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CHAPTER I

INTRODUCTION

In 1875, Pagenstecher and Gentll provided the first description of age-related
maculopathy (ARM) (1). Nowadays, hundred and twenty years after the first
description, ARM is one of the major causes of severe irreversible visual loss
in the elderly in western countries. It has been estimated that there are 640000
people aged 75 years or older in the United States who have signs of the
endstage of this disease (2). Still, Olll' knowledge about the etiology of ARM is
very limited and treatment is only possible in a minority of patients.
The Framingham Eye Study (3) was the first population-based study that
provided information about prevalence and risk factors for ARM. Since then,
several epidemiologic studies on the disease have been performed, most of them
in the USA. A review of the epidemiological knowledge obtained in these studies
is given in chapter 2 of this thesis. Since until recently a uniform classification
of ARM has not been available, comparison of the results of different studies has
for years been a problem. Chapter 3 presents the results of several international
meetings of six research groups with the aim to develop a uniform classification
system for ARM.
Little information was available on the prevalence of ARM in the Netherlands.
The Rotterdam Study (4), however, provided an excellent opportunity to answer
several research questions into the epidemiology of the disease. The results of the
prevalence study are presented in chapter 4. The remainder of this thesis focuses
on risk factors of the late stages of the disease, atrophic and neovascular agerelated macular degeneration (AMD). In chapter 5, the associations of various
indicators of atherosclerosis and the late stages of the disease are described.
Chapter 6 presents the association between smoking and AMD and in chapter 7
the relation with age of menopause and is described. Methodological issues related
to the presented studies are discussed in chapter 8, together with a review of the
results of these studies and suggestions for future research.
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CHAPTER 2

EPIDEMIOLOGY OF AGE-RELATED MACULOPATHY

Age-related maculopathy (ARM), formerly referred to as senile macular
degeneration, is the leading cause of permanent visual impairment among the
elderly in western countries (1-4). The loss of vision is a result of degeneration
of the photoreceptors in the centre of posterior pole of the eye, the macular
area, and occurs when the retinal pigment epithelium cells with which they are
associated deteriorate and die. Because useful intervention is limited to only a
minority of patients (5,6), various epidemiological studies have focused on this
disease in an attempt to find etiological clues. In this article we will review the
current epidemiological knowledge concerning ARM and discuss diagnosis,
frequency, risk factors and prognosis.

DIAGNOSIS

Diagnostic criteria
ARM affects the centre of the retina and choroid in the macula lutea of the
eye. Generally, it is considered to be present when one or more of the
following changes are visible in the macular area:
drusen: yellow deposits below the retinal pigment epithelial cells;
hyper- and hypopigmentary changes of the retinal pigment epithelium;
atrophic age-related macular degeneration (atrophic AMD): well defined areas
of atrophy of the retinal pigment epithelium and choriocapillaris;
neovascular age-related macular degeneration (neovascular AMD): serous or
haemorrhagic detachment of the pigment epithelium, choroidal
neovascularization and subsequent scarring of the macular area.
Although these changes are all manifestations of the disease and associated
with increasing age, they show a large range of variety, and for years this has
been an obstacle for a uniform definition and classification system. Early
epidemiological studies have included decreased central visual acuity as one of the
diagnostic criteria. Recently, however, three grading systems have been developed
to classifY ARM on colour photographs of the macula lutea without implication
of visual acuity (7-9). The definitions of these grading systems are summarized
in Table I. In brief, the system of Bressler et al. consists of four categories, and
at each step from category one to four, the system leaves out less severe
abnormalities. The Wisconsin Age-Related Maculopathy Grading System provides
a detailed grading of each abnormality with respect to its size, area and location.
It defines early and late stages of ARM (l0).
Presently, an international study group has developed a classification system
3
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Table 1. Classification of ARM.
Bressler et al. (7)

Wisconsin Age-related
Maculopathy Grading
System. (8)

The International AgeRelated Maculopathy
Study Group (9)

Grade 1: Presence of
grade 4, 3 Of 2, or eyes
with at least five small
drusenwithin 1,500 I'm of
the foveal center or at
least ten small drusen
between 1,500 and 3,000
I'm from the foveal
center.

Early age-related
maculapathy: Soft

Age-related maeulapathy:

Grade 2: Presence of
grade 4 or 3, or eyes with
'=: twenty small drusen
within 1,500 I'm of the
foveal center.

indistinct or reticular
drusen or any dmsen
type except hard
indistict, with retinal
pigment epithelium
degeneration or

All stages of the disease:
Within this definition
drusen and pigmentary
changes are subdivided by

aspect, number and size.

increased retinal pigment
in the macular area and
the absence of late agerelated maculopathy.

Grade 3: Presence of
grade 4, or eyes with
large or confluent drusen,
or eyes with focal
hyperpigmentation of the
retinal pigment
epithelium.

Grade 4: Geographic
atrophy of the retinal
pigment epithelium or
exudative changes (eg.
choroidal
neovascularization,
detaclunent of the retinal
pigment epithelium, and
disciform scarring).

4

Lale age-related
maeulapathy:

Age-related macular
degeneration: the end

Signs of exudative agerelated maculopathy or
geographic atrophy.

stages of age-related
maculopathy subdivided in
dry or geographic and wet
or neovascular age-related
macular degeneration
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to facilitate comparison of data between the various epidemiological studies (9).
This system defines age-related maculopathy as all manifestations of this disorder;
the late stages of ARM are called age-related macular degeneration (AMD)
subdivided in atrophic and wet or neovascular AMD. For the purpose of this
review, we will describe the separate features of ARM.
Differential diagnosis
Dmsen must be differentiated from other conditions with white spots in the
macula like hard exudates, cotton wool spots and retinal pigment epithelium
hypopigmentations such as in fundus flavimaculatus and fundus albipunctatus.
Pigmentary changes can also be seen in combination with other abnormal
processes in the macular area which are not directly related to ARM, like those
accompanying chorioretinal scars due to chorioretinitis, trauma or laser
photocoagulation.
Any chorioretinal inflammation or scar may result in the growth of a
subretinal neovascular membrane. Therefore, neovascular AMD sometimes
resembles similar conditions in myopic macular degeneration, pseudoxanthoma
elasticum, Paget disease, presumed ocular histoplasmosis syndrome,
toxoplasmosis, central areolar choroidal sclerosis (11,12). laser photocoagulation
scars and traumatic, inflammatory, toxic, and congenital processes (8). In general,
these disorders have to be excluded by fundoscopic assessment, before a diaguosis
of ARM can be made.

FREQUENCY
Prevalence
Estimation of the prevalence of ARM is not only necessary for assessing the need
for ophthalmological care, but comparison of prevalence figures from different
populations may also suggest etiological clues to the disease. Population-based
studies of ARM were conducted in the United States, Europe and New Zealand
(Table 2). Studies from Framingham (2), Gisborne (13), Melton Mowbray (13a),
Copenhagen (14) and the National Health and Nutrition Examination Survey
(NHANES) (15) estimated the prevalence of any type of ARM based on
ophthalmoscopical assessment of macular changes in combination with loss of
central visual acuity. As is shown in Figure I, the prevalence estimates in these
studies "ary considerably. The studies from Chesapeake Bay (7) and Beaver Dam
(10) based their data on photographic grading of macular changes and did not
require visual loss for the diagnosis ARM, which may explain why their
prevalence estimates for any type of ARM are higher (Figure I). Whatever
definition or method of diagnosis, all estimates show a strong rise with age, and
a reasonable overall prevalence for any type of ARM in the age-groups 65-74
years and 75-84 years is 20 and 35 percent, respectively.

5

Epidemiology of age-related Inaelliopathy

Prevalence (%)
60
-0-

50
40 30

Framingham

+NHANES

* Glsborne
Melton Mowbray
x Copenhagen Bay
+ Chesapeake
-A- Beaver Dam

,I

-<1-

20
/

10

____ j f

j

/

/
)<

:i

/

Age (years)

Figure 1. Age-specific prevalence of ARM (all types).
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Table 2. Cross-sectional studies of ARM.
Criteria for diagnosis
Site (reference no.)

Fundus abnormalities

Visual
acuity

Grading method

Grading area'

Age range
(yr)

Sample
size

Response
rate

Framingham (2)

Drusen; pigment disturbances; geographic
atrophy; exudative macular degeneration.

Posterior pole

< 20130

Ophthalmoscopy

52 - 84

2675

67

NHANES (15)

Drusen; pigment disturbances; loss of
macular reflex.; geographic atrophy;
exudative macular degeneration.

Posterior pole

< 20125

Ophthalmoscopy

45 -74

1413

72

Gisbom (13)

Drusen; pigment disturbances; geographic
atrophy; exudative macular degeneration.

Posterior pole

< 20130

Ophthalmoscopy

65 +

481

82

Melton Mowbray (13a)

Drusen; pigment disturbances; geographic
atrophy; exudative macular degeneration.

Posterior pole

< 20/30

Ophthalmoscopy

75 +

484

72

Iceland (113)

Drusen; pigment disturbances; geographic

Posterior pole

< 20/30

Ophthalmoscopy

43+

751

81

< 20/30

Ophthalmoscopy

60 - 79

1000

71

Photography

30 - 95

777

70

atrophy; exudative macular degeneration.
Copenhagen (14)

Drusen; pigment disturbances; geographic
atrophy; exudative macular degeneration.

Posterior pole

Chesapeake Bay (7)

Drusen, number, size and distinction of
borders; focal hyperpigmentations; non~
geographic atrophy; geographic atrophy and

1500
3000

pJJ1
pJJ1

exudative macular degeneration.

-..l

Beaver Dam (10)

Drusen area, number, size and distinction
of borders; increased or decreased retinal
pigment; geographic atrophy; exudative
macular degeneration.

3000

pJJ1

Photography

43 - 84

4926

83

Rotterdam (114)

Drusen, number and size; increased or
decreased retinal pigment; geographic
atrophy; exudative macular degeneration

3000 JLffi

Photography

55 +

7599

78

* radius of grading area centered on the fovea.

Q
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Separate prevalence estimates of atrophic or neovascular AMD are available
from studies in Framingham, Iceland, Chesapeake Bay, Beaver Dam and
Rotterdam (Figure 2). The first two studies based their estimates only on
neovascular AMD, while the latter three also included atrophic AMD. These
prevalence estimates of ARM show less variation than with inclusion of dmsen
and pigmentary changes, and the estimates show an almost exponential increase
after the age of 70 years. A reasonable overall prevalence of neovascular andlor
atrophic AMD in the age-groups 65-74 years and 75-84 years is I and 5 percent,
respectively. Although none of the other studies showed any prevalence difference
in gender, the Beaver Dam study noted that women had a 2.5 times higher
prevalence for neovascular AMD than men (10).
Incidence
No data based on incidence studies of ARM are available. If the prevalence is
low, an estimated incidence rate can be obtained indirectly using prevalence and
expected duration of the disease (16). With this method, the incidence rate of
atrophic or neovascular AMD in the age group of 75-84 years is approached by
the prevalence (7.1 per 100) divided by the estimated mean duration of 5 years,
which results in an incidence rate (density) of 1.4 per 100 person-years.
Methodological considerations
The difference in definitions and methodology between studies hampers the
comparison of prevalence data (Table 2). In the studies from Framingham,
NHANES, Gisbome, Iceland and Copenhagen, the diagnosis of ARM was only
made in patients with central visual loss. This led to lower prevalence rates than
the estimates from Chesapeake Bay and Beaver Dam, which did not use this
criterium. In addition, the former studies based the diagnosis on ophthalmoscopy,
whereas the latter based their grading on ftllldus photographs. It is known that
with ophthalmoscopy an underestimation of the frequency of drusen can occur (2)
which may be an extra reason for the higher prevalence of ARM in these studies.
The Chesapeake Bay study was designed to study the relation between sunlight
exposure and ARM. The study population consisted of a selected group of
fishermen and this may have influenced the prevalence rate. Despite these
differences, however, there is a similarity in trends: all studies show an
acceleration of prevalence with increasing age (Figure I).
The comparison of the prevalence of endstages of ARM is also troubled by
differences. In the studies from Framingham and Iceland, only the prevalence of
neovascular AMD was reported. Atrophic AMD was pooled with dmsen and
pigmentary changes in these studies. In Chesapeake Bay, Beaver Dam and
Rotterdam, atrophic and neovascular AMD were pooled resulting in a higher
estimate of prevalence. The differences between prevalences in these studies are
therefore likely to be the result of differences in methodology and definition.

8

Chapter 2

5

...

o
50

60

70

80

90

Age (years)

Figure 2. Age-specific prevalence of AMD (atrophic or neovascular).
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RISK FACTORS
Methodological issues
A number of case-control and cross-sectional studies has focused on the etiology
of ARM. The main studies and findings are summarized in Tables 2, 3 and 4. All
studies were based on prevalent cases. The validity of the results is limited since
selection bias may result from mortality and migration related to the disease. In
general, recall bias occurs when cases recall exposures more frequently and
thoroughly than controls, and this tends to happen when they already are wellknown risk factors. When a diagnosis is based on history data, misclassification
may occur. This type of bias is likely to occur in a study of ARM, since patients
often cannot differentiate this from other ocular pathology. Another point of
consideration is the variation in inclusion criteria in studies. The results of these
studies remain, therefore, to be confirmed in follow-up studies based on well
defined incident cases in which the exposure status is measured before onset of
disease.
The putative risk factors that will be discussed are the family history of ARM,
ophthalmological characteristics, cardiovascular disease, hyperglycaemia, diabetes,
smoking, sunlight exposure and antioxidant status.
Genetic factors
While Hutchinson and Tay have observed familial occurrence of ARM as early
as 1875 (17), the disease has not been the subject of extensive genetic
investigations. Familial aggregation of drusen has been reported by several
studies. Early pedigree reports (11,18-20) have used different terms to describe
the familial drusen such as Doyne's honeycomb choroiditis, Tay's central guttate
choroiditis, Holthouse-Batten's superficial choroiditis and Mallatia Levantinese.
An autosomal dominant trait was suggested for these familial dnlsen, and they
were considered to be different from drusen occurring as a consequence of age
(21). However, Gass postulated in 1973 (II) that there was only one entity of
drusen, all being manifestations of a heredodegenerative disorder. A recent study
(22) compared 53 sibling-pairs and 50 spouse-pairs for concordance of drusen and
found a significantly higher correlation of number and density of drusen between
siblings than between spouses.
Family studies incorporating atrophic and/or neovascular AMD have received
comparatively less attention. Two studies (22,23) found a positive family history
of macular disease in patients with drusen or pigmentary changes and/or atrophic
and neovascular AMD. Because the majority of these family data was ascertained
by interview alone, they should be interpreted with caution, since anamnestic
history of an eye disease is rather unreliable (24). Recent twin research led to
three case-reports (25-27) of identical twins having atrophic and/or neovascular
AMD and one study of nine monozygotic twin pairs (28) having either extensive
drusen or atrophic and/or neovascular AMD. Although selection bias or
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Table 3. Case-control studies of ARM.
Grading method

Age
range
(yr)

Criteria for diagnosis
Site (reference no.)

Cases

Malzman (1l5)

Macular degeneration,
not further specified,
visual acuity <20/30.

Age and sex matched
ophthalmological patients
without macular degenation

Ophthalmoscopy

52 - 88

30130

Delaney (47)

Drusen, pigment
clumping, neovascular
macular degeneration,
visual acuity <20/30.

Age and sex matched
ophthalmological patients
without macular degeneration

Ophthalmoscopy

50 +

50/50

Hyman (23)

Drusen and/or more
severe macular
degeneration with some
visual loss.

Age and sex matched
Fundus
ophthalmological patients
photography
without macular degeneration or
other exudative retinal diseases

<85

Neovascular macular

15 partners and 8 age and sex
matched others without
neovascular macular
degeneration or more than 10
macular drusen

Not specified

?

Residents of clinic area without
neovascular macular
degeneration or drusen and 6/6
visual acuity

Fundus
photography

55 - 80

Blumenkranz (53)

degeneration

EDCCSG (41)

-

Controls

Sample size
(case/control)

Neovascular macular
degeneration

Q

228/237

-§

~

'"
26/23

4211615

;::;
Table 4. Risk factors for ARM.
Risk factor"
Study (reference)

hyperopia

blue/light iris cardiovascular
color
disease

+

Framingham (48)
Ma1zman (1l5)

+

Delaney (47)

+

2.4 (1.0-5.9)

Hyman (23)

+

3.5 (1.7-6.6)

1.7 (1.1-2.7)

0.7 (0.2-2.3)

4.0 (0.4-102)

B1umenkranz (53)

2.0 (0.5-6.2)

ns'

Chesapeake Bay (39,67,116)

1.1 (0.6-2.0)

Copenhagen (14,40)

0.6 (0.3-1.1)

Beaver Darn (50,64,117)
EDCCSG (41)

1.7 (1.1-2.6)

1.1 (0.7-1.7)

Rotterdam (54,65)
* Odds ratio's with 95% confidence intervals in parentheses.

t Not significant.
• Blue light.
§ Women.
~ Leisure time in summer.
~

Atherosclerotic plaques in common carotid artery.

hypertension

smoking

sunlight
exposure

1.4 (1.1-1.7)
1.3 (ns')

~
~

ns'

::

6.1 (2.1-18.5)

o·

~

1.2 (0.8-1.9)
0.6 (0.1-4.7)

1.3 (0.3-4.4)
0.6 (0.4-1.1)

1.4 (1.0-1.9)'

1.0

0.8 (ns')

2.4 (p<0.01)

0.7 (0.3-1.4)

0.8 (0.1-5.5)

2.5 (1.0-6.2)'

2.2 (1.I-4.3)D

2.8 (1.8-4.2)

1.1 (0.7-1.7)U

1.1 (0.8-1.5)
2.5 (1.4-4.5)1

ns'

4.0 (2.0-7.8)

~
~

"~

is"
~

"'-

::

""

"'{J

"
%
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environmental factors may have played a role, the striking similarity of fundus
appearances in each twin pair suggests an increased genetic susceptibility in at
least some of the patients. Several studies focus on the familial aggregation of the
whole range of ARM. A segregation analysis of data from the population-based
Beaver Dam study (29), which included 546 sibships with at least two members,
calculated sibling correlations for age-dependent ARM scores. The authors
concluded that a single major gene could account for 55% and 57% of the total
variability scores in the right and left eyes, respectively. Silvestri (30) studied
familial aggregation of ARM in a case-control setting, cases being siblings of 36
affected patients and controls being siblings of 36 patients undergoing a cataract
operation. Twenty of the 81 family members of the casegroup had ARM, while
only one of the 78 family members of the control group was affected. This does
suggest a strong genetic component, but these data were not age-adjusted and
should, therefore, be evaluated with care.

Ocular characteristics
Iris colour. A protective effect of a dark pigmented iris on ARM has been
suggested after a low prevalence of the disease was reported in black Africans
(31,32) and Australian Aborigines (32a). Cumulative light exposure may have a
harmful effect on the photoreceptors and retinal pigment epithelium (33-37). A
dark pigmented iris is possibly protecting the retina more against light exposure
than a light coloured iris. Initially, two case-control studies reported a protective
effect of a dark iris for ARM (23,38), but this was not confirmed in later studies
(39-41) Recently, additional evidence for a protective effect of a dark iris was
reported in a case-control study (42). Self-reported decrease of iris pigmentation
during life was associated with ARM.
Refractive errol'. A possible association of hyperopia and ARM was first
suggested by Maltzman et al. (43). Later, four case-control studies confirmed this
finding (23,38,41,44). There is, however, no generally accepted hypothesis
explaining for the relation between ARM and hyperopia. Hyman pointed out that
selection bias could have influenced that observation (23), because the control
group may have overrepresented myopic subjects. The control group in another
study (44) consisted ofnon-neovascular cases of ARM. The authors suggested that
this control group may have comprised a larger proportion of cataract patients,
which can result in myopia due to lens swelling and therefore may have led to a
spurious association with hyperopia. Considering the probability of selection bias
and the lack of a supportive theory, it is still doubtful whether an association
between hyperopia and ARM exists.
Cardiovascular disease
One of the hypotheses for the pathogenesis of ARM that it is due to vascular
disease affecting the choriocapillaris. This may result in decreased flow or passage
13
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of nutrients (45-47). The issue was examined in various ways, either by using
blood pressure measurements or data concerning cardiovascular history.
Hypertension. Sperduto et al. reported a small and consistent association
between ARM and hypertension as determined 25 years before in the Framingham
Heart and Eye Study (48). The association was stronger with increasing duration
of systemic hypertension. Vinding did not find an association between blood
pressure levels and ARM in a four-year follow-up in the Copenhagen Heart Study
(49). Other studies used blood pressure levels taken at the time of eye
examination, and reported a positive association with increased systolic blood
pressure (15,41). Klein found no association with increased systolic blood pressure
in Beaver Dam (50).
HistOlY of cardiovascular disease. Conflicting reports have been published
about the association between ARM and a history of cardiovascular disease:
several case-control studies found a positive association (23,51,52), whereas others
did not (41,43,53).
Other cardiovascular risk factors. Increased total serum-cholesterol was
associated with a strong increased risk of neovascular AMD in a large casecontrol study (41). This finding could not be confirmed in the Beaver Dam study
(50) and Rotterdam studies (54). Further, a decreased risk was observed in women
taking postmenopausal oestrogens (41). The role of oestrogens was also addressed
in another case-control study which suggested a 5 times higher risk of ARM in
women who had menopause before 45 years by oophorectomy (55). The
possibility of selective survival cannot be ruled out in these cross-sectional
studies.
Hyperglycaemia and diabetes
Hyperglycaemia has been reported to affect the choroidal circulation, Bruch's
membrane and the pigment epithelium (56-61). A relation between
hyperglycaemia and ARM has therefore been proposed. A number of case-control
studies (23,41,43,52,53) and two cross-sectional studies (62,63) focused on this
hypothesis. In only one study (52) a positive association of serum glucose levels
and the mean area of drusen in females without diabetes was found. Recently,
Klein et al. (63) rep011ed no relation between glycosylated haemoglobin and
ARM. In men with diabetes, aged 75 years or over, a higher frequency of
neovascular AMD was found.
Smoking
An increased risk of ARM was first suggested by Paetkau et al. in male smokers
(23a) and confirmed in several studies later (23,41,49,64) although not uniformly
(39,62). The association with smoking was particularly present in neovasculm'
AMD (64). Recently, this finding was confirmed in the Rotterdam Study (65).
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Lighl exposure
The damaging effect of light exposure on the photoreceptors and retinal pigment
epithelium has been reported in several experimental studies (35,36). Possibly,
long-term exposure to light is a factor in the pathogenesis of ARM (33,34). In a
case-control study by Hyman et al. no significant association was reported
between exposure to sunlight and ARM (23). In a study among fishermen (39),
the ocular exposure was extensively measured (66). No association between UV-A
or UV-B exposure and ARM was observed. In an additional analysis, based on
a small number of cases, a positive association was observed between blue light
exposure and neovascular AMD (67). Cmickshanks et al. (68) reported a positive
association between time spent outdoors in summer and the presence of dmsen or
pigmentary changes, as well as an inverse association with the use of hats or
sunglasses in men. Further, they observed a positive association between the
leisure time outdoors in summer and neovascular AMD. Recently, the Eye
Disease Case-Control Study Group reported no association between light exposure
and neovascular AMD (41).
Anlioxidc.'Il slalu.'
The poten2ially damaging e.ffect of cumulative light exposure on the retinal layers
as described above, raised the question whether higher blood levels of antioxidants
might protect against ARM (37,69). Evidence for possible protective effect of
antioxidant nutrients emerged from basic research (70-76). A study based on the
NHANES data revealed that a low intake of vitamin A was associated with a
higher risk of ARM (77) Newsome et al. suggested a beneficial effect of oral zinc
on the natural course ARM (78). In another study, lower blood levels of
carotenoids were observed in cases with neovascular AMD (79). Recently, West
et al. (80) reported from a cross sectional study, that higher semm levels of "'tocopherol were aS30ciated with a decreased risk of ARM. In the latter studies the
findings were suggestive for lower levels of vitamin C and E in cases with ARM.

PROGNOSIS
Visual loss
The risk of loss of visual acuity and the central visual field is the primary reason
for concern about ARM. Several studies have shown that the disease usually
affects both eyes of patients (11,81-84). Generally, severe visual loss is caused in
these patients by a choroidal neovascular membrane and in a smaller amount of
cases by atrophy of the retinal pigment epithelium involving the fovea (11,23,85).
The risk of visual loss in cases with bilateral drusen was reported in two followup studies. In the'first study, Gass reported that nine of 49 cases developed severe
visual loss in one eye during an average follow-up period of 4.9 years (II). In the
other study of 71 patients by Smiddy et al. (86) severe visual loss due to
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neovascular disease occurred in seven eyes of six patients. Using life-table
analysis, the five-year cumulative risk of visual loss was 12.7 percent. The
interpretation of the results remains difficult, because both studies were based on
prevalent cases with different duration of disease (87). Furthermore, the cases
were obtained from specialized clinics which may have resulted in the selection
of more severe cases. Therefore extrapolation of the results to a general
population may be misleading.
ARM causes a severe visual handicap when both eyes are affected. The
prognosis ofthe second eye in cases with unilateral neovascular AMD is therefore
a malter of great concern. The issue was studied in several case-series
(11,82,83,88-90). The risk of second eye involvement is reported to be somewhere
between 4 and 12 percent annually for the first three years (87).
Prevention of visual loss
The need for effective treatment of ARM is evident. The development of
treatment techniques has mainly focused on suppression of subretinal neovascular
membranes. For drusen, pigmentary changes and atrophic AMD, treatment is not
available or quite experimental.
Laser photocoagulation has been used to occlude subfoveal neovascular
membranes. Originally, treatment was limited to patients with a well demarcated
choroidal neovascularization. Of further importance was the distance of the
neovascular membrane to the foveola (91). Laser treatment of a sub foveal
membrane leads to an immediate irreversible decline of visual acuity due to the
destruction of the photoreceptors in the central fovea, but results after two years
in a sma Her scar and scotoma than no treatment (92). Estimations of the
proportion of patients with neovascular AMD that may be treated for this reason,
vary between 13 and 57 percent (5,6,93,94). Unfortunately, more than half of the
treated patients sufter from recurrences of choroidal neovascularization within five
years (95). With the new technique of digital indocyanine green videoangiography
the proportion of well demarcated neovascular membranes can be enlarged,
possibly leading to better results in treatment (96,97).

NEW INTERVENTIONS
Interferon. Systemic interferon alfa-2 has been used to treat vascular tumours
(98,99). It inhibits the growth of iris neovascularization in monkeys and even
induces its regression (100). In vitro, interferon alfa inhibits vascular endothelial
cell proliferation (10 I). After Fung suggested interferon as a potential treatment
for neovascular AMD (102). Several case series (47,103-106), and one small
randomized trial (108) have been reported. The results of the trial suggested a
slower growth of the choroidal membrane in the treatment group at six months,
the results of the case series were more difficult to interprete since the natural
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course was not taken into account.
Radiotherapy. Low doses of ionizing radiation leads to regression of ocular
haemangiomas (109) and of new vessel formation in wound healing (110, Ill).
The effect of radiotherapy on subretinal neovascularisation was investigated in a
study (112) that reported higher visual acuity and smaller choroidal neovascular
membranes in the treatment group after one year follow-up. The beneficial effect
of radiation as well as the evaluation of the possible side effects on the ageing
retina still need to be evaluated in other studies.
Antioxidants. As the above mentioned interventions are reserved to cases with
neovascular AMD, alternatives to prevent the disease are under study. If one
assumes that the cumulative damaging effect of radiant energy, such as sunlight,
on the retinal layers is caused by the formation of free radicals, a beneficial effect
of antioxidants may be expected. The effect of antioxidant therapy is expected to
be small but of clinical relevance (113). Currently, treatments with vitamins E,
C and B-carotene, and zinc are being investigated in the Age Related Eye Disease
Study, a multi centre randomized trial in the USA.
One small clinical trial suggested that oral suppletion of zinc may slow down
the rate of visual decline over a two year period in patients with ARM (78). So
far no other report was published on the issue and the need for further
investigation is clear.

CONCLUSIONS
ARM is a major cause of severe visual impairment in western countries. The
visual handicap has major consequences for the quality of life of patients and their
relatives. In this paper we reviewed the epidemiologic findings concerning
frequency, risk factors, and prognosis of the disease. The diagnosis ARM is still
a matter of debate but recently progress is made by the development of
classification systems for epidemiologic studies. The prevalence of ARM rises
with age, the prevalence of end stages increases from 1 percent in subjects aged
65-74 to 5 percent in those aged 75-84 years. There is a clear need for incidence
studies of ARM, and prospective follow-up studies of ARM and its risk factors.
These are currently taking place in North America and Europe.
Risk factors for ARM have been studied in case-control studies and crosssectional studies. Except for age, no definite risk factors have been found. There
are suggestions, however, that smoking, light exposure and low semm levels of
beta-carotenoids may be associated with ARM. The origin of the association with
smoking is not yet understood, but the association is interesting since smoking
habits are potentially modifiable. The role of light exposure remains unclear; as
yet, the possible harmful effect of light seems to be small. More extensive
research is needed to evaluate the magnitude of the genetic component and mode
of inheritance. Localization of the genes will lead to a better understanding of the
17
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underlying causes of ARM, and identification of family members at risk will
provide the basis for fhture therapeutic and preventative interventions.
The visual prognosis of patients with dmsen or pigmentary changes is fair in
general, and patients with atrophic AMD usually retain useful vision for years.
The prognosis is worse however in patients with unilateral and bilateral
neovascular AMD. Population-based studies are needed to provide a better
estimate on this issue. Currently, there is no effective treatment for the disease
except for a selected group of patients with neovascular AMD, in which treatment
with laser photocoagulation has some benefits. Promising interventions with
radiotherapy or interferon are currently being investigated which may have
beneficial consequences for patients who are not eligible for laser treatment. The
effect of interferon on neovascular AMD needs to be studied in larger prospective
randomized trials. Future studies will reveal the effect of antioxidant suppletion
in preventing or slowing down the disease process.
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CHAPTER 3

AN INTERNATIONAL CLASSIFICATION AND GRADING
SYSTEM FOR AGE-RELATED MACULOPATHY AND
AGE-RELATED MACULAR DEGENERATION

Age-related maculopathy (ARM) is a degenerative disorder of the central area of
the retina (the macula) often associated with visual impairment which is more
frequent after 65 years of age. The disciform variant of this disorder was first
described in 1875 (13). In 1885, Haab labelled the disease senile macular
degeneration. (6). Over the years there have been many different names and
expressions for ARM. (1,14).
While ARM has been described for over 100 years, there is neither a standard
agreement on the definition of specific lesions nor a generally accepted
classification system. Clinical and epidemiological studies of ARM have used
different diagnostic tools such as perimetry, dark adaptation, contrast sensitivity,
ophthalmoscopy, fundus reflectometry, scanning laser ophthalmoscopy,
biomicroscopy, black-and-white fundus photography, colour ftmdus photography
with white, blue 01' red-free light, angiography with fluorescein or indocyanine
green, and histology or electron microscopy. These approaches have often resulted
in different definitions and severity scales. There is also inconsistency in the
interpretation of histological and clinical manifestations of the early stage of
ARM. This has limited comparisons of findings among clinical and
epidemiological studies.
Various definitions of ARM used in earlier epidemiological studies, are given
in Table l. Some studies required a visual acuity component in their definition of
ARM (4,11,12,16) whereas others did not (2,7,9). In more recent studies of ARM
(2,7,9), photographic standards of various abnormalities have been used in the
grading of ftmdus photographs. The age limits varied widely in these studies from
I to 98 years (Table I). To facilitate comparison of data among studies of ARM
there is a need for development of commonly used methods to detect, grade and
define this disease.

RATIONALE

There are few epidemiological studies describing the natural history and risk
factors for ARM but a number of such studies are currently in progress or are
being planned. These studies are designed to examine the relationship of early
morphological changes, such as hard drusen, soft distinct dmsen, and increased
or decreased retinal pigment epithelial (RPE) pigmentation to the development of
late stages of the disease and to visual outcomes. It would be of benefit to have
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Table 1. Definitions of and age limits in ARM used in population based studies.
Framingham Eye Study (11):
An eye was diagnosed as having senile macular degeneration if its visual acuity was
20/30 or worse and the ophthalmologist designated the etiology of changes in the
macula or posterior pole as senile. Age limits 52-85 years.
National Health and Nutrition Eye Study (4):
Agewrelated macular degeneration: loss of macular reflex, pigment dispersion and
clumping, and drusen associated with visual acuity of 20/25 or worse believed to be
due to this disease.
Age-related disciform macular degeneration: choroidal haemorrhage and comlectivetissue proliferation between retinal pigment epithelium and Bmch's membrane
causing an elevation of the foveal retina (this condition should be differentiated from
disciform degenerations of other causes, eg, histoplasmosis, toxoplasmosis, angioid
streaks, and high myopia).
Age-related circinate macular degeneration: perimacular accmuulation of lipoid
material within the retina. Age limits: 1-74 years.
Gisborne Study (12):
Senile macular degeneration: when the visual acuity in the affected eye was 6/9
(20/30) or worse and senile macular degeneration was identified as the probable
cause of this visual loss. Age: ?65 years
Copenhagen Study (16):
Age-related macular degeneration (AMD): Best corrected visual (Snellen) acuity
(including pin hole improvement) of 6/9 or less, explained by age related
morphologic changes of the macula.
Atrophic (dry) changes: disarrangement of the pigment epithelium
(atrophy/clustering) and/or a small cluster of small drusen and/or medium drusen
and/or large drusen and/or pronounced senile macular choroidal atrophy/sclerosis
without general fundus involvement.
Exudative (wet) changes: elevation of the neurosensory retina and/or the pigment
epithelium and/or haemorrhages, and/or hard exudates and/or fibrovascular tissue.
Age related macular changes without visual impairment (AMCW) is defined as
similar morphological lesions but without visual deterioration. Age limits: 60-80
years.
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Table 1. (continued)
Chesapealre Bay Study (2):
No specific overall definition. Geographic atrophy: an area of well-demarcated
atrophy of the RPE in which the overlying retina appeared thin. Exudative changes:
choroidal neovascularization, detachments of the RPE, and disciform scarring.
Grading of AMD in 4 grades:
4:
geographic atrophy of the RPE or exudative changes.
3: grade 4 or eyes with large or confluent drusen or eyes with focal
hyperpigmentation of the RPE.
2:
grade 4 or 3 or eyes with many small drusen (2)20) within lSOOl'm of the
foveal centre.
1:
Grade 4, 3, or 2 or eyes with at least five small drusen within lSOOI,m of the
foveal centre or at least ten small drusen between 1500 and 3000l'm from the
foveal centre. No visual acuity included. Age limits: 2>30 years
Beaver Dam Eye Study (9):
Early age-related maculopathy was defined as the absence of signs of late agerelated maculopathy as defined below and as the presence of soft indistinct or
reticular drusen or by the presence of any drusen type except hard indistinct, with
RPE degeneration or increased retinal pigment in the macular area.
Late age-related maculopathy was defined as the presence of signs of exudative agerelated macular degeneration or geographic atrophy. The grade assigned for the
participant was that of the more severely involved eye. No visual acuity included.
Age limits: 43-86 years.
Rotterdam Study (7):
All ARM changes had to be within a radius of 3000l'm of the foveola. No definition
of early ARM but separate prevalence figures for drusen and retinal pigment
epithelial hyperpigmentations or hypopigmentations attributable to age-related

causes.
Late ARM (is similar to AMD): the presence of atrophic AMD (well demarcated
area ofRPE atrophy with visible choroidal vessels) and/or neovascular AMD (serous

andlor haemorrhagic RPE detachment, andlor subretinal neovascular membrane
and/or haemorrhage, and/or periretinal fibrous scar) attributable to age-related
causes. In a participant the most severely involved eye was taken for the analysis.
No visual acuity included. Age limits: > 55 years.
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grading systems and definitions for ARM similar to the Airlie House classification
scheme for diabetic retinopathy, that would permit the possibility for comparison
between studies in the future (3). This paper describes the results of a series of
meetings among six groups involved in epidemiological studies of ARM in order
to develop a core grading system using colour stereoscopic fundus transparencies
to detect and define ARM. As more data are collected from studies presently
under way or other studies which arise in the future, it is expected that fhrther
refinements will be made to the grading system. This is due to the fact that a
severity scale will be required for long-term studies of the natural history of this
disease in large populations to establish rates of progression successfully.

METHODS
In the development of a grading classification for ARM, we have used the
anatomical definition of the macula, defining it as that part of the retina centred
on the foveola in which the ganglion cell layer is more than one cell in thickness,
that has an approximate diameter of 5.5mm (8). For descriptive purposes the inner
macula is defined as the area within a circle, centred on the foveola, of diameter
3000I1m, i.e. approximately two disc diameters across (Figure 1). The outer
macula is defined as the area between the inner macula (diameter 3000llm) and
a circle with a diameter of 6000!.lm.
We defined ARM primarily on the basis of morphological changes seen on,
preferentially stereoscopic, colour fundus transparencies and defined its presence
as "age-related" by inclusion of age (e.g. ~50 years). Visual acuity is not a
criterion for the presence or absence of ARM. Other historical or clinical
information, if available is used prior to defining a lesion as one associated with
ARM.
It is proposed to name all signs of age-related macular changes as age-related
maculopathy (ARM) and to classilY them by presumed order of severity. Further
classification of severity using this system will depend on findings from large
population-based studies and clinical trials.
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Figure 1. Standard gridfor ARM classification. The circles should be reduced on
a transparent sheet, according to the magnification of the fundus camera used, so
that they have approximate diameters of 1000, 3000 and 6000".m respectively, ill
the fundus of an average eye. These circles represent respectively the central,
middle and outer subfield. The mid-peripheral subfield is outside the outer circle
within field 2. (3). The spokes may be ofheip in centring the grid on the macula.
Published courtesy of Ophthalmology 1991;98: 11 28-34.
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Figure 2. Standard circles for grading of ARM related jimdus changes. The
circles C~ CI, C" C3, and C, are used for all subfields. The circles should be
reduced on a transparent sheet, according to the magnification of the jillldus
camera used, so that they have approximate diameters in the average fundus of
63wn, 125p.m, 175wn, 250p.m and 500 Jim. Note that the diameter of circle C,
is half the diameter of the inner circle on figure 1. All circles may be used for
estimation ofdrusen size. Circle Co differentiates small from large drusen. Circles
C I and C, may be used for grading area involved by increased pigmentation or
RPE depigmentation, circle C,for minimum area of geographic atrophy, and C3
and C,for area ofgeographic atrophy or neovascular AMD. The spokes facilitate
locating the centle point mId estimating the size of lesiol1s.
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DEFINITIONS
ARM is a disorder of the macular area ofthe retina, most often clinically apparent
after 50 years of age, characterized by any of the following primary items,
without indication that they are secondary to another disorder (e.g., ocular trauma,
retinal detachment, high myopia, chorioretinal infective or inflammatory process,
choroidal dystrophy, etc):
- Disciete whitish-yellow spots identified as "drusen" which are external to the
neuroretina or the RPE. They may be soft and confluent, most often with
indistinct borders. Small, hard drusen, usually present in eyes with as well as
those without ARM, do not of themselves characterize the disorder.
- Areas of increased pigment or hyperpigmentation (in the outer retina or
choroid).
- Areas of depigmentation or hypopigmentation of the RPE, most often more
sharply demarcated than drusen, without any visibility of choroidal vessels.
- The late stages of ARM, that will be called age-related macular degeneration
(AMD). Thus, AMD is a late stage of ARM and includes both "dry" and "wet"
AMD.
Dry AMD or geographic atrophy is characterized by:
- Any sharply delineated roughly round or oval area of hypopigmentation or
depigmentation or apparent absence of the RPE in which choroidal vessels are
more visible than in surrounding areas that must be at least 175 /Jm in diameter
(2:C,; Figure 2) on the colom slide (using a 30° or 35° camera).
- Wet AMD is also called "neovascular" AMD, "disciform" AMD, or "exudative"
AMD and is characterized by any of the following:
- RPE detachment(s), which may be associated with neurosensory retinal
detachment, associated with other forms of ARM .
- Subretinal or sub-RPE neovascular membrane(s)
- Epiretinal (with exclusion of idiopathic macular puckers), intraretinal, subretinal,
or sub pigment epithelial scar/glial tissue or fibrin-like deposits.
- Subretinal haemorrhages that may be nearly black, bright red, or whitish-yellow
and that are not related to other retinal vascular disease. (Haemorrhages in the
retina or breaking through it into the vitreous may also be present).
- Hard exudates (lipids) within the macular area related to any of the above, and
not related to other retinal vascular disease.
Because geographic atrophy and neovascular AMD may be different
manifestations of the disorder and may have different causes, it may be useful to
separate them, e8pecially when examining relationships to risk factors. Rarely
neovascular AMD may develop in an area of geographic atrophy.
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PHOTOGRAPHY AND FILM PROCESSING
Preferentially colour 30° or 35° stereoscopic transparencies of a modified field I
(centred on the temporal edge of the disc) and field 2 (centred on the fovea) and
an optional modified field 3 (temporal to the fovea but including the fovea in the
nasal edge) are taken after pupillary dilation. (3). Inclusion of modified fields I
and 3 may help the grader detect subtle drusen, changes in pigmentation, and
other lesions associated with ARM.
Kodachrome ASA 25 or 64 film or equivalent should be used. If other
equivalent film types are used, they should have similar colour and grain
characteristics and similar stability over time. Other films such as Ektachrome 100
may be used. However, because in the past Ektachrome has been less stable over
time than Kodachrome, it may be less appropriate for a long-term study. Faster
films with higher ASA rating may appear more "grainy". Films which have too
much "red" or "brown" in them may cause problems in grading some lesions
associated with ARM such as retinal pigment epithelium hypopigmentation. The
film processor should be carefully chosen and if possible the same processor and
process should be used throughout an entire study. Colour shifts in the processing
may cause problems in grading of some lesions associated with ARM. The same
film type, (preferentially bought from the same lot and frozen at the beginning of
a study), may minimize changes in manufacture of films.
The 30° or 35° photographic field has become the standard used in most studies
of ARM. The magnification provided by a 30° field is usually adequate to
determine most lesions associated with ARM. Variations in field size may lead
to difficulty in comparisons among studies, should be limited between 25° and
40°, and call for adaptation of the grid template (15).
The fundus transparencies are returned as slides usually mounted in clear plastic
sheets. The system of grading relies heavily on excellent quality stereoscopic
transparencies, especially in detecting subtle drusen, and hyper- and
hypopigmentations. This requires photographer certification and an ongoing
system of quality control. Graders need an adequate time to be trained and intraand inter-individual (if there are more than one grader) variations are usually
measured using a standard set of transparencies. Protocols for quality control
procedures used for one study are available (9).

GRADING
Grading of ARM for epidemiological population-based studies can best be
performed on stereoscopic colour slides of the macular area using standard grids.
The grid templates are based on the long standing clinical convention of
considering the diameter of the average optic disc to be ISOOl'm, even though
ISOOl'm may be a better estimate. Grading of fundus transparencies is more
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reliable and provides more objective measures than ophthalmoscopy (10,15). The
grading system permits detailed refinement with basic standards to allow
comparison of data among different studies. It also will form the basis for
modifications using other examination techniques (e.g., fluorescein angiography).
To date, grading systems have used different grids, sizes of concentric grid
circles, and numbers and locations of radial lines on the grids (2,5,9). Common
items in ARM grading have been descriptions of drusen type, size, number,
confluence and area of involvement; disappearance of drusen; grading of
hyperpigmentation and hypopigmentation; serous or haemorrhagic RPE
detachment; RPE tears; retinal haemorrhages; hard exudates; subretinal or subRPE haemorrhage; subretinal fluid; epiretinal or subretinal fibrous or glial scar
or fibrin; and geographic atrophy. Other lesions such as surface wrinkling
retinopathy and peripapillary atrophy also have been graded in some systems.
Other groups have also considered the fluorescein angiographic features.
When grading, the sheets of slides are placed on a fluorescent viewing box
furnishing light with a Kelvin rating of approximately 6200° (i.e. bluer than
sunlight, which has a Kelvin rating of approximately 5400°). This wavelength was
chosen because of the observation that light with a lower Kelvin rating, with its
more yellow hue, was less suitable for identification of subtle drusen (Klein R,
unpublished data). Graders examine the slides with stereoscopic viewers. Those
used in most systems provide 5x magnification. Combined with approximately 3x
magnification provided by the fundus camera, this results in a total magnification
of 15x.
The standard grid (Figure I) formed by opaque lines on a transparent
background consists of three circles concentric with the centre of the foveola and
four radial lines in an oblique position. It is superimposed over one member of
the stereoscopic pair of field 2 and used to define 10 subfields. The sub fields
defined by the grid and their proposed names are: the central subfield (within the
central circle); the middle subfield (between the central and middle circle)
subdivided in superior, nasal, inferior and temporal subfields; the outer subfield
(between the middle and outer circle) subdivided in superior, nasal, inferior and
temporal subfields; and the mid-peripheral subfield outside the outer circle within
field 2.
The circles should be reduced on a transparent sheet, according to the
magnification of the fundus camera used, so that the diameter of the central circle
corresponds to 1000 I'm in the fundus of an average eye, and the diameters of the
middle and outer circle to 3000 I'm and 6000 I'm, respectively. The system
permits detailed grading of some lesions in each subfield or summary type
grading with lesions graded either within the central, hmer, or outer circles or in
field 2 as a whole.
Five open circles printed on clear plastic (Figure 2) can be used to estimate size
of drusen, area involved by drusen, and area involved by increased or decreased
pigmentation, or by AMD as described below. The diameter of Co is equivalent
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to 631'm (more or less siniiliu to SO Jlm circles used by some centres for grading),
for C, it is 12SI'm, for C,'it is 17SI'm, for C3 it is 2S0l'm, and for C4 it is SOOIIOl.
The central circle with a diameter of 1000Jlm can also be used. These circles
replace those used in a more detailed grading system (9).
The following grading should only be used when there are signs of ARM
present. If lesions such as hard exudates, haemorrhages, hyper- or
hypopigmentations are present as a result of other non age-related chorioretinal
conditions (see definitions) they should be graded under "other lesions." An
overview of the grading for drusen, retinal pigmentary changes, geographic
atrophy and neovascular AMD is given in Tables 2 to S.
The predominant drusen type is the most common type of drusen present within
the outer circle of the grid. Large drusen (> 631'm) should be counted separately
but small dnlsen should not. The area covered by the drusen can be estimated
within each of the three circles in the grid and expressed as percentage of the area
within the specific subfields defined by the grid (9).
Hyperpigmentations of the retina adjacent to the optic disc and surrounding hard
drusen are not graded as ARM. The term hypopigmentation of the RPE should
be used instead of RPE degeneration or atrophy for depigmentations that do not
meet the criteria for geographic atrophy.
Geographic atrophy is an entity different from the hyperpigmentations and
hypopigmentations consisting of one or more sharply defined, roughly round or
oval areas of RPE hypopigmentation with clearly visible choroidal vessels. It is
graded according to presence, location and area covered by it. The minimum area
involvement by geographic atrophy is that of a circle of about 17SJlm diameter
(C,) because it is difficult to detect choroidal vessels and determine the edges of
the atrophy in smaller areas.
Neovascular AMD may be made up of non-rhegmatogenous sensory retinal
detachme~ts or serous RPE detachments. Without angiography these types of
detachments may not be easily distinguishable from one another and they will
both be graded as neovascular AMD. They will be graded according to presence,
location, and area covered by the lesion.
If neovascular AMD has started in an eye previously classified with geographic
atrophy, it is arbitrarily reclassified as neovascular AMD. If from previously
demonstrated neovascular AMD, only minimal neovascular signs remain with
surrounding geographic atrophy or when only geographic atrophy is visible on
subsequent pictures, it still arbitrarily classified as neovascular AMD.
Definitions used in the preceding paragraphs and in the accompanying Tables
provide a framework to be used in grading of colour transparencies for ARM.
Extensive training with experienced graders is important prior to using this system
in practice.
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Table 2. Grading of drusen.
Drusen mO/phology
O. absent
1. questionable
2. small, hard dntsen (:'0 Co, 631-'m)
3. large, soft distinct (> Co, 631-'m)
4. large soft indistinct dntsen
4a. crystalline/calcified/glistening
4b. so~isolid
4c. st.mgranular
7. caIm:>t grade, obscuring lesiOl!S
8. can'lot grade, photo quality.

Drusen size
1. < Co « 631-'m)
2. 2': Co < C, (2':631-'m, < 12SI-'m)
3. 2': C, < C, (2':12SI-'m, < 17SI-'m)
4. 2': C, < C, (2':17Sl'm, < 2S0l-'m)
5. 2': C, (2': 2S01'm)
7. cannot grade, obscuring lesions
8. cannot grade, photo quality

Main location of drusen.
Drusen may not be central to indicated
subfield,

Predominant drusen type
O. absent
1. questionable
3. small hard drusen « Co, 631-'m)
4. large, soft distinct (2': Co, 631-'m)
5. large, soft indistinct dntsen(2': C,'
12SI-'m)
7. call1l(lt grade, obscuring lesions
8. cannot grade, photo quality

Number oj drusen
O. absellt
1. questionable
2. 1-9
3. 10-19
4.2':20
7. cannot grade, obscuring lesions
8. cannot grade, photo quality.

but

may

be

more

to

periphery
1. Outside outer circle (mid-peripheral
subfield)
2. In outer subfield
3. In middle subfield
4. In central subfield,
4•. outside fovea (centre point)
4b. In fovea
7. crumat grade, obscuring lesions
8. cannot grade, photo quality

Area covered by drusen in sllbfield 1.5
1. < 10%
2. < 25%

3. < 50%
4.2':50%
7. cannot grade, obscuring lesions
8. cannot grade, photo quality.
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Table 3. Hyperpigmentation and hypopigmentation of the retina
Hyperpigmentation
O. absent
I. questionable
2. present < Co « 631'm)
3. present 2: Co (2:63I'm)
7. cannot grade, obscuring lesions
8. cannot grade, photo quality
Hypopigmentation
O. abqent
I. questionable
2. present < Co « 631'm)
3. present 2: Co (2:63I'm)
7. cannot grade, obscuring lesions
8. call1iot grade, photo quality

Main location hyperlhypopigmentafion
I. Outside outer circle (mid-peripheral
subfield)
2. In outer subfield
3. In middle subfield
4. In central subfield,
4a. outside fovea (centre point)
4b. in fovea
7. cannot grade, obscuring lesions
8. cannot grade, photo quality

Table 4. Atrophic AMD.

Presence
O. absent
1. questionable
2. present: 2: C,

7. cannot grade, obscuring lesions
8. cannot grade, photo quality.

Location
1. outside outer circle (mid-peripheral
sub:,dd)
2. in outer subfield
3. in middle subfield
4. in central subfield
4a. not in fovea (centre point)
4b. in fovea
7. caMot grade, obscuring lesions
8. cannot grade, photo quality
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Area covered
I. 2: C, < C, (2:175 fun < 250 fun)
2. 2: C, < C, (2:250 flm < 500 I'm)
3. 2: C, and < 1000 I'll!
(- central circle of grid)
4. 2: 1000 I'm and < 3000 I'm
(- middle circle)
5. 2: 3000 I'm and < 6000 I'm
(- outer circle)
6. > 6000l'm

7. cannot grade, obscuring lesions
8. cannot grade, photo quality
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Table 5. Neovascular AMD.
Presence
O. absent
1. questionable
2. present
7. cannot grade, obscuring lesions
8. caunot grade, photo quality

TypifYing features
1.
2.
3.
4.
5.

hard exudates
serous neuroretinal detachment
serous RPE detaclunent
haemorrhagic RPE detachment
retinal haemorrhage
Sa. subretinal
5b. in plane of retina
5c. subhyaloid
5d. intravitreal
6. scar/glial/fibrous tissue
6a. subretinal
6b. preretinal
7. cannot grade, obscuring lesions
8. cannot grade, photo quality

Location
I. outside outer circle (mid-peripheral
subfield)
2. in outer subfield
3. in middle subfield
4. in central subfield
4a. not underlying (in.fovea)
4b. underlying (in) fovea
7. cannot grade, obscuring lesions
8. cannot grade, photo quality

Area covered
1. :> C, < C, (:> 175

~lIll < 250 pm)
2. :> C, < C, (:>250 ~'m < 500 I'm)
3. :> C, and < 1000 I'm
(~ central circle of grid)
4. :> 1000 I'm and < 3000 I'm
(~ middle circle)
5. :> 3000 lUll and < 6000 I'm
(~ outer circle)
6. > 6000l'm
7. caMot grade, obscuring lesions
8. cannot grade, photo quality.

SUMMARY
There is a need for an internationally accepted nomenclature for ARM as well
as for a uniform grading system for cross-sectional, longitudinal or case-control
epidemiological studies. The purpose of this report is to describe a proposed
grading scheme and stimulate researchers to use this system, or modifications
derived from it, that will permit more comparable data collection. In addition, this
classification and grading system may be useful to others using supplemental
techniques of assessing AMD, such as angiography or histology.
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CHAPTER 4

PREVALENCE OF AGE-RELATED MACULOP ATHY IN
THE ROTTERDAM STUDY

The term age-related maculopathy (ARM) is used to label a variety of
abnormalities that are observed in the macular area of elderly persons. The late
stages, characterized by geographic atrophy and neovascular disease, also called
age-related macular degeneration (AMD), are major causes of severe visual
impairment in the elderly in industrialized countries (I). Few detailed populationbased data are available for comparison, however, especially with regard to the
oldest age groups (1-4). The Rotterdam Study is the first European study that
provides population-based data on ARM obtained by the grading of fundus
photographs. This paper presents data on the prevalence of ARM in persons aged
55 years or over.

POPULATION AND METHODS
The Rotterdam Study is a single centre prospective follow-up study of the total
population aged 55 years or over, ofa suburb of Rotterdam, The Netherlands. The
study has been approved by the Medical Ethics Committee of the Erasmus
University, Rotterdam. Rationale and design of the study have been described
elsewhere (5). In brief, the objective of the study is to investigate prevalence,
incidence and determinants of chronic ophthalmological, neurological,
cardiovascular and locomotor diseases. The primary ophthalmological diseases
studied in the Rotterdam Study are ARM and glaucoma. Names and addresses of
the residents were drawn from the municipal register. In random clusters potential
participants were invited by letter, followed by a telephone call to make an
appointment. All participants gave a written informed consent. Baseline data were
obtained in an initial home visit with interview followed by a physical
examination in the field centre. Participants living in elderly homes were
examined at their home.
The ophthalmological examination was performed between March 1990 and
July 1993. During this period, 10191 persons were invited to participate in the
study, of which 67 had died and 350 could not be traced, resulting in 9774
eligibles. Of these 7599 persons (78%) were visited at home and 6781 (69%)
participated in the ophthalmological examination in the field centre (Table I).
History data were obtained during the home visit, among others by asking the
participants if they had visited an ophthalmologist in the past for other reason than
for prescription of glasses.
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Table 1. Age- and gender specific percentage of participation, and of
ophthalmological data of study participants.
Participation percentage (number)

Age
Men

Women

All

Eligible

Interview

Ophthalmological
examination

Geadable fundus
photographs

55-64

1418

82

(1157)

78

(1099)

73

(1033)

65-74

1382

82

(1127)

76

(1054)

71

(977)

75-84

796

72

(573)

63

(505)

57

(456)

85+

191

66

(126)

47

(89)

38

(73)

Total

3787

79

(2983)

73

(2747)

67

(2539)

55-64

1802

85

(1540)

81

(1466)

77

(1391)

65-74

1865

79

(1469)

73

(1354)

69

(1280)

75-84

1505

71

(1063)

59

(894)

52

(788)

85+

815

68

(544)

39

(320)

31

(253)

Total

5987

77

(4616)

67

(4034)

62

(3712)

55-64

3220

84

(2697)

80

(2565)

75

(2424)

65·74

3247

80

(2596)

74

(2408)

70

(2257)

75·84

2301

71

(1636)

61

(1399)

54

(1244)

85+

1006

67

(670)

41

(409)

32

(326)

64

(6251)

Total

9774

78

(7599)

69

(6781)

Ophthalmological examination
All participants were examined and had fundus photographs taken by one of three
investigators. Eyes were dilated with tropicamide 0.5% and phenylephrine 5%.
After an average period of 45 minutes two 35° colour photographs (Kodak
Ektachrome 64 ASA, Topcon TRV-50VT fundus camera) centred on the macular
area were taken of each eye. After photography direct and indirect
ophthalmoscopy was perfonned. From 530 persons, fundus photographs could not
be obtained due to physical inability, techuical failure other reason than for
prescription of glasses, or refusal. In 211 persons photographs were gradable in
one eye only, and in 6040 persons, photographs of both eyes were gradable. As
a result gradable fundus photographs of at least one eye were available from 6251
subjects.
Photographic grading
Photographs were graded using the definitions and grids of the Wisconsin AgeRelated Maculopathy Grading System (WARMGS) (6) by one of three graders.
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All questionable lesions, and all lesions that were classified as geographic atrophy
or neovascular macular degeneration were discussed and adjudicated by two of the
authors. Frequent sessions of simultaneous grading were performed to maintain
reproducibility. The WARMGS grid was adapted to the magnification of the
camera. The slides were examined on a portable stereo viewer with fluorescent
back light (Philips PL-S 9W/84; 4000' K) with 5x magnification. Combined with
a 2.5x magnification of the fundus camera, the total magnification was
approximately 12.5x.
Definitions of age-relaled maculopalhy
In this study, the definitions of the WARMGS were used (6). In brief, drusen and
pigmentary changes without neovascular disease or geographic atrophy were
considered to be signs of early ARM. Neovascular macular degeneration and
geographic atrophy were defined by WARMGS as late ARM and we called these
neovascular and atrophic AMD. The grading of ARM was performed within an
area 3000 JIm from the foveola.
Drusen were graded according to their diameter. Small drusen were defined
as drusen smaller than 63 JIm. Large drusen were defined as all drusen of 63 JIm
or larger. Instead of estimating the area of drusen as has been done in the
WARMGS, we counted the number of drusen. The exact number of small drusen
was counted only in a subset of 5152 participants. The exact number of large
drusen was counted separately, and the size of the predominant drusen was
estimated as 63-124 JIm, 125 I'm or larger. The number of drusen was
subclassified as either none, 1-9, or 10 or more drusen. Retinal pigment epithelial
hypopigmentation was defined as a local area of decreased pigmentation not
classifiable as drusen or atrophic AMD. Increased retinal pigment was defined as
any clump of increased brown, grey or black pigment of 63 JIm or larger.
Atrophic AMD was defined as any well demarcated atrophic area of retinal
pigment epithelium, with visible choroidal vessels, and without the presence of
neovascular AMD. Neovascular AMD was defined as the presence of a serous or
haemorrhagic retinal pigment epithelial detachment and/or a subretinal neovascular
membrane and/or a subretinal haemorrhage, and/or a periretinal fibrous scar.
Lesions that were considered to be the result of generalized vascular disease, such
as diabetic retinopathy or chorioretinitis, or high myopia, trauma, congenital
diseases or photocoagulation for other reasons than for neovascular AMD, were
not included in the definition. A summary of definitions is given in Table 2.

Analysis
The data-analytic approach was as follows. We first analyzed the possible effect
of non-participation in the ophthalmological study, by comparing age, gender and
reason of visiting an ophthalmologist in the past. Differences in age between
participants and non-participants were adjusted by direct standardization. In
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participants of the ophthalmological examination, the possible effect of absent or
ungradable fundus photographs on the prevalence estimate, was analyzed by
comparing fundoscopicaUy· assessed ARM changes.

Table 2. Definitions
Small drusen

Drusen < 63 11m in diameter.
~

Large drusen

Dmsen

Retinal pigment epithelial
hypopigmentation

Area of decreased pigmentation not classifiable as
drusen or atrophic AMD.'

Increased retinal pigment

Clumps of increased brown, grey
pigment, :0: 63 I'm.'

Atrophic AMD

Well demarcated area of RPE atrophy with visible
choroidal vessels.'

Neovascular AMD

Serous or haemorrhagic retinal pigment epithelial
detachment andlor subretinal neovascular
membrane andlor subretinal haemorrhage and/or
periretinal fibrous scar.

•t

63 11m in diameter.

01'

black

The grading of ARM was perfonned within an area 3000 J-ITll from the foveola .
Lesions that were considered to be the result of generalized vascular disease, such as diabetic
retinopathy or chorioretinitis, or high myopia, trauma, congenital diseases or photocoagulation for
other reasons than for neovascular AMD, were not included in the definition.

Equality of means was tested using the I-test. In a substudy the reproducibility
was examined. Inter- and intra observer agreement was tested with the kappa
statistic. When three answers were possible, weighted kappa was used with
weights of 1.0, 0.75 and 0.50.
The prevalence data in persons were based on the eye with the most sever
signs of ARM. If, for example, two eyes of a participant were discrepant with
regard to the number of large drusen, the eye with the largest number of large
drusen was taken. The prevalence of early ARM was computed by 10-year age
groups, and for men and women separately. Changes of the prevalence with age
were tested using regression analysis and expressed in terms of I O-year prevalence
increase with 95% confidence intervals (95%CI). Odds ratios, as an estimate of
relative risk, were calculated by means of logistic regression as a measure of
strength of the association between ARM and gender with adjustment for age.
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RESULTS
Inter- and intra observer agreement was examined in a sample of226 photographs
with an oversampling for lesions (Table 3). The agreement was moderate to good
(7) for most characteristics. Only the agreement of grading the number of small
drusen was fair.
Participants of the Rotterdam Study were younger than those invited but not
taking part (Table 4). Similarly, participants who completed the ophthalmological
examination and fundus photography, were younger than those who did not. Nonparticipants were more likely to be women. In participants of the
ophthalmological examination, prevalence of ophthalmoscopically observed large
drusen and AMD was higher in the group with gradable photographs.
Small drusen were very common in all age groups. The prevalence of small
drusen decreased with age from 83.1 % in persons aged 55-64 to 29.1 % in those
aged 85 years or older (regression analysis -16.8% per 10 year; 95%CI -18.2;15.5). Similarly, the prevalence of 1-9 drusen of 63 - 124 I'm decreased with age
(regression analysis -6.8% per 10 year; 95%CI -7.9;-5.7) (Table 5). All other
subgroups showed a significant increase with age, especially for ten or more
drusen of 125 I'm or larger (regression analysis 2.7% per 10 year, 95%CI 1.82.6). No sex differences were observed for the presence of drusen.
Pigmentary abnormalities were also more frequently observed with increasing
age (Table 6). Regression analysis showed an increase in prevalence of 1.8% for
each 10 years for retinal pigment epithelial hypopigmentation (95%CI 1.2-2.3),
and 3.3% per 10 years for increased retinal pigment (95%CI 2.6-3.9). Both lesions
were more frequently found in men with relative risk 1.6 for retinal pigment
epithelial hypopigmentations (95%CI 1.2-2.0) and 1.5 for increased retinal
pigment respectively (95%CI 1.2-1.9).
AMD was diagnosed in 104 persons (1.7%). The prevalence of atrophic AMD
increased from 0.1 % in subjects of 55-64 years to 3.7% in persons of 85 years or
over (Table 7). In these age groups the prevalence of neovascular AMD was 0.1 %
and 7.4% respectively. No sex differences were observed for these lesions.
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Table 3. Inter- and intraobserver agreement in grading of ARM related changes
Intraobserver agreement
Interohserver
(kappa)
Characteristic

agreement (kappa)

Reader 1

Reader 2

Number of small drusen
(0; 1-9; 10+)

0.43

0.36

0.37

Number of large drusen
(0; 1-9; 10+)

0.55

0.64

0.73

Predominant size large drusen

0.46

0.63

0.64

Retinal pigment epithelial
hypopigmentation

0.48

0.56

0.70

Increased retinal pigment

0.76

0.76

0.64

AMD

0.79

0.72

0.72

(63-125 I'm; ::125 I'm)

Table 4. Comparison ofparticipants and non-participants
Study participants
Nonparticipants Interview Interview / Interview /
only
ophth.exam ophth.exam.!
fundus photo
Number

2175

Age (years)t

818

73.5 (0.2) 78.2 (0.3)

530
73.5 (0.5)

p

6251
68.9 (0.1) < O.oI

64.8

59.1

59.7

0.Q3

40.1

42.5

41.3

0.71

large
drusen (%)

3.6

7.5

O.oI

AMD (%)

1.3

2.4

0.09

Gender (% women)

63.0

Visit ophthalmologistl
(%)
Ophthalmoscopy

.. Eligible to the study but not taking part

t Values are means with standard error within parentheses
:j: History of visit to ophthalmologist in the past for other reason than prescription of glasses
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Table 5. Age-specific prevalence (%) of large drusen within 3000 I'm from the
fovea of the worst eye, subclassified for size and number.
Size and number of predominant large dmsen
Age

125 I'm or larger

63 I'm - 124 I'm

Total

1-9

10+

1-9

10+

1-9

10+

55-64

33.0

2.7

4.6

0.5

37.6

3.2

65-74

37.2

6.0

6.9

1.4

44.1

7.3

75-84

31.5

9.5

10.1

4.8

41.6

14.4

85+

25.6

8.8

11.4

6.8

37.0

15.6

Total

33.9

5.5

6.8

2.0

40.7

7.5

Table 6. Age-specific prevalence (%) of pigmentGlY abnormalities in the worst
eye.
Age (yr)

Retinal pigment
epithelial
hypopigmentation
Men Women

All

Increased retinal
pigment
Men Women

All

Total pigmentary

abnormalities
Men Women

All

55-64

4.5

2.7

3.5

4.1

3.4

3.7

5.7

4.0

4.8

65-74

4.8

3.3

4.0

7.2

3.7

5.2

9.0

4.7

6.5

75-84

8.1

5.0

6.1

10.3

8.7

9.3

12.5

9.8

10.8

85+

10.3

8.6

9.0

20.6

13.8

15.3

23.5

15.5

17.3

Total

5.4

3.8

4.4

6.8

5.2

5.9

8.7

6.2

7.2

Table 7. Age- and gender specific prevalence (%) of atrophic AMD and
neovascular AMD in participants of the Rotterdam Study.
Age (yr)

Atrophic AMD

Men Women

All

Neovascular AMD
Men Women

All

Total AMD
Men Women

All

55-64

0.2

0.0

0.1

0.1

0.1

0.1

0.3

0.1

0.2

65-74

0.6

0.2

0.4

0.3

0.5

0.4

0.9

0.6

0.8

75-84

1.1

1.4

1.3

2.4

2.4

2.4

3.5

3.8

3.7

85+

2.7

4.0

3.7

6.8

7.5

7.4

9.6

11.5

11.0

Total

0.6

0.6

0.6

0.8

1.2

1.1

1.4

1.9

1.7
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DISCUSSION
In this study we examined the prevalence of ARM in an elderly population in the
Netherlands. The findings can be used for comparison with other populations but
only after some methodological issues have been mentioned. The effect of
nonresponse on our findings has to be considered because it is likely that
nonresponse is related to disease. Persons without gradable fundus photographs
had a lower prevalence of large drusen and AMD, according to the fundoscopic
examination, which could have led to an overestimation of the prevalence of
ARM. This could, however, also be due to increased media opacities in this
group. The frequency of visiting an ophthalmologist for other reason than for
glasses was not different in participants with and without ophthalmological
examination, suggesting that a selection with regard to disease did not occur. In
the oldest age-category, the percentage of people in whom gradable fundus
photographs could be obtained was small. Therefore the estimates in this group
need to be interpreted with caution. In this study the photographs were
monoscopic which could have resulted in an underestimation of the prevalence of
AMD, by missing subtle pigment epithelial detachments. In addition, the
availability and quality of photographs declined with age due to the increasing
prevalence of media opacities and physical impairment of the participants. As a
result, subtle macular changes become less visible with increasing age. The
inverse relation between small drusen and age could have resulted from this
problem. Likewise, other changes like small clumps of retinal pigment and small
areas of atrophy could haye been underestimated in the older age-groups.
Comparison with other population-based studies, notably of AMD, is best
possible with the Chesapeake Bay Study and the Beaver Dam Eye Study (2,4).
Both studies used similar methods of case-ascertainment and assessment of the
prevalence of ARM. Other studies used different methods which makes
comparison more difficult (1,3). We made no attempt to define early ARM as a
bounded entity because the criteria for such a definition are still very arbitrary.
For comparison, the separate abnormalities are used. With respect to the early
stages of ARM, the prevalence of any drusen of 63 I'm or larger is higher in the
present study than in Chesapeake Bay and Beaver Dam. Small differences in
grading and photographic techniques, particularly camera magnification and
adaptation of the grid, could have caused the discrepancy, although a real
difference may also be present. Assuming that the methodology is responsible for
the difference, any dnlsen of 12S I'm or larger would be a more appropriate,
although still arbitrary, cutoff point for large drusen in this study. The prevalence
of increased retinal pigment in men was similar to that in Chesapeake Bay but
approximately three times lower than in Beaver Dam. The reason for this is not
clear. Our obsen'ation that increased retinal pigment is more common in men was
observed in Beaver Dam only in subjects below 6S years. In people older than 7S
years of age, the Beaver Dam Eye Study reported a higher risk for women to
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have pigmentary changes.
In Figure I, a comparison is made between the age-specific prevalence of
AMD in the Rotterdam Study, and two population-based studies conducted in the
USA (2,4) The estimates from Framingham are not included since they concerned
neovascular AMD only. The present study shows the lowest estimates. It is
conceivable that a part of the difference may have resulted from the use of non
stereoscopic photographs in the present study. A real difference must be also be
considered however. The excess risk of neovascular AMD in women aged 75-84
years that was reported in the Beaver Dam Eye Study (4) and the Framingham
Eye Study (I), was not observed in the present study.
In conclusion, the results of this study suggest that age-related maculopathy
may be less common in this European population than in similar populations in
the USA.
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Figure 1. Comparison of the prevalence of age-related macular degeneralion
(atrophic or neovascular) in population-based studies.

49

Prevalence oj age-related maculopathy
REFERENCES

I.

2.

3.

4.
5.

6.
7.

50

Leibowitz H, Kmeger DE, Maunder LR, Milton RC, Kini MM, Kahn HA,
Nickerson RJ, Pool J, Colton TL, Ganley JP, Loewenstein JI, Dawber TR.
The Framingham Eye Study Monograph: an ophthalmological and
epidemiological study of cataract, glaucoma, diabetic retinopathy, macular
degeneration, and visual acuity in a general population of 2631 adults, 19731977. Surv Ophthalmol 1980;24:335-610.
Bressler NM, Bressler SB, West SK, Fine SL, Taylor HR. The grading and
prevalence of macular degeneration in Chesapeake Bay watermen. Arch
Ophthalmol 1989;107:847-52.
Vinding T. Age-related macular degeneration. Macular changes, prevalence
and sex ratio. An epidemiological study of 1000 aged individuals. Acta
Ophthalmol 1989;67:609-16.
Klein R, Klein BEK, Linton KLP. Prevalence of age-related maculopathy.
The Beaver Dam Eye Study. Ophthalmol 1992;99:933-43.
Hofman A, Grobbee DE, Jong PTVM de, Ouweland FA van dell.
Determinants of dise,se and disability in the elderly: the Rotterdam Elderly
Study. Eur J Epidemiol 1991;7:403-22.
Klein R, Davis MD, Magli YL, Klein BEK. The Wisconsin Age-Related
Maculopathy Grading System. Ophthalmology 1991;98:1128-34.
Altman DG. Practical statistics for medical research, 1st ed. London:
Chapman & Hall, 1993:404-5.

CHAPTER 5

ATHEROSCLEROSIS IS ASSOCIATED WITH
AGE-RELATED MACULAR DEGENERATION

Age-related macular degeneration is the most frequent cause of severe irreversible
visual impairment in the elderly in industrialized countries (1-4). It affects the
macula lutea of the retina resuIting in a central scotoma in the visual field in the
late stages. The etiology of the disease is poorly understood. A vascular basis of
macular degeneration was first suggested by Verhoeff and coworkers (5) and
subsequently by others (6,7). This hypothesis, however, was never confirmed.
With the availability of recent non-invasive techniques to assess vessel wall
characteristics, it is possible to explore whether atherosclerosis plays a role in the
pathogenesis of macular degeneration in populations at large. In the present study
we evaluated the association between non-invasively assessed carotid
atherosclerosis, lower extremity arterial disease and macular degeneration in the
population-based Rotterdam Study.

MATERIALS AND METHODS
The Rotterdam Study is a single centre prospective follow-up study of the total
popUlation aged 55 years and over, of a city district in Rotterdam, The
Netherlands. The study has been approved by the Medical Ethics Committee of
the Erasmus University, Rotterdam. Rationale and design of the study have been
described elsewhere (8). In brief, the objective of the study is to investigate
prevalence, incidence and determinants of chronic ophthalmological, neurological,
cardiovascular and locomotor diseases. Ophthalmological diseases studied in the
Rotterdam Study are age-related maculopathy and glaucoma. Of the eligible
10275 subjects, 7983 (78%) participated in the study. All participants gave a
written informed consent. Baseline data were obtained in an initial home visit
with interview followed by a physical examination in the field centre. Participants
living in homes for the elderly were examined at their home. The present study
included data of all study participants with macular degeneration (104 cases) and
the first 1324 participants without macular degeneration of whom ultrasonography
data were evaluated.
Eyes were dilated with tropicamide 0.5% and phenylephrine 5%. After, on
average, 45 minutes two 35' colour transparencies (Kodak Ektachrome 64 ASA,
Topcon TRV-50VT fundus camera) centred on the macular area were taken of
each eye. Photographs were graded using the definitions and grids of the
Wisconsin Age-Related Maculopathy Grading System (9) by three trained graders.
The graders were blinded for the resuits of other measurements. Gradable fundus
photographs of at least one eye could be obtained in 6251 participants (82%).
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Macular degeneration was diagnosed if either geographic atrophy or
neovascular macular degeneration was present in at least one eye. Geographic
atrophy was defined as any well demarcated area of retinal pigment epithelium
(RPE) atrophy with visible choroidal vessels without the presence of neovascular
macular degeneration. Neovascular macular degeneration, was defined as the
presence of serous or haemorrhagic retinal pigment epithelial detachments,
periretinal haemorrhages, subretinalneovascular membranes or subretinal fibrous
scars in the absence of generalized retinal vasculopathy. The reproducibility ofthe
grading of macular degeneration was good (10).
Ultrasonography of both carotid arteries was performed using a 7.S-MHz
linear-array transducer and a duplex scanner (ATL UltraMark IV, Advanced
Technology Laboratories, Bethel, Washington, USA) (II). According to the
Rotterdam Study ultrasound protocol, a careful search was performed for the
lumen-intima interface and media-adventitia interface of the far wall of the distal
common carotid artery (12,13). When an optimal image was obtained, it was
'frozen' on the R wave of the electrocardiogram and stored on videotape. This
procedure was repeated three times for both sides. Subsequently the common
carotid artery and carotid bifurcation were evaluated on-line for the presence of
atherosclerotic lesions, defined as focal widening relative to adjacent segments,
with protmsion into the lumen. The entire ultrasound procedure was stored on
videotape. Measurement of the intima-media thickness was performed off-line, as
described in detail previously (14,15). The presence of atherosclerotic plaques in
the common carotid artery and in the carotid bifurcation was assessed from stored
images on videotape. The validity and reproducibility of carotid atherosclerosis
measurements have been described by Wong and co-workers and Bots and coworkers respectively, indicating good validity and reproducibility (16,17).
Atherosclerosis in the arteries of the lower extremities was studied by the ratio of
the systolic blood pressure at the ankle to the systolic blood pressure at the arm
(11). The systolic blood pressure level of the posterior tibial artery was measured
at both sides using an 8-MHz continuous wave doppler probe (Huntleigh 500 D,
Huntleigh Technology, Bedfordshire, UK) and a random-zero
sphygmomanometer. For each leg the ankle-arm index was calculated, the lowest
index was used in the analysis (11,18,19). In conformity with criteria proposed
by Fowkes and coworkers (19), and by Schroll and Munck (20), an ankle-arm
index less than 0.90 on at least one side was used to select a group with a high
probability of having lower extremity arterial disease. The ankle-arm index
reflects atherosclerosis of the arteries of the lower extremities and is a strong
predictor of future atherosclerotic cardiovascular disease (21,22).
During two visits at the research centre several cardiovascular risk factors
were measured. Sitting blood pressure was measured at the right upper arm using
a random-zero sphygmomanometer. The average of two measurements obtained
at one occasion, separated by a count of pulse rate, was used in the analysis.
Hypertension was defined as a systolic blood pressure level of 160 mmHg or over
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and/or a diastolic blood pressure level of 95 mmHg or over and/or current use of
antihypertensive drugs for the indication of hypertension.
A venipuncture was performed, applying minimal stasis, using a 21 gauge
Butterfly needle with tube (Surflo winged infusion set, Terumo, Belgium). Serum
total cholesterol was determined by means of an automated enzymatic procedure
(23). High density lipoprotein (HDL) cholesterol was measured similarly, after
precipitation of the non HDL fraction with phosphotungstate-magnesium.
The prevalences of characteristics in subjects with and without macular
degeneration and differences between these groups were calculated with
adjustment for age and gender using logistic regression analysis. Continuous
variables were adjusted for age and gender using analysis of covariance. Age was
entered in the model as a continuous variable. The prevalence odds ratio of
macular degeneration according to presence or absence of atherosclerosis was
estimated by logistic regression analysis with adjustment for age and gender, and
corresponding 95 percent confidence intervals (95%CI) were calculated. To assess
whether the magnitude of the associations was modified by age, the analyses were
initially performed in four IO-year age strata with adjustment for confounding by
age within these strata. Age strata within which the directions of the associations
were similar, were grouped into one age category to obtain sufficient numbers of
cases. This strategy resulted in two age strata of 55-84 years and 85 years and
over, respectively.

RESULTS
Macular ':egeneration was diagnosed in 104 participants of the Rotterdam Study
(1.7% 95','(. CI 1.3-2.0). The prevalence of macular degeneration was
1.1 % (68 ~ases) in those below 85 years (95% CI 0.9-1.4), and 11.0% (36 cases)
in subjects aged 85 years and over (95% CI 7.6-14.4). Age and gender specific
data on the prevalence of macular degeneration in the Rotterdam Study are shown
in table I (10). Data on atherosclerosis were available from 96 subjects with
macular degeneration. General characteristics of the study population and in
subjects with and without macular degeneration are shown in table 2. Subjects
with macular degeneration were older and more likely to be current smokers.
Diastolic blood pressure was marginally higher in cases with macular
degeneration, other cardiovascular risk factors were not significantly different.
In table 3 age- and gender-adjusted indicators of atherosclerosis according to
presence <:1' absence of macular degeneration are given. Plaques in the carotid
bifurcatior. and common carotid mtery were more frequently observed in subjects
with macular de.generation than in controls. No differences were observed in
intima-media thickness of the common carotid artery in the total group or within
the two age-categories. Subjects with macular degeneration had a lower mean
ankle-arm index and presented more frequently with lower extremity arterial
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disease than controls.
Table 4 shows the associations between indicators of atherosclerosis and
macular degeneration. Plaques in the carotid bifurcation were associated with a
4.5 times increased prevalence odds of macular degeneration (95% CI 1.9-10.7).
Subjects with plaques in the common carotid artery and those with lower
extremity arterial disease had a 2.0 times increased prevalence odds of

Table 1. Age and gender specific prevalence (number) of atrophiC and
neovascular AMD in the Ro/lerdam Study.
Macular degeneration
Age (yr)
Atrophic
Neovascular
All
Men
Women
All

54

55-84

0.5

(13)

0.6

(15)

1.1

(28)

85+

2.7

(2)

6.8

(5)

9.6

(7)

55-84

0.4

(13)

0.8

(27)

1.2

(40)

85+

4.0

(10)

7.5

(19)

11.5

(29)

55-84

0.4

(26)

0.7

(42)

1.1

(68)

85+

3.6

(12)

7.4

(24)

11.0

(36)
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Table 2. General characteristics of the study population •
Macular degeneration

Present

Absent (N-1324)

pt

(N~96)

Age (years)

< om

81.2 (0.8)

70.3 (0.2)

62

63

0.88

26.5 (0.4)

26.7 (0.1)

0.61

current (%)

30

20

0.01

former (%)

39

40

0.83

never (%)

31

40

0.04

Systolic blood pressure (mmHg)

135.8 (2.2)

137.9 (0.5)

0.32

Diastolic blood pressure (mmHg)
Hypel1ensionl (%)

73.5 (1.2)

71.1 (0.3)

0.07

30

33

0.47

Total cholesterol (mm01l1)

6.5 (0.1)

6.6 (0.3)

0.29

HDL cholesterol (mmolll)

1.4 (0.04)

1.3 (0.01)

0.16

Gender (women %)
Body mass index (kg/m')
Cigarette smoking

•
t

t

Values are means with standard deviation in parentheses or percentages, adjusted for age and, when
appropriate, for gender.
P value for the difference between subjects with and without macular degeneration, adjusted for age
and gender.
Systolic blood pressure> 160 mmHg andlor diastolic blood pressure> 95 mmHg and/or current use
of antihypertensive drugs for the indication of hypertension.
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Table 3. Indicators of atherosclerosis in subjects with and without macular
degeneration .•
Macular degeneration

pI

Present

Absent

Plaques in carotid bifurcation (%)

87

59

0.0004

Plaques in conunon carotid artery (%)

30

18

0.005

Carotid intima-media thickness (mm)

1.01 (3.3)

1.03 (0.8)

0.62

0.99 (0_02)

1.07 (0.01)

0.01

26

15

Carotid arteries

Lower extremities
Ankle-arm index
Lower extremity arterial disease (%)

0.006

Values are means with standard errors ill parentheses or percentages, adjusted for age and gender.
P value for the difference between groups, adjusted for age and gender.

t

Table 4. Prevalence odds ratio of macular degeneration according to Indicators
of atherosclerosis In two age groups .•
Prevalence odds ratio (95%CI) of the presence

of macular degeneration
55 - 84 years

85 years and
over

Total

Carotid bifurcation

4.7 (1.8-12.2)

3.5 (0.4-32.9)

4.5 (1.9-10.7)

Common carotid artery

2.5 (1.4-4.5)

0.9 (0.4-2.3)

2.0 (1.2-3.2)

Lower extremity arterial

2.5 (1.4-4.5)

1.1 (0.5-2.6)

2.0 (1.2-3.2)

Plaques in carotid arteries

diseaset

t
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Adjusted for age and gender.
Ankle-ann Index less than 0.90 on at least one side,
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macular degeneration (95% CI 1.2-3.2). The associations were notably present in
subjects younger than 85 years. In persons aged 85 years and over, only those
with plaques in the carotid bifurcation appeared to have an increased risk, but this
was not statistically significant.
All observed associations were similar in men and women, and for atrophic
and neovascular macular degeneration. Additional analyses with adjustment for
the possible confounding effect of smoking, hypertension and cholesterol, did not
change the magnitude of the associations.

DISCUSSION
These findings suggest that macular degeneration may be associated with
atherosclerosis in an older population. This association appears particularly
pronounced in subjects between 55 and 85 years of age. Before we accept these
findings some methodological issues have to be discussed. First, caution is needed
regarding a causal interpretation of the results. The data were obtained in a crosssectional study and indicators of atherosclerosis and macular degeneration were
measured simultaneously. Yet, it seems highly unlikely that macular degeneration
leads to atherosclerosis rather than the reverse. Second, non-participation may
have affected our findings. The response rate in the Rotterdam Study is relatively
high; still, non-responders to the study are likely to have more disease, which
could have resulted in an underestimation of the prevalence of both macular
degeneration and atherosclerosis. We consider it unlikely, however, that the
association between the two is due to non-response.
Previous studies have reported contradictory results on the association between
a history of cardiovascular disease and macular degeneration as an approximation
of atherosclerosis, some showing positive associations (24-26) and others not (2730). In one study hypertension as determined 25 years before eye examination was
associated with macular degeneration (31 ).Other studies used blood pressure levels
taken at the time of eye examination and observed a positive association with
increased systolic blood pressure (30,32), though not uniformly (29). Increased
total serum-cholesterol was associated with an increased risk of neovascular
macular degeneration in a one study (30), but could not be confirmed in another
(29). The assessment of atherosclerosis directly with non-invasive techniques in
our study may have resulted in more specific data.
It is conceivable that atherosclerosis plays a direct role in the development of
macular degeneration by affecting the flow and permeability of choroidal vessels.
A prolonged filling of the choroidal capillaries has been described in patients with
macular degeneration (33). This phenomenon can be explained by thickening of
Bruch's membrane, but also by a decreased perfhsion of the choroidal capillaries
(33). In histological studies of macular degeneration, choroidal capillaries show
a decreased density (34) and thickening of the intercapillary pillars (34-36), but
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the etiology of these changes is unclear. There is evidence that the choroidal
capillaries are regulated by the retinal pigment epithelium (37,38). Decreased
functioning of the retinal pigment epithelium, which is seen in macular
degeneration, could therefore cause atrophy of the choroidal capillaries. Light
exposure was suggested to be a factor in the pathogenesis of macular degeneration
(40,41) since it has a damaging effect on photoreceptors and retinal pigment
epithelium (42,43). In epidemiologic studies, however, the relation between light
exposure and macular degeneration is weak (24,30,44,45).
Alternatively, there may also be a systemic basis for the capillary alterations
which in turn causes damage to the retinal pigment epithelium (34). Possibly,
these capillary changes are caused by atherosclerosis. The exact mechanism
remains to be clarified, however.
The association could have occurred indirectly through a risk factor involved
in the pathogenesis of both atherosclerosis and macular degeneration. However,
adjustments for such possibly shared risk factors, such as smoking, hypertension
and cholesterol, did not alter the magnitude of the association. A deficiency of
anti-oxidants could be an interesting candidate as a shared risk factor since this
has been reported to be involved in both atherosclerosis (39) and macular
degeneration (30).
Indicators of atherosclerosis measured in the Rotterdam Study were associated
with macular degeneration only below age 85 years. One explanation for the
modifYing effect of age could be a higher mortality among subjects with macular
degeneratlon and atherosclerosis as compared to those with atherosclerosis alone.
We did not find an increased intima-media thickness of the common carotid artery
in cases with macular degeneration. Carotid plaques are an indicator of more
advanced atherosclerotic process compared to common carotid intima-media
thickness, which represents an earlier sign of atherosclerosis. The association with
macular degeneration may therefore differ.
In conclusion, these results suggest that atherosclerosis may be implicated in
the etiology of macular degeneration. Further studies must reveal whether the
association is based on a direct causal effect or on shared risk factors.
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CHAPTER 6

SMOKING AND AGE-RELATED MACULAR
DEGENERATION
Age-related macular degeneration is the most common cause of severe irreversible
visual impairment in elderly people (I). It affects the macula lutea of the retina
resulting in a central scotoma in the visual field. The etiology of the disease is
poorly understood. An increased risk of macular degeneration in smokers was first
suggested by Hyman et al. (2) and confirmed in some other studies (3-5),
although not uniformly (6,7). It has been proposed that the association is
particularly present in neovascular macular degeneration (5).
In this paper the relation between smoking status and quantity, and type of
macular degeneration is explored in data of the population based Rotterdam Study
in which, besides an extensive ophthalmological examination, current and past
smoking habits were assessed by interview in 6825 participants.

METHODS
The Rotterdam Study is a single centre prospective follow-up study of the total
population aged 55 years and over, of the city district of Ommoord, Rotterdam,
The Netherlands. The study has been approved by the Medical Ethics Committee
of Erasmus University. Rationale and design of the study have been described
elsewhere (8). In brief, the objective of the study is to investigate prevalence,
incidence and determinants of chronic ophthalmological, neurological,
cardiovascular and locomotor diseases. Eligible were 10275 subjects, of whom
7983 (78%) participated in the study. All participants gave a written informed
consent. Baseline data were obtained in a home visit with interview followed by
a physical examination in the field centre. Participants living in elderly homes
were examined at their home. In the first 357 participants no ophthalmological
examination was performed. In the present study we included data of all 7626
participants who were examined between March 1990 and the end of the baseline
study in July 1993. Of the 7626 participants, 6825 (88%) participated in the
ophthalmological examination.
Eyes were dilated with tropicamide 0.5% and phenylephrine 5%. After an
average period of 45 minutes two 35' colour photographs (Kodak Ektachrome 64
ASA, Topcon TRV-50VT fundus camera) centred on the macular area were taken
of each eye. Photographs were graded using the definitions and grids of the
Wisconsin Age-Related Maculopathy Grading System (WARMGS)(9) by one of
three graders. Macular degeneration was diagnosed if either atrophic or
neovascular macular degeneration was present in at least one eye. Atrophic
macular degeneration, or geographic atrophy, was defined as any well demarcated
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area of retinal pigment epithelium atrophy with visible choroidal vessels without
the presence of neovascular macular degeneration. Neovascular macular
degeneration was defined as the presence of serous or haemorrhagic retinal
pigmentepithelial detachments, choroidal neovascular membranes or subretinal
fibrous scars. Lesions that we considered to be the consequence of photocoagulation, chorioretinitis, trauma and congenital diseases were not included in the
grading.
During an interview cigarette smoking (never, former, current) was
determined. Former and current smokers were asked for age at first smoking,
number of years of smoking and number of cigarettes smoked per day. Pack-years
were calculated as the number of years smoked times the number of cigarettes
smoked per day divided by 20. The time since quitting smoking was estimated as
current age minus age of first smoking plus years of smoking.
Atherosclerosis in the arteries of the lower extremities was studied by the ratio
of the systolic blood pressure at the ankle to the systolic blood pressure at the
arm. The ankle-arm index was calculated for each leg, the lowest index was used
in the analysis (9- II) According to the criteria proposed by Fowkes et al. (II),
and by Schroll and Munck (12), an ankle-arm index lower than 0.90 on at least
one side was used to select a group with a high probability of having lower
extremity atherosclerosis.
The study included 6251 persons in whom fundus photographs for one or both
eyes were grad able. Data for smoking behaviour (never, former, current) and
pack-years were available for 6174 (99%) and 5929 (96%) participants,
respectively. The relation between smoking characteristics and macular
degeneration was analyzed using multiple logistic regression analysis. Odds ratios
with 95 percent confidence intervals (95% CI) were calculated to assess the
relative risk of macular degeneration, with the presence of macular degeneration
as dependent variable and smoking characteristics as independent variables,
adjusted for age and gender. The reference group was formed by those who had
never smoked (n~2356). The number of pack-years and the number of years since
quitting smoking were divided into subgroups with boundaries at ten years
intervals.

RESULTS
In 104 persons (1.7%) macular degeneration was present, the prevalence increased
from 1.1 percent below 85 years, to 11.0 percent in subjects aged 85 years and
over. The average age of cases was 80.2 years with an age range of 57.8 to 96.5
years.
Former and current smokers younger than 85 years of age, had a two and four
times higher risk of macular degeneration respectively, than those who had never
smoked (Table I). This a3sociation was not present in persons aged 85 years and
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over. In the younger age group, current and fonner smoking was particularly
associated with neovascular macular degeneration (Table 2). Atrophic macular
degeneration appeared not to be associated with former smoking (Table 2). A
strong increased risk of neovascular macular degeneration was present in persons
who had smoked 10 or more pack-years (Table 3). To assess the possible
mediating role of atherosclerosis, ankle arm systolic blood pressure index was
entered as a covariate in the logistic regression model. This did not change the
relation between smoking and macular degeneration (Table 3). A strong increased
risk of neovascular macular degeneration was present in current smokers, and
fonner smokers who stopped less then 20 years before eye examination (Table 4).

Table 1. Smoking status and macular degeneration in two age strata.
55

Smoking

~

Macular
degeneration
(Number)

Macular
Relative risk'

degeneration

(Number)

(95% el)

Relative
risk'

Number

68

5797

Never

20

2118

1.0'

Fonner

27

2427

2.0 (1.0'3.7)

Current

21

1252

4.0 (2.0-7.8)

Macular
degeneration
(Number)

(95% el)

Present Absent

Present Absent

All ages

85 years and over

84 years

33

276

25

193

7

Relative
risk'
(95% el)

Present Absent
101

6073

1.0'

45

23ll

1.0'

61

1.0 (0.4·2.5)

34

2488

1.6 (0.9·2.6)

22

0.4 (0.1-3.2)

22

1274

2.6 (1.5-4.8)

• adjusted for age and gender

t reference

Table 2. Smoking status and risk of macular degeneration, by type of macular
degeneration in persons younger than 85 years.
Atrophic macular degeneration
Smoking
Present

Absent

Number

26

5797

Never

10

2118

Former

9

Current

7

t

64

Relative risk'
(95% CI)

Neovascular macular degeneration

Present

Absent

Relative risk(95% CI)

42

5797

1.0t

10

2118

1.0t

2427

0.9 (0.3-2.5)

18

2427

3.2 (1.4-7.4)

1252

1.9 (0.7-5.4)

14

1252

6.6 (2.8-15.9)

adjusted for age and gender
reference
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Table 3. Number ofpack-years and risk ofneovascular macular degeneration in
persons younger than 85 years.
Pack-years

Neovascular macular
degeneration
Present

5582

10

2129

1-9

5

10- 19
20 - 29

Never smoked

30 or more

•

t
I

Relative risk t
(95% CI)

Absent

42

Number

Relative risk'
(95% CI)

1.01

1.01

902

2.1 (0.7-6.2)

2.6 (0.8-8.2)

8

609

7.1 (2.6-19.0)

9.1 (3.2-25.9)

7

569

8.6 (3.0-24.8)

9.9 (3.5-32.6)

12

1373

5.7 (2.2-14.5)

4.7 (1.8-14.6)

adjusted for age and gender
adjusted for age, gender and ankle-arm systolic blood pressure index
reference

Table 4. Smoking and risk of neovascular macular degeneration in persons
younger than 85 years.
Years since cessation

Neovascular macular
degeneration
Present

Number

5550

10

2118

1.0t

20 years or more

4

1049

1.5 (0.4-4.9)

10 - 19 years

5

606

4.2 (1.3-13.3)

1 - 9 years

8

525

7.2 (2.7-19.4)

14

1252

6.5 (2.7-15.6)

Current smoking

•

Absent

41

Never smoked

t

Relative risk'
(95% CI)

adjusted for age and gender
reference
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COMMENT
In this study current and former smoking was associated with an increased risk
of neovascular macular degeneration. The excess risk was present in persons
younger than 85 years of age and remained present up to 20 years after quitting,
independent of the presence of atherosclerosis. Our data are consistent with
previous publications on this issue (2-5), and confirm the observation of Klein et
al. that the association is particularly present for neovascular macular degeneration
(5). The relation between the length of the period since smoking cessation and
neovascular macular degeneration has not been reported before.
Before we accept these findings some methodological issues have to be
addressed. Smoking behaviour was assessed by interview and differential
misclassification could have occurred if cases were more likely to remember
smoking habits than controls. We have, however, no reason to believe that this is
the case.
The calculation of the period since the last cigarette was based on the
assumption that during the period of smoking, no large stopping periods had
occurred. Occasionally this could have led to an overestimation of the smoking
period and, as a result, an underestimation of the period since quitting. The
observation that the effect of smoking appears to diminish after 20 years cessation
may therefore be underestimated.
The etiology of the association is still unclear, but several mechanisms could
playa part. It is plausible that, by reducing serum antioxidants (13-16), smoking
has a lowering effect on retinal antioxidants. These are present in the retina to
protect it against oxygen radicals formed during light exposure (17,18). Recently,
low serum antioxidant levels were repo11ed in cases with neovascular macular
degeneration, independent of smoking (4). Several other pathways could be
involved in the association, including alteration of the choroidal blood flow (20).
We studied the possibility of atherosclerosis as an intermediate. The ankle arm
index adjusted analysis suggests smoking to be an independent risk factor of
macular degeneration. However, this reflects an indicator of relatively advanced
generalized atherosclerosis and more moderate localized atherosclerosis may still
be involved.
In conclusion this study adds to the evidence that smoking is a risk factor of
neovascular age-related macular degeneration. The mechanism remains to be
elucidated but our results tentatively suggest the association to be independent of
atherosclerosis.
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CHAPTER 7

IS AGE-RELATED MACULAR DEGENERATION
ASSOCIATED WITH EARLY MENOPAUSE?
Age-related macular degeneration is a major cause of blindness in the elderly. The
disease affects the macula lutea and results in a central scotoma in the visual field.
The aetiology of the disease is poorly understood, and treatment is only successful
in a minority of cases.
Recent findings of an association between use of postmenopausal exogenous
oestrogens and a lower risk of macular degeneration suggest a role for oestrogens
in the pathogenesis of the disease (I). We addressed this issue by hypothesizing
a higher risk of macular degeneration in women with early menopause.

METHODS AND RESULTS
Data were obtained from the Rotterdam Study (2). All residents aged 55 year and
over, of the suburb of Ommoord, Rotterdam, The Netherlands, were invited for
the study. The response rate among women was 78% (N~4616). Macular
degeneration was scored present if either atrophic or neovascular age-related
macular degeneration was visible on colour fundus transparencies. Age and type
of menopause was self-reported, and checked by a study physician. The cause of
menopause was classified as natural, hysterectomy, oophorectomy and/or
hysterectomy without respect to the number of ovaries removed, radiation therapy,
or the use of drugs. For 3680 women (80%) gradable fundus photographs of at
least one eye, and complete menopause data were available. Macular degeneration
was present in 59 women (1.6%). Each case was matched with five controls
without macular degeneration in the same one-year age group, resulting in 295
controls. Relative risks with 95% confidence intervals were calculated using
conditional logistic regression analysis.
The table shows the relative risk of macular degeneration according to age and
type of menopause. No significant excess risk was found for early spontaneous
menopause and early hysterectomy. Women with early menopause after an
operation with removal of one or both ovaries had a significantly increased risk
of macular degeneration compared to women who had their menopause at 45
years or later (relative risk 3.8; 95% confidence interval 1.1-12.6). Of 16 women
who had menopause by oophorectomy at 45 years or later, none had macular
degeneration. This indicates a significant excess risk of early compared to late
menopause by oophorectomy (exact lower 95% confidence limit 1.7).
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Relative risk of macular degeneration by type of menopause.
Macular
degeneration

Absent Present

RR'

95%CI'

Menopause 2: 45 years

253

45

1.0

reference

Menopause < 45 years

42

14

1.9

(1.0 - 3.8)

30

6

1.2

(0.5 - 3.3)

2.1

(0.2 - 24.9)

5

3.8

(1.1 - 12.6)

Irradiation

2

4.2

(0.6 - 30.2)

Other

0

Spontaneous

Surgical

•

t
I

§

Hysterectomy only

4

Uni- or bilateral oophorectomy'

6

RR = relative risk, adjusted for age,
95%CI = 95 percent confidence interval.
Ooph~rectomy with or without hysterectomy.
One women reported early cessation of menses after usage of drugs. The relative risk was not
calculated because of the small numbers.

DISCUSSION
Our findings suggest that early artificial menopause increases the risk of macular
degeneration and are compatible with the view that oestrogens playa role in the
pathogenesis of the disease (I).
The association between early artificial menopause and macular degeneration
may be related to an early marked decline of oestrogen production or,
alternatively, to factors related to the operation or irradiation. The absence of an
increased risk of macular degeneration associated with oophorectomy at 45 years
or later speaks against the latter and favours an association with the arrest of
oestrogen production. Combining uni- and bilateral oophorectomy may have
resulted in an underestimation of this effect. No association with early
spontaneous menopause Vias obs~rved. The mean age of early spontaneous
menopause was similar to mean age of early medically induced menopause.
Possibly, the ab,ence of the efftct is due to a gradual decline of oestrogen
production in natural menopause. Furthermore, the results may be affected by
misclassification since women tend to underestimate the age of spontaneous
cessation of the menses.
The mechanism of the association is unknown. Previous studies suggested that
surgical menopause with removal of both ovaries increases the risk of
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cardiovascular disease and atherosclerosis (3-5). Possibly, similar factors are
underlying the development of macular degeneration.
Confirmation of our findings in larger studies is awaited.
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GENERAL DISCUSSION

In this thesis several studies on frequency and risk factors of ARM are described.
This chapter will focus on the methodology, main outcomes and clinical relevance
of these studies. Finally, suggestions will be given for future research.

METHODOLOGICAL ISSUES
Study design
The studies described in this thesis are based on the baseline data of the
Rotterdam Study. The baseline study was cross-sectional and it therefore provides
information about the frequency and characteristics of a disease in a certain
population at a specified time. This design is suitable for a study of the
prevalence of ARM.
The study of risk factors for a disease in cross-sectional data is hampered by
the fact that both the risk factor and the disease are assessed at the same point in
time. The observed associations often raise the dilemma whether the exposure
preceded, or resulted from the disease. The cross-sectional design is therefore
useful suggesting the presence of an association. However, it can also provide
evidence of a causal association for several factors that remain unaltered during
life, or f(J! those that are likely to be present long before the disease occurred.
The risk factors that are studied in this thesis are likely to have preceded the
disease. Atherosclerosis, for example, is a slowly cumulative process that is
present several years before AMD becomes manifests. This situation is similar for
smoking and menopause. In a temporal sense, it is therefore conceivable that there
is a causal relationship between these risk factors and AMD.
Accuracy
Several sources of error that could influence the results need to be considered.
The main problem in a prevalence is non-participation. It is likely that nonparticipants to the study has influenced the prevalence estimates. Probably an
underestimation of the true prevalence of ARM in this population has occurred
since non·participants are more likely to be diseased.
Whether non-participation has led to selection bias is a matter of discussion.
For example, if smokers with AMD are more willing to participate than nonsmokers with AMD, then a spurious association would have been found between
smoking and AMD, even if there was none. We have no reason to believe,
however, that this was the case. The overall high response to the study limits the
amount of possible bias. Furthermore, the results of this study would only be
seriously affected if the associations would be strongly opposite in non73
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responders, which is not likely.
If the results are used to estimate the frequency of a disease in another
population, for example the general population, several factors need to be
considered. Ideally, the study popUlation is the general population with 100%
participation. It is clear that these criteria are never met. The population of the
Rotterdam Study consists of a mainly white population of middle-class
socioeconomic status, including the residents of the homes for the elderly.
Extrapolation of the results to the general population may therefore be possible,
though caution is needed.
Information bias may occur when differences are present in the way in which
data are obtained in cases and controls. Both investigator and participant can be
involved in this type of bias. Atherosclerosis, however, was assessed irrespective
of the level of visual acuity and without knowledge of a possible association.
Smoking behaviour and menopause data were obtained by interview and bias
could have occurred if the interviewer was preoccupied with knowledge about an
association between these determinants and AMD or if patients are more likely
to recall these than controls. Interviewers and patients, however, were not aware
of these possible associations which makes this kind of bias unlikely to have
occurred.
Confounding can occur when a extraneous factor is associated with the
determinant under study as well as with the outcome. To exclude the possibility
of confounding one needJ to know more about the etiology of the disease. As
little is known about the etiology of ARM, it is difficult to exclude the possibility
of confounding. The most important confounder is age.
Precision corresponds to the amount of random error in a study, and is related
to the statistical power of a study to detect existing relationships. The grading of
ARM was performed by grading of fundus photographs. More extensive
examination with use of fluorescein angiography and dual grading of the
photographs could have enhanced precision. However, without these methods it
is likely that misclassification has occurred causing a less precise assessment of
those who have the disease and those who have not. As misclassification occurs
in both cases and controls, a dilution of the association can be expected, causing
an underestimation of the true risk. The large size of the Rotterdam Study
minimizes this problem.

RISK FACTORS
Age
As the term indicates, age-related maculopathy is highly associated with age. The
relation with age was observed in all previous prevalence studies of age-related
maculopethy (1-6). Our study shows an almost exponential increase of prevalence
in persons aged 75 years and over. If one would live long enough, age-related
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maculopathy possibly develops in all persons due to the ongoing ageing process.
Exposures that accumulate with age, however, possibly enhance the normal ageing
process.
Gender
In one prevalence study, women have been found to have a somewhat higher
prevalence of neovascular AMD than men (6). Whether this reflects a difference
in incidence rate is not known. We found no relation between gender and
neovascular AMD. The prevalence of pigmentary changes was higher among men
than women, however. This relation has previously been described (6). The
etiology is unknown.
Atherosclerosis
One of the hypotheses for the pathogenesis of age-related maculopathy is that due
to vascular disease, an alteration of the choriocapillaris occurs, decreasing the
flow or passage of nutrients (7-9); however, not all authors agree with this theory
(10). The issue was examined in various ways, either by using blood pressure
measurements or !1istory data of cardiovascular disease. Conflicting reports were
published about th~ association between age-related maculopathy and a history of
cardiovascular disease: several case-control studies found a positive association
(11-13), whereas others did not (14-16). These studies suggest that an association
with age-related maculopathy might exist. We found an association between
indicators of atherosclerosis and macular degeneration. Although it is conceivable
that atherosclerosis has an effect on the function of the retina it has not been
described before. In part this may be the result of a lack of measures to assess
atherosclerosis in vivo. Further, the knowledge about the pathology of the disease
is based on autopsied eyes which are mostly derived from the very old. In the
oldest age-category we did not observe an association with atherosclerosis
possibly because all subjects are already affected.
Smoking
An increased risk of age-related macular degeneration (AMD) was first mentioned
by Hyman et al. in male smokers (II) and confirmed in several studies later (1618), although not uniformly (19,20). The association with smoking was
particularly present in neovascular AMD (18). We observed for the first time a
dose-response relationship and an increased risk in those who were smoking up
to 20 years before examination. The pathogenetic effect of smoking is still unclear
but it could act in several ways. Smoking negatively affects serum anti-oxidant
levels which in tum may result in a lower level of antioxidants in the retina.
Further it is possible that smoking has an eftect on the choroidal flow thereby
interfering with the homeostasis in that area.
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Menopause
The association with menopause was not described before. In women using
postmenopausal exogenous oestrogens, however, a lower risk for macular
degeneration was described (16). We found an increased risk of macular
degeneration in women with early artificial menopause. The results suggest a role
of oestrogens in the etiology of the disease. Oestrogens may affect the flow, may
have a direct effect on the vessel walls and may be related to atherosclerosis.

CLINICAL RELEVANCE
By extrapolation of the prevalence data of the Rotterdam Study to the present
Dutch population (21), it can be e,timated that 19800 persons suffer from atrophic
or neovascular AMD in one or both eyes in the Netherlands. The relevance of the
relation between cardiovascular risk factors and AMD for the individual may be
small, the effect on population level can be of major importance. The currently
suggested interventions concerning risk factors for atherosclerosis may have a
lowering effect on the incidence of AMD in the future. Smoking is still very
common, it is a major risk factor and amenable to prevention. The effect of antismoking campaigns may become evident in the next decades. Quitting smoking
by persons with early stages of ARM may show to be preventive on the
development of neovascular AMD. The effect of early oophorectomy is likely to
be small since at present bilateral oophorectomy is infrequently performed and if
it is done oestrogen suppletion is given.

FUTURE RESEARCH
Most of our knowledge about the etiology of ARM is based on cross-sectional
data. Prospective follow-up studies would provide important information on the
incidence and risk factors for ARM. Further, these studies would add to a better
understanding of drusen and pigmentary changes and their role in ARM. A major
part of this thesis is based on the relation of cardiovascular risk factors to AMD.
Since the outcome of these studies suggest an important role for these factors it
is worthwhile to investigate them in more detail. More scientific research of these
risk factors in the basic sciences might elucidate the pathways in which they may
cause the association. The relation between AMD and atherosclerosis needs more
attention, especially in histopathological studies. Further research on risk factors
of drusen and retinal pigment epithelium changes is needed to clarify their
etiology. The effect of atherosclerosis and smoking on the progression of drusen
and retinal pigment epithelium changes deserves special attention in follow-up
studies. Possibly there is a genetical component in ARM. More extensive research
is needed to evaluate the magnitude of the genetic component and mode of
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inheritance. Localization of the genes will lead to a better understanding of the
underlying causes of ARM, and identification of family members at risk will
provide the basis for future therapeutic and preventative interventions.
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SUMMARY
Age-related maculopathy is _the major cause of severe visual impairment in the
elderly. The disease affects the centre of the retina, causing a blind spot central
in the visual field. The possibilities for treatment are limited to a small group of
patients and even in this group the success of treatment is limited. This thesis
focuses on epidemiologic studies on age-related maculopathy.
In chapter 2 the current epidemiologic knowledge about age-related
maculopathy concerning the frequency, risk factors, prognosis and treatment of
the disease are reviewed. The prevalence of macular degeneration, the end-stage
of age-related maculopathy, rises strongly with age. Several risk factors were
found previously of which age is still the most important.
Chapter 3 describes the results of a series of meetings among six groups
involved in epidemiological studies of macular degeneration with the aim to
develop a core grading system using colour stereoscopic fundus transparencies to
classifY age-related maculopathy.
In chapter 4 the prevalence of age-related maculopathy in the Rotterdam Study
is described. The results are based on the grading of fundus photographs of 6,251
participants of the Rotterdam Study, aged 55 to 98 years. The prevalence of small
abnormalities that are believed to be associated with macular degeneration was
high: at least one dmsen of 63 JIm or larger was present in 40.8% in persons aged
55-64 year to 52.6% in those aged 85 years or older. In the same age-groups, the
prevalence ofdmsen of 125 JIm or larger increased from 4.8% to 17.5%, retinal
pigment epithelial hypopigmentations from 3.5% to 9.0% and increased retinal
pigment from 3.7% to 15.3%. Age-related macular degeneration was present in
1.7% of the total population. Atrophic macular degeneration increased from 0.1 %
in persons aged 55-64 years to 3.7% in those aged 85 years or over. Neovascular
macular degeneration increased from 0.1 % to 7.4% in these age groups. These
findings suggest that age-related maculopathy may be less common in this
population than in similar populations in the USA.
In chapter 5 the results are presented from a study on the association between
atherosclerosis and the late stages of the disease, atrophic and neovascular agerelated macular degeneration. The association between atherosclerosis and this
type of macular degeneration was studied in 104 subjects with and 1324 subjects
without macular degeneration. Atherosclerosis of the carotid arteries was
ultrasonographically evaluated by measurement of the common carotid intimamedia thickness and by assessment of presence of atherosclerotic plaques.
Atherosclerosis in the arteries of the lower extremities was studied by
determination of the ankle-arm systolic blood pressure ratio. In subjects younger
than 85 years, plaques in the carotid bifurcation were associated with a 4.7 times
increased risk of macular degeneration (95% CI 1.8-12.2); those with plaques in
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the common carotid artery showed an increased relative risk of2.5 (1.4-4.5). The
intima-media thickness of the common carotid arteries was not significantly
different. Lower extremity arterial disease (ankle-arm index less than 0.90 on at
least one side) was associated with a 2.5 times increased risk for macular
degeneration (1.4-4.5). These findings suggest that atherosclerosis may be
involved in the aetiology of age-related macular degeneration.
In chapter 6 the relation between cigarette smoking and age-related macular
degeneration was presented. Smoking behaviour was obtained by interview and
atherosclerosis was assessed by ankle-arm systolic blood pressure index. In
subjects younger than 85 years, current smokers had a 4.0 times increased risk of
macular degeneration than those who had never smoked (95% confidence interval
2.0-7.8). Former smokers had a 2.0 times higher risk of macular degeneration than
non smokers in this age group (95% CI 1.0-3.7). These associations were not
observed in subjects aged 85 years or over. Smoking was particularly associated
with neovascular macular degeneration. A strongly increased risk of neovascular
macular degeneration was present in those who had smoked more than 10 packyears (relative risk 6.5 95% confidence interval 2.9-14.8). Adjustment for
atherosclerosis did not change the association. Persons who had quitted smoking
20 or more years before the eye examination, had no excess risk. The results
provide evidence for a dose-response relationship between smoking and agerelated macular degeneration, particularly in persons with the neovascular form
of the disease.
In chapter 7 the relation between early menopause and age-related macular
degeneration is studied. Fifty-nine cases and 295 age-matched controls aged 55
years and over were selected from the Rotterdam Study. Age and type of
menopause were obtained in an interview. Spontaneous menopause was not
associated with an increased risk for macular degeneration (RR 1.2; 95% CI 0.5
to 3.3). Women who hac had a hysterectomy before the age of 45 years without
removal ('f the ovaries, had a slightly, but not significantly, increased risk (RR
2.1; 95% CI 0.2 to 24.9). Women who had had an early menopause after an
operation with removal of one or both ovaries, had a 3.8 times increased risk for
macular degeneration (95% CI 1.1 to 12.6). Those who had had an early
menopause after irradiation had also an increased risk of macular degeneration,
though not significantly (RR 4.2; 95% CI 0.6 to 30.2). The results suggest that
early iatrogenic menopause increases the risk of macular degeneration. The
mechanism of the association may be similar to that of cardiovascular disease.
In chapter 8 some of the methodological issues involved in the studies of this
thesis are discussed and the findings of these studies are reviewed.
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SAMENVATTING

Di! proefschrift omva! een aantal epidemiologische onderzoeken naar de
frequentie en oorzaken van leeftijdgebonden maculopathie. Deze aandoening is de
belangrijkste oorzaak van emstige slechtziendheid bij ouderen. De ziekte tast het
centrum van het netvlies aan waardoor er centraal in het gezichtsveld een blinde
vlek optreedt. Behandeling van de ziekte is slechts mogelijk bij een kleine groep
patienten waarbij bovendien de kans op blijvend succes gering is.
Leeftijdgebonden maculopathie is een verzamelnaam waaronder de voor- en
eindstadia van het ziektebeeld worden samengeva!. De eindstadia zijn
verantwoordelijk voor het verlies van gezichtsscherpte. In de nieuwe terminologie
spreek! men bij de eindstadia van leeftijdgebonden macula degeneratie. Er worden
twee soorten onderscheiden: de atrofische en neovasculaire macula degeneratie.
Bij de atrofische macula degeneratie, ook wei droge macula degeneratie of
geografische atrofie genoemd, treedt er centraal in de retina een afsterving op van
het retinale pigment epitheel en de fotoreceptoren. In welke volgorde dit proces
optreedt is onbekend. De neovasculaire macula degeneratie, ook wei disci forme,
natte of exsudatieve macula degeneratie genoemd, is het gevolg van een
vaatnieuwvorming centraal onder het netvlies. Het vat ontspringt uit het
onderliggende vaatvlies en vertoon! de neiging tot lekkage en bloeding. Door
lekkage van de vaatnieuwvorming wordt de retina plaatselijk opgetild waardoor
er vervorming (metamorphopsie) van het beeld ontstaa!. Na bloeding vanuit een
dergelijk vat ontstaat er een litteken centraal in het netvlies.
De voorstadia van leeftijdgebonden maculopathie vallen onder de noemer
vroege leeftijdgebonden maculopathie. Deze afivijkingen worden in verband
gebracht met een hoger risico op het ontstaan van macula degeneratie in de
toekoms!. Er worden twee afivijkingen onderscheiden: drusen en
pigmentveranderingen. Drusen zijn gele vlekjes die bij het oogspiegelen zichtbaar
zijn. De aantallen, de grootte en het aspect van drusen kunnen sterk varWren en
omdat de betekenis voor he! ontstaan van het eindstadium van de maculopathie
onbekend is, wordt er een indeling gemaakt op basis van deze kenmerken. Grote
aantallen grote drusen worden daarbij gezien als risicofactor voor macula
degenerat :e. Kleine scherp begrensde drusen hebben vermoedelijk geen relatie met
macula d~generatie. Lokale veranderingen in het retina Ie pigmentepitheel worden
gezien 8.lS hyper- enlof l·ypopigmentaties. Ook deze af\vijkingen worden in
verband gebracht met ten verhoogd risico op het verkrijgen van macula
degeneratie.
In hoofdstuk 2 wordt een overzicht gegeven van de epidemiologische kennis
op het gcbied van de leeftijdgebonden maculopathie. De huidige inzichten
betreffende definitie, frequcntie, risico factoren, beloop en behandeling worden
achtereenvolgens uiteengeze!. De prevalentie van maculopathie neemt sterk toe
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met de leeftijd. Verscheidene risico factoren lijken een rol te spelen waarvan
leeftijd de belangrijkste is. Andere factoren die in meerdere onderzoeken in
verband worden gebracht met een hoger risico zijn hart-vaat ziekten, £Oken,
zonlicht expositie, Iichte iriskleur en positieve brilsterkte. Een verlaagd risico
werd gevonden bij vrouwen met postmenopausaal oestrogeen gebruik. Bij
aantasting van een oog bestaat er een grote kans dat het andere oog eveneens
aangedaan zal worden. De behandeling bestaat sinds jaren uit lasercoagulatie van
de vaatnieuwvorming onder de retina. Onlangs zijn er nieuwe behandelings
methoden beschreven waarvan ce doeltreffendheid echter nog moet worden
aangetoond.
Hoofdstuk 3 beschrijft een internationaal classificatie systeem van macula
degeneratie. Deze c1assificatie is het resultaat is van een aantal ontmoetingen van
zes onderzoeksgroepen die betrokken zijn bij epidemiologisch onderzoek van
macula degeneratie. Deze c1assificatie werd ontwikkeld om de resultaten van
verschillende onderzoeken beter te kUlUlen vergelijken.
In hoofdstuk 4 wordt het onderzoek naar de prevalentie van leeftijdgebonden
maculopathie in het ERGO onderzoek beschreven. Ten behoeve van deze studie
werden 6781 inwoners van de Rotterdamse wijk Ommoord in de leeftijd van S5
jaar of ouder uitgebreid oogheelkundig onderzocht. Het onderzoek omvalte een
test van de. gezichtsscherpte, brilsterkte, oogdruk, gezichtsveld,
spleetlamponderzoek en fotografie van de oogzenuw en het netvlies. Bij 6251
deelnemers was het mogelijk om dia's van goede kwaliteit te verkrijgen van het
netvlies van een of beide ogen. De leeftijd van deze deelnemers varieerde van 5S
tot 98 jaar. Maculopathie werd naderhand op de dia's vastgesteld. De frequentie
van kleine drusen nam af met de leeftijd, vermoedelijk doordat ze minder goed
zichtbaar worden door een toename van de troebelingen in de lens. De prevalentie
van grote drusen nam sterk toe met de leeftijd. Veranderingen in het retinale
pigrnentepitheel gaven een zelfde toename te zien als de grote drusen. Bovendien
kwamen ze vaker voor bij mannen dan bij vrouwen, waarvoor geen verklaring
voorhanden is. De eindstadia atrofische en neovasculaire macula degeneratie
werden vastgesteld bij 1.7% van de deelnemers. De frequentie nam sterk toe met
de leeftijd. Van de deelnemers in de leeftijd van 85 jaar of ouder werd bij 3.7 %
atrofische macula degeneratie en bij 7.4 % neovasculaire macula degeneratie
vastgesteld. Deze frequenties zijn lager dan werd venvacht op grond van
soortgelijk onderzoek in de Verenigde Staten.
In de volgende hoofdstukken van het proefschrift wordt het onderzoek naar
de risicofactoren van de aandoening beschrevell. Als patientengroep werden
deelnemers van het ERGO onderzoek met het eindstadium macula degeneratie
vergeleken met deelnemers zonder het eindstadium.
Hoofdstuk 5 presenteert de resultaten van het onderzoek naar de relatie met
atherosclerotische vaatafwijkingen elders in het Iichaam. Een verband met
atherosclerose werd vermoed omdat het vaatvlies een van de weefsels is die een
rol spelen bij macula degeneratie. WeI werd in eerdere onderzoeken een verhoogd
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nS1CO op macula degeneratie beschreven bij personen met cardiovasculaire
aandoeningen. De huidige studie werd verricht op basis van gegevens van 104
deelnemers met, en 1324 deelnemers zonder macula degeneratie. De aanwezigheid
van atherosclerose werd vastgesteld door het in beeld brengen van de
halsslagaders met behulp van geluidsgolven techniek en bepaling van de enkelarm systolische bloeddruk lndex. Een enkel-arm index lager dan 0.90 aan een of
beide kanten wordt gezien als een sterke aanwijzing voor atherosclerotische
vaatwand veranderingen in de benen. Verder werd de aanwezigheid van
atherosclerotische plaques in een of beide halsslagaders werd als maat genomen
voor de aanwezigheid van atherosclerose. In personen jonger dan 85 jaar werd een
verhoogd risico op macula degeneratie gevonden bij personen met een lage enkelarm index en de bij deelnemers met atherosclerotische plaques in een of beide
halsslagaders. Deze relatie werd niet gevonden in personen in de leeftijd van 85
jaar of ouder. Het verband bleef aanwezig na correctie voor rookgedrag en
verhoogdc bloeddruk. De resultaten van het onderzoek suggereren dat
atherosclerose een zelfstandige 1'01 speelt in het ontstaan van macula degeneratie.
Mogelijk doordat atherosclerose veranderingen in het vaatvlies tot gevolg heeft
en de bloodstroom ter plaatse nadelig beYnvloedt.
In hoofdstuk 6 wordt de relatie met roken behandeld. In een aantal eerder
onderzoeken werd een verhoogd risico op macula degeneratie beschreven bij
rokers en ex-roke.rs. In het ERGO onderzoek werden de rookgewoontes tijdens
een interview vastgesteld. De resultaten laten een toename zien van het risico op
macula degeneratie bij een toename van de totale hoeveelheid gerookte sigaretten.
Deze relatie was aanwezig bij personen onder de 85 jaar en met name bij
personen met neovasculaire macula degeneratie. Ook bestond er een sterke relatie
met de tijdsduur vanaf het stoppen met roken. Aileen rokers en ex-rokers die
korter dan 20 jaar geleden gestopt waren hadden een verhoogd risico op
neovasculail'e ma~ula degeneratie. De relatie bleef aanwezig na correctie voor het
aantal ge 'vokte sigaretten en de aanwezigheid van atherosclerose. De resultaten
suggerercll een dosis afhankelijke relatie met roken met name in personen met
neovasculaire macula degeneratie. De achtergrond van de relatie is nog niet
opgehelderd. Het is bekend dat roken de serum spiegels van anti-oxidanten
verlaagd. Mogelijk verlaagt roken ook de concentratie van anti-oxidanten in het
netvlies waardoor de daar bij belichting vrijkomende vrije radicalen minder snel
zouden worden weggevangen.
In hoofdstuk 7 wordt het onderzoek naar de relatie met menopauze
beschreven. De aanleiding '1001' dit onderzoek was een eerder onderzoek waarbij
een lager risico op macula degeneratie bij vrouwen die postmenopausaal
oestrogenen gebruikten, werd beschreven. Op basis hiervan verwachtten wij een
hoger risico bij '1rouwen die vroeg in de menopauze komen doordat bij hen de
oestrogeen produktie eerder stopt. Het onderzoek betrof 59 vrouwen met, en 295
vrouwen van gelijke leeftijd zonder macula degeneratie. De leeftijd en de reden
van menopauze werd tijdens een interview vastgesteld en gecontroleerd door een
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ERGO-arts. Een vroege spontane menopauze en een vroege menopauze door
verwijdering van aileen de baarmoeder waren niet geassocieerd met een verhoogd
risico op macula degeneratie. Een vroege chirurgische menopauze met
verwijdering van een of beide ovaria evenals een vroege menopauze na bestraling
waren echter geassocieerd met een significant verhoogd risico op de aandoening.
Deze resultaten komen overeen met het eerdere onderzoek en suggereren dat
oestrogenen een rol kunnen spelen in de ontstaansgeschiedenis van de aandoening.
Mogelijk speelt hierbij de invloed van oestrogenen op de vaatwand en het ontstaan
van atherosclerose een rol.
Hoofdstuk 8 behandeld de opzet en de methodes van de onderzoeken die in
dit proefschrift worden besproken. Verder worden de resultaten samengevat, en
worden er suggesties gedaan voor toekomstig onderzoek. Op dit moment zijn er
geen gegevens beschikbaar over het aantal nieuwe personen bij wie zich macula
degeneratie ontwikkelt. Het vervolg-onderzoek van ERGO en enkele onderzoeken
in het buitenland zullen hierop een antwoord kunnen gaan geven. Verder is het
noodzakelijk dat de gevonden associaties ook in de basiswetenschappen worden
onderzocht zodat er een bredere basis kan ontstaan voor eventuele preventieve
adviezen.
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Dit proefschrifl werd geschreven onder de vleugels van de afdeling
Oogheelkunde en het instituut Epidemiologie & Biostatistiek van de Erasmus
Universiteit Rotterdam. Medewerkers van beide afdelingen hebben hieraan een
grote bijdrage geleverd. Een aantal hiervan wil ik hier noemen vanwege hun
directe bijdrage aan mijn onderzoek.
Er zou geen promotie zijn zonder mijn promotor Paulus de Jong, initiator en
begeleider van het oogheelkundig onderzoek in ERGO. Ondanks zijn drukke
werkzaamheden was hij altijd bereikbaar en bereid om tijd vrij te maken. Zijn
directe, intense manier van werken waardeer ik zeer, zijn bijdrage aan het
onderzoek is moeilijk te overschatten.
Mijn tweede promotor, Bert Hofinan, ben ik met name dank verschuldigd voor
de wijze waarop hij mij bij de analyses en het schrijven van de manuscripten op
sleeptouw nam. Zijn waardevolle opmerkingen, verbeteringen en suggesties zijn
overal in dit onderzoek terug te vinden.
Met Ida Dielemans heb ik in het onderzoek lange tijd zeer nauw
samengewerkt. Onze verschillen in aanpak konden tot verhitte discussies leiden.
Dit verhinderde echter niet dat we bleven samenwerken, veel plezier hadden, en
het tot een goed einde wisten te brengen.
Een aantal mensen hebben een grote rol gespee1d in de totstandkoming van
de manuscripten. Naast beide promotores was Rick Grobbee belangrijk wegens
zijn kritische commentaar en heldere suggesties. Jacqueline Witteman leerde me
dat een klein onderzoek groot kan worden als je het maar met geduld en
zorgvuldigheid aanpakt. Ook met Michiel Bots was het prettig opgeruimd
samenwerken. Met Ronald Stolk heb ik onder andere met zeer veel genoegen de
publieke relaties van ERGO verzorgd.
Het proefschrifl is gebaseerd op gegevens die in de eerste ronde van het
ERGO onderzoek werden verzameld. ERGO zou niet bestaan hebben zonder de
leiding van bij aanvang, Frank van den Ouweland, en later Bert Hofman, Rick
Grobbee, Paulus de Jong en Huib Pols. Ook Michael Koenders (automatisering)
en Peter Boerlage (beheer) hebben hierbij een onmisbare rol gespeeld.
Else Odding, Janny van Gastel en Ronald Stolk dank ik omdat zij de moeilijke
taak op zich hebben genomen om de gang van zaken in ERGO te regelen.
Het oogheelkundig onderzoek werd voor een zeer belangrijk deel uitgevoerd
door Els Baars, Diane Bakker, Ada Hooghart en Anneke Korving. Het was zwaar,
maar ik kan me niet herinneren dat er een dag is geweest waarop ik niet met hen
gelachen heb. Ook Roger Wolfs ben ik dankbaar voor het feit dat hij bij de staart
van ERGO I een groot aantal Ommoord diensten heefl overgenomen. Lous
Ruempol heefl alle ups en downs van dichtbij gedeeld. Michel Hijmering en Stijn
Kramer hebben een zeer gewaardeerde bijdrage geleverd met het beoordelen van
de dia's.
Maxime Look en later Douwe Algra en HamlCke den Breeijen waren altijd
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beschikbaar bij netelige BMDP problemen. Huib Burger, Paul van Daele, Cock
van Duijn, Caroline Klaver, Arend Mosterd en Ronald Stolk heb ik met veel
plezier van hun werk mogen houden.
VerdeI' wil ik noemen ERGO-collega's Anske van del' Bom, Monique
Breteler, Jules Claus, Arno Hoes, Bel' Pleumeekers, Maarten de Rijk, Marieke
Visser en Dorothee Wientjens en ERGO-medewerkers Irene Bannink, Ingrid de
Boer, Astrid Breinburg, Ton de Bruijn, Corinna Brussee, Lydia Buist, Wil van
Deelen, Gerrit-Anne van Es, Marcel Eijgerrnans, Ans Frijters, Micheline de Haes,
Inge Haumersen, Elly van del' Heiden, Elisabeth van Herpen, Ed Hillenaar, Diane
Huizer, Els Hylkema, Marianne IJsselstijn, Jeanette Kamman, Hilda Komman,
Sari Laukkanen, Hilda Malhot, Hanneke van Meurs, Eric Neeleman, Margriet van
Rees, Robert Rosier, Ria Rijneveldshoek, Chris de Ruiter, Monique Slijkhuis,
Dick Slof, Sonja Snijders, Toos Stelunan, Wilma Verbruggen, Jeanette Vergeer,
Rene Venneeren, Lilian Verwey, Marianne Walthaus, Miranda Weggeman, en
Sam Yoja.
De deelnemers van het ERGO onderzoek zijn uiteraard onmisbaar geweest.
Om redenen van privacy moeten zij anoniem blijven. Als dank zijn echler de
idenlificatienummers van aile deelnemers op de oms lag vermeld.
Ik ben bijzonder ingenomen met mijn paranymfen Huib Burger en Luuk de
Boer mel wie ik wetenschap, vriendschap en humor dee!.
Van mijn ouders heb ik geleerd om Ie relativeren en geduld te hebben. Zij
hebben mij ondanks de moeilijke omstandigheden aile mogelijkheden gegeven om
mijn keuzes Ie venvezenlijken. Van broers en zussen wil ik met name Piet
bedanken omdal hij mij altijd achter de broek heeft gezeten. Mijn schoonouders
hebben steeds voor een warm en stimulerend onlhaal gezorgd.
Greet ken ik nu bijna 16 jaar. Het is nog nooil zo goed gegaan.
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