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ABSTRACT.
Purpose: To assess the incidence of Stargardt disease (STGD1) and to evaluate demographics of incident cases.
Methods: For this retrospective cohort study, demographic, clinical and genetic data of patients with a clinical diagnosis of
STGD1 were registered between September 2010 and January 2020 in a nationwide disease registry. Annual incidence
(2014-2018) and point prevalence (2018) were assessed on the basis of this registry.
Results: A total of 800 patients were registered, 56% were female and 83% were of European ancestry. The incidence was
1.67-1.95:1,000,000 per year and the point prevalence in 2018 was approximately 1:22,000-1:19,000 (with and without 10%
of potentially unregistered cases). Age at onset was associated with sex (p = 0.027, Fisher’s exact); 1.9x more women than
men were observed (140 versus 74) amongst patients with an age at onset between 10 and 19 years, while the sex ratio in
other age-at-onset categories approximated one. Late-onset STGD1 (≥45 years) constituted 33% of the diagnoses in
2014-2018 compared to 19% in 2004-2008. Diagnostic delay (≥2 years between the first documentation of macular
abnormalities and diagnosis) was associated with older age of onset (p = 0.001, Mann–Whitney). Misdiagnosis for agerelated macular degeneration (22%) and incidental STGD1 findings (14%) was common in patients with late-onset
STGD1.
Conclusion: The observed prevalence of STGD1 in real-world data was lower than expected on the basis of population
ABCA4 allele frequencies. Late-onset STGD1 was more frequently diagnosed in recent years, likely due to higher
awareness of its phenotype. In this pretherapeutic era, mis- and underdiagnosis of especially late-onset STGD1 and the role
of sex in STGD1 should receive special attention.
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Introduction
Stargardt disease (STGD) is an inherited retinal disease (IRD) that was ﬁrst
described comprehensively over a century ago as a rare, progressive, familial
macular degeneration that manifested in
childhood or adolescence.(Stargardt
1909) In 1997, mutations in the retinaspeciﬁc ATP binding cassette transporter (ABCA4) gene were found to
cause this disease, from that moment
abbreviated as STGD1.(Allikmets et al.
1997) Since then, the phenotypic spectrum of STGD1 has greatly expanded.
When presenting in early childhood,
STGD1 often evolves to a cone-rod
dystrophy (CRD) that eventually leads
to a panretinal degeneration.(Klevering
et al. 2004; Lambertus et al. 2015) Lateonset STGD1 (onset ≥45 years) is hallmarked by sharply demarcated atrophy
in a foveal-sparing pattern.(Westenengvan Haaften et al. 2012) Another
STGD1 phenotype is the bull’s eye
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maculopathy in which macular atrophy
is often accompanied by exceptionally
little lipofuscin.(Nõupuu et al. 2014;
Cremers et al. 2020).
STGD1 is widely regarded as the
most common Mendelian inherited eye
disorder and STGD1 alone accounts
for 12% of IRD-related blindness registrations.(Heath Jeﬀery et al. 2021)
The exact prevalence, however, is
unknown. A prevalence of 1:10,000 to
1:8,000 is frequently quoted in the
literature, but this estimate was not
accompanied by substantive analyses
and originates from 1988.(Blacharski
1988) Since then, the disease-causing
gene has been identiﬁed, the phenotypic spectrum of ABCA4 disease has
been further elucidated, and diagnostic
tools, for example imaging and genetic
tests, have greatly evolved. Genetic
studies have estimated a much higher
prevalence of STGD1 of 1:6,578 to
even 1:870.(Riveiro-Alvarez et al. 2009;
Hanany et al. 2020) However, these
estimates – based on ABCA4 mutation
carrier frequencies – do not relate to
the observed disease prevalence
because the ABCA4 gene holds many
variants of unknown signiﬁcance and
because disease expression depends on
the severity of the mutation on the
other ABCA4 allele.(Cornelis et al.
2017; Zernant et al. 2017; Runhart
et al. 2018; Zernant et al. 2018).
Several recent developments require
data on the frequency of STGD1.
Many strategies to treat IRDs are
being tested in preclinical studies or
clinical
trials.(Vázquez-Domı́nguez
et al. 2019) Prevalence data are relevant
for the planning of clinical trials and
are required for pharmacoeconomic
evaluation of orphan drugs. Moreover,
rare diseases are notably underdiagnosed.(Austin et al. 2018; Auvin et al.
2018) Monitoring of diagnostic trends
can provide insight into the degree of
underdiagnosis, which would become a
critical issue once therapy becomes
available. Furthermore, several frequent ABCA4 variants were found to
be associated with STGD1 and to have
incomplete penetrance.(Zernant et al.
2017; Cremers et al. 2018; Runhart
et al. 2018; Zernant et al. 2018; Runhart et al. 2019; Sangermano et al.
2019; Runhart et al. 2020) In the
employed penetrance calculations, the
actually observed prevalence of disease
remained an uncertain variable. A
prevalence estimate supported by
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substantive data would improve
research on penetrance of individual
ABCA4 variants.
In this nationwide retrospective
cohort study, we assessed the annual
incidence and the point prevalence of
STGD1. To this purpose, we used our
collaborative RD5000 disease registry
that allows ongoing systematic collection, analysis and interpretation of
health data and diagnostic trends.(van
Huet et al. 2014).

Methods
Subjects

For this retrospective cohort study,
patients with a registered diagnosis of
STGD were identiﬁed in all referral
centres for ophthalmogenetics in the
Netherlands. These centres participate
in the Dutch registry for Inherited
Retinal Dystrophies ‘RD5000’.(van
Huet et al. 2014) The diagnosis STGD1
was registered if the inclusion criteria
and none of the exclusion criteria in
Supplemental Table 1 were met. For
this study, records were reviewed to
conﬁrm these diagnostic criteria, and
patients with a residence outside of the
Netherlands were excluded.
The Medical Research Ethics Committee
‘CMO
region
ArnhemNijmegen’ ruled that approval was
not required for this study. The study
is not subject to the Medical Research
Involving Human Subjects Act (WMO)
because participants were not required
to follow procedures or rules of behaviour. The study and data collection
were in conformity with all country
laws and adhered to the tenets of the
Declaration of Helsinki.
Data collection

Data were extracted from medical
records between September 2010 and
January 2020. Collected variables
included demographics, year of
STGD1 diagnosis, ABCA4 variants
and the family history. Also, the year
of initial report of macular abnormalities that retrospectively were considered to be the initial manifestation of
STGD1 (i.e. ﬂecks, retinal pigment
epithelium atrophy, photoreceptor
loss) was recorded. The self-reported
geographic ancestry (ﬁrst- or secondgeneration migration) was recorded if
these data were available. An age at

onset of complaints ≤0 years was considered ‘early-onset STGD1’, age at
onset of complaints ≥45 years was
considered ‘late-onset STGD1,’ based
on cut-oﬀs commonly used in
literature.(Westeneng-van
Haaften
et al. 2012; Lambertus et al. 2015)
The remaining patients were grouped
as intermediate-onset STGD1, age at
onset of complaints between 11 to
44 years. Between 1998 and 2018,
patients were screened for diseasecausing variants in the coding regions
and ﬂanking splice sites and/or noncoding regions of ABCA4, as part of
routine patient care or previous studies.
The employed methods are listed in
Supplemental Table 2. Sanger sequencing was performed to conﬁrm all identiﬁed mutations. Genotypes were
classiﬁed based on their pathogenicity
rating in accordance with the American
College of Medical Genetics classiﬁcation.(Richards et al. 2015).
Annual incidence and point prevalence

The annual incidence was assessed for
the years 2014 to 2018. This period
allowed for the most complete data
collection due to digitalization of medical records and improved diagnostic
opportunities due to availability of
optical coherence tomography (OCT)
and short-wave autoﬂuorescence (SWAF) and advances in genetic techniques.
The centres participating in this study
are the national centres specialized in
ophthalmogenetics and cover the vast
majority of patient care involving IRDs
in The Netherlands. To quantify the
smaller proportion of patients with a
diagnosis of STGD1 who had never
been under the care of an ophthalmologist in any of these centres, we administered an anonymous questionnaire
amongst members of a patient association for macular diseases. Patients with
a self-reported diagnosis of STGD1
were asked whether they currently were
or ever had been under the care of an
ophthalmologist in any of the participating medical centres. The proportion
of respondents who had not visited any
of the nationally specialized centres,
each participating in the registry, was
added to the incidence total. To deﬁne
incidence, the average size of the population of The Netherlands between
January 2014 and December 2018 was
used, which was 17,042,315 individuals.(Netherlands 2019) The point
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Table 1. Patient and general population characteristics
General population
Netherlands
31 December 2018
(Netherlands 2019,
2020)
Demographics
Female, n (%)
Age, mean (SD)
Deceased, n (%)
Age at diagnosis, median
(range)
Geographic ancestry
European, n (%)
North African/Middle
Eastern, n (%)
Southeast Asian, n (%)
Sub-Saharan African, n (%)
Suriname, n (%)
Other
Genetics
Genetic test in patient or
sibling performed, n (%)
Genetically conﬁrmed
diagnoses in patient or
sibling, n (%)
Patient’s and family history
Age at onset, median (range)
Positive family history
STGD1, n (%)
Consanguinity, n (%)
Incident cases in 2014-2018 are
STGD1 = Stargardt disease.

Total STGD1
population

Incident STGD1
cases 2014-2018

8654043 (50%)
42 yrs

445 (56%)
47 (19) yrs
28 (4%)
24 (5-83) yrs

78 (56%)
38 (20) yrs
0 (0%)
36 (6-83) yrs

(84%)
(6%)
(4%)
(2%)
(2%)
(2%)

603 (83%)
60 (8%)
22 (3%)
15 (2%)
15 (2%)
11 (2%)

96 (76%)
19 (15%)
2 (2%)
4 (3%)
3 (2%)
2 (2%)

Annual incidence and point prevalence
664 (83%)
615 (77%; 93% of
performed tests)

131 (94%)
125 (89%; 95% of
performed tests)

20 (1-82)
308 (40%)

32 (3-82)
32 (23%)

61 (10%)
12 (11%)
all cases who received the diagnosis STGD1 in 2014-2018.

prevalence on 31 December 2018 was
assessed. To deﬁne prevalence, the size
of the entire population of The Netherlands at the end of the year 2018 was
used, which was 17,282,163 individuals.(Netherlands 2019).
Annual incidence and point prevalence were calculated as follows:

Annual incidence ¼

siblings with STGD1 (two-sided,
α = 0.05). Additionally, the Mann–
Whitney test and the Fisher’s exact
test were performed to assess
whether age at onset of complaints,
ancestry or sex were associated with
diagnostic
delay
(two-sided,
α = 0.015).

Mean number ofnew cases peryear between1 January2014and 31 December 2018
Mean populationsize ofThe Netherlands between 1January2014 and31 December 2018

Point prevalance ¼

patients (56%) were female and 603
patients (83%) were of European
ancestry. Fig. 1 shows the distribution
of age at onset plotted by sex, the two
of which were associated (p = 0.027,
Fisher’s exact); Remarkably, 1.9x more
women than men were observed (140
versus 74) amongst patients with an
age at onset between 10 and 19 years,
while the sex ratio in the other age-atonset categories approximated 1. Cases
with a macular dystrophy not further
speciﬁed who carried only one ABCA4
variant – who represented the less
certain STGD1 diagnoses – accounted
for only 48 (6%) of the registered
patients.

Number ofpatients ðaliveÞ inregistry on31
Populationsize of The Netherlandson 31December 2018

Statistical analysis

Descriptive statistics were presented
of the complete STGD1 population.
The distribution of sex across age–
at-onset categories was evaluated
using Fisher’s exact test (two-sided,
α = 0.05). Wilcoxon signed rank test
was used to assess whether age at
onset was associated with sex in

Results

Fig. 2 shows an increasing frequency of
STGD1 diagnoses over the years 19992018. Between 1 January 2014 and 31
December 2018, 140 incident cases
were documented, which corresponds
to a mean annual incidence of 28.
Based on this registry, annual incidence
was 1.64 (95% CI, 1.03-2.25) per
1,000,000 persons per year. However,
this likely is an underestimation of the
true incidence, because of potentially
unregistered cases.
According to the questionnaire
administered in a patient association
for macular diseases, ﬁve of 49 (10%;
95% CI, 2%-19%) respondents who
had received the diagnosis STGD1 had
not visited any of the specialized centres for ophthalmogenetics participating in the registry. Considering the
95% CI of potentially unregistered
cases, the annual incidence was
between 1.67 and 1.95 per 1,000,000
persons per year.
Until 31 December 2018, a total of
790 patients had been diagnosed of
whom 762 patients were alive in 2018.
Therefore, the point prevalence in 2018
based solely on the registry was 1 in
22,680 (95% CI, 1:24,413-1:21,176).
Considering potentially unregistered
cases (2-19%), point prevalence was
between 1 in 22,295 and 1 in 19,110
individuals.

Subjects

A total of 800 patients with STGD1 in
accordance with the diagnostic and
study criteria were nationally registered
until January 2020. Patient characteristics are described in Table 1. Patients
had a mean age of 47  19 years, 445

Diagnostic trends: Increasing frequency of
late-onset STGD1 diagnoses and stable
non-negligible diagnostic delay

Of all patients registered, 193 (24%)
experienced
initial
complaints
≤10 years, 466 (58%) between 11-
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Table 2. The most frequent ABCA4 variants in the Dutch patient population
ABCA4 nucleotide
changes
c.5603A>T
c.5461-10T>Cc
c.2588G>Cd
c.768G>T
c.5882G>A
c.1822T>A
c.3113C>Te
c.4539 + 1G>T
c.5714 + 5G>A
c.4139C>T

ABCA4 protein changes
p.(Asn1868Ile)
p.[Thr1821Valfs*13,
Thr1821Aspfs*6]
p.[Gly863Ala, Gly863del]
p.(Leu257Valfs*17)
p.(Gly1961Glu)
p.(Phe608Ile)
p.(Ala1038Val)
p.(?)
p.[=; Glu1863Leufs*33]
p.(Pro1380Leu)

Allele count
patients

Allele frequency
patients

Allele frequency general
populationa

167
133

b

0.1002

0.0677
0.0003

115
103
101
47
35
27
23
22

0.0866
0.0776
0.0761
0.0354
0.0264
0.0203
0.0173
0.0166

0.0074
0.0006
0.0049
0.0003
0.0022
0
0.0004
0.0001

Not included in this table are deep-intronic variants c.4253 + 43G>A and c.769-784C>T, which were identiﬁed in 17 and 10 patients. These variants
were only recently associated with the disease and therefore not accurately represented in the database.
a
ABCA4 frequencies in 21,559 control individuals from The Netherlands.(Cremers et al. 2018)
b
This variant was only recently associated with STGD1 and therefore not accurately represented in the database. It was found as a single variant in
73 alleles.
c
c.5462-10T>C is almost always complexed with c.5603A>T.
d
Only considered penetrant when in cis with c.5603A>T. In the general population of The Netherlands, the allele frequency of
c.[2588G>C;5603A>T] is estimated to be 0.0007. (Cremers et al. 2018).
e
Found in cis with c.1622T>C in 37% of the alleles containing c.3113C>T in patients.

This diagnostic delay was associated
with a higher age at onset of complaints (p = 0.001, Mann–Whitney)
and was not associated with sex
(p = 0.582, Fisher’s exact) or nonWestern
European
ancestry
(p = 0.584, Fisher’s exact). No trend
in the frequency or extent of delay was
observed over time. Of patients with a
diagnostic delay, 12 patients (21%) had
received a diagnosis of AMD prior to
STGD1. ABCA4 analysis, performed
in 52 patients or a sibling of a patient
(n = 1) with a diagnostic delay (91%),
conﬁrmed the presence of ≥2 (potentially) pathogenic variants in 50
patients (94%).
Figure 1. Distribution of the age at onset of Stargardt disease by sex. Age at onset was associated
with sex (p = 0.027, Fisher’s exact). Women were overrepresented (1.9:1) amongst patients with an
age at onset of 10-19 years (n = 214)

44 years and 140 (18%) ≥45 years. Over
the years, the proportion of patients
diagnosed with late-onset STGD1
increased gradually as visualized in
Fig 2. The median (range) age at onset
of patients diagnosed in 2014-2018 was
32 (3-82) years, compared to 19 (1-72)
years in 2004-2008. Prior to the diagnosis of STGD1, 28 (22%) patients with
late-onset STGD1 (≥45 years) had been
diagnosed with age-related macular
degeneration (AMD). Another 17
(14%) of late-onset patients were
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diagnosed before onset of complaints,
during screening visits for diabetic/plaquenil retinopathy or glaucoma (n = 8), regular care for
comorbidities (n = 6) or screening
because of a positive family history
(n = 2) (alternative reason for visit not
registered n = 1).
In 58 (8%) of 694 cases, it took more
than 2 (2-21) years between the
moment the ﬁrst macular abnormalities
were documented and the moment that
STGD1 diagnosis was documented.

ABCA4 genotypes

ABCA4 analysis had been performed in
641 patients (80%). Another 23 patients
(3%) had an aﬀected sibling who had
undergone ABCA4 testing. A total of
542 of the diagnoses was genetically
conﬁrmed by the presence of ≥2 potentially disease-causing variants in the
patient or an aﬀected sibling of the
patient (82% of the patients/siblings
tested). Another 73 diagnoses (11% of
the patients (or siblings) tested) were
considered genetically conﬁrmed by the
presence of the mild variant c.5603A>T
as the second allele. The most frequent
variants by far were c.5603A>T,
c.5461-10T>C,
c.2588G>C
(only

Acta Ophthalmologica 2021

Figure 2. Annual incidence of Stargardt disease based on the national registry. The number of
registered STGD1 diagnoses increased over time, which was mostly attributed to an increase in the
diagnosis and registration of late-onset STGD1 (≥45 years). The incidence of early-onset
Stargardt disease (<11 years) remained fairly constant

considered penetrant when in cis with
c.5603A>T),
c.768G>T
and
c.5882G>A (Table 2).

was aﬀected earlier, with a median difference of only 2 (1-7) years.

Discussion
Family history

A total of 623 patients (78%) were
considered a ‘proband,’ the ﬁrst patient
in the family. Of these probands, 167
(27%) had family members with
STGD1: 137 (22%) had 1 or more
aﬀected siblings and 33 (5%) had an
aﬀected 2nd or 3rd degree relative.
Pseudodominant
inheritance
was
recorded in 9 (1%) families, only 1 of
which was known to have consanguinity.
Age at onset could diﬀer many years
between siblings, with a median diﬀerence of 3 (0-48) years. Diﬀerences of more
than 10 years were observed in 18 of 84
families in which multiple siblings were
aﬀected (21%) (Table 3). In most of these
families with large diﬀerences in age at
onset (n = 14, 78%), a known mild
variant c.2588G>C (n = 5), c.5603A>T
(n = 4), c.5882G>A (n = 3), c.[769784C>T;5603A>T] (n = 1) or c.4253 +
43G>A (n = 1) had been identiﬁed. In 44
families in which the sibling with the
highest and lowest age at onset had a
diﬀerent sex, lower age at onset was
associated with female sex (p = 0.025,
Wilcoxon signed rank): in 24 families, the
sister had an earlier onset than the
brother, with a median diﬀerence of 8
(1-48) years; in 16 families, the brother

To the best of our knowledge, this is
the ﬁrst study that collected epidemiological data on STGD1 – the full
spectrum of ABCA4-associated disease
– supported by genetic data. Point
prevalence of STGD1 in the Netherlands in 2018 was approximately
1:22,000-19,000 individuals, which is
far less than the genetically estimated
prevalence 1:6,578-1:870, based on
ABCA4
mutation
carrier
frequencies.(Riveiro-Alvarez et al.
2009; Hanany et al. 2020) This mismatch is likely due to the recent
evidence for reduced prevalence of
several mild ABCA4 variants, in addition to the fact that the ABCA4 gene
still holds many variants of unknown
signiﬁcance and disease expression
depends on the severity of the mutation
on the other ABCA4 allele.(Fakin et al.
2016; Cornelis et al. 2017; Zernant
et al. 2017; Runhart et al. 2018; Zernant et al. 2018; Heath Jeﬀery et al.
2021) The point prevalence in this
study did also not exceed the crude
estimate 1:10,000-8,000 dating back to
1988, despite huge diagnostic advances
in both imaging and genetic techniques
since then. In contrast, the annual
incidence of STGD1 in the Netherlands
(1.67-1.95:1,000,000) was 1.5x higher

than reported in the only previous
epidemiological study on STGD1, performed in the United Kingdom.(Spiteri
Cornish et al. 2017) This discrepancy
might be explained by diﬀerences in the
deﬁnition of STGD1 (bull’s eye maculopathy and CRD were considered
other disease entities in that study),
study design (a survey amongst ophthalmologists with an inherent incomplete response-rate), and genetic testing
(then rarely performed although it
considerably expands the phenotypic
range of STGD1).
Late-onset STGD1 constituted an
increasing proportion of the total
STGD1 population over the years.
This is likely explained by increasing
awareness of its existence amongst
ophthalmologists since its phenotype
was ﬁrst comprehensively described
eight years ago.(Westeneng-van Haaften et al. 2012) An unknown proportion might still be undiagnosed, for
instance due to the absence of symptoms (14% of late-onset STGD1 was
an incidental ﬁnding) or misdiagnosis
as AMD (22% of late-onset STGD1).
The low age at onset reported in
literature suggests that late-onset
STGD1 worldwide is still often not
recognized: maximum age at onset
being ≤42 years;(Zolnikova et al.
2017) ≤40 years;(Salles et al. 2018)
≤55 years;(Riveiro-Alvarez
et
al.
2013) and maximum age at presentation, ≤64 years.(Spiteri Cornish et al.
2017) Considering the current median
age at onset of 32 years, and a maximum age at onset of 82 years, the term
‘juvenile’ macular dystrophy is outdated, as previously suggested,(Spiteri
Cornish et al. 2017) and misleading to
patients and physicians. Indeed, diagnostic delay (≥2 years) was associated
with higher age at onset (p = 0.001,
Mann–Whitney). In a forthcoming era
of therapeutic options for STGD1, the
awareness that this illness can manifest
at all ages could prevent blindness.
In addition, we will have to focus on
factors that impact whether and how
disease manifests. Recently, we
observed a female predilection amongst
patients carrying the mild ABCA4
allele c.5603A>T or c.5882G>A compared to patients who did not carry any
known mild allele.(Runhart et al. 2020)
Although the current study did not
allow a genotype-speciﬁc analysis due
to diﬀerent DNA testing methods
employed over time, it did show a
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Table 3. Sibling pairs with a discordant age at onset

Family
5
12
15
16
17
23
27
28
35
37
44

48
78
88

90
92
94
200

ABCA4
nucleotide changes

ABCA4
protein changes

Age-at-onset
diﬀerence (yrs)

Sex youngest onset (age
onset in yrs)

Sex oldest onset (age
onset in yrs)

c.5537T>C(;)5603A>T
c.5882G>A
c.5603A>T
c.5762_5763dup
c.3191-2_3191del
c.5603A>T
Not tested

p.(Ile1846Thr)(;)(Asn1868Ile)
p.(Gly1961Glu)
p.(Asn1868Ile)
p.(Ala1922Trpfs*18)
p.(?)
p.(Asn1868Ile)

37

Female (15)

Male (52)

33

Female (37)

Male (70)

11

Male (40)

Male (51)

11

Male (21)

Male (32)

c.1822T>A
c.2588G>Ca
c.2921_3328 + 2del
c.5059A>T
c.768G>T
c.5603A>T
c.4539 + 2001G>A
c.5882G>A
c.859-506G>C
c.5196 + 1137G>A
c.768G>T
c.5882G>A
c.2409_2410del
c.[2588G>C;5603A>T] (;)
2802_2804del
c.768G>T
c.5603A>T
c.656G>Cb
c.2588G>Ca
c.2588G>Ca
c.5461-10T>Ca

p.(Phe608Ile)
p.[Gly863Ala, Gly863del]
p.(Ser974_Gly1110delinsCys)
p.(Ile1687Phe)
p.(Leu257Valfs*17)
p.(Asn1868Ile)
p.[=, Arg1514Leufs*36]
p.(Gly1961Glu)
p.[Phe287Thrfs*32,=]
p.[=, Met1733Glufs*78]
p.(Leu257Valfs*17)
p.(Gly1961Glu)
p.(Phe804Trpfs*3)
p.[(Gly863Ala, Gly863del);
(Asn1868Ile)](;)(Val935del)
p.(Leu257Valfs*17)
p.(Asn1868Ile)
p.(Arg219Thr)
p.[Gly863Ala, Gly863del]
p.[Gly863Ala, Gly863del]
p.[Thr1821Valfs*13,
Thr1821Aspfs*6]
p.(Arg1108Cys)
p.(Ile1133Thr)
p.(Leu257Valfs*17)
p.[=, Ile1377Hisfs*3]
p.[=, Leu257Aspfs*3; Asn1868Ile]
p.(?)
p.(Leu257Valfs*17)
p.[Gly863Ala, Gly863del]

13

Male (17)

Male (30)

26

Male (13)

Male (39)

22

Female (49)

Female (71)

31

Female (16)

Male (47)

15

Female (12)

Male (17)

16

Female (14)

Male (30)

17

Female (8)

Male (25)

24

Female (19)

Male (43)

20

Female (37)

Male (57)

20

Female (15)

Male (35)

14

Female (38)

Female (52)

14

Female (58)

Female (72)

48

Female (20)

Male (68)

18

Male (17)

Male (35)

c.3322C>T
c.3398T>C
c.768G>T
c.4253 + 43G>A
c.[769-784C>T;5603A>T]
c.4539 + 1G>T
c.768G>T
c.2588G>Ca

Allele 1 in white, allele 2 in grey. Family 5, 35, 37, 44 were previously described by Valkenburg et al. 2019 (Valkenburg et al. 2019)
a
Variant c.5603A>T is often present on the same allele as c.2588G>C and c.5461-10T>C. The c.5603A>T was not associated with the disease at the
time of genetic analysis in these patients and therefore not reported.
b
Variants c.656G>C and c. 2588G>C are known to occur on the same allele. Segregation analysis was however not performed.

remarkable female preponderance
amongst patients with age at onset
between 10 and 19 years. This female
predilection in puberty provides food
for thought on the role of sex-speciﬁc
disease modiﬁers. Moreover, a younger
age at onset was associated with the
female sex when comparing siblings.
The fact that the observed prevalence
in The Netherlands was not higher
than the estimate of 1:10,000,
employed in previous penetrance calculations, further corroborates the evidence for incomplete penetrance of
several mild ABCA4 variants.(Cremers
et al. 2018; Runhart et al. 2018;
Runhart et al. 2019) Uncovering the
mechanisms underlying sex diﬀerences
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and incomplete penetrance in STGD1
could be of great interest for therapeutic development.
Finally, these data can aid in today’s
practice of family counselling. Genetic
studies have found a carrier (heterozygous) frequency of approximately 1:10
individuals (10%).(Jaakson et al. 2003;
Riveiro-Alvarez et al. 2009) This knowledge is often used in family counselling,
and even in estimating disease prevalence (1:6,578–1:870),(Riveiro-Alvarez
et al. 2009; Hanany et al. 2020) but is
diﬃcult to interpret due to uncertain
pathogenicity and unknown expression
of many ABCA4 alleles. Indeed, we
observed a pseudodominant inheritance
in only eight reportedly non-

consanguineous families (1.3%), suggesting that at least 1.3% of individuals
in the general population carry a pathogenic ABCA4 variant. Although the
number of carriers could well be double
due to autosomal recessive inheritance,
the large gap between this carrier frequency of 1.3-2.6% derived from the
observed pseudodominant inheritance
and the aforementioned 10% found in
genetic studies exempliﬁes a large counselling diﬃculty for ABCA4-associated
disease. A diﬀerentiated counselling
approach for early-onset STGD1,
caused by severe ABCA4 variants, and
late-onset STGD1, associated with frequent mild variants, could allow for a
more accurate prediction of disease risk.
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The common (20%) discordance
between siblings in terms of age at onset
(≥10 years) was associated with mild
alleles and further highlights the need
for developing a diﬀerentiated counselling approach.
There are a few limitations to this
study. First, the study was not designed
to evaluate phenotypic diﬀerences
between patients: for instance, patients
with a CRD caused by ABCA4 mutations often received the diagnosis
‘STGD1’, that is all ABCA4associated retinopathy, rather than
‘CRD’. Second, disease registration in
the database might be incomplete and
diagnosis might not always be correct.
The observed prevalence inherently
underestimates the true prevalence.
The diagnostic trends that are discussed in this study, such as increasing
incidence over the years and the
increasing frequency of late-onset
STGD1 diagnoses, indeed illustrate
this. Ongoing diagnostic advances in
combination with continued disease
registration would provide data that
increasingly reﬂect the true prevalence
and help guide diagnostic and management strategies. Third, ascertainment
may have been incomplete due to
disease registration in specialized centres only. However, we anticipated that
the standard of care in The Netherlands is to at least once send a patient
suspected of a retinal dystrophy to one
of the participating specialized centres,
to allow a full diagnostic work-up
including genetic testing and genetic
counselling. This was conﬁrmed by the
questionnaire in a patient association:
a minority of patients (10%) with a
clinical diagnosis of STGD1 had not
visited a centre of expertise.
In conclusion, collaborative national
disease registries oﬀer a unique opportunity to study longitudinal epidemiological data on rare diseases, giving
insight into diagnostic challenges, and
providing valuable information for
planning of trials and genetic counselling. Mis- and underdiagnosis were
common in late-onset STGD1 and
should receive special attention in this
pretherapeutic era to prevent avoidable
blindness in the future.

Acknowledgements
This work was supported by the Foundation Fighting Blindness USA, grant
no. PPA-0517-0717-RAD (to FPMC

and CBH). The study was also supported by the Oogfonds, Retinafonds,
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