997b). Approximately 13% developed retinal pigment
abnormalities. Late stage disease occurred 1n nearly 2% and occurred more commonly
in people with soft drusen and retinal pigment abnormalities (7%). Similar findings
were observed in the Blue Mountains Eye Study(Mitchell ef al. 2002). 17.8% of people
aged 70 years and above developed early ARM and 2.9% developed AMD over five

years.

1.2.9 Summary

There are few population-based data on the prevalence of visual impairment and AMD

in the British population. Estimates of the size of the problem have come from pooling
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studies from other countries and continents. However, there are many difficulties with

this as there are substantial differences between countries that make extrapolation of

results difficult.

Current research on AMD has focussed on the prevalence of the condition and there i1s
less information on AMD as a cause of visual loss. In part, this has occurred because
population-based eye surveys are expensive and logistically difficult to undertake. This
means that there is real constraint on eventual sample size. Most of the large population-
based studies have had relatively few cases of advanced AMD causing visual loss and

have investigated earlier signs of the disease.

The prevalence of AMD increases dramatically with increasing age; people aged 75
years and above bear a disproportionate part of the burden of the disease. However,
there is a lack of data on older people. Out of approximately 55,000 people taking part
in the main population-based studies approximately 7,000 have been aged 75 years and
above and approximately 700 were 90 years and above (table 1.5). These figures are a
little rough and ready because the published reports do not always present data
disaggregated for older ages. However, it does indicate a lack of reliable information on

AMD as a cause of visual loss in the older age-groups.

The distribution of AMD within different groups in the population 1s not well-

established. Whether or not women are at increased risk of the disease 1s uncertain and
whether there is a difference in AMD as a cause of visual loss between the two sexes
has not been addressed. There appears to be little relation with socio-economic status,
however, few studies have addressed this question adequately. Measures of socio-
economic status have relied on educational status and the number of cases of late-stage

disease has been small. No studies have been done in the British population.

1.3 IMPACT

1.3.1 Measures of the impact of disease

The aim of this section is to consider the impact of being visually impaired due to AMD

on the lives of people affected. There are many potential measures of the impact of

disease or the outcome of treatment. Mortality and morbidity are commonly used. The

impact of disease in terms of requirements or use of services has also been measured.

There are many different measurement scales aimed to measure more complex aspects
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of a person’s health such as functioning and well-being. The terminology in this area is
not well-defined with the terms “quality of life” and “well-being” used in different ways
by different researchers. I will use the conceptual framework as set out in “Measuring

Health: a review of quality of life measurement scales” which is summarised

below(Bowling 1997).

There are several ways of considering health status. One of the most commonly used
methods 1s describing people’s ability to perform tasks of daily living, that is, their
functional ability. There are a number of methodological techniques for measuring
function: direct physical tests of function, direct observation of behaviours and/or
interviews with the person or their proxy. Most measures of functional ability or
disability are self-report methods. In many studies of disability, single-item questions
such as ability to read newsprint or to see faces across the road are used. One of the best
known and oldest of the multi-item disability scales 1s the Activities of Daily Living
(ADL) index developed to describe the states of elderly persons(Katz et al. 1963). It has
been modified specifically for people with AMD(Dahlin-Ivanoff et al. 2001).

Measures of functional ability specific to people with vision impairment have also been
developed, for example, the Activities of Daily Vision Scale (ADVS)(Mangione et al.
1992). This scale consists of 21 multiple-response items representing common visual
activities categorised into five subscales: night driving, daytime driving, distance vision
activities that do not require driving, near vision activities, and activities subject to
glare. Additionally, the subscales can be combined into an overall visual function score.
All scale scores range from 0 to 100, where 100 represents no difficulty and 0 means the
activities are no longer performed because of visual impairment. If a person indicates
that an activity is difficult because of limitations not caused by vision, the item does not
contribute to the scale score. The ADVS was originally developed to evaluate the
outcome of care after cataract surgery but has been used 1n people with a range of vision

problems including glaucoma and diabetic retinopathy, and in population-based studies.

Broader measures of health status generally focus on people’s perceptions of their
health and are sometimes referred to as health-related quality of life. A popular single-
item measure consists of asking respondents to rate their health as “excellent, good, fair
or poor’” in relation to other people of their age. This measure 1s linked to mortality,
admission to hospital and use of health services. In some cases poor mental health will

distort perceptions of health and well-being and poor physical health can also lead to
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poor mental health and well-being. This can lead to difficulties in interpreting results.
There are many multi-item measures reported in the literature, some of which are
general, e.g., the Sickness Impact Profile (SIP)(Bergner ef al. 1981), Nottingham Health
Profile(Hunt 1984), or specific, e.g. the VF-14 aims to measure health of people with
vision impairment and/or eye disease(Steinberg et al. 1994). There is some overlap
between measures of functional ability and broader measures of health status. For
example, the SIP assesses the impact of sickness on daily activities and behaviour
covering the following different dimensions: work, recreation, emotion, affect, home

life, sleep, rest, eating, ambulation, mobility, communication and social interaction.

There are a number of instruments designed to assess psychological well-being
including those aimed specifically to detect psychiatric disorder such as depression,
anxiety, dementia and cognitive impairment. In general these consist of a checklist of
statements asking respondents to compare their recent experience to their usual state,
with the answer graded according to severity. One the most commonly used in the UK
is Goldberg’s General Health questionnaire and in older people the Geriatric Depression
Scale(Sheik and Yesavage 1986). The Mini-Mental State Examination (MMSE) is the
most commonly used scale aiming to assess cognitive impairment and includes tasks
such as arithmetic, memory and reading(Folstein et al. 1975). Again there 1s some
overlap between measures of psychological well being and broader measures of health

status, which may include components designed to assess psychological well being.

The last type of measure to be considered 1s measures of emotional well being, i.e. life

satisfaction and morale. The first population survey ot emotional well being asked the

question “...would you say you’re very happy, pretty happy or not too happy these

days?” Happiness implies an affective mood or state, however, life satisfaction
suggests a cognitive process and, in general, 1s defined as an overall assessment of one’s
life. It has been observed that older people often report lower levels of happiness but
higher levels of life satisfaction than younger people do. This could reflect the fact that
happiness reflects emotions but life satisfaction is a more cognitive concept. Morale
has been less well defined but is probably best retlected as a basic sense of satisfaction
with oneself. Many of the major scales of well-being correlate well, which suggests
that they are directed at measuring a common underlying construct. The most

commonly used scales have been LifeSatistaction A, Bradburn Affect-Balance Scales
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and Philadelphia Geriatric Center Morale Scale (PGMS)(Lawton 1975), as well as

global items of happiness and life satisfaction.

To summarise, the following measures of the impact of visual impairment due to AMD

will be assessed in this review:

e Morbidity

e Mortality

e Mecasures of functional ability

o Measures ot perceived health status (health-related quality of life)

e Measures of psychological well-being
e Measures of emotional well-being (life satisfaction and morale)

As the condition “visual impairment due to AMD” consists of two parameters, having
AMD and being visually impaired, I shall also consider the literature on the impact of

visual impairment per se.

Table 1.6 summarises the studies 1dentified.

1.3.2 Morbidity

The main type of morbidity addressed in the literature 1n relation to visual impairment

has been that of hip fractures occurring as a result of falls.

Two studies were identified that investigated the association between visual impairment
and falls in older adults. Jack et al investigated 200 consecutive patients aged 65 years
and above admitted via accident and emergency to an acute genatric medical unit (Jack
et al. 1995). Patients admitted with falls had a higher prevalence of visual impairment
(76%) than those admitted for other reasons (45%). In the cross-sectional Blue

Mountains Eye Study, people with a visual acuity worse than 20/30 were twice as likely

to report two or more falls(Ivers et al. 1998).

Four studies were identified that examined the relationship between visual impairment
and hip fractures. In the Beaver Dam Eye Study, people with best-corrected acuity
20/25 or worse were twice as likely to have had two or more falls and nearly four times
as likely to report having had a hip fracture(Klein er al. 1998a). These relationships

also were found when visual function was measured by near visual acuity and current



binocular acuity. Contrast sensitivity was not associated with falls and hip fractures. In
the Auckland Hip Fracture Study, having a binocular acuity worse than 20/60 was
associated with increased risk of hip fracture (odds ratio 1.5, 1.1 to 2.0) with no depth
perception being a marked risk factor for hip fractures (odds rati0 6.0, 3.2 to 11.1).

Similar estimates of effect were seen in the Framingham Study and EPIDOS. In the
Framingham Study, 2,633 people were tollowed up for 10 years after the eye
examination and 110 had a hip fracture (Felson ef al. 1989). There was a “dose-
response’” relationship with people with good vision (20/25 or better) experiencing less
hip fractures (3%) than those with moderate visual impairment (20/30 to 20/80) (8.5%)
and those with poor vision (20/100 or worse) (11.3%). They also found evidence that
people with different visual function in the two eyes were more likely to sustain a hip
fracture. In the EPIDOS study, 7,575 women aged 75 years or older were followed up
for an average of 1.9 years, 154 women experienced a first hip fracture. Reduced visual

acuity (<2/10) was associated with an increased risk of hip fracture (relative risk 2.0, 1.1

to 3.7)(Dargent-Molina et al. 1996).

No studies were found that investigated the different causes of visual impairment or the

impact of macular degeneration on the risk of falling and hip fractures.

1.3.3 Mortality

The association between mortality and vision impairment or age-related eye disease has
been examined in the Melton Mowbray Study(Thompson ef al. 1989), Melbourne
Visual Impairment Project (McCarty et al. 2001b; Taylor et al. 2000), the Beaver Dam
Eye Study (Klein et al. 1995a), the Blue Mountains Eye Study (Wang et al. 2001), the
North London Study (Reidy et al. 2002), and the National Health Interview Survey
(Lee et al. 2002). Four of the studies were cross-sectional with repeat examination five
years later at which time the number of people who had died since the first examination
was assessed. In the North London Study and National Health Interview Survey
participants were flagged for mortality with the relevant government agencies. In all
studies, visual impairment was associated with an increased risk of death, after
controlling for relevant confounding factors, such as age, seX, socl0-economic status
and cigarette smoking. In the Melton Mowbray study people with moderate visual
impairment had a two-fold increased risk of mortality (Thompson et al. 1989).

However, people who were blind did not. In the Blue Mountains Study the relative risk
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of dying associated with visual impairment was 1.7 (1.2 to 2.3) (Wang et al. 2001). In
the Visual Impairment Project, best corrected visual acuity of less than 6/12 was
associated with a increased risk of death five years later (odds ratio 2.34) (McCarty et
al. 2001b). In the Beaver Dam Eye Study, people with impaired vision were found to
have a poorer five-year age and sex adjusted survival (87.5%) compared with those
whose vision was not impaired (91.8%)(Klein ef al. 1995a). In the North London Study

and National Health Interview Survey, mortality was only associated with cataract in

women (Reidy et al. 2002).

Appollonio et al tollowed up 1140 non-institutionalised elderly subjects aged 70-75
years and found that hearing impairment but not vision impairment was associated with

a significant increased mortality risk in men only (Appollonio ef al. 1995).

The Beaver Dam Eye Study was the only study to examine AMD and survival. After

controlling for age and sex, ARM was not associated with survival (Klein et al. 1995a).

1.3.4 Functional ability

Four studies were 1dentified which examined the relationship between visual
impairment and functional ability. Three studies were cross-sectional population-based
studies (Established Populations for the Epidemiologic Studies of the Elderly (Salive ef
al. 1994), Salisbury Eye Evaluation (SEE) study (Rubin et al. 1997), Blue Mountains
Eye Study (Ivers et al. 2000)) and one study was conducted 1n nursing home residents
(Marx et al. 1992). In addition, one qualitative study on the impact of vision

impairment on functioning was identified (Keette ez al. 1998).

Salive et al examined the association of visual impairment with mobility and physical
function in a population-based study of older adults (Salive e al. 1994). Limitations in

mobility, activities of daily living and physical performance were associated with worse

visual function.

The SEE study was specifically designed to determine the impact of age-related eye
disease and visual impairment on functional status in an elderly population and to
determine the role of visual impairment on a variety of adverse outcomes, such as
admission to nursing homes and falls. Salisbury 1s a semirural, stable community and
nearly 18% of people aged 65 years and above are black. Physical function was
assessed using Activities of Daily Living (ADL), which determines difficulty in the

basic areas of self-care (dressing, bathing, toileting, feeding and mobility) (Katz et al.
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1963) and the Instrumental Activities of Daily Living (IADL), which determines
difficulty in more complex tasks necessary for independent living (Lawton 1975). These
tasks include activities such as housework, paying bills, and shopping. The third
dimension they addressed was general physical abilities and mobility, such as walking
defined distances and climbing stairs. The ADL, IADL and physical mobility questions
contain a five-part response scale ranging from “no difficulty” to “cannot do for health
or physical reasons”. To determine the level of function specific for visually orientated
tasks, the ADVS questionnaire was administered. Several vision tests were performed.
These included visual acuity, contrast sensitivity, glare testing, visual fields and stereo

acuity. Visual impairment was defined as presenting binocular acuity worse than 20/40.

The final sample for the SEE project was 2,520 participants aged 65 years to 84 years.
Visual impairment was significantly associated with all the measures of functional
status assessed, 1.e. ADL, IADL and ADVS. After controlling for age, sex and race,
visually impaired people were more likely to report difficult with any ADL (odds ratio
1.82, 1.18 to 2.83) and with any IADL (odds ratio 2.45, 1.77 to 3.40). The mean ADVS
coefficient was significantly lower 1n visually impaired people. For every increase in
visual acuity logMAR score of 0.3 (equivalent to doubling of visual angle), there was an
odds ratio of 2.39 (1.77 to 3.23) associated with being low versus high functioning as
measured by the ADVS. Other measures of visual function such as contrast sensitivity,
glare sensitivity, visual field and stereoacuity were independently sigmificantly
associated with ADVS score. However, the ADVS was developed for use with cataract
patients in the hospital setting. In the SEE project, these associations were found to
apply only to the ADVS subscales on far vision, near vision and night driving only. The
day driving and glare subscales did not provide appropriate summaries in the

population-based SEE project because they were limited by 1tems not widely

participated in and have weak within-subscale associations.

The Blue Mountains Eye Study was a cross-sectional census-based survey of eye
disease in two postcode areas in the Blue Mountains, west of Sydney, Australia. The
final sample consisted of 3,654 people. Visual acuity, contrast sensitivity, disability
glare and visual fields were measured. A questionnaire on perception of visual disability
was administered by an interviewer (Ivers et al. 2000). This included questions on
trouble driving at night, difficulty recognising a friend across the street, reading a

newspaper or recognising detail on television. Visual acuity and contrast sensitivity
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were significantly associated with all self-reported measures of visual disability. Visual

field was less strongly associated with visual disability.

Marx et al studied 103 nursing home residents (mean age 85 years) (Marx ef al. 1992).
Half of the participants were visually impaired (best corrected acuity of less than 20/70).
For each resident, the degree of assistance needed to pertorm seven activities of daily
living was assessed by the resident’s charge nurse using the Maryland Appraisal of
Patient Progress. The activities were toileting, transterring from bed to chair, bathing or
showering, washing hands or face, dressing the upper body, dressing the lower body,
and whether the resident was wheelchair-dependent. These items were rated as 1-
independent/needs some assistance or 2 — completely dependent. In all the items
studied, visually impaired people were more likely to be classified as completely
dependent. However, these ditterences only reached statistical significance for toileting,

transferring, washing face/hands and dressing upper body.

Keefte et al conducted a qualitative study to investigate the impact of vision loss on
people with impaired vision (Keette ef al. 1998). Focus groups were formed that took
into account the factors that can affect the impact of vision loss: age, gender, age of
onset, cause and degree of vision loss. The following domains were explored: mobility,
household and personal care, consumer and social interactions and leisure, employment
and education. A fifth domain “reaction to vision loss” was added subsequently. Other
issues raised were that multiple impairment, such as hearing loss, complicates matters

and that men and women differ in the ways of coping with vision impairment.

Two studies were identified that specifically looked at the impact of AMD on functional
ability. Both of these studies were hospital-based.

Williams et al identified 86 adults (average age 79 years, range 63 to 91) with AMD
who were legally blind in at least one eye (Williams ef al. 1998). The age, racial and
gender mix of the sample was typical of people at risk for AMD. They used the IADL
focussing on domains of managing medications, shopping tor necessities, managing
finances, using the telephone, maintaining a household and preparing meals. Responses
were scored from 1 to 3 with 1 representing complete independence 1n these activities
and 3 indicating inability to carry out any of the tasks. A composite score was created
by averaging the responses to 12 items. They also used the Quality of Well-being
(QWB) Scale. The QWB Scale includes functional scales for mobility, physical activity
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and social activity. The scoring system applies estimates of quality of life to
combinations of functioning and symptoms. The quality estimates are obtained from an
independent panel of judges. The scoring system places each case on a continuum
ranging form 0.0 (dead) to 1.0 (optimum function with no symptoms). The study did
not have a control group but the authors compared the mean QWB score with other
populations. People with macular degeneration in the sample had a mean QWB score of
0.581. This compared with 0.770 for elderly adults of a similar age. More study
participants reported difficulty in carrying out instrumental activities of daily living than
did a national sample of non-institutionalised adults aged 65 years and older; this

applied to all the domains studied.

Mangione et al recruited 201 people with various stages of ARM from the
Massachusetts Eye and Ear Infirmary (average age 71 years)(Mangione ef al. 1999).
Median corrected visual acuity for this sample was 20/25 1n the better eye with all
subjects having 20/200 or better 1n at least one eye. All participants completed an
interview that included the ADVS. Although there was no control group, the authors
evaluated the association between ADVS and clinical severity of AMD. There was a
statistically significant linear trend across ARM severity categories for four unadjusted
ADVS scores: the overall score, near vision, disability glare and daytime driving scales.
Analyses were adjusted for age, sex, medical co-morbidity and presence of other eye
disease. Including visual acuity in the model suggested that most, 1f not all, of this

variation could be explained by visual acuity rather than severity of AMD per se.

1.3.5 Broader measures of health status (health-related quahity of life)

Two cross-sectional population-based studies and one hospital-based study examined

the relationship between visual impairment and health-related quality of life. Two

further hospital-based studies examined patients with AMD.

Scott et al compared 86 patients with visual impairment to 51 controls and used the

following questionnaires: Sickness Impact Profile, the vision-specific Sickness Impact

Profile, the Community Disability Scale and the General Health Questionnaire (Scott et

al. 1994). They found that scores of all four questionnaires and their subscales were

significantly associated with visual acuity.

Wang et al examined the association between visual impairment and a single-item

question on self-rated health in the population-based Blue Mountains Eye Study (Wang
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et al. 2000). The question was “For someone of your age, how would you rate your
overall health? Excellent, good, fair or poor”. Response to this question was strongly
related to visual impairment. After adjustment for potential confounding factors, for
each 5 letter reduction in best-corrected visual acuity, there was a 20% increased
likelihood of low self-rated health. However, this association applied only to people less
than 80 years of age. In people aged 80 years and above, reduced vision had no impact

on global health rating.

In the SEE project, two questions from the social interaction scales from the Sickness
Impact Profile were used because the authors had identified in previous work that these
were highly correlated with degree of visual impairment 1n a clinic-based population.
People with visual impairment were more likely to report no social or religious
activities compared to people without visual impairment (odds ratio 1.67, 1.17 to 2.37
for no social activities and 1.96, 1.41 to 2.74 for no religious activities), controlled for

age, sex and race.

Williams et al investigated 86 elderly adults (average age 79 years) with AMD who
were legally blind in at least one eye (Williams ef al. 1998). A single-item global
measure of health was used with participants being asked to rate their overall health as
excellent, very good, good, fair or poor. These categories were scored from 1 (excellent)
to 5 (poor). The average score was 2.5. In the absence ot a comparison group it is

difficult to interpret this figure and the authors did not 1dentity another population group

for comparison.

Mangione et al studied the Short Form-36 Health survey which 1s a generic measure of
multidimensional health-related quality of life in a hospital-based sample of 201 people
with various types of ARM (Mangione et al. 1999). There was no control group for the
study but the authors found that, in contrast to the ADVS (see section 1.3.4 above), the
SF-36 Health Survey scale was not correlated with severity of AMD. However, the

sample had a good average visual acuity and few participants with severe bilateral

AMD.

1.3.6 Psychological well-being

In a population-based study in northern Italy, Carabellese et al measured visual acuity in

1,191 people aged 70 to 75 years (Carabellese ef al. 1993). Visual acuity was
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significantly associated with an increased risk for clinical depression (odds ratio 2.3, 1.5

to 3.4).

Brody et al studied 151 adults aged 60 years and above with advanced macular
degeneration and vision 20/60 or worse 1n the better eye (Brody ef al. 2001). They
found that depression, as assessed using a structured clinical interview for DSM-1V,
was common - occurring in 32.5% of the sample. This was estimated to be
approximately twice that in other studies of community dwelling adults, although the

authors themselves had only studied people with macular degeneration.

In a hospital-based case-control study, 87 cases aged 65 years and above with mild-to-
moderate Alzheimers disease were compared to 87 non-demented controls matched to
the cases by age, sex and education(Uhlmann et al. 1991). The prevalence of visual

impairment was higher in cases than in controls: unadjusted odds ratio for near-vision

impairment 2.7, 1.4 to 5.2; unadjusted odds ratio for far-vision impairment 2.1, 1.02 to

4.3).

1.3.7 Emotional well-being (life satisfaction and morale)

One study was identified which examined life satistaction, daily hassles, social support
and self-esteem 1n 30 cases of AMD compared to age and sex-matched controls (Davis
et al. 1995). Life satisfaction was measured using the Lite Satisfaction Index of Well-
being. This was scored on a five-point Likert scale. Higher summed scores on this scale
indicated greater life satisfaction. Social support was measured using the Social Support
Scale. Self-esteem was measured using the Revised Feelings of Inadequacy Scale. Daily

hassles were measured using a revised version of the Hassles Scale. People with AMD

reported significantly poorer life satistaction and greater stress, perhaps as a result of

poor social support.

Williams et al examined the Profile of Mood States which 1s a 65-item, self-report
symptom inventory designed to assess mood state in the past week (Williams et al.
1998). The participants respond to each item on a five-point Likert scale, ranging from
“not at all” to “extremely”. There are six subscales (tension/anxiety,
depression/dejection, Vi gour/activity, confusion/bewilderment, fatigue/inertia, and
anger/hostility) and a total score. In general people with AMD had higher scores

indicating more severe distress, compared with a similar aged sample.
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1.3.8 Summary

There 1s an increasing body of literature on the impact of visual impairment on
functional ability, health-related quality of life, psychological and emotional well-being.
It has been shown to have a deleterious impact on many of these aspects of daily life
and an increased risk of mortality and morbidity (falls and hip fractures). There is little
information on the impact of AMD and nothing on the impact of AMD as a cause of
visual loss in the community. Most studies 1n this area have been conducted in the USA
and Australia; there 1s no information on the impact of this disease in the British
population. There is also little information on older age-groups as studies have been
under-powered at older ages, however, some researchers have suggested that the effect

of visual impairment 1s different at older ages.

1.4 RISK FACTORS

1.4.1 Hypotheses

There are two main hypotheses for the development of AMD.

(1) Oxidative mechanisms are thought to be important in the pathogenesis of AMD

(Beatty et al. 2000). Oxidative stress 1s the name given to the damage caused by
metabolites of molecular oxygen known as “reactive oxygen species” (ROS).
Tobacco smoking and exposure to UV and visible light increase levels of oxidative

stress. Factors that reduce the level of oxidative stress include antioxidant

micronutrients in the diet and blood and exposure to endogenous and exogenous

oestrogen.

(2) Vascular problems leading to deficiencies in the circulation supplying the retina or
increased haemodynamic resistance may lead to degeneration of the retinal pigment
epithelium, either because of lack of oxygen or build up of waste products
(Friedman 1997). This hypothesis has lead to the investigation of the association of
cardiovascular disease and its risk factors (smoking, alcohol consumption, high

blood pressure, obesity, diabetes and oestrogen levels in women) with AMD(Snow

and Seddon 1999).

In practice it is difficult to disentangle these two hypotheses as oxidative stress is also a

proposed mechanism in the pathogenesis of cardiovascular disease, another ageing

disease.
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The risk factors considered in this review are: smoking, cardiovascular disease, other
shared risk factors for cardiovascular disease (high blood pressure, alcohol
consumption, dietary fat intake, obesity and diabetes), antioxidant micronutrients, light
exposure and oestrogen levels in women. I will conclude this section on aetiology with

a brief overview of current research on the genetics of AMD.

1.4.2 Assessment of study quality

Three types of study design were considered 1n this review - cross-sectional studies,
cohort studies and case-control studies. Table 1.7 gives an overview of study design
types. There are two broad types of cohort studies: studies where the exposure is
randomly allocated (randomised controlled trals) and studies where it 1s not
(observational studies). Case-control studies can be either population or hospital-based.
Population-based studies often compare the prevalence of exposure in people with
AMD versus people without 1.e. all the people taking part in the cross-sectional study

are included 1n the analysis (analytic cross-sectional studies).

The following aspects of the design and execution of randomised controlled trials have
been demonstrated to minimise bias in empirical studies (Juni ef al. 2001). The
allocation of treatment should be generated using a random process and concealed from
people enrolling participants; the assessment of outcome should be masked to treatment
status; withdrawals and dropouts should be unrelated to treatment status and an
intention to treat analysis conducted. There has been less empirical research on quality

of observational studies. However, two main aspects are likely to be important:

ascertainment of exposure should be independent of outcome (and vice versa) and
potential confounding variables should be taken into account in the analysis(Hennekens
and Buring 1987). In practice, good response rates, assessment of exposure status prior
to the occurrence of outcome and masking of observers to exposure / outcome status
will help to reduce the occurrence of the former. Hospital-based case-control studies can
be difficult to interpret because of the difficulties inherent in selecting a control group.

Potential confounding variables need to be considered, measured properly and analysed
appropriately.

When evaluating epidemiological evidence, it 1s important to take into account negative
findings. Publication bias, whereby studies with statistically sigmticant findings, are

published preferentially, has been shown to be a significant problem in randomised
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controlled trials (Simes 1986), and is likely to be more of a problem for observational
studies. This can make obtaining an unbiased estimate of ettect difficult. Authors may
only report statistically significant results when presenting the results of observational
studies where large numbers of exposures have been investigated. Indicators of good
practice 1n this area are statements regarding primary and secondary outcomes and

reference to a prior analysis plan.

1.4.3 Studies on risk factors for AMD

Many of the cross-sectional studies set out 1n table 1.8 have investigated risk factors for
AMD. The usual approach has been to compare the prevalence of exposure in people
with AMD compared to those people without AMD. In general these studies have been
underpowered to 1nvestigate risk factors for late stage AMD with numbers of cases
ranging from 9 in the Chesapeake Bay Study to 77 in the Beaver Dam Eye Study (table
1.8) (West ef al. 1989; Klein et al. 1992a). The table also shows aspects of the quality of

these studies with respect to investigation of risk factors. The major deficiency in these
studies has been a lack of a clear analysis plan, distinguishing a priori and post hoc

analyses and no clear strategy for analysis of potential confounding variables.

Table 1.9 shows the case-control studies on AMD (Maltzman et al. 1979; Delaney and
Oates 1982; Hyman ef al. 1983; Weiter ef al. 1985; Blumenkranz et al. 1986; Eye
Disease Case-Control Study Group 1992; Eye Disease Case-Control Study Group 1993;
Sanders ef al. 1993; Chaine et al. 1998; Hyman et al. 2001; AREDS 2000). The table
includes some parameters of quality in the studies, for example, whether or not the

assessment of exposure was masked to case status and whether appropriate confounding

variables were included in the analysis.

The studies have varied in size from 26 cases (Blumenkranz et al. 1986) to 1844 cases

in a case-control study in France (Chaine ef al. 1998). Of the 10 case-control studies,

four had sample sizes less than 100 people.

As for cross-sectional studies, a major deficiency 1n the case-control studies was a lack
of discussion of prior analysis plans. A problem specitfic to case-control studies is the
difficulties inherent in selecting a control group. In four studies, this problem was
approached systematically with attention to avoiding bias (Eye Disease Case-Control
Study Group 1992; Sanders et al. 1993; Hyman ef al. 2001; AREDS 2000). In the

others this issue was not adequately addressed. Similarly, not all studies specifically
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stated that assessment of exposure was masked to case-control status. Most of the

studies attempted to control for confounding factors other than age and sex.

Table 1.10 shows the cohort studies on AMD. There have been two types of cohort
study. Examination for AMD has been added onto pre-existing cohorts, for example, the
Baltimore Longitudinal Study of Aging (West et al. 1994a)the Physicians’ Health Study
(Christen ef al. 1996) and the Nurses’ Health Study (Seddon ef al. 1996).

The second type of cohort study has been the re-examination of some of the large cross-

sectional population-based surveys such as the Beaver Dam Eye Study, Rotterdam

Study and the Blue Mountains Eye Study (Bressler ef al. 1995; Cruickshanks et al.
2001; Klaver et al. 2001; Klein et al. 2000; Klein et al. 1997a; Klein ef al. 1997b;
Mitchell et al. 2002).

The advantage of the add-on studies 1s that, in general, the original cohort study or trial
is large. For example, 22,071 male physicians were enrolled 1n the Physicians’ Health
Study and 31,843 registered nurses in the Nurses’ Health Study. This 1s much larger
than eye surveys which, in general, have of the order of 5,000 participants. The result 1s
that more incident cases of AMD can be identified — 268 in the Physicians’ Health
Study compared to 25 in the Blue Mountains Eye Study. However, because of the size

of such cohorts, a pragmatic approach has had to be taken to the assessment of AMD. In
the Physicians’ Health Study and Women’s Health Study AMD outcome was assessed

by a combination of self-report and medical record review.

Re-examination of some of the larger cross-sectional eye studies has enabled
measurement of the incidence and progression of early signs of ARM such as drusen
and pigmentary abnormalities. However, the number of cases of late-stage disease is

very low and hence such studies lack power to investigate risk factors for visually

impairing AMD.

1.4.4 Smoking

Smoking cigarettes has been established to be a major risk factor in the development of
cardiovascular disease and many cancers. It 1s a major source of oxidative stress.
Tobacco smoke contains, amongst other ingredients, nicotine, carbon monoxide and

hydrogen cyanide. Nicotine is an alkaloid from the tobacco plant (Nicotiana) and is

highly toxic. It is a vasoconstrictor that reduces blood flow and increases platelet

adhesiveness. It is also implicated in the reduction of levels of serum antioxidants.
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There are two potential mechanisms by which smoking may lead to an increased risk of
macular degeneration. It may have direct effects on the choroidal circulation or it may

Increase the levels of oxidative stress and decrease blood plasma levels of antioxidant

micronutrients.

Table 1.11 summarises the results of epidemiological studies investigating the
relationship between smoking and AMD. This relationship has been investigated in
c1ght cross-sectional studies (West ef al. 1989; Klein ef al. 1993b; Smith et al. 1996;
Delcourt ef al. 1998; Vingerling et al. 1996; Klaver et al. 1997; Hirvela et al. 1996;
Vinding et al. 1992; McCarty et al. 2001a), three cohort studies (Christen ef al. 1996;
Seddon et al. 1996; Klein et al. 1998b), and six case-control studies (Eye Disease Case-
Control Study Group 1992; Blumenkranz et al. 1986; Chaine et al. 1998; Hyman et al.
1983; Tamakoshi et al. 1997, AREDS 2000). The majority of studies have found a
statistically significant association between smoking and development of AMD. Most
studies found a risk of the order of 2 to 3 (range 1.6 to 4.9). Three studies did not find
an association between smoking and AMD (West ef al. 1989; Hirvela et al. 1996;
Chaine et al. 1998). The French study 1s particularly puzzling because they had 1844
cases of AMD and found no evidence of effect with an odds rati0=1.06 (Chaine ef al.
1998). There are several possible explanations of this: either there was some problem in

the study design or execution either in the classification of smoking or AMD or in the

selection of controls; the other studies may have some common bias which was
somehow avoided in this study; or the effect of smoking on AMD does not apply in the
French population. It has been observed in some studies that the eftect of smoking is
more apparent in neovascular disease (Klein et al. 1993b; Vingerling ef al. 1996).
however, this has not always been the case. In the Blue Mountains Eye Study, people
who smoked were nearly 5 times as likely to have dry AMD compared to those who had
never smoked (odds ratio for geographic atrophy 1n current vs. never smokers 4.94, 1.29
to 18.82) (Smith et al. 1996). However, this analysis included only 11 cases of disease
therefore wide confidence intervals are consistent with a more moderate risk. In the
Physicians Health Study the relative risk of neovascular disease with smoking was
slightly lower than the relative risk for all types ot AMD (Christen et al. 1996) and the

Nurses’ Health Study also found similar risks for dry and wet disease (Seddon et al

1996).
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More persuasive evidence for the role of smoking in the aetiology of AMD has come
from the demonstration of a dose response effect. In the Physicians’ Health Study, men
who smoked more than 20 cigarettes a day were at increased risk compared to those
who smoked less than 20 cigarettes a day (odds ratio of 2.46 versus an odds ratio of
1.26) (Christen er al. 1996). There was also a strong trend of increased risk with
increased number of pack-years of smoking (p<0.001). In the Nurses’ Health Study,

there was a strong trend of increased risk with increasing number of cigarettes smoked

per day (p=0.004) and pack-years (p=0.005) (Seddon et al. 1996).

The finding that smoking 1s implicated in the actiology of AMD is an important one

because 1t 1s a risk factor that 1s amenable to modification.

1.4.5 Cardiovascular disease

History of cardiovascular disease

The findings for reported history of cardiovascular disease have been inconsistent with
some studies finding an association(Hyman et al. 1983; Chaine ef al. 1998; Goldberg et
al. 1988a) and others not (Maltzman et al. 1979; Delaney and Oates 1982; Vinding et
al. 1992; Eye Disease Case-Control Study Group 1992; Klein ef al. 1993a; Smith et al
1998a; Delcourt et al. 2001). Table 1.12 summarises the results of those studies that

have provided data in a form that can be extracted.

Atherosclerosis

The association between carotid atherosclerosis and AMD (geographic atrophy and
neovascular disease) was investigated in the Rotterdam Study(Vingerling et al. 1995a).
Atherosclerosis was assessed using ultrasonography with images being stored on

videotape. Atherosclerotic lesions were defined as focal widening relative to adjacent
segments, with protrusion into the lumen. People with plaques in the carotid bifurcation
were at increased risk of AMD (odds ratio 4.5, 1.9 to 10.7). This finding has not been
studied again but a study in Finland examined the relationship between retinal
arteriosclerosis (defined as marked generalized narrowing of the arterioles) and

AMD(Hirvela et al. 1996). They found that people with retinal arteriosclerosis had a
higher prevalence of AMD. However, as only two people in the age group studied did

not have retinal arteriosclerosis this finding cannot be considered robust. There was a

higher prevalence of ARM in people with retinal arteriosclerosis but this was not

statistically significant.
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1.4.6 Other shared risk factors for cardiovascular disease

Blood pressure

Table 1.13 shows the results of studies that have investigated the relationship between

blood pressure and AMD. Data from the Framingham Eye Study were analysed in two

different ways. The mean blood pressure in people with AMD and vision of < 20/30
was compared to those people without AMD (Kahn et al. 1977b). The data on blood
pressure were collected during the Framingham Heart Study, prior to the collection of
data on AMD. Only statistically significant results were reported in the paper. People
with AMD in selected age-groups had a higher mean diastolic blood pressure. The
Framingham Eye Study was analysed again some years later. In the repeat analysis,
there were more cases of macular degeneration as vision was no longer included in the
definition of the disease(Sperduto and Hiller 1986). Detailed information on
hypertension, including its duration over 20 years prior to the eye examination was
used. This showed that people with hypertension were more likely to have AMD and
that this was related to the duration of hypertension. People who had had hypertension
for longer had an increased risk of AMD. These results have been found in two other
studies (Goldberg e al. 1988a; Chaine e al. 1998), but have not been replicated in a
number of other studies (Maltzman et al. 1979; Eye Disease Case-Control Study Group
1992: Klein et al. 1993a; Hirvela et al. 1996; Smith ef al. 1998a).

If there is a moderate increased risk of AMD with increasing blood pressure, large
numbers of cases of disease will be required to detect this. This might be the reason why
in some studies no statistically significant relationships were tound. It is interesting to

note that in most studies non-statistically significant increased odds ratios were found.
However, some studies, such as the Eye Disease Case-Control Study group have been
large (421 cases of neovascular disease) and have still failed to find an effect that could
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