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Abstract
Introduction: There is an unmet medical need for therapies
in intermediate age-related macular degeneration (iAMD).
The prospective European multicenter cohort study MAC-

USTAR validates structural, functional, and patient-reported
iAMD endpoints for use in future trials. The multiplicity of
assessments allows characterizing iAMD inmore dimensions
than previously available. We describe the heterogeneity of
assessments in the iAMD baseline cohort of the MACUSTAR
study. Methods: A wide range of assessments was

Trial registration: ClinicalTrials.gov, NCT03349801. Registered on
November 22, 2017.
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administered across 20 European study sites in accordance
with established guidelines. These assessments encom-
passed multiple structural evaluations, such as color fundus
photography, fundus autofluorescence, and optical coher-
ence tomography. Additionally, functional tests were con-
ducted, including assessments of best-corrected and low-
luminance visual acuity (VA), Moorfields acuity, contrast
sensitivity, reading speed, mesopic and scotopic micro-
perimetry, and dark adaptometry. Moreover, patient-
reported outcome assessments, specifically the Vision Im-
pairment in Low Luminance questionnaire, were also in-
corporated into the evaluation process. Associations be-
tween variables were investigated using Phi coefficients,
Pearson correlation coefficients and age-corrected regres-
sion models. Results: Five-hundred eighty-five individuals
with iAMD (66% women; mean (standard deviation) age:
72 ± 7 years) were included in the MACUSTAR study. Forty-
nine percent had pigmentary abnormalities, 27% had re-
ticular pseudodrusen; 10% and 9% had incomplete and
complete retinal pigment epithelium and outer retinal at-
rophy at baseline, respectively. Mean best-corrected VA,
low-luminance VA and mesopic average threshold on mi-
croperimetry at baseline were 0.03 ± 0.11 logMAR, 0.24 ±
0.16 logMAR, and 23.3 ± 3.7 dB. Mean Vision Impairment in
Low Luminance (VILL) subscale scores at baseline were 2 ± 2
to 2 ± 3 logits. Phi coefficients between structural assess-
ments ranged between 0.17 and 0.22 (median 0.21); cor-
relation coefficients between function tests ranged between
0.07 and 0.69 (median 0.34) and between VILL scores ranged
between 0.21 and 0.68 (median 0.23). Conclusion: The
findings from this broad and comprehensive spectrum of
assessments of structure, function, and patient-reported
outcomes in iAMD suggest that the disease spectrum is
diverse and heterogeneous and that further efforts are
necessary to fully understand and characterize iAMD in all its
complexities. A further in-depth characterization will enable
novel enrichment strategies for clinical trials in iAMD.

© 2025 The Author(s).

Published by S. Karger AG, Basel

Introduction

Age-related macular degeneration (AMD) is the
leading cause of visual impairment in industrialized
countries and affects an increasing number of older in-
dividuals worldwide [1–3]. Research activities have
fundamentally improved the understanding of the disease
pathway over the last decades. Since the introduction of
vascular endothelial growth factor inhibitors, the prog-
nosis of patients affected by the late, neovascular stage has

been much improved [4–7] and recently, complement
inhibitors were the first drugs approved in the USA for
the indication of geographic atrophy [8]. However, the
majority of individuals affected by AMD globally have
earlier AMD stages, which puts people at risk of future
disease progression and functional loss [2, 9]. Interme-
diate AMD (iAMD) is the most high-risk AMD stage for
progressing to late AMD [10]. Currently, no approved
treatment exists for iAMD that may reverse it or stop or
slow down progression to late AMD, but there is a large
unmet need with the global rise in AMD prevalence [11,
12]. To effectively evaluate potential interventions, there
is a need for improved clinical trial endpoints for iAMD
trials. Achieving this requires a deeper understanding of
the relationships between the structural, functional, and
patient-reported aspects of iAMD [13].

The MACUSTAR study is a prospective European
multicenter study that develops and validates clinical
trial endpoints for the progression from iAMD to late
AMD in accordance with recommendations by regu-
lators and health authorities [13, 14]. Previous studies
[15–19] suggest iAMD as defined by the Beckman
AMD classification [10] is highly heterogeneous by
means of structural and functional changes. In par-
ticular, the current knowledge of heterogeneity of visual
function is limited and only a few larger AMD studies
have included not only multimodal imaging but also
multiple visual function assessments. The MACUSTAR
study assesses both of these aspects and in addition
integrates patient-reports as a third pillar of the study
design [13, 14].

By studying these associations in the MACUSTAR
study, we can gain a deeper understanding of how visual
function, structural changes, and patient-reported out-
comes (PROs) are interconnected in iAMD. This
knowledge is important for improving our understanding
of the disease and may aid in the development of iAMD
clinical trials and more targeted interventions in the
future.

Materials and Methods

The MACUSTAR study (ClinicalTrials.gov Identifier:
NCT03349801) is a prospective, multi-center cohort
study conducted at 20 sites in 7 European countries. It is
run by an international consortium forming a public-
private partnership and is funded by the European
Union’s Horizon 2020 program and the European Fed-
eration of Pharmaceutical Industries and Associations
(EFPIA). During the study, participants undergo a battery
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of visual function tests, imaging modalities, and PRO
assessments, as previously reported [14]. The assessments
include:
• Functional assessments: best-corrected visual acuity
(BCVA), low-luminance visual acuity (LLVA),
Moorfields acuity test (MAT), Pelli-Robson contrast
sensitivity, reading speed assessment (international
reading speed texts), fundus-controlled perimetry
(Macular Integrity Assessment, iCare, Finland), dark
adaptometry (AdaptDx, Lumithera, USA)

• Structural assessments: spectral domain and swept-
source optical coherence tomography (OCT), fundus
autofluorescence imaging, confocal laser ophthal-
moscopy, color fundus photography, OCT angiogra-
phy, quantitative fundus autofluorescence, adaptive
optics, fluorescein angiography if choroidal neo-
vascularization is suspected

PRO Assessments: Vision Impairment in Low
Luminance Questionnaire, EQ-5D-5L Questionnaire
All participants gave written informed consent before

any study procedures were performed, as approved by
Institutional Ethics Committees at all sites. The MACU-
STAR study consists of a cross-sectional and a longitudinal
part, for which individuals at all AMD stages and without
AMD have been recruited. The longitudinal part of
MACUSTAR includes semi-annual study visits for par-
ticipants with iAMD and annual visits for participants with
early AMD, while individuals with no AMD and late AMD
were not followed longitudinally [14]. The inclusion and
exclusion criteria have previously been published [14]. In
brief, participants had to be aged between 55 and 85 years
and the diagnosis of AMD confirmed by a central reading
center (GRADE Reading Centre, Bonn, Germany), which
also evaluated all structural outcomes reported here [20].
Any concurrent diseases impairing the interpretation of
data were excluded. Disease stage [10] was required to be
symmetrical except in iAMD, where an asymmetrical
disease stage was allowed after an update of the original
study protocol [14]. All study procedures were conducted
following procedure manuals specifically designed for the
MACUSTAR study and all study staff were certified cen-
trally to maximize data quality and comparability across
study sites [14, 21, 22]. More details on the imaging, visual
function testing and PRO assessment and grading protocols
have been described previously [13, 14, 20–23].

Statistical Analyses
In our study, we present the baseline data from the

entire MACUSTAR iAMD cohort, which is currently
being followed longitudinally. For this analysis, we report

summary statistics of the measured features. We also
compared these features between participants who had
and did not have late AMD in their non-study eye. Where
noticeable differences between the groups were observed,
multivariable regression, controlling for age and sex, was
used to test associations. Relationships between func-
tional, structural, and PROs were investigated using Phi
coefficients for associations between two dichotomous
variables, point-biserial correlation coefficients for as-
sociations between a dichotomous and a continuous
variable and Pearson correlation coefficients for con-
tinuous variables. Phi coefficients were interpreted as
weak for 0.05 < Phi ≤ 0.1, as moderate for 0.10 < Phi ≤
0.15, as strong for 0.15 < Phi ≤ 0.25, and as very strong for
Phi >0.25 [24]. Correlation coefficients were interpreted
as weak for 0.1 < |r| ≤ 0.4, as moderate for 0.4 < |r| ≤ 0.7,
as strong for 0.7 < |r| ≤ 0.9, and as very strong for r > 0.9
[25]. No imputation of missing data was performed
during our analysis. To control the analyses for age and
sex of participants, linear and logistic regression analyses
were additionally performed. p values <0.05 were con-
sidered statistically significant. All analyses were per-
formed with R, version 4.0.2 (R Core Team, Vienna,
Austria).

Results

A total of 718 individuals were included in the
MACUSTAR study, of which 585 had iAMD and 133
were included in the control (n = 56) and neighboring
disease stage groups (early and late AMD, n = 34 and 43,
respectively). Only study participants with iAMD were
included in this report. The rate of missing data
was ≤6.3% in the structural biomarkers assessed, ≤0.3% in
chart-based visual function tests, ≤0.3% in PROs and
higher in device-based visual function assessment
(mesopic and scotopic microperimetry: 9.9% and 15.2%,
respectively; dark adaptometry: 30.3%).

Participants were on average 72 ± 7 years old and more
than two-thirds were female (Table 1). Pigmentary ab-
normalities can be present in iAMD according to the
Beckman classification [10] and were found in about half
of the cohort. Reticular pseudodrusen (or subretinal
drusenoid deposits) were present in less than 30% of
participants according to the grading results of multi-
modal imaging and about ten percent had incomplete (i)
or complete retinal pigment epithelium (RPE) and outer
retinal atrophy (cRORA), respectively. Hyperreflective
foci were present in 278 (47.5%) eyes and absent in 304
(52.0%) eyes. The majority (n = 539, 92.1%) of
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Table 1. Baseline characteristics of the MACUSTAR longitudinal iAMD cohort

Assessment iAMD
(n = 585)

Bilateral iAMDa

(n = 539)
Unilateral iAMD, late
AMD in FEa (n = 46)

General study data

Age, mean (SD), years 72.1 (7.0) 71.9 (7.1) 74.3 (6.29)

Sex, n (%)
Female 389 (66.5) 357 (66.2) 32 (69.6)
Male 196 (33.5) 182 (33.8) 14 (30.4)

Phakic state, n (%)
Phakic 465 (79.5) 428 (79.4) 37 (80.4)
Pseudophakic 120 (20.5) 111 (20.6) 9 (19.6)

Structural biomarkers

Reticular pseudodrusen, n (%)
Yes 158 (27.0) 134 (24.9) 24 (52.2)
No 425 (72.6) 403 (74.8) 22 (47.8)
Missingb 2 (0.3) 2 (0.4) 0 (0)

Pigmentary abnormalities, n (%)
Yes 287 (49.1) 256 (47.5) 31 (67.4)
No 281 (48.0) 269 (49.9) 12 (26.1)
Missingb 17 (2.9) 14 (2.6) 3 (6.5)

RPEDC volume, mean (SD) 0.057 (0.090) 0.057 (0.091) 0.066 (0.080)
Missingb, n (%) 37 (6.3) 32 (5.9) 5 (10.9)

iRORA, n (%)
Yes 56 (9.6) 44 (8.2) 12 (26.1)
No 524 (89.6) 492 (91.3) 32 (69.6)
Missingb 5 (0.9) 3 (0.6) 2 (4.3)

cRORA, n (%)
Yes 52 (8.9) 42 (7.8) 10 (21.7)
No 530 (90.6) 494 (91.7) 36 (78.3)
Missingb 3 (0.5) 3 (0.6) 0 (0)

Visual function

BCVA [logMAR], mean (SD) 0.03 (0.11) 0.03 (0.10) 0.06 (0.10)
Missing, n (%) 1 (0.2) 1 (0.2) 0 (0)

LLVA [logMAR], mean (SD) 0.24 (0.16) 0.24 (0.15) 0.28 (0.19)
Missing, n (%) 2 (0.3) 2 (0.4) 0 (0)

MAT [logMAR], mean (SD) 0.44 (0.16) 0.44 (0.16) 0.47 (0.15)
Missing, n (%) 1 (0.2) 1 (0.2) 0 (0)

PR-CS [logCS], mean (SD) 1.55 (0.18) 1.55 (0.18) 1.54 (0.18)
Missing, n (%) 2 (0.3) 2 (0.4) 0 (0)

Reading speed [words per minute], mean (SD) 144 (40) 144 (40) 141 (42)
Missing, n (%) 37 (6.3) 35 (6.5) 2 (4.3)

Mesopic AT [dB], mean (SD) 23.4 (3.7) 23.4 (3.6) 22.0 (3.8)
Missing, n (%) 58 (9.9) 48 (8.9) 10 (21.7)

Scotopic AT [dB], mean (SD) 18.7 (3.8) 18.9 (3.6) 16.4 (4.8)
Missing, n (%) 89 (15.2) 76 (14.1) 13 (28.3)

RIT [min], mean (SD)c 7.2 (5.1) 7.1 (5.0) 8.7 (6.1)
Missing, n (%) 177 (30.3) 162 (30.1) 15 (32.6)
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participants had bilateral iAMD, with a minor proportion
(n = 46, 7.9%) exhibiting unilateral disease with late AMD
in the non-study eye. The structural risk features reticular
pseudodrusen, pigmentary abnormalities, RPE-drusen
complex volume, iRORA and cRORA were all notice-
ably more prevalent in individuals with late AMD in the
fellow eye (Table 1). This effect reached statistical sig-
nificance for reticular pseudodrusen, pigmentary ab-
normalities, iRORA and cRORA (online suppl. Table 1;
for all online suppl. material, see https://doi.org/10.1159/
000543231). Differences between participants with bi-
lateral iAMD and individuals with late AMD in the fellow
eye, however, were small in most visual function tests,
with rod intercept time being a noticeable exception
(Table 1).

Associations between common structural bio-
markers were generally strong, with combinations
between pigmentary abnormalities, iRORA and
cRORA yielding Phi coefficients between 0.17 and 0.22
(Table 2). Strongest correlations existed between RPE-
drusen complex volume and PA (0.26), whilst corre-
lations between RPEDC volume and all other structural
measures were weak to moderate. Absolute Pearson
correlation coefficients between visual function as-
sessments ranged between 0.07 and 0.70 (Table 3,
online suppl. Table 2), with the highest associations
observed between mesopic and scotopic micro-
perimetry average thresholds, and between BCVA and
LLVA (Fig. 1). Associations between RIT and all other
variables were the weakest. The associations between
Vision Impairment in Low Luminance (VILL) ques-

tionnaire subscales were moderate for the reading and
mobility subscales but weak for emotional well-being
and the other subscales (Table 4).

Discussion

The presented baseline data from the longitudinal
iAMD cohort of the MACUSTAR study show the need
for adequate biomarkers that allow stratification of the
intermediate disease stage further and identification of
patients that could benefit from novel therapies. In line
with the objectives of the MACUSTAR consortium,
further work to understand the heterogeneity in the
functional performance within iAMD in the context of
structural biomarkers and patient-reported data is nec-
essary to identify those patients at highest risk for pro-
gression. The ongoing review of MACUSTAR partici-
pants aims to identify such baseline biomarkers for
disease progression among the structural, functional, and
PRO measures to facilitate the selection of patients and
endpoints for future interventional trials.

The presence of intermediate or large drusen and/or
pigmentary abnormalities is long established structural
risk factors for progression to late AMD [26]. Consensus
about their contribution to the risk of developing late
AMD was reached more than 25 years ago by integrating
both factors into AMD classifications [10, 27–31]. Other
structural risk factors for progression to late AMD, such
as reticular pseudodrusen, is challenging since they can
develop independently from the other structural features

Table 1 (continued)

Assessment iAMD
(n = 585)

Bilateral iAMDa

(n = 539)
Unilateral iAMD, late
AMD in FEa (n = 46)

PROs

VILL-reading subscale, mean (SD) 2.4 (1.8) 2.4 (1.8) 2.3 (1.8)
Missing, n (%) 1 (0.2) 0 (0) 1 (2.2)

VILL-mobility subscale, mean (SD) 2.4 (2.0) 2.4 (2.00) 2.3 (2.2)
Missing, n (%) 1 (0.2) 0 (0) 1 (2.2)

VILL-emotional subscale, mean (SD) 2.1 (3.2) 2.1 (3.3) 1.8 (3.1)
Missing, n (%) 2 (0.3) 1 (0.2) 1 (2.2)

AT, average threshold on microperimetry; BCVA, best-corrected visual acuity; cRORA, complete retinal pigment epithelium and
outer retinal atrophy; iRORA, incomplete retinal pigment epithelium and outer retinal atrophy; LLVA, low-luminance visual acuity;
MAT, Moorfields acuity; PR-CS, Pelli-Robson contrast sensitivity; RIT, rod intercept time on dark adaptometry; RPEDC, retinal
pigment epithelium drusen complex; VILL, Vision Impairment in Low Luminance questionnaire. a25 participants had geographic
atrophy in the fellow eye and 18 participants had active neovascular AMD in the fellow eye. bNot gradable. cRod intercept time
capped after 30 min.

Spectrum of Intermediate AMD Ophthalmologica
DOI: 10.1159/000543231

5

D
ow

nloaded from
 http://karger.com

/oph/article-pdf/doi/10.1159/000543231/4330902/000543231.pdf by guest on 31 M
arch 2025

https://doi.org/10.1159/000543231
https://doi.org/10.1159/000543231
https://doi.org/10.1159/000543231


in the current classifications [32, 33]. Data from the
MACUSTAR study suggest a strong association between
pigmentary changes and reticular pseudodrusen. This
contributes to the existing evidence of an increasing risk
of reticular pseudodrusen in the presence of pigmentary
abnormalities in iAMD [34]. However, the associations
with other structural risk factors were weaker, suggesting
a need for an intermediate AMD subclassification given
these heterogeneous morphological manifestations.
Consensus on an OCT-based classification of early
geographic atrophy stages has recently been reached by
the Classification of Atrophy Meeting (CAM)-group [35]
but at the current point the categories iRORA and
cRORA are not yet fully integrated into the clinical
classification of AMD. Based on the wide availability of
advanced OCT devices, the level of standardization, high-

resolution datasets, and the numerous biomarkers that
can be assessed through OCT imaging, we propose that a
revised classification of AMD should integrate OCT-
based features [36–39].

In addition to this, the spectrum of visual function
changes in iAMD was broad across tests (Fig. 1) [40].
Despite the reliance of existing AMD classification
systems on structural parameters [10, 27–31], visual
function (specifically dark adaptometry) has been found
to be reduced before the structural onset of AMD [41].
Anatomical changes at different test locations for dark
adaptation might partially explain why the intra-test
correlation in visual function assessments remains
imperfect [42]. It is accepted that BCVA at high lu-
minance is an insensitive marker of disease progression
in early AMD stages, as it is often not significantly

Table 2. Pairwise associations (Phi coefficients or point-biserial correlation coefficients) of structural variables in intermediate AMD
study eyes

Metric RPD PA iRORA cRORA

PA Phi [95% CI] 0.22 [0.14–0.30]

iRORA Phi [95% CI] 0.17 [0.07–0.28] 0.17 [0.08–0.25]

cRORA Phi [95% CI] 0.22 [0.10–0.33] 0.21 [0.12–0.30]

RPEDC volume PBCC [95% CI] 0.01 [−0.07–0.10] 0.26 [0.17–0.33] 0.08 [−0.01–0.16] 0.12 [0.03–0.20]

CI, confidence interval; cRORA, complete retinal pigment epithelium and outer retinal atrophy; iRORA, incomplete retinal
pigment epithelium and outer retinal atrophy; PA, pigmentary abnormalities; PBCC, point-biserial correlation coefficient; RPD,
reticular pseudodrusen; RPEDC, retinal pigment epithelium drusen complex.

Table 3. Pairwise correlation coefficients with 95% confidence intervals (Pearson) of functional variables in intermediate AMD study
eyes

BCVA LLVA PR-CS MAT RS mesAT scoAT

LLVA 0.69 [0.65–0.73]

PR-CS 0.44 [0.38–0.51] 0.40 [0.33–0.47]

MAT 0.61 [0.55–0.65] 0.61 [0.55–0.66] 0.40 [0.33–0.46]

RS 0.26 [0.18–0.34] 0.24 [0.16–0.32] 0.22 [0.14–0.30] 0.23 [0.15–0.31]

mesAT 0.34 [0.26–0.41] 0.36 [0.29–0.43] 0.39 [0.32–0.46] 0.34 [0.26–0.41] 0.38 [0.30–0.45]

scoAT 0.39 [0.31–0.46] 0.40 [0.32–0.47] 0.40 [0.32–0.47] 0.35 [0.27–0.42] 0.26 [0.17–0.34] 0.70 [0.66–0.75]

RIT 0.12 [0.02–0.21] 0.10 [0.01–0.20] 0.14 [0.05–0.24] 0.14 [0.05–0.24] 0.07 [-0.03-0.17] 0.16 [0.06–0.26] 0.12 [0.01–0.22]

BCVA, best-corrected visual acuity; LLVA, low-luminance visual acuity; MAT, Moorfields acuity test; mesAT, mesopic average
threshold on microperimetry; PR-CS, Pelli-Robson contrast sensitivity; RIT, rod intercept time on dark adaptometry; RS, reading
speed (short paragraph standardized, using the International Reading Speed Texts); scoAT, scotopic average threshold on
microperimetry.
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different from patients without AMD and relatively
stable over time in iAMD [43–45]. Mesopic, scotopic,
and contrast vision and dark adaptation in iAMD,
however, may undergo a slow and progressive decline
that precedes the progression to late AMD [18, 43–47].

While most of the mentioned studies have investigated
differences in visual function between iAMD and
healthy control eyes and the prognostic value of visual
function assessment in iAMD, the variety of visual
function assessments in MACUSTAR allows for a more

Fig. 1. Pairwise associations of functional variables in participants with intermediate AMD. The lower part of the
plots contains scatter plots of the variables and the upper part displays the Pearson correlation coefficient. Stars
indicate if the Pearson correlation is different from zero (***: p < 0.001, **: p < 0.01, *: p < 0.05). The density of the
visual function metric using a Gaussian kernel is shown on the diagonal.
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in-depth characterization of the spectrum of visual
function changes in iAMD.

Positive associations between visual function as-
sessments of varying degrees were also described in the
Duke study of Functional Endpoints for AMD and
discussed in the context of changes in rod/cone
function. The distribution of visual function out-
comes across different tests in the Duke study further
supports the broad spectrum of iAMD observed in
MACUSTAR [18, 44, 45]. Wu and colleagues described
a positive relationship between retinal sensitivity on
microperimetry and low-luminance deficit (calculated
as the difference between LLVA and BCVA) [48], and
results from the PINNACLE study suggest that retinal
sensitivity is more strongly associated with LLVA than
other AMD risk factors [49]. In line with our results,
these studies suggest identifying further substrata in the
disease category iAMD.

The moderate associations across the VILL ques-
tionnaire’s patient-reported subscales “reading and ac-
cessing information,” “mobility and safety,” and “emo-
tional well-being” suggest that patient-reports in iAMD
cover different dimensions of vision-related quality of life.
Like our work on the VILL questionnaire, Owsley and
colleagues developed the Low Luminance Questionnaire
(LLQ) to capture the impact of low luminance and low
contrast conditions on patients’ daily lives. They reported
positive associations between its subscales (driving, ex-
treme lighting, mobility, emotional distress, general dim
lighting, and peripheral vision) and the National Eye
Institute Visual Function Questionnaire (NEI VFQ) [50].
The data by Owsley et al. are comparable to the data from
theMACUSTAR dataset to a limited extent because of the
NEI VFQ being a general (not low luminance-specific)
PRO instrument [50]. Further analyses of the VILL
questionnaire’s convergent and discriminant validity are
currently pending. Of note, inter-eye difference in visual
function can have a noticeable impact on vision-related
quality of life, which needs to be reflected in the use of
patient-reports in AMD studies [51, 52].

While AMD stage is defined bilaterally [10], a minority
of 46 (7.9%) MACUSTAR study participants met the
structural definition of intermediate AMD in the study eye
but of late AMD in the fellow eye. This approach enriched
the MACUSTAR study population for individuals at a
higher risk of structural AMD progression but may raise
question about the comparability of the sub-cohorts with
symmetrical and asymmetrical AMD stages. Our results
support that most functional and patient-reported vari-
ables were comparable between the sub-cohorts and
therefore suggest that fellow eye AMD stage could be a
promising enrichment criterion for future iAMD con-
trolled trials. In this context, it could be valid to extrapolate
findings to eyes with iAMD in both eyes.

Our full baseline results further support that the
MACUSTAR data are in principle comparable to re-
sults of the AREDS2 and LEAD studies, as previously
suggested based on data from the cross-sectional part of
MACUSTAR [20]. The prevalence of reticular pseu-
dodrusen in AREDS2 was 26% [53] and in 24% in
LEAD [54], which is only slightly lower to the preva-
lence in MACUSTAR (28%). Among the three studies,
pigmentary abnormalities were most prevalent in the
AREDS2 cohort (76%) [55] and least prevalent in
LEAD (31–35%) [54]. As the MACUSTAR prevalence
falls in between (49%), the disease severity in the
MACUSTAR population may be between AREDS2 and
LEAD. This is further supported by the prevalence of
late AMD in the fellow eye within these studies. LEAD
excluded any late AMD in the fellow eye [54] whilst late
AMD was present in 35% of AREDS2 fellow eyes [56].
This compared to 46 eyes (7%) in the baseline
MACUSTAR cohort.

Strengths of this study include the large, well-phenotyped
cohort from the European multi-center studyMACUSTAR,
image grading performed by a central reading center
(GRADE Reading Centre, Bonn, Germany), continuous
data quality checks and independent monitoring ensuring a
high-quality dataset was available for analyses. Additionally
trained and certified clinical staff used standardized SOPs for
data acquisition, and the included tests were previously
proven to be reliable and valid in independent studies, with
the VILL questionnaire being rigorously evaluated prior to
MACUSTAR [21–23, 57–59]. Furthermore, the full baseline
cohort characteristics were generally comparable to the
cross-sectional MACUSTAR dataset [20–22]. Limitations
include the limited number of analyses of different structural
biomarkers available so far, as the initial focus was on the
analysis of the functional assessments, and the lack of a
further sub-stratification of AMD, for which further work is
required.

Table 4. Pairwise correlation coefficients (Pearson) and 95%
confidence intervals of VILL questionnaire scores in participants
with intermediate AMD

VILL-reading VILL-mobility

VILL-mobility 0.68 [0.63–0.72]

VILL-emotional 0.21 [0.13–0.29] 0.23 [0.15–0.31]

VILL, Vision Impairment in Low Luminance.
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Conclusions

In conclusion, iAMD includes a broad spectrum of
disease with a variable extent of structural, functional and
patient-reported changes. Further efforts from the
MACUSTAR consortium and other international col-
laborations are required to better understand this spec-
trum, inform a more granular iAMD subclassification or
AMD reclassification efforts and develop enrichment
criteria and endpoints for future iAMD trials. The im-
portance of such work is underlined by the considerable
unmet medical need in preventing the vision loss of late
stages of AMD.
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