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AbstrAct

IntroductIon: Our purpose was to describe the molecular and multimodal retinal im-
aging findings in a cohort of Portuguese patients with a clinical diagnosis of Stargardt Disease 
(STGD1).

Methods: Multicenter, cross sectional cohort study of consecutive patients with a clinical 
diagnosis of STGD1, referred from six Portuguese centers. All patients underwent a complete oph-
thalmological examination complemented by color fundus photography (CFP), fundus autofluo-
rescence (FAF), optical coherence tomography (SD-OCT) and, when available, OCT-angiography 
(OCTA). Probands with confirmed molecular diagnosis, defined as presenting biallelic mutations 
classified as pathogenic or likely pathogenic in accordance with the guidelines of the American 
College of Medical Genetics and Genomics, were divided into three groups according their geno-
type’s severity. 

results: The study included 122 eyes from 61 patients, 54 of which unrelated. Mean age 
of onset (AO) and mean disease duration were 16.64±12.87 and 20.04±15.21 years, respectively. 
Confirmed molecular diagnosis was obtained for 26/38 families with available genetic results 
(diagnostic yield of 68.42%), with the c.1804C>T (p.Arg602Trp) missense variant being the most 
prevalent (8/26). The less severe genotype group (Group C) was the most frequent (14/26), with 
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a mean AO slightly superior, not statistically significant, to the other groups (B and A). The most 
frequent CFP pattern was central atrophy with macular and/or peripheral flecks (56 eyes), fol-
lowed by multiple extensive atrophic changes (n=40). On FAF, 21.05% of the eyes showed a ho-
mogeneous background with localized central hypoAF (pattern 1), with the remaining distribut-
ing equally through patterns 2 (heterogeneous background of hypo/hyperAF foci and localized 
central hypoAF) and 3 (multiple areas of hypoAF in a heterogeneous background). Worse visual 
acuity significantly correlated with advanced CFP and FAF patterns (both p<0.001), reduced cen-
tral macular thickness (p=0.017), larger foveal avascular zone (p<0.001), reduced density of the 
superficial (p<0.001) and deep capillary plexuses (p=0.017), and increased area of choriocapillaris 
atrophy (p=0.007).

conclusIon: This study describes the phenotypic and genotypic spectrum of STGD1 in 
a multicenter Portuguese cohort, revealing a satisfactory detection rate of disease-causing geno-
types. The qualitative and quantitative imaging features presented a strong correlation with visual 
acuity and disease progression and may represent important outcome measures in the evaluation 
of new therapeutic targets. 

Keywords: Genetic Testing; Genotype; Phenotype; Retinal Dystrophies; Stargardt Disease.

resuMo

Introdução: O nosso objetivo foi caracterizar os achados moleculares e de imagiologia 
multimodal numa população portuguesa com doença de Stargardt (STGD1).

Métodos: Estudo transversal, multicêntrico que incluiu doentes consecutivos com diag-
nóstico clínico de STGD1, provenientes de seis centros nacionais. Todos os doentes foram sub-
metidos a um exame oftalmológico completo complementado por imagiologia multimodal - re-
tinografia, autofluorescência do fundo (FAF), tomografia de coerência ótica (SD-OCT) e, quando 
disponível, angiografia por OCT (OCTA). Indivíduos com confirmação molecular, definida pela 
presença de mutações bialélicas classe IV ou V, foram divididos em 3 grupos de acordo com a 
gravidade do respetivo genótipo.

resultAdos: Foram incluídos 122 olhos de 61 doentes, 54 dos quais sem relação de paren-
tesco. A idade média de início (AO) e a duração média da doença foram 16,64±12,87 e 20,04±15,21 
anos, respetivamente. O diagnóstico molecular foi obtido para 26/38 famílias com estudo genético 
disponível (rendimento diagnóstico 68,42%), sendo a variante missense c.1804C> T (p.Arg602Trp) 
a mais prevalente (8/26). O grupo de genótipo menos grave (Grupo C) foi o mais frequente (14/26), 
com uma média de AO ligeiramente superior aos grupos A e B, embora não estatisticamente sig-
nificativa. Na retinografia, o padrão mais frequente foi o de atrofia central com manchas ama-
reladas maculares e/ou periféricas (56 olhos). Na FAF, 21,05% dos olhos apresentaram hipoAF 
central num fundo homogéneo (padrão 1), com os restantes distribuindo-se equitativamente pelos 
padrões 2 (focos de hipo/hiperAF e hipoAF central distribuídos por um fundo heterogéneo) e 3 
(áreas múltiplas de hipoAF num fundo heterogéneo). Uma pior acuidade visual correlacionou-se 
com padrões avançados na retinografia e FAF (p<0,001 para ambos), espessura macular central 
reduzida (p=0,017), maior zona avascular da fóvea (p<0,001), menor densidade vascular do plexos 
capilares superficial (p<0,001) e profundo (p=0,017) e maior área de atrofia coriocapilar (p=0,007).

conclusão: Este estudo descreve o espetro fenotípico e genotípico de uma coorte por-
tuguesa multicêntrica com STGD1. As características qualitativas e quantitativas dos exames de 
imagem analisados apresentaram forte correlação com a acuidade visual e progressão da doença, 
podendo representar importantes meios de análise de resultados na avaliação de novos alvos 
terapêuticos. 

PAlAvrAs-chAve: Distrofias da Retina; Doença de Stargardt; Estudo Genético; Genóti-
po; Fenótipo.
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IntroductIon

Stargardt disease (STGD1, OMIM: 248200) is the most 
frequent macular juvenile dystrophy, with an estimated 
prevalence of 1:8 000 to 1:10 000.1-5 It is caused by biallelic 
mutations in the adenosine triphosphate (ATP)-binding cas-
sette A4 gene (ABCA4), which encodes a transmembrane 
protein involved in active transport of retinoids from pho-
toreceptors to retinal pigment epithelium (RPE). Failure of 
this transport results in accumulation of cytotoxic lipofuscin 
fluorophores, namely A2E, in the RPE cells, leading to their 
dysfunction and death, with subsequent photoreceptor (PR) 
cell loss.6,7 This explains two of the three hallmarks of the 
disease on funduscopic examination: macular atrophy due 
to RPE and PR loss, which can expand beyond the posterior 
pole at late disease stage, and the yellowish white flecks that 
result from localized accumulation of RPE lipofuscin. The 
third fundoscopic finding that completes the diagnostic triad 
of SGTD1 corresponds to peripapillary sparing of the above-
mentioned retinal changes.1,6,7

Classically, patients present with bilateral central vi-
sion loss, secondary to macular atrophy, usually becoming 
apparent at early adolescence/young adulthood and evolv-
ing with gradual vision loss over disease progression.1,2,5,7 
However, both age of onset and the disease course vary ex-
tensively, and genotype-phenotype correlations have been 
established, with worse genotypes resulting in earlier onset 
and more rapid progression.1,3,5,7,8 

STGD1 is inherited following an autosomal recessive 
pattern,1-7 with a carrier frequency for potentially pathogen-
ic ABCA4 alleles of 1:20.3,7 To date, > 1200 disease-causing 
variants have been reported,5,6 with the majority consisting 
of missense mutations.5 Grouping of these variants in sever-
ity categories according to their presumed functional effect 
has been proposed, varying from deleterious (stop-gained or 
frameshift insertion/deletion (indel)) to mild effect (missense 
or in-frame indel) in ABCA4 activity.1-3,7

Visual function and disease progression have not only 
been correlated with genotype, but also with structural 
features, through extensive evaluation using multimodal 
retinal imaging comprising fundus autofluorescence (FAF), 
optical coherence tomography (OCT) and OCT-angiography 
(OCTA).1,2,4-6,8-13 Typical findings on FAF include hyperauto-
fluorescent (hyperAF) foci corresponding to the yellowish-
white flecks, and hypoautofluorescent (hypoAF) areas at 
the level of RPE atrophy.1,4,6,9-12 The hallmark on OCT is the 
general thinning in the central retina.4,10 Regarding OCTA, 
central choriocapillaris atrophy, larger foveal avascular 
zone and reduced density of retinal capillary plexus have 
been reported in association with later stages in the disease 
course.4,10,13

The aim of this study was to characterize the molecular 
and multimodal retinal imaging findings in a large cohort 
of clinically diagnosed STGD1 Portuguese patients from six 
centers. Additionally, genotype-phenotype and structural-
functional correlations were evaluated. 

MAterIAl And M ethods

 study desIGn And PAtIent selectIon

We conducted a multicenter, cross sectional cohort study 
including 122 eyes from 61 consecutive patients diagnosed 
with STGD1 in the following Portuguese centers: Centro 
Hospitalar e Universitário de Coimbra (CHUC), Instituto de 
Oftalmologia Dr. Gama Pinto (IOGP), Centro Hospitalar e 
Universitário de Lisboa Norte (CHULN), Centro Hospitalar 
e Universitário do Porto (CHUP), Centro Hospitalar de Lis-
boa Ocidental (CHLO) and Hospital de Braga (HB). Sample 
distribution across these centers is shown in Fig. 1. 

The study was approved by the local Ethics Committees 
and followed the tenets of the Declaration of Helsinki for bi-
omedical research. Written informed consent was obtained 
for every included subject.

Inclusion criteria consisted in a clinical diagnosis of 
STGD1 ± genetic testing. The clinical diagnosis was based 
on patient history of central vision loss as the main symp-
tom, along with family history compatible with autosomal 
recessive inheritance, and typical changes on dilated fundus 
examination (macular RPE atrophy, yellowish-white flecks 
and peripapillary sparing). Patients with significant media 
opacities, unstable fixation, or those with any possibly con-
founding vitreoretinal disease were excluded.

GenetIc testInG

For probands with available molecular results at the time of 
data collection (n=47), the genetic testing consisted in either eye-
gene enriched panel-based next-generation sequencing (NGS) 
or whole exome sequencing (WES), complemented by multi-
plex ligation-dependent probe amplification (MLPA) when 
deemed necessary. Peripheral blood samples were collected 
according to the manufacturer’s specifications for whole-blood 

Figure 1. Sample distribution across the six Portuguese centers which con-
tributed to the study.

CHUC – Centro Hospitalar e Universitário de Coimbra; IOGP – Instituto de 
Oftalmologia Dr. Gama Pinto; CHULN – Centro Hospitalar e Universitário 
de Lisboa Norte; CHUP – Centro Hospitalar e Universitário do Porto; 
CHLO – Centro Hospitalar de Lisboa Ocidental; HB – Hospital de Braga 
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DNA extraction. Whenever possible, segregation analysis was 
performed in family members, whose samples were analyzed 
by Sanger sequencing to search for the variants detected in their 
respecting probands. Genetic counselling provided by a medi-
cal geneticist was granted to all subjects.

The diagnostic yield was calculated from the number of 
families with confirmed disease causing genotypes, consist-
ing in the presence of two mutating alleles whose variants 
were classified as pathogenic (class V) or likely pathogenic 
(class IV) in accordance with the guidelines of the American 
College of Medical Genetics and Genomics.14,15

Patients with confirmed molecular diagnosis were fur-
ther divided into 3 groups according the genotype classifica-
tion proposed by Fujinami et al1: Group A included patients 
harboring 2 predictive deleterious (nonsense, splice-site or 
frameshift) variants; Group B included subjects presenting 
one deleterious and one missense or in-frame indel variant; 
Group C included patients presenting biallelic missense/in-
frame indels variants.

clInIcAl/deMoGrAPhIc feAtures

A detailed medical history was obtained for every pa-
tient and included naturality, age at diagnosis, age of onset 
of symptoms, disease duration, family history and the pres-
ence of consanguinity in the family. 

The age of onset was defined as the age at which the 
visual loss was noted by the patient or his carriers, in case of 
childhood onset. 

The disease duration was calculated as the difference be-
tween the subject’s age at the date this study was conducted 
and the age of onset.

 oPhthAlMIc exAMInAtIon, MultI-
ModAl IMAGInG And GrAdInG

All patients underwent a comprehensive ophthalmo-
logic examination including: (1) best-corrected visual acuity 
(BCVA), converted to equivalent ETDRS letters (for counting 
finger (CF) and hand movement (HM) was attributed the 
value 0 ETDRS); (2) dilated slit-lamp anterior segment and 
fundus biomicroscopy; (3) multimodal imaging comprising 
color fundus photography (CFP), blue-light FAF imaging, 
spectral-domain OCT (SD-OCT), and OCTA when available.

CFP and FAF aspects were divided into four and three 
groups, respectively, according the classification proposed 
by Fujinami et al1: CFP grade 1: normal fundus; CFP grade 
2: macular and/or peripheral flecks without central atrophy; 
CFP grade 3a: central atrophy without flecks; CFP grade 3b: 
central atrophy with macular and/or peripheral flecks; CFP 
grade 3c: paracentral atrophy with macular and/or periph-
eral flecks, without central atrophy; CFP grade 4: multiple 
extensive atrophic changes of the RPE, extending beyond 
the vascular arcades. Regarding AF: grade 1: localized low 
AF signal at the fovea surrounded by a homogeneous back-
ground, with/without perifoveal foci of high or low AF sig-
nal; grade 2: localized low AF signal at the macula surround-
ed by a heterogeneous background, and widespread foci 

of high or low AF signal extending anterior to the vascular 
arcades; grade 3: multiple areas of low AF signal at the pos-
terior pole with a heterogeneous background, with/without 
foci of high or low AF signal. The presence of peripapillary 
sparing on FAF examination was also noted. 

On SD-OCT, photoreceptor ellipsoid zone (EZ) preserva-
tion in central retina was evaluated and divided into the three 
categories described by Liu, Fujinami and associates16: Cate-
gory 1: preserved EZ in the fovea; Category 2: loss of EZ in the 
fovea; Category 3: extensive loss of EZ. The central macular 
thickness (CMT), corresponding to the distance (expressed in 
micrometer, µm) between the inner limiting membrane to the 
inner border of the RPE, was also measured using SD-OCT.1

On OCTA, 6x6-mm high-definition (400x400) scans were 
obtained for measuring the following parameters: (1) macu-
lar vascular density of superficial (SMVD) and deep capil-
lary plexus (DMVD); (2) central choriocapillaris atrophy 
(CCA); (3) foveal avascular zone (FAZ). The parameters (2) 
and (3) were manually outlined through the free-hand selec-
tion tool on the OCTA equipment, and their dimension was 
expressed as squared millimeters (mm2).4,17

stAtIstIcAl AnAlysIs

Statistical analysis was performed using the SPSS program 
(SPSS Statistics, version 15 for Windows, SPSS Inc., IBM, Som-
ers, NY). Descriptive analysis was performed for all study 
variables. Continuous variables were recorded as mean and 
standard deviation (SD) values with minimum and maximum 
when appropriate, whereas categorical variables were recorded 
as absolute and relative frequencies. Normality was evaluated 
through the Kolmogorov-Smirnov test for each variable. Com-
parison between continuous variables was performed using 
the T-Student test, when parametric, and Mann-Whitney U 
test, when non-parametric distribution was obtained. Categori-
cal variables were tested for association using chi-square test. 
Pearson’s and Spearman’s bivariate correlation tests were used 
to studying correlations. Regression analysis was performed 
using genotype grouping and adjusting for disease duration 
to predict BCVA (using ETDRS letters). P values less than 0.05 
were considered statistically significant.

results

deMoGrAPhIc And clInIcAl dAtA

A total of 61 patients (122 eyes), 54 of which unrelated, were 
enrolled in the study, coming from 12 of the 18 Portuguese Con-
tinental Districts. Demographic and clinical data of the study 
population are summarized in Table 1. Almost half (25/61) pre-
sented a positive family history, and 9 were from consanguine-
ous families. The mean age of onset (AO) was 16.64±12.87 years, 
range 3-52, with more than half (33/61) reporting an AO before 
18 years, while only 12 initiated symptoms after 30 years. The 
mean age at diagnosis (AD) was 27.21±16.01, with a maximum 
time between AO and AD of 38 years in one patient.

The disease duration ranged from 1 to 52 years, with an 
average of 20.04±15.21 years.
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The mean visual acuity was 30.00 and 30.95 ETDRS let-
ters in the right and left eye, respectively (ranging from 0 to 
75 letters in both eyes). Worse visual acuity significantly cor-
related with a longer disease duration (p<0.001).

MultIModAl retInAl IMAGInG

Frequency of CFP, FAF and OCT patterns across the 
study population is represented in Table 2, as well as the 
summarized data collected for continuous variables evaluat-
ed on SD-OCT (CMT) and OCT-A (macular vascular density 
of superficial and deep capillary plexus, central choriocapil-
laris atrophy and foveal avascular zone).

Fifty-six eyes were classified into grade 3b on CFP, the 
most frequently observed pattern (45.90%), followed by grade 
4 which was attributed to 31.15% (40/122) of the eyes. Thirteen 
eyes (7 patients) presented typical flecks but no central atro-
phy (grade 2). None of the eyes showed normal fundus ap-
pearance (pattern 1), and only two corresponded to grade 3c.

In eyes with available FAF imaging (n=114), grade 1 was 
the least common (24 eyes), while grades 2 and 3 were equal-
ly observed in the remaining eyes. Peripapillary sparing on 
AF was present in 75.44% (86/114) of the eyes.

Examples of different CFP and FAF grades, observed in 
some of our probands, are represented in Fig.s 2 and 3, re-
spectively.

table 1. demographic and clinical data of the study population.
eyes/Patients (n) 122/61
female patients (n; %) 33; 54.10
Age
 Mean (years) 41.28±17.29
 Range (years) 9-78
 Pediatric patients (age <18 years) (n) 4
families (n) 54
Mean age at diagnosis (years) 27.21±16.01
Age of onset
 Mean age of onset (years) 16.64±12.87
 Onset before 18 years (n; %) 33; 54.10
 Onset after 30 years (n; %) 12; 19.67
disease duration
 Mean disease duration (years) 20.04±15.21
 Disease duration < 10 years (n;%) 18; 11.00
 Disease duration > 20 years (n;%) 28; 45.90
Mean visual acuity (ETDRS letters)
 Right eye 30.00
 Left eye 30.95

AF – autofluorescence; OCT – optical coherence tomography; EZ – 
photoreceptor ellipsoid zone.

table 2. Retinal imaging findings and their statistical analysis in the study population.

retinal imaging

color fundus Photography n (%)
 Grade 1: Normal 0 (0)
 Grade 2: Macular and/or peripheral flecks without central atrophy 13 (10.66)
 Grade 3 69 (56.56)
  Grade 3a: Central atrophy without flecks 11 (9.02)
  Grade 3b: Central atrophy with macular and/or peripheral flecks 56 (45.90)
  Grade 3c: Paracentral atrophy with macular and/or peripheral flecks without central atrophy 2 (1.64)
 Grade 4: Multiple extensive atrophic changes of the RPE, extending beyond vascular arcades 40 (32.79)
Fundus Autofluorescence n (%)
  Grade 1: Localized low AF signal at the fovea surrounded by a homogeneous background with/without 

perifoveal foci of high or low signal 24 (21.05)

  Grade 2: Localized low AF signal at the macula surrounded by a heterogeneous background and widespread 
foci of high or low AF signal extending anterior to the vascular arcade 45 (39.47)

  Grade 3: Multiple areas of low AF signal at posterior pole with a heterogeneous background and/or foci of 
high or low signal 45 (39.47)

optical coherence tomography n (%)
 Category 1: Preserved EZ in the fovea 7(6.14)
 Category 2: Loss of EZ in the fovea 35 (30.70)
 Category 3: Extensive loss of EZ 72 (63.16)
oct/octA quantitative features Mean±sd
 Central macular thickness (µm) 120.24±48.60
 Macular vascular density of superficial capillary plexus (%) 45.16±5.38
 Macular vascular density of deep capillary plexus (%) 42.82±4.38
 Central choriocapillaris atrophy (mm2) 12.86±12.54
 Foveal avascular zone (mm2) 1.10±0.82

AF – autofluorescence; EZ – photoreceptor ellipsoid zone; OCT – optical coherence tomography; OCTA – OCT – angiography; SD – stand-
ard deviation; 
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Regarding SD-OCT (n=114), extensive loss of the EZ (cat-
egory 3) was the most frequent finding (63.16%; 72 eyes). 
Only 7 eyes (4 patients) showed foveal EZ preservation (cat-
egory 1). In this subgroup, the AO was 26.00±12.69 (range 
5-37) and the disease duration was >10 years except for one 

proband (6 years). All patients excluding one had genetically 
solved disease (Genotype 3); in the molecular unsolved sub-
ject, for whom no clinically significant variants were found, 
an asymmetry between eyes was noted (only one eye showed 
foveal EZ sparing), and the age of onset was 5 years (against 
the remaining patients in that group, who all reported first 
symptoms around age of 30 years). 

Intereye symmetry was present in all patients on blue-
light FAF. On the other hand, 3 patients showed different 
sub-patterns inside grade 3 between OD and OS on CFP and 
2 patients had intereye asymmetry on SD-OCT.

There were significant differences regarding multimodal 
imaging findings and disease duration, with more advanced 
grades on CFP, FAF and OCT correlating with longer dis-
ease duration (p<0.001 for all three imaging methods). The 
same was true for BCVA, with more severe vision loss sig-
nificantly associated to worse CFP (p<0.001), FAF (p<0.001), 
and OCT (p<0.001) grades.

Mean CMT was 120.24±48.60 µm. Thinner measurements 
were significantly associated with worse BCVA (p=0.017) but 
did not show correlation with disease progression (p=0.210). 

For the subset of eyes with OCTA data (n=34), all the 
evaluated parameters (SMVD, DMVD, FAZ and CCA) 
showed a significant correlation with BCVA, with less ET-
DRS letters corresponding to reduced SMVD (p<0.001) and 
DMVD (p=0.017), larger FAZ (p<0.001), and increased CCA 
(p=0.007). However, only CCA proved to significantly cor-
relate with disease duration (p=0.026).

ABCA4 vArIAnts

Confirmed molecular diagnosis was obtained for 26/38 
families with available genetic results, for a diagnostic yield of 
68.42%. In other 4 families, the probands had a disease-causing 
variant with one variant of uncertain significance in trans, and, 
hence, it was not possible to genetically confirm the diagnosis. 
For the remaining 8 families, no clinically significant variants 
were found in the probands with available genetic results.

In total, 25 pathogenic/likely pathogenic variants were 
identified, distributed across 56 alleles (26 families with 
pathogenic/likely pathogenic variants in the two alleles, 
and 4 families with confirmed disease causing variant in 
only one allele). The characterization of these variants is 
presented in Table 3. The majority of mutations were classi-

Figure 2. Examples of the color fundus photography grades.  
(1) normal fundus; (2) macular and/or peripheral flecks without central at-
rophy; (3a) central atrophy without flecks; (3b) central atrophy with macu-
lar and/or peripheral flecks; (3c) paracentral atrophy with macular and/or 
peripheral flecks, without central atrophy; (4) multiple extensive atrophic 
changes of the RPE, extending beyond the vascular arcades

Figure 3. Examples of the fundus autofluorescence grades observed in patients of our cohort.      
(1) localized low AF signal at the fovea surrounded by a homogeneous background, with/without perifoveal foci of high or low AF signal; (2) localized low AF 
signal at the macula surrounded by a heterogeneous background, and widespread foci of high or low AF signal extending anterior to the vascular arcades; (3) 
multiple areas of low AF signal at the posterior pole with a heterogeneous background, with/without foci of high or low AF signal.
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fied as missense, representing 76.00% (19/25) of all the vari-
ants. The most frequent mutations found in our cohort were 
c.1804C>T (p.Arg602Trp) (9/56 alleles), c.464C>T (p.?) (6/56 
alleles), c.3210_3211dup (p.Ser1071Cysfs*14) (5/56), c.5882 
G>A (p.Gly1961Glu) (4/56), c.4720G>T (p.Glu1574*) (4/56) 
and c.32T>C (p.Leu11Pro) (4/56). One proband presented a 
complex allele, with the variant c.5044_5058del (p.Val1682_
Val1686del) and c.4926C>G (p.Ser1642Arg) in cis and the 
c.1804C>T(p.Arg602Trp) in trans.

GenotyPe GrouPs

For probands with genetically solved SGDT1 (32 subjects, 
26 families), the genotype group C (biallelic missense/in-frame 
variants) was the most frequent, with 16/30 patients (14/26 
families, 53.84%). Only 5 patients (3 families, 11.53%) present-
ed biallelic deleterious variants (Group A). The remaining 11 
subjects (9 families, 34.62%) were included in group B, harbor-
ing one deleterious and one missense/in-frame variant. 

Group A presented a mean age of onset of 8.8±1.33 years, 
inferior to that calculated for group B (13.45±7.82 years), which 
in turn was inferior to Group C (15.94±12.13 years). However, 
these differences were not statistically significant (p=0.270). 

A multiple linear regression was conducted to predict 
BCVA based on genotype and disease duration. A signifi-
cant model was found (F(2,53)=13.25, p<0.001), with an R2 of 
0.333. Even though disease duration was a significant pre-
dictor of lower BCVA (p<0.001), genotype was not (p=0.303).

 
dIscussIon

By combining data from 6 national Ophthalmology De-
partments, this study reports molecular and multimodal im-
aging findings from a large Portuguese cohort with STGD1.

Deep phenotyping by means of multimodal retinal im-
aging has shown to be of crucial value, since it provides 
information regarding disease natural history and progno-
sis.1,8,9,11,12,16,18 In our study, almost 80% of the eyes presented 

table 3. ABCA4 variants found in the 38 Portuguese families with available genetic results.

nucleotide Protein Functional effect Clinical significance families (n) Alleles (n) Zygosity

c.1804C>T p.Arg602Trp Missense Pathogenic 8 9 hz, CHz

c.3210_3211dup p.Ser1071Cysfs*14 Frameshift Pathogenic 4 5 hz, CHz

c.5882 G>A p.Gly1961Glu Missense Pathogenic 4 4 CHz

c.4720G>T p.Glu1574* Stopgain Pathogenic 4 4 CHz

c.32T>C p.Leu11Pro Missense Likely pathogenic 3 4 hz, CHz

c.4139C>T p.Pro1380Leu Missense Likely pathogenic 3 3 CHz

c.286A>G p.Asn96Asp Missense Likely pathogenic 2 3 hz, CHz

c3113C>T p.Ala1038Val Missense Likely pathogenic 2 2 CHz

c.5327C>T p.Pro1776Leu Missense Pathogenic 2 2 CHz

c.5044_5058del p.Val1682_Val1686del In-frame deletion Pathogenic 2* 2* CHz*

c.464C>T p.? Splice site Pathogenic 1 6 hz

c.634C>T p.Arg212Cys Missense Likely pathogenic 1 2 hz

c.5461-10T>C p.? Splice site Pathogenic 1 2 CHz

c.4926C>G p.Ser1642Arg Missense Likely pathogenic 1* 1* CHz*

c.6089G>A p.Arg2030Gln Missense Likely pathogenic 1 1 CHz

c.6079C>T p.Leu2027Phe Missense Likely pathogenic 1 1 CHz

 c.6104T>C p.Leu2035Pro Missense Likely pathogenic 1 1 CHz

c.6088C>T p.Arg2030Ter Stopgain Pathogenic 1 1 CHz

c.4328G>A p.Arg1443His Missense Pathogenic 1 1 CHz

c.2588G>C p.Gly863Ala Missense Likely pathogenic 1 1 CHz

c.3386G>T p.Arg1129Leu Missense Likely pathogenic 1 1 CHz

c.6320G>A p.(Arg2107His) Missense Likely pathogenic 1 1 CHz

c.834del p.Asp279Ilefs*21 Frameshift deletion Likely pathogenic 1 1 CHz

c.(658_766)_
(768+199_769-1)del p.? Deletion Likely pathogenic 1 1 CHz

c.5196+1137G>A p.? Intronic Likely pathogenic 1 1 CHz

hz – homozygosity; CHz – compound heterozygosity 
*Variants found in complexes alleles
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macular atrophy associated with macular/peripheral flecks 
(grade 3b), or multiple extensive atrophic changes of the RPE 
extending beyond vascular arcades (grade 4). CFP patterns 
significantly correlated with disease duration. This is in ac-
cordance with other studies that evaluated adult populations 
with STGD1.2,1 Absence of central macular atrophy was pre-
sent in only about 10% of the eyes.6 Foveal sparing is a rare 
finding especially in cohorts with an earlier age of onset,1,8,16 
which generally is related with a worse phenotype.1,7,8,16 It 
has been associated with less severe disease and later dis-
ease onset.1,6 The mean AO in our cohort (16.64 years) was 
inferior to that reported by other authors (approximately 19 
years),2,6,19 and more than a half of the study population re-
ported onset of symptoms before 18 years old. The earlier 
AO in our study could probably explain the small percent-
age of eyes presenting foveal sparing, which may also be 
supported by the later mean AO in the subgroup of patients 
with foveal EZ preservation on SD-OCT. Regarding FAF pat-
terns, patterns 2 and 3 were observed with the same frequen-
cy in our cohort, while pattern 1 was the least frequent (~25% 
eyes). Progression across FAF grades over time has been re-
ported,1,6,12 which explains the positive correlation between 
FAF patterns and disease duration that we describe. Disease 
duration also demonstrated a positive correlation with the 
extension of EZ loss on SD-OCT. Interestingly, this was not 
the case for CMT. Finally, OCTA has been increasingly used 
to analyze the retinal and choroidal vasculatures in all types 
of retinal diseases, including IRDs.4,13 Our findings suggest a 
complex vascular impairment and confirms that important 
changes occur in the different retinal vascular plexuses and 
in the choriocapillaris. We have shown that reduced SMVD 
and DMVD, increased FAZ and larger CCA atrophy in these 
patients are significantly associated with worse BCVA. Ad-
ditionally, a larger CCA area significantly correlated with 
longer disease duration.

It is important to note that FAF and SD-OCT imaging was 
not possible to classify in 4 patients (8 eyes) due to insufficient 
image quality and/or lack of collaboration. Only one center pro-
vided OCTA, explaining the small percentage of patients with 
available results. These aspects constitute an important limita-
tion of our study regarding deep phenotype characterization.

By using clinically-oriented genetic testing based on 
targeted NGS, this study revealed a total of 26 pathogenic/
likely pathogenic variants in the ABCA4 gene in a group of 
26 Portuguese families, with the great majority (76.00%) be-
ing functionally classified as missense variants. This is in ac-
cordance with previous reports.2,3,7,20 

The variant c.1804C>T (p.Arg602Trp) was the most 
prevalent in our cohort, observed in 8/26 families (30.77%). 
It was reported as the fourth more common mutation in 
a large Spanish cohort,3 responding for 5% of the families 
studied, and has been described as a frequent mutation in 
Caucasians.3,21 as well as in the South African population.22 
Interestingly, this variant was also the most prevalent vari-
ant observed in a Taiwan cohort.18 It is reported to be a severe 
missense variant associated with rapid progression.18 How-
ever, due to the small number of probands with available 
genetic results and to the cross-sectional design of our study, 

it was not possible to ascertain these genotype-phenotype 
correlations.

On the other hand, the most prevalent mutation in 
the above mentioned Spanish study, that englobed 506 
families with biallelic ABCA4 pathogenic variants, was the 
p.(Arg1129Leu),3 which seems to have a high prevalence 
in Hispanic populations, since it was also one of the most 
frequent mutations verified in a Argentinean cohort.2 In our 
study, however, it was identified in only one family.

The mutation c.5882 G>A (p.Gly1961Glu) is the most 
common among STGD1 patients from different ethnic back-
grounds, with an allele frequency in European population of 
~0.4%7 and with a variable frequency of 6.5%-21% in diverse 
STGD cohorts.2 In a large international cohort, the ProgStar 
study report 8, conducted by Fujinami et al,19 p.(Gly1961Glu) 
was the most prevalent mutation, with a frequency of 15%. In 
the present study, it was observed in 4/26 families (15.38%). 

In one proband, the most frequently reported intronic 
variant in ABCA4, the c.5196+1137G>A, was found in asso-
ciation with one deleterious variant in trans. However, this 
patient presented a relatively mild phenotype, with a later 
age of onset (27 years) and relatively preserved BCVA (50 
ETDRS letters OU). This is in keeping with previous reports, 
that consider that intronic variant of intermediate effect, pro-
ducing a significant milder phenotype when in trans with 
null mutation (when compared with two null alleles).23

Regarding genotype groups, we included 11.53% of fami-
lies in Group A, 34.62% in Group B and 53.84% in Group C. 
These results are in accordance with the findings presented by 
Fujinami et al in the ProgStar study report 8, with approximate-
ly half of probands belonging to Group C (49.8%).19 In a Chi-
nese adult cohort,16 with an earlier mean AO (10.0 years) and in 
a pediatric cohort1 a higher proportion of families was included 
in Group A (around 20%) and the Genotype B was the most 
frequent (approximately 45%). These findings support the hy-
pothesis that the distribution of deleterious variants in a STGD1 
cohort depends on the age of onset, with worse genotypes re-
sulting in an earlier AO and worse phenotypes.1,3,7,16 

In previous studies, a statically significant difference was 
noted between genotype groups and mean age of onset.1,3 
Also, differences in BCVA have been shown to exist between 
genotype groups, with group A showing the worse BCVA 
for the same disease duration and age.16 Although an in-
crease in mean AO from group A to group C was observed 
in our cohort, this was not statistically significant. Addition-
ally, when considering disease duration, BCVA did not dif-
fer across genotype groups. This may be explained by three 
possible bias, which represent important limitations of our 
study: (1) the small number of families with available genetic 
testing results may not be representative of the population, 
thus limiting the statistical power to establish those cor-
relations; (2) assigning functional effect to a mutation was 
not always straightforward, especially for missense alleles 
and some variants in splice sites – this has been appointed 
in other studies as a general limitation of the segregation 
trough genotype groups, since the functional consequences 
not always correlate exactly with resulting disease pheno-
types and progression7; and (3) the exact AO cannot be easily 
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determined, as many patients (particularly children) may be 
unaware of their visual impairment, and this turns especial-
ly difficult when trying to provide it in retrospective recall.

Besides the above mentioned, other significant limita-
tions should be noted. First, a significant part of our cohort 
has not been genetically tested (14/52 families), which does 
not allow us to exclude potential phenocopies. These account 
for 10%-15% of all cases of ABCA4-associated phenotypes.7 
Second, 4 patients harbored a variant of uncertain signifi-
cance for whom family segregation analysis was not enough 
to reclassify the variant’s pathogenicity. Accordingly, these 
patients could not be included in a genotype group. Third, 
the cross-sectional design does not provide information re-
garding disease natural history and progression. 

conclusIon

To the best of our knowledge, this is the largest study to 
describe the phenotypic and genotypic spectrum of STGD1 
in a multicentric Portuguese cohort, revealing a satisfactory 
detection rate of disease-causing genotypes. Deep phenotyp-
ing using multimodal retinal imaging (CFP, FAF, OCT and 
OCTA) was shown to be of clinical utility in the evaluation of 
these patients. Imaging biomarkers evaluated here present-
ed a strong correlation with BCVA and disease pro gression. 
These qualitative and quantitative imaging features may 
represent important outcome measures in the efficacy evalu-
ation of new therapeutic targets. Due to the reduced number 
of probands with available genetic results, our study was not 
powerful enough to establish genotype-phenotype correla-
tions. Longitudinal studies englobing larger samples with 
genetically confirmed diagnosis are warranted to assess gen-
otype-phenotype correlations and predict disease progres-
sion, based not only on molecular aspects but also on deep 
phenotyping by means of multimodal retinal imaging.
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