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Abstract
Background/objectives Geographic atrophy (GA) is a common cause of visual loss. The UK population prevalence is
unknown. We studied GA prevalence, characteristics, and associations in an elderly UK population.
Methods Masked grading of colour fundus photographs from 3549 participants in the cross-sectional study of Bridlington
residents aged ≥65 years. GA size, shape and foveal involvement were correlated with demography and vision.
Results GA was detected in 130 eyes (101 individuals) of 3480 participants with gradable images (prevalence 2.90%; 95%
CI 2.39–3.52 either eye), was bilateral in 29/3252 subjects (0.89%, 95% CI 0.62–1.28) with bilateral gradable photos, with
mean age of 79.26 years (SD 6.99, range 67–96). Prevalence increased with age, from 1.29% (95% CI 0.69–2.33) at 65–69
to 11.96% (95% CI 7.97–17.50) at 85–90 years. Mean GA area was 4.51 mm2 (SD 6.48, 95% CI 3.35–5.66); lesions were
multifocal in 47/130 eyes (36.2%; 95% CI 28.4–44.7). Foveal involvement occurred in 41/130 eyes (31.5%; 95% CI
24.2–40.0). In eccentric GA, mean distance from circumference to fovea was 671μm (SD 463; 95% CI 570–773). Older age
(OR 1.10/year increase; 95% CI 1.06–1.14), RPD (OR 1.87; 95% CI 1.10–3.19) and large drusen/RPD ≥ 125 μm (OR 6.16;
95% CI 3.51–10.75) were significantly associated with GA in multivariate analysis. GA lesions (18/31 eyes; 58%; 95% CI
40.7–73.6) had U-shape configuration more frequently in RPD subjects than those without (9/99 eyes, 9.1%; 95% CI
4.66–16.6) (p= 0.0001).
Conclusion GA, commonly solitary and eccentric, occurred in the perifovea. However, one third of GA eyes had foveal and
bilateral involvement. Possible association of RPD with GA phenotype exists. Population multimodal imaging studies may
improve understanding further.

Introduction

Geographic atrophy (GA) is the late stage of non-neovascular
AMD (non-nAMD). While nAMD is the commonest cause of
severe sight loss, GA accounts for 20% of AMD blindness

[1–3]. GA is characterised by areas of well-defined loss of
retinal pigment epithelium (RPE)/underlying choriocapillaris,
such that larger choroidal vessels become visible. Gass ori-
ginally applied the term to the late manifestation of nAMD,
where areas of atrophy occurred with enlargement towards
the fovea [4]. However, recent evidence suggests spread
appears faster peripherally [5]. Risk factors for GA and
nAMD are similar, but unlike nAMD, no treatments currently
exist for GA.

Visual loss from GA is profound with foveal involve-
ment, whilst foveal-sparring GA often remains asympto-
matic. In GA, visual acuity (VA) measurements do not
adequately represent visual impairment, and difficulties
associated with daily tasks [6–10]. Individuals with foveal-
sparring GA may have reduced reading speed, and magni-
fication is sometimes detrimental as text becomes too large
to avoid pericentral scotomas. It has been suggested

* Winfried M. Amoaku
wma@nottingham.ac.uk

1 Academic Ophthalmology, Division of Clinical Neurosciences
(DCN), ‘B’ Floor, EENT Centre, Queen’s Medical Centre,
University of Nottingham, Nottingham, UK

2 The Medical Centre, Station Avenue, Bridlington YO16 4LZ, UK
3 University Hospital, Queen’s Medical Centre, Nottingham and

Honorary Professor of Ophthalmology, University of Nottingham,
Nottingham, UK

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01169-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01169-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01169-3&domain=pdf
http://orcid.org/0000-0001-9862-1152
http://orcid.org/0000-0001-9862-1152
http://orcid.org/0000-0001-9862-1152
http://orcid.org/0000-0001-9862-1152
http://orcid.org/0000-0001-9862-1152
http://orcid.org/0000-0002-1014-2016
http://orcid.org/0000-0002-1014-2016
http://orcid.org/0000-0002-1014-2016
http://orcid.org/0000-0002-1014-2016
http://orcid.org/0000-0002-1014-2016
http://orcid.org/0000-0001-5028-7984
http://orcid.org/0000-0001-5028-7984
http://orcid.org/0000-0001-5028-7984
http://orcid.org/0000-0001-5028-7984
http://orcid.org/0000-0001-5028-7984
mailto:wma@nottingham.ac.uk


treatments aimed at slowing GA progression would less
likely benefit eyes with large lesion size (≥17.5 mm2) [11].
As such, quantifying population GA frequency, along with
lesion characteristics, including area, frequency of foveal
involvement and/or distance from fovea, are important in
estimating disease burden, and potential number of treatable
patients.

GA prevalence/incidence has been studied in popula-
tions outside the UK [12–15]. Large natural history
population based studies, including the Beaver Dam Eye
Study (BDES) [16] and Blue Mountains Eye Study
(BMES) [17] are available and supplemented with hos-
pital based cohorts [3, 6, 9, 17–20]. However, there is a
paucity of detailed UK studies on GA, except our earlier
report of a prevalence of 2.5% in individuals aged ≥65
years [21].

With multimodal imaging, GA is recognised as more
heterogeneous than previously reported. Different pheno-
types are described, including the ‘diffuse-trickling’ subtype
identified with fundus autofluorescence (FAF) [22], which
appears associated with reticular pseudodrusen (RPD)
which are significantly associated with AMD [23–26].
Similarly, single round vs. multifocal lesions are described,
whilst in subgroups of GA patients, coalescence of atrophic
areas may form ‘horseshoe’, ‘U’ or later ‘ring’ configura-
tions [5, 6] (Fig. 1). Foveal-sparing GA, with late central
vision involvement has been described [3, 5, 6]. Xu et al.
reported an almost universal presence of RPD in multi-
lobular GA, with lobule enlargement into RPD areas [25].

Multilobular GA appears more prevalent in patients with
RPD [25, 26]. Progression rates appear higher in eyes with
multilobular GA or large initial area [24].

GA phenotypic and size variations reportedly have
different prognosis [7, 9, 11, 22, 27, 28]. However,
minimal data exists on prevalence of different phenotypes
and other associated phenomena from population based
studies [29–31].

The present study investigated GA characteristics of eyes
in the Bridlington Eye Assessment Project (BEAP) popu-
lation cohort. We report GA prevalence, area, distance from
the fovea, phenotypic characterisation, perilesional area
analysis, and VA. We explore relationships between GA
and RPD, in order to inform potential treatment load in the
UK and elsewhere.

Methods

The BEAP study methodology, including image acquisi-
tion/analysis has been reported elsewhere [21]. To sum-
marise, this was a single-centre population based prevalence
study in an elderly population ≥65 years, using clinical
examination and digital imaging. All individuals registered
with a General Practitioner in Bridlington and ≥65 years
were eligible. Subjects known to be moving during the
study, those registered blind/partially sighted, bed bound
or with dementia were excluded. All participants were
interviewed by a research nurse, and examined by trained
optometrists. Non-stereoscopic mydriatic fundus photo-
graphy was performed. Each eye had 30° colour fundus
photograph (CFP) taken centred on the macula. Local
ethics committee approval (Ref no. PB/RH/02/288) was
obtained. Research adhered to the tenets of the Declaration
of Helsinki. All subjects provided informed consent.

Masked image grading was performed using the Inter-
national Classification System of AMD by a single oph-
thalmologist (CW) who was trained in image grading at the
Central Angiographic Reading Facility, Belfast, Northern
Ireland. Image review and adjudication proceedings were as
previously described [21].

GA was diagnosed in the presence of a roughly round/
oval sharply demarcated area of RPE loss, ≥175 µm in
diameter, within the ETDRS grid, with at least two of the
following features: scalloped edges, visible choroidal ves-
sels (more prominent than in the surrounding areas) and
well-defined margins in keeping with CFP clarity. Where
GA was contiguous with peripapillary atrophy, the lesion
was not graded as GA. Any eye with combined GA and
nAMD was graded as the latter. If doubt existed as to
whether lesions resembled GA or other pathology (diabetic
retinopathy, pathological myopia, chorioretinitis or laser
burns), it was not graded as GA. All BEAP data was

Fig. 1 Typical U-shaped GA with foveal preservation and the
presence of dot RPD which are most prominent superotemporally,
with an extension of the GA seen in that direction. The preserved
fovea and surrounding retina, although not affected by the GA, has
diffuse and widespread hyperpigmentary changes. The rim of the GA
lesion has a cuff of hyperpigmentary changes. The U-shape of the GA
mirrors that of the known topographical distribution of RPD in the
fundus. Features of age-related choroidal atrophy, including peripa-
pillary atrophy and rarefaction of the fundus are also seen, with few
visible choroidal vessels between the optic disc and fovea. Outside the
GA, there are no large drusen, but a predominance of RPD.
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reviewed retrospectively for GA subjects ensuring none had
recorded histories of diabetic retinopathy/previous macula
laser, making mis-classification unlikely.

Digital images were analysed using IMAGEnet 2000
programme. GA area was outlined and measured (mm2)
using the proprietary draw tool to trace the circumference.
Digital enhancement was permitted if margins were not
easily identified within certain regions, by reduction of
colour channels to increase contrast allowing more accurate
margin identification. GA was categorised as solitary with
one isolated area of RPE loss and multifocal with more than
one non-contiguous area of RPE loss (Fig. 2). If GA spread
circumferentially around the fovea with a pattern sub-
jectively appearing to resemble a horseshoe shape, it was
recorded as U-shaped GA as opposed to round (Fig. 1).
Lesions were categorised regarding foveal involvement and
recorded as eccentric where the GA did not encroach the
fovea. The shortest linear distance from GA circumference
to the fovea were measured (μm). GA perilesional areas
were assessed for pigmentary changes and subjective
observations recorded with free text. GA eyes were assessed
for the presence/absence of RPD, which were considered
present if there was a definite reticular pattern of round/oval
yellow-white lesions that formed an ill-defined network of
broad, interlacing ribbons. CFP was graded initially without
digital alteration, and subsequently adjusted to the red free
and the blue channels for RPD identification. After image
grading, LogMAR VA (corrected with current glasses and
pinhole) were correlated for each eye. The presence of large
drusen (≥125 μm) was recorded, which could include large
conventional drusen or RPD.

Data were entered and checked with internal quality
control and discrepancies corrected. Statistical analysis was
performed using Stata 12.0 (StataCorp, College Station,

TX, USA). Prevalence of GA was calculated as percentages
of the total population with cases defined as being present in
either eye. χ2 tests were used to assess the significance of
univariate associations. All P values of <0.05 were con-
sidered statistically significant. Logistic regression models
were used to determine the independence of potential risk
factors. All the statistical tests were two sided at the 5%
significance level.

Results

Of 3480 participants with gradable photographs in at least
one eye, 101 persons had GA in either eye, giving a pre-
valence of 2.90% (95% CI 2.39–3.52) in this population of
≥65-year olds. GA was present in 130 eyes, including 67
right eyes (2.00%, 95% CI 1.58–2.54) and 63 left eyes
(1.86%; 95% CI 1.45–2.38) (Table 1), and in more females
than males (57 subjects [56.4%] vs. 44 subjects [43.6%]).
Gender specific prevalence did not differ, at 2.94% (95% CI
2.27–3.79) in females and 2.86% (95% CI 2.13–3.83) in
males. The age of GA subjects ranged from 67 to 96 years,
with a mean of 79.26 (SD 6.99, 95% CI 77.88–80.64), and
prevalence increasing with age (Table 1). Increasing age
was associated with increased likelihood of GA in either
eye (OR 1.10, 95% CI 1.06–1.14, per year increase) after
adjusting for RPD and large drusen ≥125 μm.

GA was bilateral in 29 (28.7%) of 3252 with gradable
photographs in both eyes, a population prevalence of
0.89%, (95% CI 0.62–1.28). Fourteen (14) GA subjects
(13.9%) had contralateral nAMD, whilst another had con-
tralateral peripapillary choroidal neovascularization
(0.99%). BCVA ranged from LogMAR −0.1 to perception
of light, depending on GA location (Table 2). Among eyes
with vision better than LogMAR 1.0 (Snellen 6/60) mean
VA was 0.35 (95% CI 0.30–0.40). Nineteen (19) of 130 GA
eyes (14.6%; 95% CI 9.45–21.78) had LogMAR VA of 1.0
or worse. Mean VA for eyes with extrafoveal GA was 0.29
(95% CI 0.23–0.35).

Mean GA area for right and left eyes were 5.28 mm2 (SD
7.27; 95% CI 3.40–7.16) and 3.72 mm2 (SD 5.27; 95% CI
2.35–5.10) respectively; mean area was 4.51 mm2 (SD 6.38;
95% CI 3.35–5.66) for all eyes. Nine (9) eyes had GA area
≥17.5 mm2

. Multifocal GA (Fig. 2) was identified in 47 eyes
(36.2%; 95% CI 28.4–44.7), with similar prevalence in right
(37.3%) and left (34.9%) eyes. Mean GA area was similar
in eyes with multifocal (4.03 mm2; SD 5.13) vs. solitary
GA (4.75 mm2; SD 6.94), with no statistically significant
difference between the groups (p= 0.56). Subfoveal GA
occurred in 41 eyes (31.5%; 95% CI 24.2–40.0), including
22 right (32.8%) and 19 left eyes (30.2%). For eyes
with eccentric GA, mean distance from fovea to GA cir-
cumference was 671 µm (SD 463; 95% CI 570–773)

Fig. 2 Multifocal GA. The GA lesions are small round and well
defined. They are often central or paracentral and the perilesional area
often show a clear demarcation. There are no marked widespread
pigmentary changes or RPD. These small areas of GA are typical of
those that occur from drusen regression.
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compared to 449 µm (SD 494; 95% CI 362–537) for all GA
eyes (including subfoveal GA).

Of the 101 subjects with GA, 25 (24.8%; 95% CI
17.4–34.0) had RPD in either eye (p= 0.000). Amongst 44
males with GA in either eye, 10 had RPD (22.7%; 95% CI
12.7–37.2) while 15 females with GA had comorbid RPD
(26.3%; 95% CI 16.6–39.1). No statistically significant
difference in gender specific prevalence for GA with RPD
was identified (p= 0.82). Eyes with GA and RPD were on
average older than those without RPD (83.4 years [SD 5.9;
96% CI 81.0–85.9] vs. 77.9 years [SD 6.8; 95% CI
76.3–79.4], p= <0.05). RPD were associated with an
increased likelihood of GA in a crude analysis (OR 6.36,
95% CI 3.91–10.35). After adjusting for age and large
drusen/RPD ≥125 μm the odds ratio was 1.87 (95% CI
1.10–3.19). The presence of large drusen/large RPD
≥125 μm was associated with increased likelihood of GA
(OR 6.15, 95% CI 3.51–10.75) after adjusting for age
and RPD.

Among subjects with RPD, multifocal GA was more
frequent (14/31 eyes; 45.2%) than in subjects without RPD
(33 of 99 eyes; 33.3%), although this difference was not
statistically significant (p= 0.29). GA area among subjects
with RPD (5.84 mm2; SD 7.36) was greater than in those
without RPD (4.15 mm2; SD 6.09) but the difference was
not statistically significant (p= 0.24). The mean shortest
linear distance from GA circumference to the fovea was
similar for subjects with/without RPD (458 μm; SD 367 vs.
447 μm; SD 525). In 25 GA subjects with RPD in either
eye, GA was subfoveal in 6 of 31 eyes (19.4%) compared to

subfoveal GA in 35 of 99 eyes (35.4%) amongst 76 subjects
without RPD; the difference in proportions was not statis-
tically significant (p= 0.12).

Subjectively, GA associated with RPD often had a dis-
tinctive U-shaped appearance, with areas of either solitary
or multifocal GA, often associated with more widespread
hyperpigmentary/hypopigmentary RPE changes adjacent to
the GA lesion/s (Figs. 1, 3). Frequently, the perilesional
areas continued as diffuse hypopigmentation in a U-shape.
Among subjects with RPD, the majority of GA (18 of 31
eyes; 58%; 95% CI 40.7–73.6) conformed to a U-shape
configuration when combined with these perilesional
hypopigmentary changes (Fig. 1). Eyes with U-shaped GA
and RPD frequently appeared to share fundus characteristics
of age-related choroidal atrophy. This U-shaped GA and
associated perilesional changes was infrequent in subjects
without RPD (9 of 99 eyes, 9.1%; 95% CI 4.66–16.6), with
the difference being statistically significant (p= 0.0001).
Round, non-U shaped GA was the predominant GA phe-
notype among subjects with no RPD (90 of 99 eyes; 90.9%;
95% CI 83.4–95.3). The association between RPD and

Table 1 Age distribution of GA
prevalence for right eye, left eye
and either eye.

Age range (years) Right eye Left eye Either eye

N % 95% CI N % 95% CI Number % 95% CI

65–69 6 0.72 0.29–1.59 7 0.84 0.37–1.76 11 1.29 0.69–2.33

70–74 14 1.35 0.78–2.28 9 0.85 0.42–1.64 16 1.50 0.90–2.44

75–79 15 1.96 1.16–3.23 17 2.17 1.33–3.47 27 3.34 2.28–4.83

80–84 14 2.77 1.62–4.64 15 2.93 1.74–4.82 20 3.75 2.40–5.75

85–90 16 9.41 5.79–14.83 12 6.90 3.88–11.78 22 11.96 7.97–17.50

≥90 2 6.90 0.85–23.03 3 10.00 2.66–26.42 5 15.15 6.17–31.40

Total 67 2.00 1.58–2.54 63 1.86 1.45–2.38 101 2.90 2.39–3.52

Table 2 Summary of visual acuity in GA eyes, subcategorised for
level of visual impairment.

Level of BCVA LogMAR N % 95% CI

≤0.1 20 15 10.1–22.7

>0.1 ≤ 0.3 43 33.1 25.6–41.6

>0.3 ≤ 1.0 48 36.9 29.1–45.5

Worse than 1.0 19 14.6 9.5–21.8

Total 130 100

Fig. 3 Dot reticular pseudodrusen (RPD) are visible. This eye does
not yet have GA; there is extensive hypopigmentation that is devel-
oping in a U-pattern, as well as clumps of hyperpigmentary changes
present. There is relative preservation of foveal architecture, with less
pigmentary changes in the central macula. There are features of age-
related choroidal atrophy with an area of scleral show between the
fovea and optic disc. There is thinning of the inferior neuroretinal rim.
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U-shaped GA remained after adjusting for age and the
presence of large drusen ≥125 μm (OR 12.31, 95% CI
4.16–36.43).

When eyes with subfoveal GA were excluded, mean
LogMAR BCVA was worse in eyes with GA and RPD
(LogMAR 0.32, SD 0.23) than those with GA but no RPD
(LogMAR 0.25, SD 0.21). This difference was, however,
not statistically significant (p= 0.25). Only 6.9% (9 of 130)
of eyes had no/minimal morphological changes in keeping
with ARM outside the area of GA, whilst 25% (33 of 130)
of GA eyes had Rotterdam stage 3 outside the GA.

Discussion

Several studies have reported GA prevalence and incidence
in different world populations [9, 12, 15, 16, 32–34].
However, robust UK prevalence data were limited. Previous
figures were based on data from registrations of visual
impairment [35], and reduced vision in persons over 75
years [36], supplemented with a review by Owen et al. [37],
estimating GA prevalence at 2.6 and 6.7% in UK popula-
tion aged >65 and >80 years respectively. This manuscript
provides an updated, detailed report acquired from stan-
dardised grading of digital CFP, representing the largest UK
population GA study in persons aged ≥65 years. The find-
ings indicate prevalence increases with age, from 1.29% in
the 65–69 years group, to a maximum of 15.15% in the over
90-year group, an increase that was not gender dependent.
The frequent occurrence of bilateral GA in this population,
and significant ARM in contralateral eyes (in persons with
unilateral GA) has major implications on prognosis, posing
significant potential for future bilateral visual loss.

It is clear GA is heterogeneous, but some features appear
more frequently. Most GA eyes have a single area of
atrophy, similar to findings from the Complications of Age-
Related Macular Degeneration Prevention Trial (CAPT)
(78%) [38]. The mean distance from the most proximal
lesion edge to the fovea of 430 μm (SD 400) in CAPT was
similar to 494 µm measured in our study. The lower rate of
multifocal GA in the CAPT (22%), compared to the BEAP
study (36%) is not surprising, given the lower mean age at
enrolment (70.6 years CAPT study, vs. 73.4 years BEAP).
Another explanation is the CAPT population, with multiple
(≥10), bilateral and large (≥125 μm) drusen at enrolment
may not represent community AMD populations, and
included primarily early GA lesions. In the BDES, the
occurrence of solitary GA at baseline was 45%. This dif-
ference may reflect the addition of a third grading category,
where Klein et al. divided GA into three configurations,
including single round GA, multifocal and ‘merged’ (one or
more large irregular) lesions [16]. In the present report, a
single large area of GA was recorded as solitary as it was

felt drawing assumptions on the origin of GA, as to whether
they enlarged concentrically from small round GA, or from
union of multifocal areas was not plausible.

Multifocal GA is a predictor for greater progression
[16, 28] as well as likelihood of foveal involvement [16]. In
the BDES, multifocal GA had the greatest increase in area
(12.0 mm2), whilst solitary GA had the least (2.2 mm2) [16].
This finding was repeated in the BMES [14]. Consequently,
the occurrence of such configurations within populations is
important for healthcare planning. Similar to the BDES,
eyes with multifocal GA in this report, did not have larger
mean areas when compared to solitary GA, perhaps indi-
cating there may be sub-phenotypes of multifocal GA. Once
united, multifocal lesions would be categorised as a single
lesion with a large area.

Our findings support the concept GA lesions are pre-
dominantly small and parafoveal [38], although a third of
eyes in this community had foveal involvement. This is an
important finding given GA only causes significant VA
reduction when lesions encroach the fovea. The rate of
subfoveal GA in this study is higher, but not dissimilar, to
that from the CAPT study [38]. Subfoveal GA occurrence
was significantly higher in BMES (57%) and BDES (50%)
at baseline, compared to the present study [16]. With FAF
imaging, Fleckenstein et al. reported foveal sparing in 58%
of eyes with a particular GA phenotype, referred to as the
‘diffuse-trickling phenotype’ [22, 39]. The CAPT study
reported a 70% incidence of subfoveal GA secondary to
drusenoid pigment epithelial detachments (PED) regression
[38]. The presence of drusenoid PED was associated with
higher risk of GA and vision reduction [38]. Similarly, other
investigators report drusenoid PEDs pose particular risk of
high progression rates, particularly, to foveal involving GA
[40, 41]. Our results concur the presence of large drusen or
RPD appear to have the strongest association with GA
(OR 6.15).

In the BDES, mean GA area was 4.6 mm2 (SD 6.00) and
varied with GA configuration, being similar for isolated GA
(2.72 mm2 [SD 4.54]) and multifocal GA (2.02 mm2 [SD
1.91]) but significantly larger for merged GA (8.21 mm2

[SD 7.14]). The findings from the BMES are similar
(5 mm2) for GA eyes at baseline [14], and replicated in the
BEAP Study. The mean area of 0.57 mm2 (SD 0.75) in
CAPT reflected early incident lesions [38].

The association of RPD with GA in population based
studies has only been infrequently explored [17, 33, 42–44].
Whilst RPD has low community prevalence, including 0.7%
in the BDES [42], an association with advanced AMD has
been confirmed by various groups [23, 26, 28, 42, 45, 46].
Cohen et al. [47] demonstrated a high RPD prevalence of
24% in eyes with AMD with red free and blue-filter pho-
tograph analysis. In the BDES, RPD prevalence increased
with age, from 0.4% in the 43–54 years’ group to 6.6% in
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the 75–86 years’ group [42]. Furthermore, RPD reportedly
conferred an increased risk of progression to GA, in addition
to drusen and pigmentary changes (Hazard ratio [HR], 4.93,
p= 0.042) [48]. The Bridlington population results confirm
an increased prevalence of RPD in eyes with GA, and that
persons with GA and RPD are, on average, older than those
without RPD. The presence of RPD is associated with GA
(OR 1.87) within this Bridlington population.

Xu et al. [25] reported that RPD was almost universal in
eyes with multilobular GA, and progression was highly
correlated to areas with RPD [25]. In the present study,
multifocal GA occurred more commonly among subjects
with identifiable RPD and U-shaped GA, similar to findings
from previous reports [25, 26]. Many of these lesions were
likely secondary to regression of multiple drusenoid PEDs.
This is not surprising, given conventional drusen are more
prevalent than RPD, and drusen regression and drusenoid
PEDs are established causes of GA.

RPD are more frequently found in the superior macular
zone [42, 49–51] with a relative sparring of the fovea
previously reported in eyes with AMD [51], and eyes with
early/intermediate AMD [52]. In contrast, drusen have a
predilection for the fovea. These finding are supported by
histological reports demonstrating paucity of subretinal
drusenoid deposits at the fovea, but abundance in the
perifoveal region [53]. This study shows that GA con-
figuration appears to differ between eyes with and without
RPD. RPD was associated with U-shaped GA configura-
tions, often with widespread confluent perilesional pig-
mentary changes reflecting the well-known macular
topographical distribution of RPD.

Multifocal GA is a non-specific term and could represent
the pathological process of two large regressed drusen, to
several areas of GA occurring in a U-pattern associated with
RPD, or a combination of mechanisms. It is suggested eyes
with no RPD could still develop U-shaped GA configurations
with foveal preservation. An important and infrequently
explored feature remains associated perilesional areas. Sub-
jectively in our study, many of the U-shaped GA eyes in
subjects with PRD appeared to have more widespread peri-
lesional RPE changes, including the perifoveal region.

It is hypothesised that despite the greater tendency
(although not statistically significant in this study) for RPD
associated GA to be foveal sparing, VA may be reduced
secondary to significant pigment epitheliopathy that often
involves the central macula before the development of
definite centre involving GA in RPD subjects. This phe-
nomenon requires further exploration.

The main limitation of this study is the utilisation of CFP
only. Areas of GA, when small, or in pale fundi, can be
difficult to identify and accurate border delineation proble-
matic [54]. It may be difficult in parafoveal GA to identify
foveal sparring. Similarly, early occult CNV without

haemorrhage could be missed. Ideally, multimodal imaging,
particularly FAF and SD-OCT would have confirmed the
findings, affirmed fovea involvement, and provided infor-
mation on integrity of retinal layers. Multimodal imaging
would allow further detailed assessment of GA and perile-
sional areas, with possibly more sophisticated character-
isation of GA phenotype, and sensitive RPD detection.
There is clear need for future studies to make use of
developments in imaging technologies.

The population included in this study is purely Cauca-
sian. As such, the data presented does not provide any
information on racial differences in GA, or fully represent
GA prevalence in the mixed UK population. Only a min-
ority of GA eyes in the population have large areas of
atrophy over 17.5 mm2. The exclusion of participants
registered as visually impaired (VI) and severely visually
impaired (SVI) may well affect the prevalence and overall
phenotype of GA, particularly bilateral centre involving GA
described in this study. A number of persons with advanced
bilateral AMD may have been excluded and as such our
reported prevalence could be an underestimation. However,
our earlier report suggests such exclusions may be minimal
[21]. As there are several GA phenotypes at different stages
of evolution, prospective, incidence studies are required to
tease out aetiology. The cross-sectional design of our study
prevents any inference of causality.

In conclusion, GA is predominantly solitary and eccen-
tric, often with preservation of VA until foveal involvement.
There is a clear association between GA phenotype and
drusen precursor lesions. RPD appear associated with GA
that is U-shaped or forms a U-shape with confluent areas of
perilesional hypopigmentation that spreads around the
fovea. Subjects with RPD had a trend towards a higher
prevalence of multifocal GA, a larger mean GA area and a
suggestion towards foveal preservation, although these
differences were not statistically significant.

This study is the first to describe in detail the features of
GA within a UK population. The information will be useful
in the design of future clinical trials that evaluate the
development or progression of GA as well as modelling the
impact of GA on sight loss in the UK.

Summary

What was known before

● Although GA prevalence from several populations has
been reported, there is a paucity of detailed studies from
the UK, as well as a lack of detailed population based
reports of GA characteristics.

● Foveal-sparing of GA is a recognised but poorly
understood phenomenon.

1702 C. Wilde et al.



● RPD are associated with GA, but limited data exists as
to whether RPD presence influences the GA character-
istics in population based studies.

What this study adds

● GA has a prevalence of 2.90% in either eye of
individuals aged ≥65 year in the Bridlington population.

● The majority of GA eyes have a single area of atrophy
(64%), with a significant proportion having foveal
involvement of GA (31.5%).

● There is a possible association between GA phenotype
and drusen precursor lesions.

● There is a trend for GA in subjects with RPD to be more
likely multifocal with an association of RPD with
U-shaped GA and perilesional changes.

● There is a trend for foveal preservation in eyes with
RPD and GA. However, the mean VA may remain the
same secondary to a diffuse, central retinal pigment
epitheliopathy that appears common among in eyes with
RPD and U-shaped GA.
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