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SUMMARY�
Despite age-related macular degeneration (AMD) 
being the commonest cause of blindness amongst the 
elderly in Western society, the incidence of new lesions 
is�poorly docnmented and the natural history of existing 
disease remains ill understood. 
Purpose:� To document in an elderly population the 
incidence of new AMD lesions and the progression of 
pre-existing AMD over time. 
Mevhod:� Baseline ophthalmic examinations were per
formed on a geographically defined random population 
sample of elderly people in u9y2-4�� and retinal 
photographs taken. The present study re-examined 
md re-photographed survivors after approximately u�
years using the same fundus camera. Photographs were 
randomly encoded, and independently graded for 
AMD features by two masked observers using the 
Wisconsin AMD grading system. Disagreements were 
resolved by review to reach a consensus. 
Resylws:� Eighty-two of the yy� participating survivors 
had photographs of gradable quality on both occasions 
in�at least one eye. Mean age at foJ)ow-up was yu�years 
(range y4-9u�years) and u�tut�of subjects were female. 
Paired photographs were available on u5y� eyes, and 
showed important differences in drusen type, drusen 
area and characteristics of the retinal pigment epithe
lium (RPE) between initial and subsequent examina
ions. The u�year incidence (and regression) of lesions 
was: drusen ��t6t� (2�t�t)��RPE degeneration 54t5t�
(8.8%), increased pigment uut6t� (64tut)�� subretinal 
ltaemorrhage ut�t�� subretinal scar/fibrin ut�t� and 
coograpbic study ut�tt�
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Conclzsion:� These unique population-based results 
provide new insight into the natural history of AMD 
in an elderly population. 
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hgiigfeqffif¶hfhffieq¶ gi¶khfffhfeqffiffi¶fff¶fheq¶ eqhheqghi¶ ffffi¶fieq°
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hhffffffi¶ igg¶ fheq¶ heqfhfh¶ hfgeq¶ feqeqhffi¶ gi¶ f¶ iggifffi¶
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yfffhghf¶ heqffffheqh¶ kfffiffh¶ hfff¶ gf¶ fhh¶ iggiffi¶ gi¶ norl¶
hfheqgffifffhfffi¶gi¶fhffffi¶hgfhfffffgf¶geqiffffffi¶hffifffeqhk¶

reqffffheqh¶ hghhieqffffffgf¶ gi¶ nor¶ geqwhffgeqffi¶ f¶
hgihgeqheqfffiffleq¶ igfhfffi¶ ffiiffifeqi¶ ifffh¶ fhheqhffkheq¶
geqheqfffkffhfffil¶gfeq¶eqxfihheq¶gi¶ihffhh¶ffffi¶fheq¶yffffihgfffifff¶
nieqsgeqhffeqh¶ofhhhghffhi¶Ggfhfffi¶iffifeqik9,lO¶offi¶
fhfhggffi¶ heqfifeq¶ nor¶ fffi¶ fheq¶ hgeqffieqfheq¶ gi¶ ffiheqhffmeqh¶
heqffiffgfffi¶gfhi¶fff¶fheq¶hgffeqxf¶gi¶lffffihfh¶ffihfffgieqffkl1-13¶

vgg¶fffhgfh¶hffffifggi¶ffifhhffeqffil¶hgieqleqgl¶fhffffi¶heqfiffffffgf¶ffffi¶
ffffhhgghgffffeql¶keqhfhffieq¶nor¶heqffiffgfffi¶fffiffighffffeqh¶ifffh¶
fggifh¶lffffiffgf¶ff¶kfffieqhfffeq¶ifi¶ffihgi¶lffffihfh¶hgffiffi¶gleqg¶
fffieql¶ ihffhh¶ ifi gg¶ ifi¶ fgf¶ keq¶ hheq¶ fg¶ nork¶ rf¶
fhhfffffgfl¶ giffffff�i¶ heqffihgffhfffgf¶ gi¶ fhgffieq¶ eqieqffi¶ ifffh¶
nor¶heqffiffgfffi¶ffh¶fggifh¶lffffiffgf¶ighhh¶hffffigeqifgh¶lfffif¶
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fighffffi¶gi¶ hfff¶ihffhh¶f�eq¶ ihfhfieqfffh¶fg¶f¶ keqffeqg¶
hfheqgffifffhfffi¶gi¶fheq¶fffhgfh¶hffffifggi¶gi¶fhffffi¶hffffieqfffieqk4¶

nheq¶ hhghgffieq¶ gi¶ fhffffi¶ ffifhhi¶ ifffi¶ fg¶ eqnfifffeq¶ fheq¶
fffhgfh¶hffffifggi¶gi¶nor¶fff¶f¶ieqgigfhhffhfhhi¶heqm�eqh¶
gffhgi¶ hghhhffffgf¶ ffifihheq¶ gi¶ eqhheqghi¶ heqghheq¶ (77 
²eq³gffi¶ ffh¶ gleqgnk¶ Uffifffi¶ ihfhhffi¶ hhgfgigfhhffip¶ fheq¶
��hiheqfheq¶ gi¶ feqi¶ heqffiffgfffi¶ ffh¶ fheq¶ hggigeqffiffiffgf¶ gi¶
eqnffffiffffi¶heqffiffgfffi¶gleqg¶f¶7 ieqfg¶heqgffgh¶ifffi¶gkffieqgleqhk¶

METHOD�
vhheqghi¶ geqffiffheqffffi¶ gi¶ fheq¶ vfihffffih¶ fgif¶ gi¶ oeqhfgf¶
ogikgfip¶ Leqffheqffifeqgffihffgeqp¶ieqgeq¶ ffifhhffeqhk¶ rf¶ feqgiffi¶gi¶
fheq¶fieq¶ffh¶ffieqn¶hffffifgffkhfffgfffip¶ffighfffh¶hhfffiffip¶ffh¶hgkff¶
gg¶ ghgfh¶ geqffiffheqfheqp¶ fheq¶ hghhhffffgf¶ gi¶ fhffffi¶ fgif¶ ffffi¶
hffihhi¶ geqhgeqffieqffffffleq¶ gi¶ vfihffh¶ ffh¶ yfheqffi¶ fffi¶ f¶
ihgheqp14¶ ihffhh¶ ifyeqffi¶ fff¶ f¶ hfgfffhhhfghi¶ lfhhfkheq¶
eqhffheqiffghgiffhfh¶ geqffighgheqk¶ nffi¶ heqffihgffkeqh¶ fff¶ heqffffh¶
eqhffieqiheqgeqp15¶ fheq¶ ffihglfflggffi¶ gi¶ f¶ hghhhffffgfskfffieqh¶
gffhgi¶ ffifihheq¶ gi¶ eqhheqghi¶ fffhfflffhhfhffi¶ iggieqh¶ fheq¶
ffgieqf¶ hghhhffffgf¶ gi¶ fheq¶ hgeqffieqff¶ ighhgishh¶ ffifhhik¶
Bfffieqhfffeq¶ghhfhfhiffh¶fffiffieqffiffiieqff¶fggy¶hhfheq¶keqfieqeqf¶
1982 ffh¶ 1984 ffh¶ fffhhhheqh¶f¶ hgihheqfeq¶ghhfhfhiffh¶
fffiffieqffiffiieqff¶ ffh¶ ihfhhffi¶ hhgfgigfhhi¶ (300 ifhhhfg¶
hghghg¶fgffffihfgeqfhffeqffin¶hffifffi¶f¶fgf¶sffifeqgeqgffihghffh¶Zeqffffiffi¶
Jeqff¶ ihfhhffi¶ hfieqgfk16¶ hglfflggffi¶ gi¶ fheq¶ eqfghffeqg¶ eqieq¶
ffifhhi¶ieqgeq¶geqsffheqffffmeqh¶fifeqg¶7 ieqfgffip¶ffh¶ffflfffeqh¶fg¶
hfgfffhffhffeq¶ fff¶ f¶ ighhgishh¶ ghhfhfhiffh¶ eqnfifffffffgf¶
ihffhh¶fggy¶hhfheq¶fff¶1990. nheq¶hfgfffhffhfffffi¶ffihglfflggffi¶
ieqgeq¶ geqseqnfifffeqh¶ ffh¶ geqshhgfgigfhheqh¶ hffifffi¶ fheq¶
ffifieq¶ihfhhffi¶hfieqgfk15¶

nheq¶ ihfhhffi¶ hhgfgigfhhffi¶ nighffeqh¶hghghg¶ fgffffixy
hfgeqfhffeqffin¶ iggi¶ fffffffffh¶ ffh¶ ffihkffieqwheqff¶fffiffieqffiffiieqffffi¶
ieqgeq¶ gffhgihi¶ eqfhgheqh¶ ffh¶ f¶ igffh¶ heqmffffi¶ ffffeq¶
ffihkmeqhhffi¶ffihheqgffihgffieqh¶gleqg¶fheq¶ifhhhf¶fhhgghfffi¶fg¶
fheq¶hggfghgh¶gi¶ fheq¶yffffihgfffifff¶nieqsgeqhffeqh¶ofhhhgxy
hffhi¶Ggfhfffi¶iffifeqik9¶rf¶fhffffi¶ffiiffifeqi¶fheq¶ifhhhf¶ffffi¶
ffihkhfflffheqh¶ ki¶ fhgeqeq¶ hgfheqffgffh¶ hffghheqffi¶ ffh¶ ighg¶
hfffigffhffi¶ ffffg¶ f¶ igffh¶ hgfffffffffi¶ gfeq¶ heqffgfh¶ ighg¶
ffffeqg¶ffh¶ighg¶ghfeqg¶ffihkmeqhhffik¶veqffhgeqffi¶ihffhh ieqgeq¶
igfheqh¶fffhhhheqh¶ifnffihi¶hghffieqf¶ffiffzeq¶ffh¶hgeqhgiffxy
ffff¶ nigffif¶ hgiigfn¶ hghffieqf¶ ffiffzeqp¶ hgeqhgiffffff¶
hghffieqf¶ fiheq¶ nfhgffieq¶ ghhhhifffi¶ hfgieqffif¶ fgeqfnp¶ hghffieqf¶
fg´f¶ fµh¶ hgfflheqfheq¶ gi¶ hghffieqfp¶ geqfffffh¶ hffiieqff¶
eqhifheqbfh¶ (RPvn¶heqieqfeqgffffgfp¶ fffhgeqfffieqh¶hffiieqfffxy
fffgfp¶ffihkgeqfzfflt¶hfeqiggghfieqp¶ffihkgeqffffflt¶ffihfg¶ffh/gg¶
mkgzf¶ heqhgffizfzgfp¶ ffh¶ ieqgigfhhffh¶ ffgghh¶ gf¶ fheq¶
ID.am\a.�Preo.OID.l�a�u� o.m\1,e�� \1,l}e� a�o.� dr{e�� CO�-
�'I).�\\"� ��l� �lo.��� \\)l \\\� \\\.0.,,'1).\0. 0.":, 0. ��\)\� �1 
eqieqnp¶fhh¶gfheqg¶ieqffhgeqffi¶keqfffi¶igfheqh¶igg¶eqfhh¶gi¶ fheq¶
ffffeq¶ geqfffffh¶ ffihkmeqhhffi¶ fffhfflffhhfhhik¶ n¶ fhikeqg¶ gi¶
ifffgg¶ ighffmhffffgfffi¶ieqgeq¶ geqwhffgeqh¶ fg¶ ifhffhfffffeq¶ fheq¶
igfhfffi¶ gi¶ fgfsffifeqgeqgffihghffh¶ ffifieqffik1O,15¶ Reqfffffh¶
imfgu¶ wugu¶ ggfdud¶ ifdupufhuf lt¶ b¶ fw�¶ mf{uh¶
gkugleqgffi¶(AJ.D. ffh¶J.M.S.), izfr¶igfdzfi¶hzfigueqxy
ieqffffi¶keqzfi¶geqffigltluh¶k¶geqlffeqi¶fg¶geqfhh¶f¶hgfeqfffihffik¶
rffeqgsgkffieqgleqg¶ lfgfffkffhfffi¶ keqfieqeqf¶ fheq¶ fig¶ igfheqgffi¶
ifffi¶ fffiffieqffiffieqh¶ hgffgg¶ fg¶ hfifffiyfffi¶ k¶ ieqffihfeqh¶ ffh¶
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hfieqffihfeqh¶ yfhhf¶ ffifffffffifffhffi¶ ffh¶ ki¶ heqgheqfffieq¶
figeqeqieqffffik¶nheq¶heqleqhffi¶gi¶figeqeqieqff¶ieqgeq¶ieqfeqgfhhi¶
igheqgffeq¶fg¶ffihkffifffffffhklO¶

yeq¶ geqhggf¶fheq¶heqgheqfffieq¶gi¶eqieqffi¶ fffffffffhhi¶igeqeq¶gi¶
eqfhh¶ ieqffhgeq¶ihffhh¶ieqff¶gf¶ fg¶heqleqhgh¶ fhff¶ieqffhgm¶
hhgfffi¶ fheq¶ heqgffgh¶ gi¶ ighhgishhk¶ yeq¶ geqieqg¶ fg¶ fhffffi¶
ieqfffihgeq¶fffi¶fheq¶7 ieqfg¶fffhffheqfheqk¶Chffieqffi¶fff¶hffffieqfffim¶
ffifffhffi¶ gleqg¶ fheq¶ 7 ieqfg¶ heqgffgh¶ieqgeq¶ fffiffieqffiffieqh¶ fff¶ fiw¶
ififfip¶ffh¶ieqgeq¶eqnhgeqffiffieqh¶fff¶f¶ ski¶eqieqs¶ iggiffk¶

vffgffifhip¶ fff¶ fhffffi¶ ffifhhi¶ fheq¶ fffhffheqfheq¶gi¶feqi¶ heqffiffgn¶
gleqg¶fffieq¶ifffi¶heqmfeqh¶fffi¶fheq¶heqgheqfffieq¶gi¶eqieqffi¶igeqm¶
gi¶ f¶ hfgfffhhhfg¶ ieqffhgeq¶ ff¶ fffffffffh¶ fffi�eqffiffiieqff¶ ihffho¶
ffihkffieqwheqffhi¶heqleqhgheqh¶fhff¶ieqffhgeq¶ff¶fheq¶ighhgi-hp¶
fffiffieqffiffiieqffk¶ nhfhghih¶ iffi¶ heqffiffgfffi¶ fff¶ fheq¶ ffihkjeqhf¶
ffifhhffeqh¶iffhh¶hfleq¶ heqleqhgheqh¶ieqhh¶keqiggeq¶fheq¶ fffieq¶w�¶
ighhgishhp¶ffh¶ ffigieq¶gi¶ fheq¶ffihkjeqhfffi¶ihg¶heqleqhghmd¶
heqffiffgfffi¶ iffhh¶ hfleq¶ hffeqh¶ keqiggeq¶ ighhgishhp¶ fheq¶ feqg�¶
fffhffheqfheq¶ nfffi¶ heqmfeqh¶ fkgleqn¶ hfffi¶ beqeqf¶ hffieqh¶ fff¶ fhm¶
ffffeqgeqffifffi¶ gi¶ ffiffihhffhfffik¶ rf¶ ieqfeqgfhp¶ fheq¶ shfffifgffitic¶
fhgeqffihghhs¶igg¶fheq¶heqleqhghieqff¶gi¶f¶hfgfffhhhfg¶ieqffhocm¶
hgggeqffihgfheqh¶fg¶hggigeqffiffiffgf¶iggi¶ sfkffieqffs¶gg¶ swhm
fffgffkheqs¶ igfheqffi¶ fg¶ ieqffhgeq¶ sheqmffffeqhi¶ hgeqffieqffsk¶ rth¶
fhhfffffgf¶fg¶fheq¶ff�hffheqfheq¶gffeq¶gleqg¶fheq¶o¶ieqfg¶heqgffwdp¶
ff¶ eqwhfflfheqff¶ geqigeqffiffiffgf¶ gffeq¶ ifffi¶ heqfeqgifffmdk¶
Beqhfhffieq¶ gi¶ fheq¶ ffihffihfhi¶ fffffieqhhgeq¶ fffiffihihfffgf¶hfhmoc
hifffi¶fheq¶gffy-ggheqgfffi¶gi¶hghffieqf¶fiheq;¶ffkeqk¶hfghp¶ffiw�t¶
ffh¶ geqfffhhhfgp¶ ihhfffhheq¶ hfffifgffifffh¶ fhgeqffihghhffi¶ imocm¶
hffieqh¶ igg¶ fhffffi¶ ieqffhgeqk¶ nheqffieq¶ ieqgeq¶ kfffieqh¶ ffifgffhfhi¶wth¶
hgeqffieqfheq¶gg¶fkffieqfheq¶gi¶ fffeqiffi¶ff¶f¶hfgfffhhhfg¶heq¤eqh¶wth¶
fheq¶ ffihfheqk¶ Ohhfffiffgffhhi¶ ff¶ fhhfffxgffh¶ ffh¶ iwocm¶
heqffffheqh¶ ighhffi¶ gf¶ hghfh¶ geqfffffh¶ hhffieqffi¶ ifffhffn¶ a¶
ffihkmeqhh¶gg¶heqmfeqh¶igghh¶gi¶ffihkmeqhhffi¶ifffi¶hgfffiffheqgmd¶
fhhgghgffffeqp¶ ffh¶ fheqffieq¶ fgeq¶ hgeqffieqffeqh¶ fg¶ hffihhffgot¶
hfgfffhhhfg¶hgffffffi¶gi¶ffffeqgeqffifk¶nheq¶fffhffheqfheq�geqigeqffiffiffwth¶
hfff¶ieqgeq¶ iggifffeqh¶fffi¶ffkheqffik¶

eqhgfhhip¶f¶ffifffeqieqff¶geqifghfffi¶fheq¶hggigeqffiffiffgn¶w�¶
eqnffffiffffi¶ hffffieqfffieq¶ ifffi¶ hgghhheqhk¶ nhffffi¶ ifffi¶ heqmnmd¶
ffiffihhi¶fffi¶ fheq¶ fgfffhieqfffh¶hhffieq¶fff¶igfheq¶gleqg¶ fhm¶7�
ieqfg¶ heqgffghk¶ vgg¶ f¶ iffleqf¶ eqieqp¶ hggigeqffiffiffgf¶ g�¶ a¶
hfgfffhhhfg¶ ieqffhgeq¶ ighhh¶ hgglffheq¶ f¶ hgffifffffleq¶ lfhhmp¶
ihffhffif¶ geqigeqffiffiffgf¶ ighhh¶ hgglffheq¶ f¶ feqiffffleq¶ lfhhmp¶
ifffh¶hfhhffieqh¶ieqffhgeqffi¶ffihggfffi¶zeqggk¶nheqffieq¶ geqffihht�¶
ieqgeq¶ iggifffeqh¶ fffi¶ igeqwheqfhi¶ hffffifgffkhfffgfffi¶ igg¶ fom¶
hhffieq¶ fff¶ ffihggeqk¶yheqgeq¶ ieqffhgeqffi¶ieqgeq¶eqfffheqg¶fkffimtht¶
gg¶ hghkffhhh¶ hgeqffieqff¶ gf¶ kgfh¶ ghhfffiffgfffi¶ fhzffi¶ wa�¶
ffieqhfgffeqlt¶zfhzhffeqhk¶

In¶ hu¶Wihgnin¶« um¶ hu¶ s�guhgmifff ¶hgusmn¶

\1\)� \\)'\.� �a,,��\.\\�\.�\.�\).a\� �\).��<:,\��\.� a��<:,��<:,Q.? '\.\\\'t:.�
geqffih� ffi¶ if¶ dilhu�¶¨sun¶ attumptini¶to� describe�tbe�
hgeqhgiffffff¶ hghffieqf¶ fiheq¶ igg¶ ff¶ eqieq¶ fffi¶ f¶ wowlf¶

keqhfhffieq¶ fheq¶ fgeqfffi¶ gi¶ fheq¶ ffihkmeqhhffi¶ lfgik¶ rn¶ the¶

fkffieqfheq¶ gi¶ ffifeqgeq�¶ ffifieqffi¶ f¶ ffiffzeq¶ hgfffeqgffgf¶ifffi¶ hmd¶

f¶ gfu¶ gf¶ fteq¶ dzfifgffifffh¶ heqfeqgiffffffffi¶ gi¶ hghm�¶

 peqk1O,15¶ Thi¶ ltiih ¶ heqpfg h�eq¶ fggm¶  heq¶Wiffihwnsy�¶

hggfghglt¶giieqgeqd¶fheq¶ghhggfhffff¶gi¶heqmffffi¶f¶spocw©¶

ieqfffihgeqs¶ gi¶ hghffieqf¶ fheq¶ hffifffi¶ fheq¶ shgeqhgiznan�¶

hghffieqf¶ ffiffzeqs¶ lfgfffkheqk¶ nhffffi¶ lfgfffkheq¶ hfh¶ fheq¶ fhlath-
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ffieq¶ gi¶ geqieqggfffil¶ iggi¶ fheq¶ ghfffieqfl¶ fg¶ fheq¶ eqieq¶ fffi¶ f¶
ihgheqk¶ rf¶ fhffffi¶ hfheqg¶ hochffieqf¶ fiheq¶ igg¶ fheq¶ eqieq¶ fffi¶ f¶
ihgheq¶ffffi¶fhhffi¶hgeqffieqffeqh¶fff¶fig¶ffihffihfhi¶hffiieqgeqff¶ffh¶
hgihheqieqfffgi¶ififfik¶nheq¶mgffif¶geqhgeqffieqffffi¶fheq¶hffiheqffif¶
ffihggfffi¶ ffihkmeqhh¶ iggi¶ f¶ ffihkmeqlih-ki-ffihkmeqhh¶ fffiffieqffiffixy
ieqff¶gi¶ shgeqhgiffffff¶hghffieqf¶ fiheqsl¶ ffh¶ fheq¶ ffieqhgfh¶
oceqhgeqffieqffffi¶ f¶ shggni¶ ieqfffihgeqs¶ kfffieqh¶ g�¶ fheq¶ shgeqhgxy
vffffff¶hghffieqf¶ffiffzeqs¶igg¶fheq¶eqieq¶fffi¶f¶ihgheqk¶

nheq¶ hgihheqnfffi¶gi¶ fheq¶yffffihgfffifff¶ ffiiffifeqi¶ eqfhghgxy
fieqh¶ hffi¶ fg¶ heqmfeq¶ f¶ fhikeqg¶ gi¶ shhfffffhfhhi¶ geqheqlfffs¶
ffihiifgi¶ ieqfffihgeqffi¶ kfffieqh¶ gf¶ fheq¶ heqffffheqh¶ igfhfffik¶
Thhffi¶ nor¶ ffifffhffi¶ ifffi¶ ffihiifgffffieqh¶ ki¶ hhfffiffiffiifffi¶
mieqffi¶ffffg¶fhgeqeq¶hffeqiggffeqffi:¶

llk¶ None: nor¶ ieqffhgeqffi¶ ffihggeqh¶ fffi¶ fkffieqff¶ gg¶ wheqffi"¶
fffgffkheq¶fff¶fheq¶iggffif¶fiieqhfeqh¶ffihkmeqlihk¶ nrfhffffiffffhf¶
ffiiflih¶hfgh¶hghffieqf¶ieqgeq¶fffhhhheqh¶fff¶fhffffi¶hffeqiggikn¶

2.� Minor AMD: hghffieqf¶ ihffhh¶ ieqgeq¶ fgf¶ geqfffhhhfgl¶
ifffh¶ hgfflheqfheq¶ <ppp¶ /-Lil¶ ffh¶ ifffh¶ fgffh¶ hghffieqf¶
fgeqf¶ ghhhhifffi¶ <llpn¶ gi¶ fheq¶ fgffh¶ igffh;¶ yPv¶
heqieqfeqgffffgf¶ ghhhhifffi¶ <npn¶ gi¶ fheq¶ igffh;¶
fffhgmfffieqh¶hffiieqffffffgfk¶

3.� Major AMD: geqfffhhhfg¶ hghffieqfl¶ hghffieqf¶ ifffh¶ hgfxy
flheqfheq¶ � ppp¶ /-Lil¶ hghffieqf¶ ghhhhifffi¶ � llpn¶ gi¶
fheq¶ fgffh¶ igffh¶ fgeqf;¶ yPv¶ heqieqfeqgffffgf¶ ffflghlfffi¶
� npn¶ gi¶ fheq¶ fgffh¶ igffh¶ fgeqf;¶ eqnhhffffleq¶ nor¶
nffihkgeqfffffh¶ hfeqiggghfieq¶ goc¶ ffihfg�mkgfffn;¶ ieqgxy
igfhhffh¶ffgghhik¶

Theq¶ ffifhhi¶ifffi¶fhhggleqh¶ki¶ fheq¶eqfhffhffi¶hgiiffffeqeq¶
wfffh¶ geqffihgfffiffkffhfffi¶ igg¶ geqffieqfghh¶ fff¶ fheq¶ Leqffheqffifeqg¶
gocghh¶ gi¶ hgffihffffhffi¶ ffh¶ fhli¶ ffihkjeqhfffi¶ ifleq¶ fffiggieqh¶
vmockfh¶hgfffieqff¶hgffgg¶fg¶hfgfffhffhffffgfk¶

RESULTS�
Toeq¶ffgieqf¶hghhhffffgf¶gi¶fheq¶hgeqffieqff¶ffifhhi¶hgfffiffffifeqh¶
o�¶fheq¶ffihglfflggffi¶gi¶fheq¶pnu¶hfgfffhffhfffffi¶gi¶ff¶eqfghffeqg¶
e|e� ffifhhik16¶ nheq¶ heqffffhffi¶ gi¶ fheq¶ hgeqffieqff¶ ffifhhi¶
pgphhffffgf¶hfleq¶keqeqf¶heqffihgffkeqh¶eqhffieqiheqgeqk|�¶Bgffeqflil¶
ith¶ lluup¶ fheq¶ yfgif¶ ffihglfflggffi¶ nffihglfflggffihffh¶ ifffi¶
zthgif¶ igg¶ uukp¶nn¶ gi¶ fheq¶ hgeqlffghffi¶ ffifhhi¶fhikeqgeqh¶
223,� gi¶ whgi¶ llu¶ hfh¶ igleqhl¶ np¶ hghhh¶ fgf¶ keq¶
conffhfeqh¶ ff¶ fheqffoc¶ iggieqoc¶ fhhgeqffiffi¶ ffh¶ s¶ ieqgeq¶ fgg¶
uthweqhh¶ fg¶ fffeqfhk¶ Oi¶ fheq¶ geqifffffffi¶ llot¶ geqffiffheqff¶
uoclfflggffil¶ ss¶ nppkpnn¶ hfgfffhffhffeqh¶ fff¶ fheq¶ ighhgi-hh¶
f dik¶yeqfffffh¶hhgfgigfhhffi¶ieqoceq¶hgfffiffheqgeqh¶igfhfkheq¶
i�¶ af¶ heqfffif¶ gfeq¶ nor¶ ieqffhgeq¶ hghhh¶ keq¶ fhhghffeqh¶ f¶
gocadeq¶ igg¶fhff¶eqieqk¶nheqgeq¶ieqgeq¶oo¶ gffihf¶eqieqffi¶ffh¶sll¶
le�f¶eqieqffi¶ifffh¶igfhfkheq¶ffifieqffil¶ifyfffi¶f¶fgffh¶gi¶llps¶
eymffi¶ fff¶ sn¶ ffihkjeqhfffi¶ igg¶ hgihfgffffigf¶ fff¶ fheq¶ mffh¶
athahiffiffffik¶ Oi¶ fheq¶ sn¶ ffihkjeqhfffil¶ opkon¶ ieqgeq¶ ieqifheql¶
athd¶fheqffoc¶ieqff¶fieq¶ifffi¶sp¶ieqfgffi¶ngffieq¶oo-up¶ieqfgffin¶
af¶foeq¶ fffffffffh¶ fffiffieqffiffiieqff¶ffh¶ so¶ ieqfgffi¶ ngffieq¶ sw-uo¶
ymaocffin¶ ff¶ fheq¶ ffihkffieqwheqff¶ fffiffieqffiffiieqffk¶ nheq¶ ieqff¶
hohhgishh¶ heqgffgh¶ ifffi¶ tko¶ ieqfgffi¶ nr¶ pko¶ ieqfgnk¶ rf¶
terms� gi¶ fieql¶ ffieqn¶ ffh¶ lffffiffgf¶ fff¶ fheq¶ keqffeqoc¶ eqieq¶ ff¶
bamhfffeql¶fheq¶fffeqfheqgffi¶gi¶fheq¶igliligishh¶ffifhhi¶hffh¶fgf¶
dffkmg¶ffiffifffmhfffhi¶iggi¶fheq¶ffihglfflfffi¶fgf-fffeqfheqgffil¶
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ffh¶fffeqfheqgffi¶ieqgeq¶ fhhffi¶hgfffiffheqgeqh¶fg¶keq¶geqhgeqffieqfxy
fffffleq¶gi¶fheq¶ffihlfflggffi¶fffi¶f¶ihgheq¶(p > pknt¶igg¶fieq¶ffh¶
ffieqnl¶p�= pkllp¶igg¶lffffihfh¶fhhfffi¶t�lln¶gg¶beqffeqgnk¶

Baseline AMD Prevalence 
nheq¶hgeqlfheqfheq¶gi¶nor¶ ieqffhgeqffi¶ffihggeqh¶ff¶ fheq¶fig¶
fffieq¶ hgffffffi¶ hffifffi¶ fheq¶ yffffihgfffifff¶ igfhfffi¶ieqfhgh¶ ffffi¶
geqhggfeqh¶eqhffieqiheqgeqk}s¶

Incidence and Progression of AMD 
Drusen 

nheq¶o¶ ieqfg¶ fffhffheqfheq¶gi¶heqmffffeq¶hghffieqf¶gi¶ ffi¶fiheq¶
ifffi¶spktn¶nffkeqk¶gi¶fheq¶st¶eqieqffi¶ihffhh¶ieqgeq¶hghffieqfsigeqeq¶
ff¶kfffieqhfffeql¶llll¶ffihgieqh¶hghffieqf¶ff¶ighhgi-hhnk¶yeqigmffixy
ffiffgf¶ gi¶ hghffieqf¶ ifffi¶ gkffieqgleqh¶ fff¶ npkpn¶ nnn�llllpl¶
nfkheq¶rnk¶ vffik¶ ll¶ hghhieqffffi¶ fheq¶ fffhgfh¶ hffffifggi¶ gi¶
ifnffihi¶hghffieqf¶ffiffzeq¶heqg¶eqieq¶fff¶feqgiffi¶gi¶fheq¶hhffieq¶
fff¶ igfheq¶ keqfieqeqf¶ eqnfifffffffgfffik¶ vieqffi¶ ieqgeq¶ ffihggeqh¶
fhhgghfffi¶ fg¶ fheq¶ hffiheqffif¶sffihggfffi¶ ffihkmeqhhl¶ ffig¶ fheq¶
ffihggeqffi¶ hghhieqff¶ fheq¶ ifnffihisffiffzmh¶ hghffieqf¶ igg¶
eqfhh¶eqieq¶fffi¶f¶ihgheqk¶vieqffi¶ifffh¶hghffieqf¶eqfffheqg¶fkffieqff¶
gg¶ hghkfihh¶ nwheqffifffgffkheql¶ hfgh¶ fffhffffiffffhfl¶ gg¶ ffifffh
hhfffi¶ gfhyn¶ gf¶ kgfh¶ ghhfffiffgfffi¶ fgeq¶ ffieqhfgffeqhi¶ fffhffxy
hffeqd¶ fff¶ vffik¶ llk¶ rf¶ ifffi¶ ighfh¶ fhff¶ sukpn¶ gi¶ eqyeqffi¶
ffihggeqh¶ f¶ hffiheqg¶ igfheq¶ igg¶ ifnffihi¶ ffiffzeq¶ ff¶ fheq¶
ffihkffieqwheqff¶ eqnfifffffffgfl¶ ihffh�f¶ nukpn¶ ffihgieqh¶ f¶
hgieqg¶ffihgoceqk¶nheqgeq¶ifffi¶fg¶hhffieq¶fff¶ffihggeq¶igg¶sllkpnk¶

nheq¶ fffhffheqfheq¶ gi¶ hffiieqgeqff¶ fiheqffi¶ gi¶ hghffieqf¶ ifffi¶
heqfeqgifffeqh¶ fffi¶ ighhgiffik¶ rfhfflffhhfh¶ subfields ieqgeq¶
hhfffiffiffmeqh¶fhhgghfffi¶fg¶fheq¶ fiheq¶gi¶hochffieqf¶ghhhhifffi¶
fheq¶ hfgieqffif¶ fgeqf¶ gi¶ fhff¶ ffihkmeqhhk¶ nheqfl¶ fffiffihifffi¶ f¶
gffy-ggheqgfffi¶igg¶hochffieqf¶ fiheq¶gi¶ shfghl¶ ffigifl¶ geqfffhh
hfgsl¶eqfhh¶eye ifffi¶hhfffiffiffmmh¶fhhgghfffi¶fg¶fheq¶ffihkmeqhh¶
ifffh¶ fheq¶ shffiheqffifs¶ ffihggeq¶ fhgfi¶ fhffffi¶ gffyfffik¶ Bi¶ fhffffi¶
ieqfhgh¶ fheq¶ fffhffheqfheq¶ ski¶ eqieqs¶ gi¶ hfgh¶ hghffieqf¶ ifffi¶
okpn¶ifffh¶ffigif¶ffh¶geqfffhhhfg¶hghffieqf¶hflfffi¶fffhffheqfheq¶
gffeqffi¶gi¶nskll¶n¶ffh¶llukpn¶geqffiheqhfffleqhi¶nnfbheq¶r¶iffleqffi¶
fheqffieq¶ fffhffheqfheq¶ gffeqffi¶fhhgochfffi¶fg¶kgfh¶ ski¶ffihkmeqhhs¶
ffh¶ ski¶ eqieqs¶ fffhiffieqffink¶ rf¶ ggheqg¶ fg¶ iffff¶ ihgfheqg¶
fffffiffihf¶ ffffg¶ihffhh¶ hhffieqffi¶ fff¶ hghffieqf¶ fiheq¶ieqgeq¶ fheq¶
hgeqhgiffffff¶ hhffieqffi¶ gffheqg¶ fhff¶ fheq¶ sifnffihis¶
hhffieql¶ fheq¶ shgeqhgiffffff¶ hghffieqf¶ ffiffzeqs¶ lfgfffbheq¶ifffi¶
hffieqh¶ fffi¶ f¶ hocgni¶ igg¶ hghffieqf¶ fiheq¶ neqeq¶oeqfhghnk¶Bi¶
fhffffi¶ hggni¶ igg¶ shgeqhgiffffffs¶ fiheql¶ fheq¶ fffhffheqfheq¶ gi¶
hfgh¶ hghffieqf¶ ¥fffi¶ llnkpnl¶ ihffliffif¶ fhff¶ gi¶ ffigif¶ ffh¶
geqfffhhhfg¶ hghffief¶ wfffi¶ fhhggnffiffeqhi¶ llon¶ eqfhhk¶ Bi¶
kgfh¶ieqfffihgeqffi¶gi¶hghffieqf¶fiheql¶geqigeqffiffiffgf¶gffeqffi¶ieqgeq¶
ieqfeqgfhhi¶ hgfffiffheqgfkhi¶ hffiheqg¶ fhff¶ fffhffheqfheq¶ gffeqffi¶
nnfkheq¶rnl¶f¶hgffff¶gi¶ffffeqgeqffif¶geqifochfffi¶fheq¶flhffhfffi¶gi¶
hghffieqf¶ fiheq¶ �leqg¶ fffieqk¶ nheq¶ hhffieqffi¶ fff¶ igfheq¶ gleqg¶
fffieq¶ igg¶ kgfh¶ hffgeqhf¶ ffh¶hggni¶ ieqfffihgeqffi¶ gi¶ hghffieqf¶
fiheq¶ fgeq¶ fflilihffifgffeqh¶ fff¶ vffik¶ nl¶ eqfhh¶ gi¶ fheqffieq¶
heqigfffifgfffffi¶ fheq¶ gffysggheqgeqh¶ hggigeqffiffiffgf¶ gi¶
fffhgeqfffifffi¶ igfheq¶ keqfieqeqf¶ fffffffffh¶ ffh¶ ffihkffieqwheqff¶
fffiffieqffiffiieqffffik¶ eqhfgffeqlii¶ ffheqffffmeqh¶ fgeq¶ eqieqffi¶ ihffhh¶
hfh¶ eqfffheqg¶ fbffieqff¶ gg¶ hghkfihli¶ hghffieqf¶ gf¶ kgfh¶
ghhfffiffgfffik¶ (rf¶ ffihghhh¶ keq¶ fgfeqh¶ fhff¶ fheq¶ fhikeqoc¶ gi¶
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Table I. Seven year incidence and regression of drusen 

Incidence Regression 

Drusen feature n % n % Total Missing (ungradable) 

Definite drusen (by eye) 11/36 30.6% 221110 20.0% 146 12 
Drusen type (by subfield) 

Hard 92/967 9.5% 1611199 80.9% 1166 256 
Soft 108/1031 10.5% 88/135 65.2% 1166 256 
Reticular 14811104 13.4% 23/62 37.1% 1166 256 

Drusen type (by eye) 
Hard 8/106 7.5% 34/40 85.0% 146 12 
Soft 24/104 23.1 % 22/42 52.4% 146 12 
Reticular 251128 19.5% 5/18 27.8% 146 12 

Drusen type (proxy measure, by eye) 
Hard 13/108 12.0% 28/38 73.7% 146 12 
Soft 211125 16.8% 13/21 61.9% 146 12 
Reticular 211129 16.3% 4117 23.5% 146 12 

Confluence 25/89 28.1% 16/57 28.1% 146 12 
Incidence is the proportion of those free of the feature at baseline which subsequently develop the feature (denominator is those at risk, 
numerator is those which develop feature). Regression is the proportion of those which have the feature at baseline which subsequently 
lose the feature (denominator is those with feature, numerator is those which lose the feature). 
See text for definition of 'proxy measure' for drusen type. 
Incidence and regression rates for drusen type refer strictly to the type under consideration and take no account of whether the score was 
'higher' or 'lower' at the contrasted point in time. Thus the incidence of soft drusen could include eyes where there had been no drusen 
hard drusen initially, as well as those where reticular drusen had 'disappeared' to leave soft drusen. 
Missing drusen data: eyes excluded if image quality did not allow drusen assessment on both occasions. 

sfkffieqff¶gg¶hghkfihhs¶igfheq¶geqieqgffi¶fg¶fheq¶hgeqhgiffffff¶
fiheq¶ gi¶ heqffiffgf¶ ki¶ ffihkmeqhh¶ gg¶ ki¶ eqieq¶ ffh�¶ fffi¶ ffihhh�¶
fheqffieq¶ fhikeqgffi¶ fgeq¶ fgf¶ eqnheqhfeqh¶ fg¶ keq¶ eqnfhfhi¶ fheq¶
ffifieq�¶ ffh¶ ffiffiffhfghi¶ fheqi¶ feqeqh¶ fgf¶ keq¶ fheq¶ ffifieq¶ fffi¶
fhgffieq¶ fff¶ vffik¶ 1kn¶ nf¶ fffhgeqfffieq¶ fff¶ igfheq¶ ghhhggeqh¶ fff¶
swknn¶ ki¶ kgfh¶ ieqfffihgeqffi¶ ffh¶ f¶ heqhgeqfffieq¶ fff¶ igfheq¶
ghhhggeqh¶fff¶1skpn¶ki¶fheq¶hffgeqhf¶ieqfffihgeq¶ffh¶llwkwn¶
ki¶fheq¶hggni¶ieqfffihgeqk¶

Cgfflheqfheq¶gi¶hghffieqf¶ifffi¶heqmfeqh¶fffi¶fheq¶hgeqffieqfheq¶
gi¶fig¶gg¶iggeq¶fghhhfffi¶hghffieqf�¶ffh¶gi¶su¶eqieqffi¶ifffh¶
eqfffheqg¶ fg¶ hghffieqf¶ gg¶ fgf-hgfflheqff¶ hghffieqf¶ ff¶ fffffffffh¶
fffiffieqffiffiieqff�¶ np¶ nnskll¶nn¶ ffihgieqh¶ hgfflheqfheq¶ ff¶ fheq¶
ffihkffieqwheqff¶ fffiffieqffiffiieqffk¶ Cgfflheqfheq¶ geqigeqffiffieqh¶ fff¶
eqnfhfhi¶ fheq¶ ffifieq¶ hgghggfffgf¶ nllt�po¶ eqieqffi¶ gg¶ nskll¶n�¶
ffieqeq¶Tfkheq¶rnk¶ri¶fheq¶np¶eqieqffi¶iheqgeq¶hghffieqf¶ieqgeq¶eqfffheqg¶
fkffieqff¶gg¶ hghkfihh¶gf¶ kgfh¶ghhfffiffgfffi¶fgeq¶ eqnhhhheqh�¶
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Fig. 1. Change in score between initial and subsequent 
assessments for maximum drusen size by eye. Where score 
was either zero or one (drusen absent or doubtful: 
questionable, hard indistinct or stippling) on both occasions 
this is indicated by the open extensions to the bars. (Eyes 
were classified according to highest-scoring subfield; valid 
scores prior to taking score differences ran between 0 
and 6).�

fheqf¶ ifffhfff¶ fhffffi¶ ffihkigghh¶ gi¶ tw¶ eqieqffi�¶ fheq¶ np¶ ifffh¶
fffhffheqff¶ hgfflheqfheq¶ hgfffiffffhfeqh¶ sukll¶nk¶ vffik¶ s¶ ffhhu®
ffifgffeqffi¶ fhe¶ hhffieq¶ fff¶ hgfflheqfheq¶ igfheqk¶ eqhfgffehª¶
fffhffhffeqh¶ ngf¶fheq¶heqffgfh¶kfgn¶fgeq¶fheq¶np¶eqieqffi¶iheoce¶
hghffieqf¶ ieqgeq¶ eqfffheqg¶ fkffieqff¶ gg¶ hghkfihh¶ gf¶ kwth¶
ghhfffiffgfffi¶ nigeqi¶ ffieqhfffgfn¶ ffh¶ fheq¶ ihgfheqg¶ sll¶ eqye¶
iheqgeq¶ hgfflheqfheq¶ ifffi¶ fkffieqff¶ gf¶ kgfh¶ ghhfffiffwth¶
ngheqf¶ ffieqhfffgfnk¶ O�eqgfhh�¶ sskt¶n¶ gi¶ eqieqffi¶ fffhgeqfed¶
fheqffg¶ hgfflheqfheq¶ ffihggeq�¶ llpkll¶n¶heqhgeqfffieqh¶ fheqffg¶ ffihwoce¶
ffh¶ pllkwn¶ ffihgieqh¶ fg¶ hhffieqk¶ Thgffieq¶ iheqgeq¶ th�¶
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Fig. 2.� Change in score between initial and subsequent 
assessments for drusen type by eye. Two complementary 
assessments of drusen type are presented. On the left 
(horizontally hatched bars), the 'highest'-scoring individual 
subfield was used to classify the eye and on the right (grey�
bars) a proxy grade referring to the 'predominant'drusen 
type for the eye as a whole was used. (See text for definitiON 
of proxy grade.) The open extensions to the 'zero change' 
bars indicate eyes where drusen were either absent 
doubtful (questionable, hard indistinct or stippled) on box�
occasions. Valid scores prior to taking score differences 
were: (1)� drusen absent, questionable, hard indistinct or 
stippled; (2)� hard distinct drusen; (3)� soft drusen; (4) 
reticular drusen. 
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Fig. 3. Change in score between initial and subsequent 
assessments for drusen confluence by eye. The grey stippled 
extension on the central bar indicates the 25� eyes in which 
maximum drusen size scores were absent or doubtful 
(questionable, stippled or hard indistinct) on both occasions 
and the open extension indicates the 31�eyes in which drusen 
were present but non-confluent on both occasions. (Eyes 
were classified according to highest-scoring subfield and 
valid scores prior to taking score differences ran between 0 
and 6.)�

coffieq¶ fff¶ hgfflheqfheq¶ ghhhlleqh¶ fffhlihheqh¶ 25 eqseql¶
woeqleq¶hlhleqf¶ieqleq¶eqfffheql¶fkleqff¶gl¶hghkfshli¶gf¶kgfo¶
ochflffgfl¶ffh¶ 31 eqseql¶iheqleq¶hgfflheqfheq¶ifl¶ fkleqnf¶
oth¶kgfh¶ghhflffgfl.¶Is¶fheq¶25 eqseql¶woeqleq¶hlhleqf¶ieqleq¶
mfffoeql¶ fkleqff¶ gl¶ hghkfshli¶ gf¶ kgfo¶ ghhflffgfl¶ fleq¶
mxhlihheqhl¶ fheqf¶ ifffhfff¶ fhffl¶ lhkilghh¶ gs¶ eqseql¶ ifffo¶
dmfiffffeq¶hlhleqf¶gf¶ff¶lieqflf¶gfeq¶ghhflffgf¶fheq¶hlghgl
tffon¶gs¶eqseql¶ihffho¶fffhleqfleqh¶fff¶hgfflheqfheq¶lhgleq¶ifl¶
40.5% ffh¶fheq¶hlghglfffgf¶ihffho¶heqhleqfleqh¶ fff¶ lhgleq¶
¦fl¶ 18.2 %. If¶ fhffl¶ lhglfffi¶ lslfeqv¶ foeqleq¶ ffl¶ hffih¶
�mthlfffff�fffs¶gs¶fheq¶lhflieq¶fg¶vfffffvfli¶hgfflheqfheql¶ fl¶fheq¶
lioweqlf¶ hgfflheqfheq¶ lhgleq¶ fffhlihheql¶ f¶ lfffilieq¶ fghhhfffi¶
doculeqf¶ hfffl.¶ Af¶ fheq¶ ghhglfffeq¶ eqfh¶ gs¶ fheq¶ lhflieq¶ foeq¶
offgoeqlf¶hgfflheqfheq¶lhgleq¶ ffl¶ sgl¶leqfffhhlifl¶hlhleqf,¶ ffh¶
thm¶gkleql�eqh¶hlgileqllffgf¶hflflis¶leqfleqhfl¶foeq¶fffhffheqfheq¶
o�¶ocmfffhhlifl¶hlhleqf¶g�eql¶fheq¶7 seqfll¶ (Tfklieq¶ In.¶

Focgv¶fheq¶fffhff�ffhhfli¶lhkfieqlihll¶fheq¶heqlheqfffieq¶fleqf¶
�cuhffeqh¶ks¶hlhleqf¶ifl¶hflihhliffeqh¶sgl¶eqfhh¶eqseq¶fl¶f¶
§oolieq¶(flili¶lhkfieqlihl¶hgvkfffeqhnl¶fl¶ieqlili¶fl¶sgl¶fheq¶fleqf¶
dmfithmh¶ ks¶ fheq¶ ffffeql¶ ffh¶ heqfflfli¶ lhkfieqlihl.17¶ Theq¶
a¢mlfieq¶ fffhleqfleq¶ fff¶ heqlheqfffieq¶ fleqf¶ hg�eqleqh¶ ks¶
doculmf¶ sgl¶ fheq¶ eqseq¶ fl¶ f¶ ihglieq¶ ifl¶ 6.6%, ffh¶ fheq¶
guff�flieqff¶ heqlheqfffieq¶ fffhleqfleq¶ sgl¶ foeq¶ hgvkfffeqh¶
cethflfli¶ffh¶ffffeql¶lhkfieqlihl¶ifl¶7.5%. A¶offlfgilfv¶gs¶
�m¶ coffieq¶ fff¶ heqlheqfffieq¶ fleqf¶ gs¶ hlhleqf¶ sgl¶ flili¶
l¡bfimlihl¶hgvkfffeqh¶ffl¶lhgif¶fff¶vffi.¶4. Toeq¶flfffoveqfffh¶
hu��mleqfheql¶ fff¶ heqlheqfffieq¶ fleqf¶ ieqleq¶ hligffeqh¶ fff¶ foeq¶
qvfoglfv¶gf¶f¶ieqgveqflffh¶lhflieq¶fff¶glheql¶fg¶fflilihlflffeq¶
both¶ lvflili¶ ffh¶ liflieq¶ hhffieql.¶ Theq¶ 25 eqseql¶ ifffh¶
vaxffmhv¶hlhleqf¶lhgleql¶ihffhh¶ieqleq¶eqfffheql¶fkleqff¶gl¶
doubfshli¶gf¶kgfh¶ghhflffgfl¶fleq¶fffhffhffeqh¶ks¶fheq¶gheqf¶
leqcfffof¶gs¶fheq¶heqfflfli¶kfl.¶Lflieq¶hhffieql¶ghhhlleqh¶fff¶
f¶�umkeql¶gs¶eqseqll¶ifffh¶f¶hlhleqf¶fleqf¶fffhleqfleq¶gs¶40% 
gl¶�oleq¶ghhhllfffi¶fff¶14 eqseql.¶ If¶foeq¶lhkilghh¶gs¶121 
eqseql¶woeqleq¶heqfiffffeq¶hlhleqf¶ ieqleq¶hleqleqff¶gf¶ ff¶ lieqflf¶
gfe¶ochflffgf¶(vffi.¶4, hffhheqh¶leqhfffgflnl¶ff¶fffhleqfleq¶fff¶
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Fig. 4.� Change in overall percentage area of drusen 
between initial and subsequent assessments by eye (all 
subfields combined). Note that on the graph the percentage 
area progression proceeds on a geometric scale to highlight 
small changes in area as well as large changes. Column 
labels indicate the frequency distribution bins such that from 
zero outwards each bin label indicates absolute areas larger 
than the previous label and smaller than or equal to the 
current label. (The open extension to the central bar 
indicates eyes where maximum drusen size scores were 
either absent doubtful on both occasions.) 

fleqf¶ gs¶ ileqffeql¶ fhff¶ 0.64% ifl¶ gkleql�eqh¶ fff¶ 43.0% 
ffh¶ff¶ eqwhff�flieqff¶heqhleqfleq¶gkleql�eqh¶fff¶10.7%. 

Pigmentary Disturbance 

yheqf¶ leqfffffli¶ hffiveqff¶ eqhfffheqliffhv¶ nyPvn¶ heqieqfeqlfxy
fffgf¶ifl¶lhgleqh¶ks¶lhkfieqlihl¶ fheq¶fffhffheqfheq¶ifl¶sghfh¶
fg¶ keq¶ 43.0% (401/932 lhkfieqlihln.¶ If¶ gflis¶ 10.5% 
(38/362) gs¶lhkfieqlihl¶ifl¶eqlffklifflheqh¶yPv¶heqieqfeqlf
fffgf¶ lhgleqh¶ fl¶ hf�fffi¶ leqileqlleqh.¶ yheqf¶ fheq¶ hffioeqlf¶
lhkfieqlih¶lhgleq¶gs¶eqfho¶eqseq¶ifl¶hleqh¶fg¶heqfgfeq¶fffl¶yPv¶
lfffhll¶fheq¶7 seqfl¶fffhffheqfheq¶gs¶yPv¶heqieqfeqlffffgf¶wfl¶
54.5% (42177 eqseqlnl¶ ihfflieq¶ 8.8% (7/80) gs¶ fheq¶ eqseql¶
ifffp¶ yPv¶ heqieqfeqlffffgf¶ ffffffffflilis¶ ieqleq¶ lhgleqh¶ fl¶
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Fig. 5. Change in overall percentage area of RP E 
degeneration between initial and subsequent assessments 
by eye (all subfields combined). Note that on the graph, 
RPE percentage area progression proceeds on a geometric 
scale to highlight small changes in area as well as large 
changes. Column labels indicate the frequency distribution 
bins such that from zero outwards each bin label indicates 
absolute areas larger than previous label and smaller than 
or equal to the current label. (The open extension to the 
central bar indicates eyes where RPE degeneration was 
either absent or questionable on both occasions.) 
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Fig. 6. Change in score between initial and subsequent 
assessments for increased pigmentation by eye. The open 
extension to the central bar indicates eyes in which increased 
pigmentation was absent on both occasions. (Eyes were 
classified according to highest-scoring subfield; valid scores 
prior to taking score differences ran between 0 and 3.)�
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Fig. 7. Subgroup analysis of change in score between 
initial and subsequent assessments for increased pigment by 
eye (central and inner subfields only). The two separate 
analyses show change over time for subgroups, with 
pigment being present either initially or subsequently to 
illustrate the transient nature of increased pigment in AMD. 
(Eyes with photographs of poor quality on either occasion 
were excluded.) 

fffi¶ fhgffieq¶iheqgeq¶ eqfffheqg¶ ffffffffflt¶ gg¶ ffihkffieqqheqff¶hhgfo¯
igfhhffh¶qhfltfffi¶ifffi¶igaheqh¶fffi¶hgggk¶vffik¶o¶ffieqhfgffelty¶
heqigfffifgffeqffi¶ fheqffieq¶ hhffieqffi¶ fff¶ hffiieqff¶ ffihggeqffi¶ ior¶
eqieqffi¶ iheqgeq¶ fffhgeqfffieqh¶ hffiieqff¶ ifffi¶ hgeqffieqff¶ eqfffher¶
fffffffffltlti¶gg¶�hkffieqqheqffltik¶vggi¶fheqffieq¶hffffifgigfiffil¶fff¶ffs¶
fhhfgeqff¶ fhff¶eqieqffi¶ifffh¶ fffhgeqfffieqh¶hffiieqff¶ff¶ffffffffah¶
eqnfifffffffgf¶ ltgffif¶ hffiieqffl¶ ihffltffif¶ fhgffieq¶ ffihggffng¶
fffhgeqfffieqh¶hffiieqff¶ffihkffieqqheqfflti¶ieqgeq¶ ltfgieqlti¶igeqeq¶of�
hffiieqff¶fffffffffltltik¶nheqffieq¶gkffieqglffffgfffil¶hgikfffeqh¶ifffo¶
fheq¶hffih¶gffeq¶gi¶ geqigeqffiffiffgf¶gi¶ hffiieqff¶fgfeqh¶fkg£el¶
ffihlti¶fhff¶fffhgeqfffieqh¶hffiieqffffffgf¶ffffi¶f¶fgffffiffeqff¶eqlent¶
fff¶nork¶

Exudative AMD 

nheq¶ o¶ ieqfg¶ fffhffheqfheq¶ gi¶ kgfh¶ ffihk¶geqffffflt¶ ffihfggffng!¶
mkgfff¶ heqhgffifffffgf¶ ffh¶ ffihkgeqffffflt¶ hfeqiggghfieq¶ was¶
llksnl¶ ifffh¶ fg¶ ffihfgffi�mkgfff¶ hffffifhheqfgfffik¶ n¶ ffifffmlte¶
ffihkgeqffffflt¶ hfeqiggghfieq¶ ifffi¶ hgeqffieqff¶ fffffffffltltik¶ Thffs¶
hfeqiggghfieq¶ifffi¶hheq¶fg¶f¶ifhgg¶ffeqhgiffii¶ffh¶was¶
fgf¶fffiffighffffeqh¶ifffh¶ffihkgeqffffflt¶feqglfffihhltfgffffiffffgfk¶At¶
fheq¶ ffihkffieqqheqff¶ eqnfifffffffgf¶ fhffffi¶ hfeqiggghfieq¶ had¶
hffffifhheqfgeqh¶ nTfklteq¶IIwk¶

Table II. Seven year incidence and regression of other AMD features 

Incidence Regression 

Feature n % n % Total Missing 
RPE by subfield 4011932 43.0% 38 /362 10.5% 1294 128 
RPE by eye 4217 7 54.5% 7 /8 0  8 .8 %  157 1 
Increased pigmentation by subfield 45/1212 3.7 % 59/8 8 67 .0% 1300 122 
Increased pigmentation by eye 14/121 11.6% 22/34 64.7 % 155 3 
Subretinal haemorrhage 2/156 1.3 % 111 a 100% 156 2 
Subretinal scar/fibrin deposition 2/155 1.3% 0/3 0% 158 0 
Geographic atrophy 2/154 1.3% 0/3 0% 157 1 

Analysis is 'by eye' unless otherwise indicaed; Total and Missing refer to number of eyes for which data were available on both occasions. 
RPE, retinal pigment epithelial degeneration. 
aThis haemorrhage was due to a 'macro-aneurysm' and not AMD. 
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Table III. Best corrected Snellen visual acuity by eye at initial and subsequent assessments: u u 147 (+l1a) 

Subsequent 
Initial 6/6 6/9 6/12 6/18 6/24 6/36 6/60 CF HM PL 
PL 0 0 0 0 0 0 0 1 1 0 
HM 0 0 0 0 0 0 0 1 1 0 
CF 0 0 0 0 0 0 1 4 (1) 1 1 
6/60 0 0 (1) 0 0 0 0 2 1 0 0 
6/36 0 (1) 0 1 0 1 0 2 1 0 0 
6/24 0 0 (2) 0 1 3 0 1 1 1 0 
6/18 0 1 (1) 3 (1) 3 2 1 1 2 0 0 
6/12 1 6 4 5 5 0 0 2 0 (1) 0 
6/9 4 (1) 25 15 8 8 3 0 1 (1) 1 0 
6/6 2 7 4 2 2 (1) 0 0 0 2 1 

aEyes which underwent cataract extraction during follow-up are separately indicated in brackets. 

Geographic atrophy 

Geqgigfhhffh¶ flgghhi¶ hfh¶ f¶ ffiffiffhfg¶ fffhffheqfheq¶ lg¶
eqxhhflffleq¶ nor¶ nllssn¶ gg¶ n/llpw¶ eqieqffin¶ ffhl¶ fgl¶
ffihghgffffifffihil¶ hffh¶ fgl¶ hffffifhheqfg¶ fff¶ lheq¶ s¶ eqieqffi¶ ihffhh¶
ffihgieqh¶lhffffi¶ieqflhgeq¶ffffflfffhlti¶nnfkheq¶rrns¶

Visual Acuity 
Tfkheq¶rrr¶hgihfgeqffi¶lheq¶keqffil¶hgggeqhleqh¶feqhheqf¶lffffihfh¶
ahhfflffeqffi¶ki¶eqieq¶ fl¶ lheq¶ ffffflfffh¶ffh¶ ffihkffieqwheqfl¶fffiffieqffiffi
meqflffi¶nllll¶eqieqffi¶ihffhh¶hfheqgieqfl¶hflfgfhl¶eqxlgfhlffgf¶
beqlieqeqf¶ ffffflfffh¶ ffh¶ ffihkffieqwheqfl¶ fffiffieqffiffiieqflffi¶ fgeq¶
ffthhffhfleqh¶ffieqhfgfleqhins¶vnhhhhfffi¶eqieqffi¶ ihffhh¶ hfheqg
weqfl¶hflfgfhl¶ ffihgieqgi¶ hhgfffi¶ lheq¶ ighhgishh¶heqgffghl¶
ahhffli¶geqiffffeqh¶ifflhfff¶n¶ feqhheqf¶ hfffeqffi¶ igg¶ llllu¶ eqieqffi¶
(8llspnwl¶ no¶ eqieqffi¶ nnnsonw¶ hgffil¶ s¶ gg¶ iggeq¶ feqhheqf¶
�theqffil¶ffh¶ll¶eqieq¶ffihggleqh¶ki¶s¶hfffeqffis¶rfhhhhfffi¶lheq¶llll¶
eqyeqffi¶ ihffhh¶ hfheqgieqfl¶ hflfgfhl¶ ffihgieqgi¶ hhgfffi¶
johhgishhl¶ lheq¶fffhffheqfheq¶gi¶ hgffiffi¶gi¶ lffffiffgf¶ lg¶ t/lls¶ gg¶
wogffieq¶ nfff¶ eqieqffi¶ihffhh¶ hfh¶ ffffflfffhhi¶fhhffeqleqh¶ t/lln¶ gg¶
beqlleqgn¶ ifffi¶ nosnnl¶ ffh¶ lheq¶ hgfleqgffieq¶ fffhffheqfheq¶ gi¶
vffffihfh¶ ffihggleqieqfl¶ fff¶ eqieqffi¶ ihffhh¶hfh¶ ffffflfffhhi¶ hfh¶
vffffiffgf¶ gi¶ t/lls¶ gg¶ iggffieq¶ ifffi¶ ospns¶ nhffffi¶ fhhfgeqfl¶

lffffihfh¶ ffihggleqieqfl¶ ifffi¶ heqffiffi¶ eqlffheqfl¶ nsswnw¶ iheqf¶
eqieqffi¶ hfheqgigfffi¶ hflfgfhl¶ ffihgieqgi¶ ieqgeq¶ eqxhhhheqhs¶
Oleqgfhhl¶ lheq¶ fffhffheqfheq¶ gi¶ khfffhfeqffiffi¶ nt/tp¶ gg¶iggffieqn¶
ifffi¶ llllswn¶ ffh¶ lffffiffgf¶ ifffi¶ geqffilggeqh¶ ki¶ hflfgfhl¶
ffihgieqgi¶lg¶gfeq¶ffffflfffhhi¶kltfffh¶eqieqs¶

Summary of AMD Changes Between Initial and 
Subsequent Assessments 
Chfffffhfhhi¶ geqheqlffl¶ ffihiifgi¶ ieqfffihgeqffi¶ gi¶ nor¶
ffieqleqgwli¶ieqgeq¶ heqmfeqh¶ iggi¶ lheq¶heqlfffheqh¶ igfheqffi¶ nffieqeq¶
oeqlhghns¶nfkheq¶rV¶ fffhffhfleqffi¶lheq¶ ffihiifgffffieqh¶nor¶
ffilflhffi¶ ki¶ eqieq¶ fl¶ ffffflfffh¶ ffh¶ffihkffieqwheqfl¶fffiffieqffiffiieqflffis¶
nheq¶mgffil¶ffieqhlffgf¶fff¶lhffffi¶lfkheq¶hgglffheqffi¶fffiggiflffgf¶gf¶
fhh¶ llps¶ eqieqffil¶ ifflh¶ lheq¶ llll¶ eqieqffi¶ hfheqgigfffi¶ hflfgfhl¶
eqxlgfhlffgf¶ hhgfffi¶ lheq¶ ighhgish�¶ heqgffgh¶ ffieqhfgfleqlti¶
ffheqflffmeqh¶ fff¶ kgfhyeqlffis¶ Oi¶ lheq¶ llps¶ eqieqffil¶ os¶ nwuswnw¶
hfh¶lheq¶ffifieq¶ffihiifgi¶ffilflhffi¶gf¶eqfhh¶ghhfffiffgfl¶fff¶6s¶
eqieqffi¶ nsusunw¶lheq¶ffihiifgi¶Aor¶ffilflhffi¶hggigeqffiffieqhl¶
ffh¶ llo¶ eqieqffi¶ nllpssnw¶ ffihgieqh¶ geqigeqffiffiffgfs¶ Bi¶ lhffffi¶
ffihiifgi¶nor¶ieqfffihgeql¶ffl¶ffffi¶fhhfgeqfl¶lhfl¶ifg¶iggeq¶
eqieqffi¶hggigeqffiffieqh¶lhff¶geqigeqffiffieqhs¶

Table IV. Summary of AMD status overall and according to change in visual acuity between initial and subsequent assessments 

Initial 
Subsequent 
All eyes, u u 147 (+11) 

None 
Minor AMD 
Major AMD 

3 or more Snellen lines lost, u u 27 (+3) 
None 
Minor AMD 
Major AMD 

6/6 or better to 6/9 or worse, u u 18 (+1) 
None 
Minor AMD 
Major AMD 

6/36 or better to 6/60 or worse, u u 16(+2) 
None 
Minor AMD 
Major AMD 

None 

11 
12 (1) 

3 

0 
1 
0 

1 
1 
0 

2 
0 
0 

Minor AMD Major AMD 

10 2 
34 5 
37 (10) 33 

3 0 
6 0 
6 (3) 11 

1 0 
4 0 
5 (1) 6 

1 0 
1 0 
3 (2) 9 

Analysis 'by eye'; 11 eyes which underwent cataract extraction during the follow-up period are separately indicated in brackets. 
None,�AMD features either absent or questionable in the worst-affected subfield. 
Minor�AMD, definite drusen which were not reticular.; with confluence y 500 fLm and overall area y 10% of all subfields combined (entire 
grid�area); RPE degeneration with overall area involving y 25% of all subfields combined; and increased pigmentation. 
Major�AMD, any reticular drusen, drusen with confluence ;;. 500 fLm and/or drusen area ;;. 10% of all subfields combined; RPE 
degeneration occupying ;;. 25% of all subfields combined; exudative AMD (subretinal haemorrhage or scar/fibrin in any subfield); 
geographic atrophy (any subfield). 
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AMD� Changes in Relation to Visual Loss 
The second section in Table IV represents the 
summary AMD status in the subgroup of 30 eyes in 
which visual acuity decreased by 3 or more Snellen 
lines between initial and subsequent examinations. In 
10 of these eyes (33 % )  AMD status progressed while 
in only 3 eyes (10% ) was regression observed. The 
third section in Table IV represents the subgroup of 
19 eyes in which visual acuity was initially normal 
(6/6 or better), and decreased to 619 or worse. AMD 
status progressed in 7 of these eyes (37% ), with only 
1 eye (5% )  showing regression. The final section in 
Table IV indicates AMD status in the 18 eyes which 
crossed the blindness threshold from 6/36 or better 
initially to 6/60 or worse subsequently. Five of these 
eyes (28% ) showed progression of AMD while only 
1 eye (6% ) showed regression. These results confirm 
in general that eyes which lost Snellen acuity during 
follow-up also demonstrated a progression of AMD 
over the 7 year period. 

DI��U��ION�
The population-based incidence and natural history 
data presented in this study are unique. The very 
elderly age structure of the population and the long 
follow-up period make the observations on this 
geographically representative popUlation particularly 
relevant to the study of AMD. 

At the baseline examination the participants were 
demographically similar to the non-participants.16 At 
the follow-up examination the participants were 
again demographically similar to the non-partici
pants, although there may have been an under
representation of visual morbidity.15 This could have 
occurred if visually disabled individuals had been less 
likely to participate in the original eye study, or if 
individuals whose vision had deteriorated during the 
follow-up period had been less likely to participate in 
the follow-up assessmentP Thus it may be that these 
data represent minimum figures for the morbidity of 
AMD in an elderly population, which is of great 
importance when considering the expected demo
graphic popUlation shifts and changing health care 
requirements of the coming decades. 

The measure of incidence used in this analysis was 
the percentage of eyes initially free of a feature that 
went on to develop that feature during the period of 
follow-up. For features that are irreversible and 
unrelated to mortality or other loss to follow-up, this 
is a measure of risk, which for rare conditions will 
closely approximate the cumulative incidence. How
ever, some caution needs to be exercised in inter
preting these results or in comparing them with 
results from other studies, particularly when the 
feature may be reversible or when the condition is 
not rare. 

J.�M. SPARROW ET�AL.�

The AMD features with the highest overall 
incidence in this study are ztbE� degeneration and 
drusen of any type. The clinical appearances of both 
features can at times be subtle, and their visibility 
may be influenced by lens opacities. These opacities 
tend to increase, of course, with time. If the visibility 
of the fundus is deteriorating with age, then the true 
incidence of subtle lesions may have been even 
higher than the data suggest, and the true regression 
lower. 

A limitation of the Wisconsin method of classifica
tion and grading of individual retinal subfields is that 
it is not possible to state precisely the 'by eye' 
incidence of a complicated variable such as drusen 
type. As discussed elsewhere, the true incidence of 
hard and soft drusen are not directly measured in this 
classification system.15 Drusen type for the eye as a 
whole must therefore be approximated from amal
gamated subfield data on drusen type, or (as we have 
done) from data on the predominant size of drusen in 
the grid area as a whole. Nevertheless, our data do 
show that drusen come and go, that the predominant 
drusen type in an eye changes over time, and that 
this change tends to be towards larger-sized and 
reticular drusen, with confluence increasing. 

These observations on drusen progression are 
compatible with the prevalence studies of Klein 
et al.,17 who note that the prevalence of small hard 
drusen decreases with age, whereas the prevalence of 
larger drusen increases with age, as do drusen 
confluence and area. In a 5 year follow-up study, 
Bressler et al.5 also noted regression of large drusen, 
and although their population was exclusively male 
and much younger than that of the present study, 
similarities are evident. Other workers have likewise 
reported similar findings.18-22 Histological studies by 
Sarks et al,z3 support these in vivo observations by 
demonstrating intermediate histological forms which 
imply metamorphosis of hard drusen to soft drusen. 
Sarks, however, found no extracellular material 
which corresponded with the clinical appearance of�
reticular drusen, and attributed reticular drusen to 
choroidal vascular insufficiency. 

The temporal variability of macular pigmentary 
disturbances is remarkable in that it demonstrates the 
disappearance of clumps of increased pigmentation. 
Following the analysis of the initial and subsequent 
observations (masked), the relevant photographs were 
reviewed to check and confirm that the apparent 
disappearance of pigment was not an artefact pro
duced by changes in visibility. Side-by-side review 
confirmed that pigment was often linearly disposed at 
the interface between more healthy-looking and less 
healthy-looking RtbE,� and when increased pigmenta
tion resolved, it left a discrete patch of RPE�
degeneration (though not geographic atrophy, as 
defined by the Wisconsin grading protocol). A june-
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tional zone of severe ztbus� degeneration adjacent to 
geographic atrophy is described in the histological 
studies of Sarks et al?4 This zone, thought to be of 
relevance in the evolution of geographic atrophy, 
contained large ztbus� cells 'densely packed with 
pigment granules' which were shed into the subretinal 
space, in which pigment-laden giant cells were also 
present. From this it was concluded that the dark 
pigmented border was due to pigment which had been 
shed into the subretinal space, and we suggest that this 
may have been the histological equivalent of the linear 
pigmentation seen in our study. Variable nomencla
ture rather than differences in pathology may account 
for the apparent inconsistencies between subsequent 
development of ztbus� degeneration and geographic 
atrophy in the two studies. In addition to the inference 
of a receding zone of hyperpigmentation in Sarks' 
study,24 and the disappearance of salt and pepper 
pigmentation noted by Schatz and McDonald,25 
Bressler et al.5 noted a high rate of disappearance of 
focal hyperpigmentation in their follow-up study. Our 
findings, together with the observations of other 
authors, suggest that the complete disappearance of 
whole clumps of pigment is not uncommon, i.e. that 
increased pigmentation can be a transient feature of 
AMD. This may be of relevance to the finding by 
several workers that focal pigment clumping is 
associated with an increased risk of subretinal neovas
cular membrane formation?9,26,27 
Rtbus� degeneration, regardless of pigment clump

ing, is clearly shown to have a high incidence over 
the 7 years of this study. Schatz and McDonald25 in 
their follow-up study of individuals with geographic 
atrophy comment that geographic atrophy follows 
RPus� degeneration. In our sample, despite the high 
prevalence and incidence of ztbus� degeneration, the 
incidence of geographic atrophy was low. Once 
again, the explanation for this may be the variable 
definitions used by different authors to distinguish 
severe ztbus�degeneration from geographic atrophy. 

The incidence of exudative AMD in this population
based sample is very low in comparison to that 
reported by Smiddy and Fine26 of 9.6% over 5 years. 
Their data, however, refer to a highly selected sample 
of patients with bilateral drusen referred to a 
dedicated retinal centre, and as such would be 
expected to have relatively more severe AMD features 
than the general population. Over a 5 year follow-up 
Bressler et al.5 found a single occurrence of neovas
cular AMD in the 50 participants aged over 70 years. 
This 2% incidence per person would be compatible 
with our rate per eye of 1.3 % over 7 years. For reasons 
already discussed, the present report may represent an 
underestimate of the true incidence of severe AMD in 
the elderly population at large; however, the number 
of affected eyes is small and caution should be 
exercised when interpreting these rates. 
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From the perspective of the elderly individual, the 
incidence of visual loss in AMD and the prognosis 
for the maintenance of vision are the most relevant 
parameters. In our study, of the 27 eyes which were 
disease free initially, 16 (59% ) developed one or 
more features of AMD over the 7 years (Table IV, 
first section). In only one of these, however, was 
there an associated drop in acuity of �3 Snellen 
lines. Similarly, of those 47 eyes which progressed 
from minor AMD to major AMD, only 9 eyes (19% ) 
lost >3 Snellen lines, and only 5 of these 47 eyes 
(11 % )  became legally blind (6/60 or worse). Of the 
18 eyes which became legally blind during the study, 
half (9/18) did have features of major AMD at initial 
assessment (Table IV, final section). Thus, although 
the overall incidence of blindness in this population 
was 18 of 158 eyes (11.4% ) over 7 years, the 
incidence of blinding disease in the subgroup of 
those 40 eyes showing features of major AMD at 
baseline examination was more than double the 
overall rate, i.e. 9 of 40 (23 % ). As detailed else
where,15 the prevalence of major AMD in this 
population at subsequent assessment (mean age 87 
years) was over 50% . This study therefore suggests 
that as the number of people living to over 85 years 
continues to increase, the number of individuals with 
severe visual impairment due to AMD is likely to rise 
considerably, despite an apparently low incidence of 
both exudative AMD and geographic atrophy. 

�ON�LU�ION�
Our study is the first population-based long-term 
incidence study of AMD in an elderly population. 
Incidence and regression rates for various AMD 
lesions have been described over a 7 year period, and 
information on change in grade (disease severity) 
over the period have been presented. These popula
tion-based data provide fresh insight into the natural 
history of AMD from the perspective of disease 
incidence and progression over time. 

The authors wish to thank the Latham House Medical 
Practitioners for allowing us to examine their patients, 
Professor Michael Clarke and the Department of Epide
miology and Public Health of the University of Leicester 
for population and survivorship information, Hugh Harris 
for photographic assistance, and Kath Robinson and 
Rachel Gowing for clerical assistance. This study was 
supported in part by the Anne Allerton fund and by the 
National Eye Research Council. 
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