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Abstract
Purpose Retinitis pigmentosa (RP) comprises a genetically and clinically heterogeneous group of inherited retinal degen-
erations, where 20–30% of patients exhibit extra-ocular manifestations (syndromic RP). Understanding the genetic profile 
of RP has important implications for disease prognosis and genetic counseling. This study aimed to characterize the genetic 
profile of syndromic RP in Portugal.
Methods Multicenter, retrospective cohort study. Six Portuguese healthcare providers identified patients with a clinical 
diagnosis of syndromic RP and available genetic testing results. All patients had been previously subjected to a detailed 
ophthalmologic examination and clinically oriented genetic testing. Genetic variants were classified according to the Ameri-
can College of Medical Genetics and Genomics; only likely pathogenic or pathogenic variants were considered relevant for 
disease etiology.
Results One hundred and twenty-two patients (53.3% males) from 100 families were included. Usher syndrome was the most 
frequent diagnosis (62.0%), followed by Bardet-Biedl (19.0%) and Senior-Løken syndromes (7.0%). Deleterious variants 
were identified in 86/100 families for a diagnostic yield of 86.0% (87.1% for Usher and 94.7% for Bardet-Biedl). A total of 
81 genetic variants were identified in 25 different genes, 22 of which are novel. USH2A and MYO7A were responsible for 
most type II and type I Usher syndrome cases, respectively. BBS1 variants were the cause of Bardet-Biedl syndrome in 52.6% 
of families. Best-corrected visual acuity (BCVA) records were available at baseline and last visit for 99 patients (198 eyes), 
with a median follow-up of 62.0 months. The mean BCVA was 56.5 ETDRS letters at baseline (Snellen equivalent ~ 20/80), 
declining to 44.9 ETDRS letters (Snellen equivalent ~ 20/125) at the last available follow-up (p < 0.001).
Conclusion This is the first multicenter study depicting the genetic profile of syndromic RP in Portugal, thus contributing 
toward a better understanding of this heterogeneous disease group. Usher and Bardet-Biedl syndromes were found to be the 
most common types of syndromic RP in this large Portuguese cohort. A high diagnostic yield was obtained, highlighting cur-
rent genetic testing capabilities in providing a molecular diagnosis to most affected individuals. This has major implications 
in determining disease-related prognosis and providing targeted genetic counseling for syndromic RP patients in Portugal.
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Introduction

Retinitis pigmentosa (RP) comprises a genetically and clini-
cally diverse group of inherited retinal degenerations (IRDs), 
primarily characterized by rod-cone degeneration. With an 
estimated prevalence of 1:4000 individuals, it is the most 
frequent form of IRD [1]. While most cases of RP are not 
associated with systemic abnormalities, 20–30% of patients 
exhibit extra-ocular disease and are referred to as syndromic 
RP [1–3]. Usher syndrome features sensorineural hearing loss 
(and in some forms vestibular impairment) in association with 
RP and is overall the most frequent form of syndromic RP 
[2–4], followed by Bardet-Biedl syndrome. In the latter, poly-
dactyly, intellectual disability, and truncal obesity are among 
the most prevalent extra-ocular manifestations [2–4].

Genetic profiling of IRDs takes on an ever-growing 
significance for the affected individual, not only with 
regard to disease prognosis and genetic counseling but 
also for treatment prospects [5], which recently became a 
reality with the introduction of gene therapy for RPE65-
associated retinal degeneration [6]. Even though therapies 
targeting the retinal phenotype of syndromic RP are not 
currently available, the genetic landscape of syndromic RP 
has been receiving increased interest worldwide, including 
a few European studies [7–10]. Although there are some 
similarities in genetic profiles, there is significant variation 
among regions and ethnic groups. This genetic diversity 
between populations may be partly explained by founder 
mutations [8, 11, 12], thus highlighting the importance of 
obtaining reference population-based data.

In Portugal, data on the genetic architecture of syn-
dromic RP is currently scarce. By conducting a national, 
multicenter study, we aimed at characterizing the genetic 
landscape of syndromic RP in a large Portuguese cohort.

Key messages

What is known:

Retinitis pigmentosa (RP) comprises a genetically and clinically heterogeneous group of inherited retinal 

degenerations, where 20–30% of patients exhibit extra-ocular manifestations (syndromic RP).

What is new:

This is the first multicenter study to evaluate the genetic profile of syndromic RP across a large Portuguese cohort, 

demonstrating a diverse genetic landscape and providing reference data for syndromic RP in Portugal.

This study expands the mutational spectrum of syndromic RP by reporting 22 novel variants distributed across 

14 syndromic RP-associated genes.

Methods

Study design

A nationwide, multicenter, retrospective cohort study was con-
ducted in six Portuguese public healthcare providers (HCP): 
Centro Hospitalar e Universitário de Coimbra (CHUC), Insti-
tuto de Oftalmologia Dr. Gama Pinto (IOGP), Centro Hospi-
talar Universitário de Lisboa Norte (CHULN), Centro Hos-
pitalar e Universitário de Santo António (CHUdSA), Centro 
Hospitalar de Entre o Douro e Vouga (CHEDV), and Hospital 
de Braga (HB). Patients with a clinical diagnosis of syndromic 
RP and available genetic testing results were retrieved from 
internal databases and the IRD-PT registry [12]. Every patient 
provided written informed consent prior to enrollment, and the 
study complied with the tenets of the Declaration of Helsinki 
for biomedical research. Of note, even though most of the 
data shown here has never been published, the study includes 
data that has been featured in previous publications [13–15].

Clinical/demographic features

Data regarding demographics (age, gender, district of 
residence), family history, presence of consanguinity, 
age of ophthalmologic symptom onset, presence of ocu-
lar and systemic comorbidities, best-corrected visual 
acuity (BCVA) at baseline, and last available follow-up 
was obtained from each patient clinical record. A clinical 
diagnosis was established based on history and compat-
ible structural (multimodal retinal imaging) and functional 
(electrophysiology testing and visual field testing) retinal 
findings. However, such testing was not standardized 
among the different contributing HCPs.
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Genetic testing

Peripheral blood samples were collected, and genomic DNA 
was isolated using a DNA extraction and purification kit based 
on the manufacturer’s protocol. A clinically oriented next-
generation sequencing (NGS) approach was used, comprising 
whole-exome sequencing (WES) or WES-based NGS panels 
with copy number variation (CNV) screening, complemented 
by multiplex ligation-dependent probe amplification (MLPA), 
when necessary. Whenever possible, segregation analysis 
was performed on family members. Identified genetic vari-
ants were classified in compliance with the American College 
of Medical Genetics and Genomics (ACMG) standards and 
guidelines for the interpretation of sequence variants [16]. 
Only class IV (likely pathogenic) and class V (pathogenic) 
variants were deemed relevant to disease etiology. Variants 
were considered novel in the absence of previous reports fea-
tured in scientific publications. Genetic counseling provided 
by a medical geneticist was granted to all families.

Statistical analysis

Statistical analysis was performed using the software 
IBM SPSS Statistics version 26 (Armonk, New York, 
USA). Descriptive statistics were computed for all vari-
ables. A statistically significant result was defined as a 
p-value < 0.05.

Results

Clinical/demographic features

A total of 122 patients (100 different families) with a clini-
cal diagnosis of syndromic RP and available genetic testing 

results were included (75 patients from CHUC, 26 from 
IOGP, 7 from CHULN, 7 from CHUdSA, 5 from CHEDV 
and 2 from HB). Most patients (53.3%) were males, and 
the mean age was 44.6 ± 15.1 years (range 11–79). Family 

Table 1  Demographic 
characterization of the cohort

Data presented per patient. Age of symptom onset is presented for all patients and the two most common 
diagnoses
BBS, Bardet-Biedl syndrome

Number of families (number of patients) 100 (122)
Male gender: n (%) 65 (53.3%)
Age: mean ± SD (years) 44.6 ± 15.1
Family history, n (%) 65 (53.3%)
Consanguinity, n (%) 44 (36.1%)
Age of symptom onset, n (%) Diagnosis All patients Usher syndrome BBS

 ≤ 5 years 19 (15.6%) 10 (13.5%) 6 (24.0%)
6–10 years 27 (22.1%) 12 (16.2%) 10 (40.0%)
11–20 years 29 (23.8%) 20 (27.0%) 2 (8.0%)
21–30 years 14 (11.5%) 8 (10.8%) 1 (4.0%)
31–50 years 15 (12.3%) 14 (18.9%) 0 (0%)
Unknown 18 (14.8%) 10 (13.5%) 6 (24%)

Fig. 1  Cohort distribution by district of residence (data presented per 
patient)



 Graefe's Archive for Clinical and Experimental Ophthalmology

history of the disease was present in 53.3%, while 36.1% of 
patients reported consanguinity. Age of ophthalmic disease 
onset, defined as the first instance of RP-attributable symp-
toms, along with the demographic characterization of the 
cohort, is presented in Table 1, while the cohort distribution 
per district of residence is presented in Fig. 1.

The most frequently encountered diagnosis was Usher 
syndrome, present in 62.0% of the families, followed by 
Bardet-Biedl (19.0%) and Senior-Løken (7.0%) syndromes. 
The remaining cases consisted of Kearns-Sayre syndrome 
(n = 2); ARL2BP-associated ciliopathy [14] (n = 2); poly-
neuropathy, hearing loss, ataxia, retinitis pigmentosa, and 
cataract (PHARC) (n = 2); pantothenate kinase-associated 
neurodegeneration (PKAN) (n = 2); bone marrow failure 
syndrome type 3 (n = 1); neuropathy, ataxia, retinitis pig-
mentosa (NARP) (n = 1); Jalili syndrome (n = 1), and a pre-
sumed mitochondrial DNA depletion syndrome (n = 1), as 
shown in Fig. 2. Regarding Usher syndrome, type II was the 
most frequent phenotype (48%), followed by type I (32%) 
and type IV (7%), with 13% of families remaining geneti-
cally unsolved.

Genetic findings

Disease-causing variants were identified in 86/100 
families, hereby referred to as the solved cases, for a 
diagnostic yield of 86.0% (87.1% for Usher and 94.7% 
for Bardet-Biedl, the most common diagnoses). The 
most frequently implicated gene in cases of Usher syn-
drome was USH2A, containing disease-causing biallelic 

variants for 33.9% of families, followed by MYO7A in 
24.2% of all families. For Bardet-Biedl syndrome, BBS1 
was the most commonly mutated gene (52.6% of fami-
lies), followed by BBS10 (21.1%). Further information 
on the diagnostic yield and all involved genes per diag-
nosis can be found in Table 2. All solved cases except 
for the mitochondrial DNA-dependent syndromes were 
associated with autosomal recessive inheritance. In such 
cases, a single disease-causing variant in homozygosity 
was identified in 65% of families (n = 54), while 35% 
(n = 29) harbored 2 different variants in compound het-
erozygosity. Please refer to Supplementary Table 1 for 
a detailed description.

A total of 81 unique variants were identified in 25 dif-
ferent genes, 22 of which are novel and herein reported 
for the first time. The pathogenic variant c.920_923dup 
p.(His308Glnfs*16) was the most frequently encountered 
variant in USH2A-associated Usher syndrome (n = 5/5; 
families/patients), while c.397dup p.(His133Profs*7) was 
the most frequent variant for MYO7A-associated cases 
(n = 4/7; families/patients). For Bardet-Biedl syndrome, 
the BBS1 pathogenic variant c.1169 T > G p.(Met390Arg) 
was the most commonly identified causative variant 
(n = 9/10; families/patients). A detailed description of all 
identified genetic variants is available in Table 3.

Ocular findings

One hundred twenty-two patients were followed for a 
median period of 43 months. Best-corrected visual acuity 

Fig. 2  Cohort diagnosis distribution (percentage per family). *Others 
include bone marrow failure syndrome type 3; neuropathy, ataxia, ret-
initis pigmentosa (NARP) syndrome; Jalili syndrome; and mitochon-

drial DNA depletion syndrome. PHARC: polyneuropathy, hearing 
loss, ataxia, retinitis pigmentosa, and cataract; PKAN: pantothenate 
kinase-associated neurodegeneration
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(BCVA) records were available at both baseline and follow-
up for 99 patients (198 eyes), followed for a median period 
of 62.0 months. The mean BCVA for this group was at 
baseline 56.5 Early Treatment Diabetic Retinopathy Study 
(ETDRS) letters (Snellen equivalent ~ 20/80), declining to 
44.9 ETDRS letters (Snellen equivalent ~ 20/125) at the 
last available follow-up, a statistically significant change 
(p < 0.001). Ocular comorbidities were identified in 39.1% 
of all eyes, the most frequent being cystoid macular edema, 
present in 13.6% of eyes, followed by epiretinal membrane 
(9.9% of eyes) (Fig. 3). Figure 4 depicts the retinal pheno-
type of 5 patients from our cohort.

Discussion

Genetic profiling of IRDs is of major importance for 
patients and, through genetic counseling, for family mem-
bers as well. Nevertheless, constraints in access to genetic 
testing may hinder the goal of obtaining a molecular diag-
nosis for every affected patient [17]. A paradigm shift is 
in progress, with a recent increase in the number of publi-
cations contributing to improve knowledge of the genetic 
landscape of IRDs in Portugal [13, 18–24]. One of such 
publications included a cohort of 230 Portuguese families 
with IRDs, but only 23 probands had syndromic RP [13]. 

Table 2  Diagnostic yield and 
causative gene of syndromic RP 
(data presented per family)

PKAN, pantothenate kinase-associated neurodegeneration; NARP, neuropathy, ataxia, and retinitis pigmen-
tosa; PHARC , polyneuropathy, hearing loss, ataxia, retinitis pigmentosa, and cataract; MDS, mitochondrial 
DNA depletion syndrome
a Large deletion of mitochondrial DNA involving several genes

Diagnosis Genetic testing result Gene N (%)

Solved Unsolved Total

Usher 54 (87.1%) 8 (12.9%) 62 (100%) ADGRV1 9 (14.5%)
ARSG 4 (6.5%)
CDH23 3 (4.8%)
MYO7A 15 (24.2%)
PCDH15 1 (1.6%)
USH1G 1 (1.6%)
USH2A 21 (33.9%)
Unsolved 8 (12.9%)

Bardet-Biedl 18 (94.7%) 1 (5.3%) 19 (100%) BBS1 10 (52.6%)
BBS2 1 (5.3%)
BBS10 4 (21.1%)
MKKS 1 (5.3%)
SDCCAG8 1 (5.3%)
TTC8 1 (5.3%)
Unsolved 1 (5.3%)

Senior- Løken 5 (71.4%) 2 (28.6%) 7 (100%) NPHP1 2 (28.6%)
SDCCAG8 1 (14.3%)
TRAF3IP1 1 (14.3%)
WDR19 1 (14.3%)
Unsolved 2 (28.6%)

PKAN 1 (50%) 1 (50%) 2 (100%) PANK2 1 (50%)
Unsolved 1 (50%)

Kearns-Sayre 2 (100%) 0 (0%) 2 (100%) mtDNAa 2 (100%)
ARL2BP-associated ciliopathy 2 (100%) 0 (0%) 2 (100%) ARL2BP 2 (100%)
PHARC 1 (50%) 1 (50%) 2 (100%) ABHD12 1 (50%)

Unsolved 1 (50%)
Bone marrow failure syndrome 3 1 (100%) 0 (0%) 1 (100%) DNAJC21 1 (100%)
Jalili 1 (100%) 0 (0%) 1 (100%) CNNM4 1 (100%)
NARP 1 (100%) 0 (0%) 1 (100%) MT-ATP6 1 (100%)
MDS 0 (0%) 1 (100%) 1 (100%) Unsolved 1 (100%)
Total 86 (86%) 14 (14%) 100 (100%) 100 (100%)
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In this nationwide, multicenter study including 122 patients 
from 100 families, we describe the genetic landscape of 
syndromic RP in Portugal.

Overall, disease-causing variants were identified in 
86/100 families for a diagnostic yield of 86%. Even though 
this figure is much higher than what is usually obtained for 
non-syndromic forms of the disease [7, 25], it is in line with 
a previous study by Karali et al. [10], reporting genetic test-
ing sensitivity upwards of 80% for syndromic IRDs.

Given the geographic proximity between Portugal and 
Spain, as well as the genetic similarities observed between 
its inhabitants [26], studies on the genetic landscape of syn-
dromic RP in Spanish cohorts are a natural reference for 
comparison purposes, and thus, one could anticipate some-
what similar genetic findings for a Portuguese cohort. As 
expected, Usher (n = 62 families) and Bardet-Biedl (n = 19 
families) syndromes were found to be the most frequent 
causes of syndromic RP in our cohort. USH2A and MYO7A 
variants were the major causes of Usher syndrome type II 
and type I, respectively. Similar findings were reported by 
Perea-Romero et al. [7] in their large Spanish cohort (n = 577 
syndromic IRD families) and are observed as well in most 
studies from different populations [27–29]. Additionally, the 
BBS1 variant c.1169 T > G p.(Met380Arg) was the most fre-
quently identified causative variant for Bardet-Biedl cases. 
This is in line with other Caucasian cohorts, where it was 
shown that ~ 80% of patients with BBS1-related disease carry 
this pathogenic variant [30, 31].

Even so, significant differences were found in the genetic 
architecture of Usher syndrome for the present cohort, as 
illustrated by the comparatively high prevalence of ADGRV1 
variants, present in 14.5% of families, but found to be less 
common in Spanish [8] or North American [25] cohorts. 
Conversely, PCDH15 mutations were a prevalent cause of 
type 1 Usher syndrome, responsible for over 15% of such 
cases in both Spanish [7] and North American [25] cohorts, 
but were identified in just a single family in this study.

Eighty-one distinct genetic variants in 25 different 
genes were identified, 22 of which are novel. For USH2A-
associated Usher syndrome, the most prevalent disease-
causing variant was c.920_923dup p.(His308Glnfs*16), 
previously reported in multiple European cohorts [32–34]. 
The frameshift variant c.397dup p.(His133Profs*7), first 
reported by Bonnet et al. [35], was the most prevalent cause 
of MYO7A-associated Usher syndrome. The ADGRV1 gene 
contained the most novel variants (n = 7), all of which were 
disease-causing, i.e., ACMG class IV or V. The remaining 
novel variants were distributed across 13 different genes 
(Table 3).

We found that most patients (61.5%) experience a 
symptomatic onset of vision loss during the first 20 years 
of age, with Bardet-Biedl syndrome patients reporting 
the earliest visual symptom onset, i.e., within the first 
decade of life (Table 1). Although a direct comparison 
cannot be established, this appears to be before than 
most cases of non-syndromic RP, where a mean age of 

Fig. 3  Ultra-widefield color fundus photography and spectral-domain 
optical coherence tomography (OCT) imaging of syndromic RP 
patients. (A) Classic fundus findings of retinitis pigmentosa: blood 
vessel attenuation and bone spicule hyperpigmentation in an Usher 
syndrome patient (macular atrophy is also present). (B) Cystoid mac-
ular edema present in USH2A-associated Usher syndrome. (C) OCT 

imaging displaying foveal atrophy of the outer retinal layers and RPE/
Bruch’s membrane complex in BBS1-associated Bardet-Biedl syn-
drome. (D) Epiretinal membrane causing loss of foveal depression 
and presence of ectopic inner foveal layers in an Usher syndrome 
patient
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onset of 19.5 ± 12.6 years and 23.2 ± 16.6 years has been 
reported by Colombo et al. for autosomal dominant and 
autosomal recessive non-syndromic RP, respectively, in 
a large Italian cohort [36]. A mean loss of 11.6 ETDRS 
letters (p < 0.001) was observed over a follow-up period 
of 62.0 months, corresponding to an annual reduction in 
BCVA of 2.24 letters. A similar reduction (2.3 letters) 
was previously reported by Iftikhar et al. [37] in their 
cohort of non-syndromic RP patients, illustrating the 

slowly progressive nature of the disease. Cystoid macu-
lar edema was present in 13.6% of eyes. The previously 
reported prevalence for this comorbidity is widely vari-
able, ranging from ~ 5% [38] to 50.9% [39] of eyes (in 
non-syndromic RP), and has been noticed not to differ 
significantly between syndromic or non-syndromic RP 
[20]. Regardless, ophthalmologists should be aware of 
the importance of screening patients for the presence of 
this potentially treatable condition [20, 39].

Fig. 4  (a–o) Ultra-widefield 
color fundus photography 
(UWF-CFP), ultra-widefield 
fundus autofluorescence (UWF-
FAF), and spectral-domain 
optical coherence tomogra-
phy (OCT) imaging of five 
syndromic RP patients: (a–c) 
BBS10-associated Bardet-Biedl 
syndrome; (d–f) SDCCAG8-
associated Bardet-Biedl 
syndrome; (g–i) MYO7A-
associated Usher syndrome; 
(j–l) USH2A-associated Usher 
syndrome; (m–o) ARSG-asso-
ciated Usher syndrome. Bone 
spicule hyperpigmentation and 
patches of outer retinal atrophy 
seen on UWF-CFP (a, d, g, j, 
and m) directly correspond to 
hypoautofluorescent patches 
on UWF-FAF (b, e, h, k, and 
n). The parafoveal hyperauto-
fluorescent ring (e, h, and n) 
directly correlates to the extent 
of outer retinal layer preserva-
tion in the corresponding OCT 
imaging (f, l, and o). Foveal 
atrophy of the outer retinal lay-
ers and RPE/Bruch’s membrane 
complex are typically found ear-
lier in Bardet-Biedl syndrome 
(c) comparatively to Usher 
syndrome (i and o), where it 
is usually found in the latter 
stages of the disease. (p–r) 
Clinical photographs depicting 
congenital limb malformations 
in Bardet-Biedl syndrome: 
syndactyly in BBS10-associated 
Bardet-Biedl syndrome (p); 
residual hand appendage in 
BBS1-associated Bardet-Biedl 
syndrome (q); and patient with 
BBS1-associated Bardet-Biedl 
syndrome born with clinically 
evident polydactyly, subject to 
correcting surgery during child-
hood (r)
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Our study presents some limitations. First, the absence of 
standardization in multimodal retinal imaging across different 
contributing HCPs may have led to differences in the reporting 
of comorbidities such as cystoid macular edema and epiretinal 
membrane, as patients were not required to have performed 
regular optical coherence tomography (OCT) imaging to 
be included in the cohort. Also, not all Portuguese regions 
were represented in this cohort, as there were 4 districts for 
which no patients were included (Fig. 1). Naturally, there is a 
selection bias toward patients who can visit the ophthalmol-
ogy clinics of the contributing HCPs. Patients with severe 
comorbidities and those living in more remote areas may have 
difficulties accessing these specialized centers and may be 
underrepresented in this sample. Nevertheless, we were able 
to enroll a large number of syndromic RP patients from six 
different HCPs, providing genetic data from 100 families.

In conclusion, as ophthalmology takes a deep dive into 
precision medicine, nationwide efforts to improve knowledge 
of the genetic background of IRDs are of utmost importance. 
The present study illustrates the diverse genetic landscape and 
provides reference data for syndromic RP in Portugal. Twenty-
two novel variants in syndromic RP-associated genes are 
herein reported for the first time, thus contributing to expand 
the mutational spectrum of syndromic RP.
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tary material available at https:// doi. org/ 10. 1007/ s00417- 023- 06360-2.
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