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Abstract 
Naxos disease is a rare autosomal recessive condition combining arrhythmogenic right ventricular cardiomyopathy, woolly hair, and palmoplantar keratoderma. The first identified causative variant was in the gene encoding the desmosomal protein plakoglobin. Naxos disease exhibits fibro-fatty myocardial replacement with immunohistological abnormalities in cardiac protein and signaling pathways, highlighting the role of inflammation and potential anti-inflammatory treatments. Childhood cutaneous signs precede cardiac features, being diagnosed with familial and genetic evaluation, electrocardiography and cardiac imaging. Disease progression necessitates holistic care with risk management and lifestyle adjustments, often needing treatment for arrhythmia and heart failure. Similar phenotypes have been linked to desmoplakin and rarely desmocollin2 gene variants, highlighting the importance of familial and genetic evaluation. This document summarises current knowledge on Naxos disease and related cardiocutaneous syndromes and initiates an international endeavor to collect and study all global cases, aiming to improve understanding, treatment, and patient care through shared data and research.
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Bullet points
· The cutaneous phenotype of Naxos disease (palmoplantar keratoderma, with or without skin erosions or bullous lesions, combined with hair shaft changes - woolly hair or occasionally absence of hair) is a red flag for thorough cardiac screening for arrhythmogenic cardiomyopathy at any age.  
The diagnosis of Naxos disease or any other cardiocutaneous syndrome warrants familial and genetic evaluation.
Symptoms including palpitation, chest pain, and/or syncope typically present during adolescence.
The earliest disease manifestations are the cutaneous features and electrocardiographic abnormalities which typically precede the development of symptoms and/or arrhythmia.
Disease progression with arrhythmia and heart failure warrants comprehensive, tailored treatment and lifestyle modifications.
Global collaboration aims to better understand cardiocutaneous disease to enable development of targeted treatments to enhance patient longevity and quality of life.












INTRODUCTION 
1. Definition and the aim of an international endeavour
Naxos disease is a rare, autosomal recessive cardiocutaneous disorder characterized by arrhythmogenic right ventricular cardiomyopathy (ARVC), woolly hair, and palmoplantar keratoderma (Figure 1). It was first described by Nikos Protonotarios et al. in 1986, on nine patients across four families, originating from the Greek Naxos Island (1).
 The discovery of a plakoglobin gene (JUP) mutation in Naxos disease highlighted the role of desmosomal proteins in cardiomyopathies.(2) Research has shown that desmosomal gene variants can cause both isolated cardiac and syndromic forms of ARVC, and may overlap with dilated cardiomyopathy.(3-5) (6)This document aims to summarize current knowledge on Naxos disease and similar syndromes, advocating for a global effort to collect and study cases. 
FIRST PART – DISEASE MECHANISMS 
1. Genetics 
The co-occurrence of hair-skin features with ARVC (7)in Naxos families enabled linkage analysis, identifying the JUP c.2157del2 variant.(2) (4)Other variants in JUP, DSP, and DCS2 were later found to cause similar cardiocutaneous disorders with various inheritance patterns. All cases exhibited both cardiac and skin features (Supplementary Table).(8)(9)
2. Epidemiology – Worldwide geographical map
Since the initial description of Naxos disease, additional cardiocutaneous cases have been documented. (6)(10)(11)(12,13)The global distribution and number of reported cases are detailed in Supplementary Table 1, with a visual representation provided in Figure 2.
3. Pathology and disease mechanisms
3a. Cardiac Pathology-Histopathology
Naxos disease patients show classic features of fibro-fatty replacement of atrophic myocardium, extending from the epicardium to the endocardium, typical of autosomal dominant ARVC (Figure 1, D1, Figure 3, 3C).(14) In four Naxos disease patients, two had typical ARVC with biventricular involvement, one had predominant right ventricular (RV) and focal left ventricular (LV) involvement, and one had no histopathological changes, dying of leukemia before phenotypic expression at age 7 suggesting that Naxos cardiac phenotype is acquired with age, similar to non-syndromic ARVC. One patient exhibited extensive calcification of the RV outflow tract, possibly explaining decreased arrhythmogenicity before dying from heart failure (Figure 3, C3).(15)
The cardiac pathology of Carvajal cardiocutaneous syndrome, due to a homozygous DSP mutation, presenting with heart failure and dilated cardiomyopathy (DCM), (8) features eccentric ventricular hypertrophy and focal aneurysms in the RV, without fatty replacement, but with fibrous tissue, often seen in autosomal dominant desmoplakin disease with a predominant LV phenotype.(16)
3b. Cardiac and extracardiac immunohistology
Naxos disease patients were among the first ARVC patients whose myocardial samples were subjected to immunohistochemistry (IHC) analyses, revealing that mutant JUP is expressed (as evidenced by Western immunoblotting) but fails to localize at the cardiac intercalated disks (IDs) (Figure 4, 2C).(17) Immunoreactive signal for JUP is significantly depressed at the IDs in all forms of ARVC regardless of the underlying mutation.(18) Furthermore, it has been shown that there is gap junction remodelling in Naxos disease (Figure 3, 1C).(17) Loss of immunoreactive signal for Cx43 was also evident in myocardial samples from a 7-year old girl homozygous for the JUP2157del2 variant who died of leukemia prior to developing any histological or functional cardiac abnormalities (Figure 4, 2C).(17) These findings support the hypothesis that gap junction remodelling appears to precede structural alterations and a key contributor to arrhythmogenesis. (17)
	Studies have shown that buccal epithelial cells express all aforementioned protein markers, and may thus act as a surrogate for the heart.(19) Immunoreactive signal for JUP was lost in buccal cells from 6 patients with Naxos disease while signal for connexin43 (Cx43) was severely depressed in 5/6. These findings suggests that Buccal mucosa immunohistology may have significant potential as an easy-to-acquire disease biomarker.
3c. Intracellular pathways
JUP contributes to both adhesive and signalling functionalities, as it is involved in the Wnt signaling pathway. (20,21) Desmosomal perturbations can lead to nuclear accumulation of plakoglobin and down-regulation of the canonical Wnt signaling and thereby enhancement of adipogenesis driven by peroxisome proliferator-activated receptor γ and CCAAT-enhancer-binding protein alpha.(22,23) Furthermore, ARVC-causing mutations lead to dislocation of protein kinase C alpha and Wnt inhibition and enhanced adipogenesis via the Hippo pathway.(24) GSK3β is also implicated as its pharmacological inhibition prevents and reverses the ARVC phenotype (including arrhythmias, contractile dysfunction, myocyte injury, apoptosis, exercise-induced sudden cardiac death, and redistribution of junctional proteins) in ARVC models in vitro, in vivo and ex vivo including transgenic zebrafish and mouse models with cardiac-specific expression of the JUP2157del2 variant.(23,25) Modelling of aberrations in other desmosomal proteins support the involvement of key components in Ca+2 signalling pathways that might be part of a final common pathway in all forms of ARVC.(26,27)
3d. Inflammation
Myocardial infiltrates are observed in >70% of ARVC myocardial samples, predominantly in areas with extensive fibrofatty replacement and contain T-lymphocytes, macrophages, neutrophils and mast cells.(14,28) Myocarditis-like, “hot-phases” have been reported in Naxos disease patients, who present with ST-segment elevation and/or increased troponin levels.(29,30) Several experimental models have been used to gain insights into the role of inflammation in the pathogenesis of ARVC. In an in vitro model of Naxos disease show release of high levels of pro-inflammatory mediators including TNFα, IL-6, MIP-1α and RANTES.(23) NFκB is a master regulator of inflammation and its inhibition in disease models reduced inflammatory cytokine production and prevented key protein redistribution and apoptosis.(31) Expanding the knowledge of inflammation-related pathogenic mechanisms in might provide new insights to improve diagnosis and risk stratification and might provide the basis to develop novel treatments by targeting immune signalling.(32)
4. Novel Therapeutics 
Mechanistic insights from animal and cell models that aim to replicate the cardiac features of Naxos disease have the potential to uncover key molecules that can dampen disease progression, such as by modulating the innate inflammatory response.(31)  The most promising therapeutic pipeline, however, remains that of gene therapy, with numerous trials currently ongoing for genetic cardiomyopathies, especially where the mechanism is underlied by gene haploinsufficiency.(33) Specialized funding programs and industry partnerships are crucial for developing and increasing access to novel therapeutics for Naxos disease, given its rarity and the limited viability for extensive pharmaceutical research.
SECOND PART – THE PATIENT PATHWAY 
A. DIAGNOSTIC WORKUP 
A1. Clinical Presentation and Natural History: Transition from Pediatric to Adult Care
Naxos disease's cutaneous features are evident from infancy, characterized by woolly, dense hair, curly eyebrows, and eyelashes (Figure 4). Palmoplantar keratoderma with occasional hand and legs eczematous lesions appears within the first two years (Figure 4). Hyperkeratotic plaques have a distinct erythematous border. Some JUP variants may show absent or sparse hair (Supplementary Table).
About half of Naxos disease patients develop cardiac symptoms, such as syncope or sustained ventricular tachycardia, between their teenage and 35 years.
Half of patients experienced arrhythmic events during the disease course.(34) Ventricular tachycardia on ECG consistently showed a left bundle branch block pattern.(35) Atrial fibrillation was documented in three cases.(1,36) A 5-year-old girl with the JUP-2157del2 variant, exhibited frequent right ventricular extrasystoles on her ECG despite a normal echocardiogram (Figure 4, 1C). Following a non-cardiac death, postmortem histopathology showed gap junction remodeling without fibrofatty replacement. (17) The disease generally progresses with right ventricular function deterioration, new wall motion abnormalities, and potential left ventricular function decline. (37) Episodes of arrhythmic storms “hot phases” may trigger structural deterioration or sudden death, sometimes resembling acute myocarditis in children or adolescents (Figure 4, 3C). (29,38,39) Comprehensive cardiac evaluation is crucial for children or adults presenting with chest pain to detect ARVC progression.(11)(40)(40)(4)(5)Heart failure symptoms, though rare at onset, can develop and may necessitate heart transplantation in some cases (6), particularly in those with DSP variants (Supplementary Table) . In the major followed Naxos disease cohort, annual disease-related mortality was 3%, with sudden death mortality at 2.3%.(37) Sporadic reports of homozygous JUP variants include a toddler's sudden death, an 18-year-old's heart transplantation,(41) and two cases of congenital epidermolysis bullosa and infantile death, one with confirmed cardiac involvement (Supplementary Table ).
A2. Electrocardiography (ECG) 
ECG abnormalities may appear early, preceding structural changes as shown in a boy with Naxos disease homozygous for JUP 2157del2 variant who was first investigated the age of 6 years due to the cutaneous features and then followed up regularly (Table 1).  ECG changes might indicate right or left ventricle involvement (42,43). In the largest Naxos disease series, over 90% of patients showed a broad spectrum of ECG abnormalities as symptoms emerged (Figure 5). Electrocardiographic abnormalities included inverted T waves in leads V1 to V3 or across the precordial leads, epsilon waves, QRS complex prolongation in V1 to V3, and right bundle branch block (complete or incomplete) (Figure 5).(37) Adolescents may experience T-wave re-inversion in V2 and V3. Epsilon waves, present in 34% of patients, were associated with RVOT wall motion abnormalities and increased RV diameter.(44) Low voltage and flat T waves in left precordial leads were seen in severe right and/or biventricular disease, with frequent ventricular extrasystoles and/or ventricular tachycardia in over 90% of cases.(37) Ventricular extrasystoles of right bundle branch block configuration were less common.(34,37)
Patients with DSP cardiocutaneous disease and a DCM phenotype often exhibited T-wave inversion in inferolateral leads, low QRS voltages, and abnormal Q waves. (Supplementary Table) (4,42,45-47) Resting 12-lead ECG and 24-hour Holter monitoring are essential in diagnosing cardiocutaneous phenotype, as electrical abnormalities are early signs of cardiomyopathy with a high incidence of ventricular arrhythmias. (4)
A3. Cardiac Imaging 
Typical transthoracic echocardiography findings in Naxos disease resemble dominant ARVC (Figure 1), showing RV outflow tract dilation, dysfunction, and focal dyskinetic areas, often involving the RV apex and mid/apical lateral walls, with aneurysmal dilation also described. (37,45,48-51) In the largest Naxos disease series, RV alterations ranged from mild dilatation or regional hypokinesia (27%) to severe dilatation, diffuse hypokinesia, and aneurysms (73%), with left ventricular abnormalities in 25% of patients. (34,37,51)
DSP disease typically presents with a DCM phenotype, featuring left ventricular and/or biventricular dilation and impaired systolic function, occasionally with left ventricular intracavitary thrombus formation (Supplementary Table). (4,42,45-47) 
Cardiac magnetic resonance (CMR), the gold standard for non-invasive RV assessment, offers excellent spatial resolution, 3D imaging, high reproducibility, and prognostic value, with RVEF <40% predicting major cardiac events in CVD patients. (52) While less common in Naxos disease reports, CMR findings align with echocardiography, and late gadolinium enhancement can assess myocardial fibrosis (Figure 3). (15,29,53)  CMR aids arrhythmic risk stratification in ARVC, potentially guiding ICD implantation decisions, as RVEF by CMR predicts appropriate ICD shock or death in ARVC patients. (54)  Although cardiac CT data in Naxos disease is unavailable, CT can differentiate ARVC from other tachyarrhythmias and guide VT-ablation and risk stratification despite its exclusion from the 2010 ARVC task force criteria. (55,56)
A4.  Genetic testing and genetic counselling 

Naxos disease and related cardiocutaneous syndromes, are inherited mostly in an autosomal recessive pattern.(3) JUP variants exhibit full penetrance by adolescence, with variable ARVC severity.(37) (8)In patients with woolly hair and palmoplantar keratosis early genotyping and cardiac assessments (ECG, echocardiogram, Holter/ECG monitoring) is mandatory. CMR may be delayed until age 8-10 if initial tests are negative. Regular evaluations every 1–2 years are advised (Figure 6).
Genetic counseling is essential for understanding inheritance risks, providing psychosocial support, and aiding informed decision-making in family planning and disease management. (Central Illustration).(5)
A5. Endomyocardial Biopsy 
Though endomyocardial biopsy (EMB) has been a major criterion for diagnosing ARVC, since 1994(55) the use of CMR for tissue characterization increased recently, leading to a decline in EMB use, which is now primarily reserved for inconclusive non-invasive assessments or to exclude phenocopies like sarcoidosis and myocarditis, especially in sporadic cases. (57) The "hot phase" of ARVC can complicate differential diagnosis with myocarditis (Figure 4, 3C). EMB is not without risks and should be performed by experienced cardiomyopathy teams, with electroanatomic voltage-guided EMB enhancing diagnostic accuracy. (58,59)(5)
B. MANAGEMENT 
B1. Management of cardiac disease
B1a. Arrhythmias
(5)Medical therapy for patients with ventricular arrhythmias aims to control symptoms, reduce arrhythmia burden, and mitigate ICD shocks. Beta-blockers are commonly used in ARVC for their safety, often as the first-line therapy, sometimes combined with flecainide.  Amiodarone is a second-line therapy with variable efficacy due to small sample sizes and differing disease stages among patients.(60-62) Its use in pediatric Naxos disease patients is limited due to potential complications.(5)(37)(5)(37)(5)
B1b. Heart Failure
Heart failure management in ARVC involves treating LV and RV dysfunction. For LV dysfunction, therapy follows international guidelines and includes ACE inhibitors/ARBs, beta-blockers, aldosterone antagonists, and sodium-glucose cotransporter 2 inhibitors, with loop diuretics for congestive symptoms.(63,64) (65,66)Treatment for RV dysfunction lacks specific trials, but common practice in experienced centers includes ACE inhibitors/ARBs, beta-blockers, and diuretics.
B1c. Risk stratification
Risk prediction and stratification for sudden cardiac death (SCD) are critical in managing patients, especially for identifying those needing intracardiac cardioverter defibrillator (ICD) implantation. The first gene-specific risk study in ARVC focused on Naxos Disease patients, (37) revealing a high incidence of arrhythmia-related death and major events comparable to pre-ICD era ARVC literature. Despite nearly 100% penetrance of the cardiac component in Naxos disease, studies indicate similar arrhythmia and SCD risks compared to ARVC from other gene variants. (51,67)  Recent research highlights genotype-specific risk factors, influencing the application of ARVC risk calculators across patient subgroups. (68)(69)(70)However, due to limited patient data, a dedicated risk model for Naxos disease remains elusive.
B1d. Lifestyle modification
The interplay between genotype and exercise in ARVC shows a dose-dependent relationship where more intense exercise increases disease risk and adverse outcomes in desmosomal variant carriers. (71) Endurance sports are linked to earlier disease onset, pronounced structural abnormalities, higher risk of ventricular arrhythmias, and increased heart failure risk in ARVC patients. (72-74)
There is an exercise threshold beyond which disease phenotypes appear; thus, individuals with desmosomal variants may engage safely in low-to-moderate intensity exercise. (75) Although specific guidelines for Naxos disease are unavailable, patients should avoid competitive sports and high-intensity exercise.
B2.  Management of non-cardiac disease 
Management of syndromic palmoplantar keratosis in Naxos disease focuses on symptom relief, as no specific cure exists. Treatments aim to soften and smooth thickened skin, improve function and appearance, and reduce discomfort. Methods include regular soaks and gentle scale removal. Topical keratolytics like urea, lactic acid, salicylic acid, and propylene glycol are used cautiously in children. Retinoids (e.g., tazarotene, tretinoin) are reserved for severe cases due to side effects and offer temporary relief. (76) 
B3. Multidisciplinary Team, Education, and Network Organization Leveraging Artificial Intelligence in Managing Naxos Disease and Related Syndromes
Managing Naxos disease and related cardiocutaneous syndromes necessitates a multidisciplinary (MDT) team and guideline-based approach for accurate diagnosis, family screening, and ongoing care. (5) Effective networks should overcome diagnostic delays, coordinate care across various healthcare levels, and ensure comprehensive patient support while addressing geographic and socio-economic diversity.
Artificial intelligence AI is revolutionizing cardiac disease management (77) by enhancing screening, streamlining referrals, and aiding nuanced diagnosis and tailored management. Successful AI implementation requires robust data sets and collaboration among clinical experts, biomedical engineers, and AI specialists to advance patient care for these syndromes.
The unmet need: Patients’ perspective
A cardiovascular disease diagnosis, especially one with sudden death as a first symptom, is shocking, particularly for young individuals and athletes. While doctors treat the disease symptoms and prognosis, patients often struggle with the psychosocial burden. The fear, lifestyle restrictions, and work limitations cause anxiety and stress, negatively impacting mental health. Early-stage psychosocial support in clinics is essential for maintaining mental health, productivity, and quality of life. Long-term comprehensive psychosocial support is crucial to relieve the mental and emotional unrest caused by Naxos disease and similar inherited cardiocutaneous syndromes.

Conclusions 
Naxos disease and related cardio-cutaneous syndromes are rare, globally distributed conditions caused by genetic variants affecting desmosomal proteins, leading to arrhythmogenic cardiomyopathy and skin abnormalities. The pathophysiology involves disrupted cellular adhesion and significant alterations in intracellular signaling pathways, contributing to complex cardiac and skin manifestations. Effective management requires early recognition, precise genetic identification, individualized treatment, and psychosocial support. Despite limited understanding of their epidemiology and clinical diversity, advancements in molecular technologies and targeted therapies highlight the need for an international registry to facilitate collaborative research, share best practices, and improve patient care and quality of life.
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Figure Legends
Figure 1. Summary features in Naxos disease patients (JUP2157del2) 
A. Characteristic cutaneous features in a patient with Naxos disease: 1. Woolly hair, 2. Palmar and 3. Plantar keratoderma. 
B. Pedigree of a family with Naxos disease (JUP 2157), showing the autosomal recessive mode of patient distribution. Solid shapes: Homozygous carriers with 100% penetrance of disease. Half-marked shapes: Heterozygous carriers without clinically detectable heart and skin phenotype. 
C. 12-lead ECG from an adult patient with Naxos disease (JUP 2157): QRS prolongation, epsilon waves in V1-V3, T-wave inversion in V1-V4 and low voltage. 
D. Structural myocardial changes, detected in patients with Naxos disease (JUP 2157). 1: Myocardial histology revealing degenerating myocardial fibres surrounded by fibrous and fatty tissue; 2: Postmortem sample of a whole heart showing extreme dilatation of the ventricles; 3: Kinetic abnormalities of the RV-free wall as shown on CMR.

Figure 2. Map of global distribution of Naxos disease and related cardio-cutaneous cases, as reported up to 2024
Global distribution of Naxos disease and related cardio-cutaneous cases. Each circle represents the presence of reported cases within a country, color-coded by the gene involved. Circle size is proportional to the number of cases reported, with larger circles indicating a higher number of cases. Jitter is added to minimize overlap. This map provides a visual summary of the global epidemiology of Naxos-like syndrome, highlighting the geographical distribution and prevalence of genetic variants associated with the condition. 

Figure 3. Functional and structural myocardial changes in patients with Naxos disease (JUP2157del2).
A: Diastole and B: systole. On CMR: 1, and 2D-ECHO: 2 and 3. Arrows pointing on RV dyskinetic areas. RV free wall dyssynchronous contraction (accordion sign): 1B, RV posterior wall dyskinesia with systolic bulging (retraction sign): 2B, and apical RV aneurysm: 3A and 3B (akinesia/dyskinesia with diastolic bulging)
C1: An electron micrograph shows a decreased gap junction profile length in the LV myocardium (Bar 0.5 μm).
C2: Postmortem histology from LV myocardium, showing myocyte loss with predominantly fibrous replacement of myocardial tissue.
C3: Gross examination on postmortem (the patient died of heart failure waiting for heart transplantation), showing on the parasternal long-axis view of the heart, paper-thin RV walls, transmural myocardial loss, subepicardial left ventricular fatty infiltration, and calcified fibrous plaque at the level of the RV outflow tract. 

Figure 4. Naxos disease, early phenotype in JUP 2157del2 homozygous children
Cutaneous features can be detected since early childhood: Woolly hair at 14 months (1A) and 7yrs (1B). PPK mild at 14 months (2A, 3A**) is potentially associated with eczematous lesions on the external foot and leg surfaces that usually resolve with age (3A*). PPK shows a striate appearance at the age of 7yrs 2B, 3B. 
Cardiac phenotype usually presents with an arrhythmic profile. 1C: Ventricular ectopics (14.000/day) detected on an asymptomatic child screened because of woolly hair and PPK at the age of 4 years, while she presented a normal for her age 12-lead ECG and normal 2D-ECHO. 2C: Abnormal distribution of connexin43 and plakoglobin on the right and left ventricular myocardium, detected on postmortem, after a non-cardiac death, while 2D-ECHO, gross pathology and regular histology were normal. (52) 
ARVC in Naxos disease may present as an episode of acute myocarditis. 3C: Late contrast-enhanced image in a 14-year-old boy with Naxos disease, homozygous for JUP 2157, showing LGE in LV (3C**) as compared to (3C*) image taken a year ago. The boy, followed-up yearly since the age of one year due to cutaneous features of WH and PPK, was asymptomatic till the age of 14 years, when he first presented with chest pain and troponin elevation. 

Figure 5. Electrocardiography spectrum in Naxos disease patients
Samples from 12-lead ECG precordial recordings in seven different patients with Naxos disease (JUP 2157del2):
A broad spectrum of QRS width, amplitude and morphology, as well as the distribution of T-wave inversions, is noted. C; denotes the case number.
Central Illustration:
Naxos disease and related cardio-cutaneous syndromes: THE PATIENT PATHWAY
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Table 1: Early pre-structural, ECG evolution in a boy with Naxos disease
	Age (yrs)
	6
	7
	8
	9
	10
	11
	12
	12.5
	13
	14
	15

	TWI
	V1
	V1
	V1
	V1
	V1
	V1
	V1
	V1
	V1
	V1
	V1

	TAD (V1)
	36
	36
	44
	56
	51
	58
	60
	60
	64
	64
	60

	QRSf (ms)
	104
	102
	107
	115
	111
	123
	125
	127
	127
	141
	

	LAS (ms)
	32
	31
	33
	37
	35
	48
	42
	44
	54
	60
	

	RMS (μV)
	46
	62
	44
	20
	31
	11
	11
	9
	7
	9
	

	VES/24h
	0
	0
	0
	1
	2
	66
	374
	1684
	504
	508
	1814

	ECHO
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N
	N

	CMR
	-
	-
	-
	-
	-
	-
	-
	-
	N
	N
	-


ECHO, echocardiography; CMR, cardiac magnetic resonance; LAS, low-amplitude signal duration; QRSf, filtered QRS duration; N, within normal limits; TAD, terminal activation duration; TWI, T-wave inversions; RMS, root-mean-square voltage of terminal 40 ms; VES, ventricular extrasystoles.
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Supplementary Table. Naxos disease and related cardio-cutaneous syndromes. Publication, clinical and genetic features of all published cases up to 07/2024.


	ID
	Author, 
Year
	Co**
	Age
year
	S
	Gene
	Variant
	Z
	CP
	Symptoms, events
	ECG
	ECHO
	CMR
	FU, yrs
	Outcome
	CH
	Cutaneous manifestation,  
Onset

	1
	Protonotarios, 20011
	GR
	7
	M
	JUP
	c.2157del2
	Ho
	ARVC
	No
	TWI V1-V3
	RV, progression°
	NR
	16 
	No 
Events
	NR
	Infancy, PPK, WH

	2
	Protonotarios, 20011
	GR
	17
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V6
	RV progression°
	NR
	11 
	rVT,
HFD
	NR
	Infancy, PPK, WH

	3
	Protonotarios, 20011
	GR
	32
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V4
	RV, LV progression° 
	NR
	16 
	rVT, ICDs
	NR
	Infancy, PPK, WH

	4
	Protonotarios, 20011
	GR
	29
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V4
	RV, LV progression°
	NR
	15 
	rVT, HF, ICDs 
	NR
	Infancy, PPK, WH

	5
	Protonotarios, 20011
	GR
	17
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V3
	RV progression°
	NR
	11 
	rVT, HF, SCD
	RV +
	Infancy, PPK, WH

	6
	Protonotarios, 20011
	GR
	41
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope,
Dyspnoea
	TWI V1-V5
	RV, LV progression°
	NR
	12 
	NSVT,
HF, SCD
	RV+,
LV+
	Infancy, PPK, WH

	7
	Protonotarios, 20011
	GR
	36
	F
	JUP
	c.2157del2
	Ho
	ARVC
	No
	TWI V1
	RV
	NR
	15 
	No Events
	NR
	Infancy, PPK, WH

	8
	Protonotarios, 20011
	GR
	43
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Palp
	NR
	RV, LV progression°
	NR
	13 
	rVT, HF
	NR
	Infancy, PPK, WH

	9
	Protonotarios, 20011
	GR
	35
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Chest Pain
	TWI V1-V4
	RV, LV progression°
	NR
	15 
	SCD
	NR
	Infancy, PPK, WH

	10
	Protonotarios, 20011
	GR
	32
	F
	JUP
	c.2157del2
	Ho
	ARVC
	No
	TWI V1-V3
	RV progression°
	NR
	16 
	No Events
	NR
	Infancy, PPK, WH

	11
	Protonotarios, 20011
	GR
	74
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V5
	RV progression°
	NR
	7 
	No Events
	NR
	Infancy, PPK, WH

	12
	Protonotarios, 20011
	GR
	61
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V4
	RV progression°
	NR
	16 
	NSTV
	NR
	Infancy, PPK, WH

	13
	Protonotarios, 20011
	GR
	56
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V3
	RV progression°
	NR
	15 
	VES
	NR
	Infancy, PPK, WH

	14
	Protonotarios, 20011
	GR
	49
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V6
	RV progression°
	NR
	12
	Recurrent VT
	NR
	Infancy, PPK, WH

	15
	Protonotarios, 20011
	GR
	40
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V5
	RV, LV progression°
	NR
	15
	VES
	NR
	Infancy, PPK, WH

	16
	Protonotarios, 20011
	GR
	60
	M
	JUP
	c.2157del2
	Ho
	ARVC
	No
	TWI V1-V4
	RV progression°
	NR
	12
	No Events
	NR
	NR Infancy, PPK, WH

	17
	Protonotarios, 20011
	GR
	26
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V6
	RV, LV °
	NR
	1
	SCD
	NR
	Infancy, PPK, WH

	18
	Protonotarios, 20011
	GR
	19
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Palp
	TWI V1-V6
	RV, LV progression°
	NR
	14
	rVT, HFD
	RV + LV+
	Infancy, PPK, WH

	19
	Protonotarios, 20011
	GR
	16
	F
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	LQRSV
TWI inferior leads
	RV, LV°
	NR
	1
	HF, SCD
	NR
	Infancy, PPK, WH

	20
	Protonotarios, 20011
	GR
	47
	M
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V4
	RV alterations°
	NR
	8
	No Events
	NR
	Infancy, PPK, WH

	21
	Protonotarios, 20011
	GR
	45
	F
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V3
	RV alterations°
	NR
	4
	No Events
	NR
	Infancy, PPK, WH

	22
	Protonotarios, 20011
	GR
	15
	F
	JUP
	c.2157del2
	Ho
	ARVC
	VES, Syncope
	TWI V1-V2
	RV, LV°
	NR
	5
	SCD
	RV+
LV+
	Infancy, PPK, WH

	23
	Protonotarios, 20011
	GR
	17
	F
	JUP
	c.2157del2
	Ho
	No
	Syncope
	TWI V1-V3
	RV progression°
	NR
	4 Years
	ICD 
	NR
	Infancy, PPK, WH

	24
	Protonotarios, 20011
	GR
	58
	F
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V6
	RV alterations°
	NR
	2 Years
	No Events
	NR
	Infancy, PPK, WH

	25
	Protonotarios, 20011
	GR
	13
	M
	JUP
	c.2157del2
	Ho
	No
	Syncope
	TWI V1-V4
	RV alterations°
	NR
	2 Years
	No Events
	NR
	Infancy, PPK, WH

	26
	Protonotarios, 20011
	GR
	5
	F
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V2
	RV alterations°
	NR
	2 Years
	No Events
	NR
	Infancy, PPK, WH

	27
	Protonotarios, 20011
	GR
	39
	F
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V2
	RV alterations°
	NR
	2 Years
	No Events
	NR
	Infancy, PPK, WH

	28
	Protonotarios, 20011
	GR
	1
	M
	JUP
	c.2157del2
	Ho
	No
	No
	TWI V1-V2
	RV alterations°
	NR
	3 Years
	No Events
	NR
	Infancy, PPK, WH

	29
	Narin, 20032
	TR
	13
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V6
	RV
	NR
	NR
	VT
	NR
	Infancy, PPK, WH

	30
	Lazaros, 20093
	GR
	43
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Syncope
	TWI V1-V4
	RV, LV
	RV, LV
	NR
	VT, 
ICD 
	NR
	Infancy, PPK, WH

	31
	Erken, 20114
	TR
	34
	M
	JUP
	c.794G>A
	Ho
	ARVC
	Syncope, 
Dyspnoea
	TWI precordial
	RV, LV
	RV, LV
	3 m
	VT,
	RV (+)
	Infancy, PPK, WH, WH


	32
	Erken, 20014
	TR
	46
	M
	JUP
	c.794G>A
	Ho
	ARVC
	HF 
	TWI V1-V3
	RV
	NR
	NR
	ICD 
	RV (+)
EMB
	PPK, Alopecia


	33
	Baykan, 20155
	TR
	13
	M
	JUP
	c.2157del2
	Ho
	ARVC
	Chest Pain, Sync
	TWI
	RV, LV
	NR
	5 
	rVT, ICD
	NR
	Infancy, PPK, WH

	34
	Baykan, 20155
	TR
	6
	M
	JUP
	c.2157del2
	Ho
	No
	Chest Pain
	NSVT
	Normal
	NR
	5 
	No Events
	NR
	Infancy, PPK, WH

	35
	Baykan, 20155
	TR
	1.5
	F
	JUP
	NR
	Ho
	No
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Toddler, PPK, WH, 
Dystrophic Nails

	36
	Baykan, 20155
	TR
	3
	M
	JUP
	c.2157del2
	Ho
	DCM
	Dyspnoea
	
	LV, RV
	NR
	0
	SCD
	NR
	Toddler, PPK, WH

	37
	Boente, 20166
	AR
	17
	M
	JUP
	c.71C>A 
	Ho
	ARVC
	NR
	NR
	RV, LV
	NR
	NR
	NR
	NR
	PPK, WH, 
Oligodontia
Nail Dystrophy

	38
	Sonsoz, 20217
	TR
	19
	F
	JUP
	c.901_903delGAG
	Ho
	ARVC
	NR
	TWI V1-V6
	RV, LV
	LV, RV (LVEF 21%). LV, RV LGE 
	NR
	ICD 
	NR
	PPK, WH,
Sparse Eyebrows


	39
	Sonsoz, 20217
	TR
	15
	M
	JUP
	c.901_903delGAG 
	Ho
	No
	NR
	NR
	Normal
	Normal
	NR
	NR
	NR
	PPK, WH, 
Nail Dysplasia
Sparse Eyebrows

	40
	Te Riele ASJM, 20218
	GR
	1.6
	M
	JUP
	c.2157del2
	Ho
	No
	no
	Normal
	Normal
	Not done
	5 years
	3 VES in Holter
	No
	Infancy, PPK, dorsal eczematous lesions, WH


	41
	Alcalai, 20039
	IL
	16
	F
	DSP
	c.7402G>C 
	Ho
	ARVC
	Syncope
	TWI V1-V3, VT
	RV
	NR
	NR
	ICD
	NR
	PPK, WH

	42
	Uzumcu, 200610
	TR
	3
	M
	DSP
	c.3799C>T 
	Ho
	DCM
	NR
	NSVT
	LV, RV (LVEF <25%)
	NR
	NR
	HFD
	NR
	Infancy, PPK, WH

	43
	Norgett, 200611
	UK
	3
	M
	DSP
	c.1817_1846dup

	He
	DCM
	NR
	NSVT
	LV 
	NR
	4 Years
	ICD, SCD
	NR
	Toddler, PPK, WH,
Oligodontia

	44
	Prompona, 200712
	GER
	12
	M
	DSP
	Deletion in Exon 23
	Ho
	DCM
	NR
	TWI V2-V6, 
	LV, RV (LVEF < 20%), 
	LV, RV (LVEF 24%). 
LV LGE
	NR
	Heart Transplantation
	RV, LV + 
	Infancy, PPK, WH

	45
	Alonso-Orgaz, 200713
	ES
	43
	M
	DSP
	c.2447A>C

	He
2
	ARVC
	Palp. Syncope
	TWI
 II,III,aVF
V1-V6
	NR
	NR
	NR
	NR
	NR
	Infancy, PPK,WH

	46
	Tanaka, 200914
	BR
	5
	F
	DSP
	c.2516del; c.3971del
	He
2
	DCM
	Dyspnoea
	Frequent PVCs
	RV, LV
	NR
	NR
	NR
	NR
	Infancy, PPK, WH
Thick nails, Alopecia

	47
	Mahoney, 201015
	FI
	14
	F
	DSP
	c.6310del; c.7964C>A
	He2
	DCM
	Asymptomatic
	NR
	NR
	NR
	NR
	SCD (sleep) 
	LV, RV
+
	Adolescence, PPK, WH,
Enamel Defects
Dystrophy and Thickening of the Toenails

	48
	Christensen, 201016
	DK
	35
	M
	DSP
	c.6166G>C

	Ho
	Biventricular ARVC
	Palp. Dyspnoea
	NR
	NR
	NR
	NR
	NR
	NR
	PPK, Curly hair

	49
	Chalabreysse, 201117
	FR
	17
	M
	DSP
	c.1790C>T 
	He
	DCM
	Syncope (Exercise)
	IRBBB, NSVT
	Dilated LV (LVEF 20%)
	NR
	4 Years
	LV progression (LVEF 20%), Heart Transplantation
	LV, RV
+ 
	PPK, WH, 
Oligodontia

	50
	Chalabreysse, 201117
	FR
	NR
	M
	DSP
	c.1790C>T 
	He
	No
	Syncope (Exercise)
	IVCD
	LV Dilation (LVEF 55%)
	NR
	NR
	NR
	NR
	PPK, WH, Oligodontia


	51
	Williams, 201118
	GER
	6
	M
	DSP
	c.5208del 
	Ho
	DCM
	NR
	NR
	LV (LVEF 11%)
	NR
	2 Years
	HFD
	NR
	Toddler, PPK, WH

	52
	Williams, 201118
	GER
	5
	M
	DSP
	c.5208delAG 
	Ho
	DCM
	NR
	NR
	LV 
(LVEF 26%)
	LV (LVEF 26%)
LV LGE
	5 Years
	Heart Transplantation
	RV+
LV+
	Toddler, PPK

	53
	Krishnamurthy, 201119
	IN
	11
	F
	DSP
	c.3901C>T 
	Ho
	DCM
	Palp,
Dyspnoea 
	Frequent PVCs
	RV, LV 
(LVEF 30%)
	NR
	NR
	NR
	NR
	PPK, WH

	54
	Boulé, 201220
	FR
	29
	M
	DSP
	c.1691C>T 
	He
	ARVC
	Asymptomatic
	TWI II, 
III, aVF, V4-V6, Freq VES
	LV (LVEF 35%). RV Aneurysm
	RV, LV LGE +_
	NR
	ICD 
	NR
	Infancy, PPK, WH, 
Oligodontia
Leukonychia

	55
	Boulé, 201220
	FR
	10
	M
	DSP
	c.1691C>T 
	He
	ARVC
	Chest Pain
	PVCs, Epsilon
	RV
	RV LGE
	NR
	NR
	NR
	PPK, WH, Oligodontia
Brittle Nails

	56
	Keller, 201221
	CH
	7
	M
	DSP
	c.1748T>C 
	He
	DCM
	NR
	NR
	RV, LV 
 (LVEF 19%). 
	RV, LVLGE
	7 
	ICDs 
	NR
	Toddler, PPK, WH
Dystrophic Nails
Sparse Eyebrows

	57
	Keller, 201221
	CH
	13
	F
	DSP
	c.1691C>T 
	He
	DCM
	Syncope
	IVCD Epsilon PVCs
	RV, LV 
	NR
	9 
	ICD 
	NR
	PPK, WH, 
Oligodontia, Leukonychia


	58
	Rasmussen, 201322
	DK
	8
	M
	DSP
	c.7780del 
	Ho
	DCM
	HF 
	NR
	LV, RV
 (LVEF 15%)
	NR
	5 
	Heart Transplantation
	RV+
LV+
	Childhood, PPK, WH

	59
	Yesudian, 201423
	UK
	2
	F
	DSP
	c.7567del; c.6577G>A
	HE2
	DCM
	NR
	LV 
	NR
	NR
	NR
	NR
	NR
	Infancy, PPK, 
Alopecia

	60
	Baykan, 201524
	TR
	6
	M
	DSP
	NR
	NR
	DCM
	Dyspnoea
	1st AV Block, TWI V1-V3
	RV, LV 
(LVEF 27%)
	NR
	2 
	HFD
	NR
	Childhood, PPK, WH

	61
	Molho-Pessach, 201525
	IL
	4
	M
	DSP
	c.3924del
	Ho
	DCM
	Dyspnoea
	Frequent PVCs
	LV
	RV, LV, LVLGE
	NR
	ICD 
	NR
	Infancy, PPK, WH

	62
	Molho-Pessach, 201525
	IL
	59
	F
	DSP
	c.7111C>A
	Ho
	ARVC
	Chest Pain, Syncope
	NR
	RV, LV 
	NR
	NR
	ICD
	NR
	Infancy
PPK, WH, 
Onychogryphosis, Sparse Eyebrows

	63
	Molho-Pessach, 201525
	IL
	21
	F
	DSP
	c.7111C>A
	Ho
	DCM
	Chest Pain, Syncope
	Frequent PVCs, Couples and Triplets
	LV, RV
	NR
	NR
	SCD
	NR
	Infancy, PPK, WH, 
Sparse Eyebrows

	64
	Pigors, 201526
	RO
	5
	M
	DSP
	c.7566_7567delAAinsC; c.7756C>T
	He2
	No
	No
	No
	No
	NR
	NR
	NR
	NR
	Toddler, PPK,
Hypotrichosis

	65
	Pigors, 201526
	GER
	14
	M
	DSP
	c.1067C>A; c.2131_2132del
	He2
	DCM
	HF 
	NR
	NR
	NR
	NR
	Heart Transplantation
	NR
	Infancy, PPK, WH

	66
	Pigors, 201525
	GER
	10
	F
	DSP
	c.1067C>A; c.2131_2132del
	He2
	DCM
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Infancy, PPK,
Alopecia

	67
	Bitar, 201628
	USA
	17
	M
	DSP
	c.1865T>C
	He2
	DCM
	No
	NR
	LV (LVEF 25%)
	NR
	NR
	NR
	NR
	Infancy, PPK, WH
Oligodontia
Leukonychia


	68
	Finsterer, 201629
	AT
	43
	F
	DSP
	c.1678A>T
	He
	DCM
	NR
	NR
	LV 
	NR
	NR
	NR
	NR
	Adolescence, PPK, WH, 
Oligodontia

	69
	Finsterer, 201629
	AT
	NR
	M
	DSP
	c.1678A>T
	He
	DCM
	Recurrent Syncope
	NR
	NR
	NR
	NR
	Cardiac Death
	RV+
	Dental abnormalities

	70
	Ramoglu, 201730
	TR
	5
	F
	DSP
	c.4650_4651del
	Ho
	DCM
	Dyspnoea
	NR
	LV, RV,
 (LVEF 25%)
	NR
	2 
	Heart Transplantation
	NR
	PPK, WH

	71
	Erolu, 201831
	TR
	4
	M
	DSP
	c.3564T>A; c.4395T>A
	He2
	DCM
	Palp
	 IVCD Epsilon Waves
	RV, LV (LVEF 45%)
	RV, LVLGE
	NR
	VT, ICD
	NR
	PPK,WH, 
Sparse Eyebrows

	72
	Akdogan, 201832
	TR
	8
	F
	DSP
	c.4650_4651del 
	Ho
	DCM
	NR
	Polymorphic PVC
	LV (LVEF 25%)
	NR
	NR
	NR
	NR
	Toddler, PPK, WH
Leukonychia

	73
	Akdogan, 201832
	TR
	5
	F
	DSP
	c.4650_4651del
	Ho
	DCM
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Toddler, PPK,WH

	74
	Ou, 202233
	FR
	13
	F
	DSP
	c.1782C>G 
	He
	ARVC
	NR
	Frequent PVCs
	NR
	RV (RVEF 32%)
	NR
	NR
	NR
	Infancy, PPK, WH
Oligodontia
Fragile Nails


	75
	Zhao, 202334
	CN
	7
	F
	DSP
	c.4597C>T 
	Ho
	DCM
	Dyspnoea
	IVCD Frequent PVCs
	RV, LV (LVEF 25%)
	RV, LV
	NR
	NR
	NR
	Toddler, PPK, WH
Oligodontia
Leukonychia


	76
	Kincaid, 202335
	CA
	37
	M
	DSP
	c.2652_2653del
	He
	NR
	Chest Pain, Palp
	TWI, NSTV (exercise)
	LV 
	Fibrofatty Infiltration
	NR
	ICD 
	NR
	PPK, WH

	77
	Kincaid, 202335
	CA
	34
	M
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	No
	NR
	NR
	NR
	PPK, WH

	78
	Kincaid, 202335
	CA
	44
	F
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	PPK, WH

	79
	Kincaid, 202335
	CA
	1
	F
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	curly hair

	80
	Kincaid, 202335
	CA
	3
	F
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Focal Hyperkeratosis

	81
	Kincaid, 202335
	CA
	4
	M
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Focal Hyperkeratosis

	82
	Kincaid, 202335
	CA
	2
	F
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Focal Hyperkeratosis

	83
	Kincaid, 202335
	CA
	Months
	F
	DSP
	c.2652_2653del
	He
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR

	84
	Norget 200037
Carvajal-Huerta, 199836 
Kaplan 2004 59

	EC
	10
	F
	DSP
	c.7901del 
	Ho
	DCM
	NR
	LQRSV,
TWI V1-V4,
III, aVF,
PVCs
	LV
	NR
	1
	HFD
	RV, LV, aneurysms, fibrosis
	Infancy, PPK, WH


	85
	Norget 200037
Carvajal-Huerta, 199836
	EC
	12
	F
	DSP*
	c.7901del 
	Ho
	DCM
	NR
	Abnormal
	LV 
	NR
	5 Years
	HFD
	NR
	Infancy, PPK, WH


	86
	Norget 200037
Carvajal-Huerta, 199836
	EC
	14
	F
	DSP*
	c.7901del 
	Ho
	DCM
	NR
	Abnormal, Frequent PVCs and NSVT
	LV 
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	87
	Norget 200037
Carvajal-Huerta, 199836
	EC
	8
	F
	DSP*
	c.7901del 
	Ho
	DCM
	NR
	Abnormal, Frequent PVCs and Couplets
	LV 
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	88
	Norget 200037
Carvajal-Huerta, 199836
	EC
	10
	M
	DSP*
	c.7901del 
	Ho
	No
	NR
	Abnormal, Frequent PVCs
	Normal
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	89
	Carvajal-Huerta, 199836, 37
	EC
	13
	M
	DSP*
	c.7901del 
	Ho
	DCM
	NR
	Abnormal
	LV 
	NR
	4 Years
	HFD
	NR
	Infancy, PPK, WH

	90
	Carvajal-Huerta, 199836
	EC
	32
	F
	NR
	NR
	NR
	No
	NR
	Abnormal
	Normal
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	91
	Carvajal-Huerta, 199836
	EC
	34
	F
	NR
	NR 
	NR
	No
	NR
	Abnormal
	Normal
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	92
	Carvajal-Huerta, 199836
	EC
	11
	F
	NR
	NR
	NR
	DCM
	NR
	Abnormal
	LV 
	NR
	1 Year
	Advanced HF-Related Death
	NR
	Infancy, PPK, WH

	93
	Carvajal-Huerta, 199836
	EC
	12
	F
	NR
	NR
	NR
	DCM
	NR
	Abnormal
	LV 
	NR
	NR
	Advanced HF-Related Death
	NR
	Infancy, PPK, WH

	94
	Carvajal-Huerta, 199836
	EC
	14
	F
	NR
	NR 
	NR
	DCM
	NR
	Abnormal, Frequent PVCs and Couplets
	LV 
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	95
	Carvajal-Huerta, 199836
	EC
	17
	F
	NR
	NR 
	NR
	DCM
	NR
	Abnormal, Frequent PVCs and Couplets
	LV 
	NR
	NR
	NR
	NR
	Infancy, PPK, WH

	96
	Bukhari, 200338
	SA
	2
	F
	NR
	NR
	NR
	No
	NR
	NR
	Normal
	NR
	NR
	NR
	NR
	Toddler, PPK, WH, 
Thin Nails
Sparse Eyebrows

	97
	Sajeev, 200639
	IN
	55
	F
	NR
	NR
	NR
	ARVC
	Palp, Syncope
	TWI V1-V4
	RV Aneurysms
	NR
	NR
	Sustained VT 
	NR
	PPK, WH


	98
	Adhisivam, 200640
	IN
	2
	F
	NR
	NR
	NR
	DCM
	HF
	Normal
	RV, LV Dysfunction (LVEF 40%)
	NR
	0
	HFD
	NR
	Infancy, PPK, WH

	99
	Kilic, 200741
	TR
	17
	M
	NR
	NR
	NR
	ARVC
	Dyspnoea, Palp
	TWI V1-V3, Epsilon Waves
	RV, LV
	RV, LV
	NR
	ICD 
	NR
	Adolescent, PPK, WH

	100
	Kilic, 200741
	TR
	NR
	M
	NR
	NR
	NR
	ARVC
	NR
	Epsilon Waves
	NR
	NR
	NR
	NR
	NR
	No

	101
	Kilic, 200741
	TR
	NR
	M
	NR
	NR
	NR
	ARVC
	NR
	NR
	RV 
	RV
	NR
	NR
	NR
	PPK

	102
	Rai, 200842
	IN
	7
	M
	NR
	NR
	NR
	No
	NR
	TWI V1-V2
	RV and RA Dilation
	NR
	NR
	NR
	NR
	Infancy.PPK,WH

	103
	Kolar, 200843
	UK
	16
	F
	NR
	NR
	NR
	DCM
	NR
	NR
	NR
	NR
	NR
	SCD
	RV, LV Fibrosis and Myocyte Loss. 
	Adolescence, PPK, WH

	104
	Tanaka, 200914
	BR
	10
	M
	PKP1
	c.2014C>T 
	Ho
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	Toddler, PPK, WH
Thickening of the Fingernails and Toenails

	105
	Simpson, 200944
	UK
	29
	M
	DSC2
	c.1841del

	Ho
	ARVC
	Syncope, Resuscitated SCD
	IVCD
TWI V2, III, aVF, Frequent PVCs
	LV (LVEF 45%), RV Dilation and Dysfunction
	LV (LVEF 50%) RV (RVEF 32%) RV, LV LGE
	NR
	ICD 
	NR
	PPK WH

	106
	Simpson, 200944
	UK
	25
	F
	DSC2
	c.1841del

	Ho
	ARVC
	NR
	IVCD Biphasic TW in V2, Frequent PVCs
	Normal
	RV+/-
	NR
	NR
	NR
	PPK, WH

	107
	Koumantaki, 201045
	GR
	54
	F
	NR
	NR
	NR
	NR
	HF
	NR
	NR
	NR
	NR
	ICD 
	NR
	PPK, WH

	108
	Chalabreysse, 201117
	FR
	15
	M
	NR
	NR
	NR
	No
	Chest Pain
	ST Elevation in V3-V4, PVCs
	No
	NR
	NR
	NR
	NR
	PPK, WH
Oligodontia

	109
	Noin, 201246
	ES
	14
	M
	NR
	NR
	NR
	ARVC
	AbortedSCD (Exercise)
	IVCD
	RV, Aneurysm 
	NR
	0
	ICD
	NR
	Infancy, PPK, WH
Yes


	110
	Saravanan, 201247
	IN
	21
	M
	NR
	NR
	NR
	ARVC
	VT
	Epsilon Wave
	RV 
	RV, RVLGE, 
	NR
	VT
	NR
	PPK, WH

	111
	Barber, 201248
	UK
	14
	F
	NR
	NR
	NR
	DCM
	Asymptomatic
	NR
	NR
	NR
	NR
	SCD (Exertion)
	LV Dilation LV Patchy Fibrosis
	Adolescence, PPK, WH, 
White thickened nails
Sparse Eyebrows

	112
	Nehme, 201249
	FR
	57
	M
	NR
	NR
	NR
	DCM
	Dyspnoea
	1st AV Block
	LV (LVEF 30%) and LVNC
	NR
	NR
	NR
	NR
	Childhood, PPK, WH

	113
	Gultekin, 201350
	TR
	54
	F
	NR
	NR
	NR
	ARVC
	HF, Syncope
	TWI V1-V3 Epsilon Waves. Polymorphic NSVT
	RV (RVEF 14%). (LVEF 60%)
	RV
	NR
	No Events
	NR
	PPK, WH
Alopecia

	114
	Salam, 201351
	IN
	11
	F
	NR
	NR
	NR
	DCM
	Syncope
	CRBBB, LPFB
	LV (LVEF 45%)
	No LGE
	2 
	Refractory Sustained VT, Progressive HF
	NR
	PPK, WH

	115
	Kaya, 201352
	TR
	23
	F
	NR
	NR
	NR
	ARVC
	Dyspnoea
	LQRSV, TWI V2-V6
	RV, LV
 (LVEF 23%)
	RV, LV, LVLGE
	NR
	NR
	NR
	Childhood, PPK, WH


	116
	Yildiz, 201353
	TR
	9
	F
	NR
	NR
	NR
	DCM
	Syncope, Palp
	NR
	LV 
	NR
	NR
	VT 
	NR
	Infancy, PPK, WH


	117
	Baykan, 201554
	TR
	9
	F
	NR
	NR
	NR
	DCM
	HF Palp, Syncope
	NR
	RV, LV
	NR
	1 
	SCD
	NR
	Childhood, PPK, WH

	118
	Islam, 201655
	BD
	10
	M
	NR
	NR
	NR
	ARVC
	Palp, Chest Pain, Progressive Dyspnoea
	IRBBB, Epsilon Waves
	RV Aneurysms
	NR
	9m
	VT, SCD
	NR
	PPK, WH

	119
	Dutta, 201656
	IN
	4
	F
	NR
	NR
	NR
	ARVC
	Recurrent Syncope, Dyspnoea
	Frequent PVC, IVCD
	RV, LV (LVEF 48%)
	NR
	NR
	NR
	NR
	PPK, WH

	120
	Mandal, 202257
	NP
	9
	F
	NR
	NR
	NR
	DCM
	Dyspnoea
	LQRSV, TWI, Frequent PVCs
	LV (LVEF 20%) and RV dysfunction
	NR
	NR
	NR
	NR
	Childhood, PPK, WH





Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy; AF, atrial fibrillation; AVB, atrioventricular block; CH, cardiac histology; Co: Country; CP, cardiac phenotype; CRBBB, complete right bundle branch block; CMR, cardiac magnetic resonance; DCM, dilated cardiomyopathy; ECHO, echocardiography; EMB, endomyocardial biopsy; F, female; FH, family history; FW, free wall; HF, heart failure; HFD, Heart failure related death; He, heterozygosity; He2, compound heterozygosity; Ho, homozygosity; GER, Germany; GR, Greece; ICD, implantable cardioverter-defibrillator; ICDs, appropriate ICD shock; IRBBB, incomplete right bundle branch block; IV, interventricular; IVCD, Intraventricular conduction delay; LGE, late gadolinium enhancement; LPFB, left posterior fascicular block; LQRSV, low QRS voltages; LV, left ventricle; LVEF, left ventricular ejection fraction; m, months; M, male; NDLVC, non-dilated left ventricular cardiomyopathy; NR, not reported; NSVT, non-sustained ventricular tachycardia; Palp, palpitations; PPK, Palmoplantar keratoderma; PVC, premature ventricular complex; RA, right atrium; RV, right ventricle; rVT, recurrent VT; S, Sex; SCD, sudden cardiac death; Symptoms; TWI, T-wave inversion; VES, frequent ventricular extrasystoles; VT, ventricular tachycardia; WH, wolly hair; Z, zygosity.

°RV abnormalities including hypokinetic, akinetic or dyskinetic areas, diastolic bulging and trabecular disarrangement. Structural progression was defined as progressive alteration in ventricular dimensions and/or wall motion abnormalities during serial echocardiographic evaluation.

**: Countries are reported by international codes
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Figure 3. Functional and structural myocardial changes in patients with Naxos disease (JUP2157del2).





image6.emf

image7.png
Figure 4. Naxos disease (JUP2157del2), early phenotype
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Figure 5. Electrocardiographic spectrum in Naxos disease patients (JUP2157del2)
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Figure 1. Summary features in Naxos disease patients (JUP2157del2)





