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Genotype–phenotype correlations in valosin-containing protein 
disease: a retrospective muticentre study

A full list of authors and affiliations appears at the end of the article.

Abstract

Background—Valosin-containing protein (VCP) disease, caused by mutations in the VCP gene, 

results in myopathy, Paget’s disease of bone (PBD) and frontotemporal dementia (FTD). Natural 

history and genotype–phenotype correlation data are limited. This study characterises patients 

with mutations in VCP gene and investigates genotype–phenotype correlations.

Methods—Descriptive retrospective international study collecting clinical and genetic data of 

patients with mutations in the VCP gene.
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Results—Two hundred and fifty-five patients (70.0% males) were included in the study. Mean 

age was 56.8±9.6 years and mean age of onset 45.6±9.3 years. Mean diagnostic delay was 7.7±6 

years. Symmetric lower limb weakness was reported in 50% at onset progressing to generalised 

muscle weakness. Other common symptoms were ventilatory insufficiency 40.3%, PDB 28.2%, 

dysautonomia 21.4% and FTD 14.3%. Fifty-seven genetic variants were identified, 18 of these 

no previously reported. c.464G>A (p.Arg155His) was the most frequent variant, identified in the 

28%. Full time wheelchair users accounted for 19.1% with a median time from disease onset 

to been wheelchair user of 8.5 years. Variant c.463C>T (p.Arg155Cys) showed an earlier onset 

(37.8±7.6 year) and a higher frequency of axial and upper limb weakness, scapular winging 

and cognitive impairment. Forced vital capacity (FVC) below 50% was as risk factor for being 

full-time wheelchair user, while FVC <70% and being a full-time wheelchair user were associated 

with death.

Conclusion—This study expands the knowledge on the phenotypic presentation, natural history, 

genotype–phenotype correlations and risk factors for disease progression of VCP disease and is 

useful to improve the care provided to patient with this complex disease.

INTRODUCTION

Valosin-containing protein (VCP) is an AAA+ (ATPases associated with diverse cellular 

Activities) ubiquitous protein involved in protein degradation by the ubiquitin–proteasome 

system and cellular homoeostasis regulation.1–3 Hereditary inclusion body myopathy with 

Paget’s disease of the bone and frontotemporal dementia (IBMPFD) is an autosomal 

dominant disorder caused by mutations in the VCP gene,4–6 with an estimated prevalence 

of 0.66/100 000 in the UK,7 although precise worldwide prevalence remains unknown. 

Myopathy, involving the pelvic and shoulder girdle muscles, is the most common clinical 

feature of IBMPFD8–13 presenting between the fourth and fifth decade.14 IBMPFD 

is a disabling condition, leading to death due to respiratory complications or end 

stage dementia.8 15 Other reported presentations include facioscapulohumeral muscular 

weakness,16 distal myopathy,17 amyotrophic lateral sclerosis (ALS),18 parkinsonism,19 

hereditary spastic paraplegia,20 Charcot-Marie-Tooth disease,21 22 Huntington’s disease15 23 

and cardiomyopathy.24 This broad phenotype requires a multidisciplinary team for patients’ 

care and makes its diagnosis challenging if there are atypical symptoms or an unclear family 

history.9

The IBMPFD nomenclature is deficient and has led to the use of the term multisystem 

proteinopathy (MSP) to encompass all phenotypes described.6 However, the different 

tissues affected in MSP share pathological features of ubiquitinated proteins accumulation, 

autophagic debris and TDP-43 inclusions.4 Mutations in VCP impairs autophagy and 

endocytic trafficking and increase ATPase activity due to structural changes.25 26

As a rare condition, MSP natural history information is limited, and detailed genotype–

phenotype associations have not yet been established.7 9–11 13 14 21 27

This study aims to (1) describe the clinical and genetic features of a large, international 

cohort of patients with mutations in the VCP gene and (2) decipher genotype–phenotype 

associations.
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MATERIALS AND METHODS

This is an international descriptive retrospective study collecting data obtained on routine 

clinical care visits from patients with MSP. Fifty-two centres from 24 countries participated.

The inclusion criteria were (1) patients heterozygous for a pathogenic(P)/likely pathogenic 

(LP) variant in the VCP gene (transcript reference NM_007216.3)28 and (2) sufficient data 

available in the clinical notes to answer some of the following clinical questions: age of 

disease onset, genetic diagnosis, signs/symptoms at onset, clinical progression, ambulatory 

status and ancillary test results, if performed. Patients who harboured a variant of unknown 

significance (VUS) were included if disease causality was supported by in silico analysis 

and clinical judgement based on item (2) of the inclusion criteria and/or the pedigree 

indicated a dominant disease. Once the clinical and family history data were collected 

for all the patients, the American College of Medical Genetics and Genomics and the 

Association for Molecular Pathology (ACMG) criteria of each variant was recalculated 

(https://www.medschool.umary-land.edu/Genetic_Variant_Interpretation_Tool1.html/).

Statistical analysis

Quantitative variables were analysed using the Kolmogorov-Smirnov or Shapiro-Wilko tests 

to assess normal distribution. Data were expressed as number and percentage for categorical 

variables, and as mean±SD or as median, first and third inter-quartile and minimum and 

maximum for quantitative variables as appropriate. The χ2 or Fisher’s exact tests were used 

for the association between signs/symptoms and the four most frequent mutation types, with 

Bonferroni correction for multiple comparisons. Analysis of covariance, with adjustment for 

age at last assessment, was used to compare means of signs/symptoms onset among the 

four most frequent mutation types. A two-step analysis to select variables associated with 

being a full-time wheelchair user/confined to bed or death was performed. A p<0.05 level of 

significance was allowed. SPSS software V.27 from IBM was used for statistical analysis.

An extended version of materials and methods29 is available in online supplemental material 

1.

RESULTS

A total of 255 patients, 194 families, from 24 countries were collected. Twenty-one 

patients were excluded from the analysis: 12 patients did not show signs/symptoms at last 

assessment, 7 patients had insufficient clinical information and 2 patients were duplicated.30

Asymptomatic individuals (n=12, 7 females), relatives of symptomatic patients, were 

diagnosed following genetic counselling and each belonged to an independent family. Their 

mean age at last assessment was 40.0±94 years (median 38.5; min 29.0; max 61.0 years) 

and the mean follow-up was 5.2±5.1 years (min 0.0; max 12.8) after the first appointment 

triggered by the family proband. Two of the asymptomatic carriers have passed the ages of 

symptom onset observed in their families, one has reached the age of onset in the family, 

eight has not passed the eldest age of symptom onset expected in their families and for one 

patient no relatives were included in the study.

Schiava et al. Page 4

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2024 January 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.medschool.umary-land.edu/Genetic_Variant_Interpretation_Tool1.html/


A total of 234 symptomatic patients were included in the final analysis. Seventy per 

cent (163/234) were males and the mean age at last assessment was 56.8±9.6 years. 

Demographics and time to disease milestones are described in table 1. The number of 

patients, families and variants by country are described in online supplemental table 1.

Genetic variants

Fifty-seven variants in the VCP gene were reported. All variants were single-nucleotide 

changes except for one small deletion-insertion. Most of the variants were in exon 5 (what 

represented 63% of the patients, 147/234 and 30% of the variants, 17/57) and exon 3 

(14% of the patients, 32/234 and 19% of the variants 11/57). The four most frequent 

variants identified were: c.464G>A, p.Arg155His (28.6%, 67/234); c.463C>T, p.Arg155Cys 

(11.1%, 26/234); c.476G>A, p.Arg159His (7.7%, 18/234); and c.277C>T, p.Arg93Cys 

(7.3%, 17/234). Eighteen previously unreported variants were identified. The list of variants, 

their frequency in this study, their exonic location, gnomAD frequency, ACGM score 

and the clinical phenotype of the VUS and unreported variants are described in online 

supplemental table 2.1 and 2.2.

Clinical features

Data on symptoms at onset were available for 226 patients. Muscle weakness was the first 

symptom in 90.7% (205/226). Disease onset was as a symmetric lower limb weakness in 

50.0% (113/226), affecting the proximal muscles in 35.0% (79/226) and the distal muscles 

in 15.0% (34/226). Either proximal symmetric upper limb weakness (9.3%, 21/226) or 

a combination of upper and lower limb girdle weakness (9.3%, 21/226) were next most 

frequent symptoms at onset (figure 1). Eight per cent (18/234) of the patients showed an 

asymmetric weakness either in the upper or lower limbs at onset. Symptom presentation 

at onset was slowly progressive in 89.1% (196/220) of the patients and subacute in the 

remaining 10.9% (24/220). Meadian CK levels at onset (n=37) was 254.0 UI/L (IQ1:199.0–

IQ3:410.5; minimum 48.0–maximum 1822.0).

Mean time of disease progression was 11.3±6.9 years (range 1–45). The frequency of 

signs and symptoms identified at last assessment is shown in figure 2. The median time of 

development of each clinical feature from disease onset is shown in figure 3. Age of patients 

at each clinical feature presentation is shown in online supplemental table 3.

At last assessment, all patients had developed muscle weakness except for one patient 

who manifested isolated Paget’s disease of bone (PDB) was the second most frequent 

clinical feature (28.2%, 64/227). Among patients with PDB, 76.5% (49/64) had bone lesions 

detected on a bone radiography. Bone lesion’s location was available in 43 cases: dorsal and 

lumbar spine (29/43), hip (15/43), pelvic bone (15/43), skull (11/43) and femur (6/43). An 

elevated serum ALP level was identified in 54.7% (35/64) of patients with PDB. Median 

ALP value 153.5 UI/L (IQ1:80.8–IQ3:364.3; minimum 39.0; maximum 1901.0). Bone pain 

was reported in 48.4% (31/64).

Cognitive impairment was identified in 25.5% (59/231) of the patients in which 

frontotemporal dementia (FTD) was the most frequent pattern (33/59) followed by a mixed 

cognitive impairment (25/59). Only one patient had a diagnoses of Alzheimer disease 
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(see clinical details of this case in online supplemental case report 1). Thirty-two patients 

reported depression, with 16 cases not having associated cognitive impairment on clinical 

examination.

Dyspnoea on exertion was reported in 25.3% (56/221) of the patients, nocturnal 

hypoventilation in 15.6% (34/218) and recurrent respiratory infection in 3.2% (7/221). 

Percentage predicted forced vital capacity (FVC) was available for 116 patients and it was 

below the 80% predicted in 52.6% of the cases (61/116). The FVC percentage distribution 

among them was: 31.1% (19/61) between 70% and 80%, 21.3% (13/61) between 60% and 

70%, 21.3% (13/61) between 60% and 50% and 26.2% (16/61) below 50% of predicted. 

Twelve per cent of the patients (27/224) required nocturnal non-invasive ventilation (NIV), 

4.0% (9/224) full time NIV and 0.9% (2/224) used invasive ventilation.

Cardiac impairment was reported in 7.3% of the patients (17/234). Changes compatible 

with hypertrophic cardiomyopathy or with a dilated cardiomyopathy on echocardiogram 

were reported in seven and five patients, respectively. Four patients had changes on ECG 

including atrial fibrillation, right or left bundle branch block and persistent tachycardia. 

None of the patients required a pacemaker or a defibrillator. Left ventricular ejection fraction 

(LVEF) value, as measured by echocardiogram, was available for 28 patients. Only four 

patients had an LVEF of 50%–55% while no patients had an LVEF less than 50%.

Dysautonomia was reported in 21.4% (42/196). Sixty-six (7%) of the patients reported only 

one symptom of dysautonomia (28/42, 12 urinary incontinence, 13 combined constipation 

and diarrhoea, and 3 erectile dysfunction), 26.2% (11/42) 2 symptoms and 7.1% (3/42) 3 

symptoms. Among the 42 patients with dysautonomia, nine had a concomitant diagnosis of 

polyneuropathy, six of FTD and three of extrapyramidal disorders.

Motor neuron involvement was reported in 25.0% (54/216) of which 48.1% (26/54) showed 

exclusively lower motor neuron signs. Thirty-seven per cent (20/54) had lower and upper 

motor neuron signs and 14.8% (8/54) had exclusively upper motor neuron signs. Six per cent 

of the patients (13/212) fulfilled clinically probable ALS as defined by El Escorial criteria.31

Among the 18.0% (39/217) of patients with signs of bulbar involvement, isolated dysphagia 

was reported in 59.0% (23/39), a combination of dysarthria and dysphagia in 35.9% (14/39) 

and only 2 patients had dysarthria exclusively. Of these 39 patients, 6 had motor neuron 

involvement and five fulfilled ALS criteria.

Extrapyramidal disorders were reported in eight patients. The frequency by mutation 

types was: 3 cases in variant c.476G>A and one case on each of the following variants 

c.463C>T, c.376A>G, c.410C>T, c.625T>G and c.572G>A. The clinical features were: 

Meige syndrome (one), asymmetric hand tremor (three), symmetric rigid-akinetic syndrome 

(two),and in two patients a detailed clinical description of the symptoms was not available.

The classic triad of myopathy, FTD and PDB was reported in only seven patients (2.9%, 

7/234). Seventeen patients had myopathy and isolated FTD (7.2%, 17/234) and 38 patients 

showed myopathy associated with isolated PDB (16.2%, 38/234). The number of patients 
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who had any type of muscle weakness, PDB and any type of cognitive impairment was 19 

(8.1, 19/234%).

Of the 186 families included in the study, 42% (78/186) consisted of index cases without 

family history and 58% (108/186) were families in which the index case and at least one 

relative was included. In 48% of the families (89/186), more than one phenotype was 

identified being IBM, PDB, FDT and ALS the most frequent signs/symptoms combined 

(online supplemental figure 1).

Neurophysiology

The results of 182 nerve conduction studies (NCS) and needle EMG were available. Of 

the 35 patients (15.4%) with reported clinical polyneuropathy, NCS results were available 

for 33 patients: 14 patients had a sensorimotor neuropathy, 10 a sensory neuropathy and 

9 a motor neuropathy. The NCS pattern was pure axonal in 20 patients, axonal but with 

intermediate conduction velocities in 12 patients and conduction velocities compatible 

with demyelination in 3 patients. All patients with NCS compatible with an underlying 

neuropathy had muscle weakness and 42.8% of them (15/35) had associated lower motor 

neuron signs including muscle atrophy, fasciculations and/or absence of muscle reflexes.

Needle EMG examination revealed an exclusively myopathic pattern in 46.7% (85/182), 

an exclusively neurogenic pattern in 20.9% (38/182), a mixed (myopathic and neurogenic) 

pattern in 20.3% (37/182) and it was normal in the 12.1% (22/182). The presence of 

spontaneous activity was reported in 44.5% (81/182).

Ambulatory status

The frequency of ambulatory status at last assessment, the mean age at each ambulatory 

status and the median ambulatory status time from disease onset are shown in table 2.

Causes of death

Thirty-seven patients i died during the follow-up at a mean age of 63.9 years (range 45–81 

years) and a mean time of 15.8 years (range 2–31) from disease onset (table 1). Cause 

of death was available for 14 patients: 7 due to respiratory insufficiency, 5 due to rapidly 

progressive dementia, 1 due to myocardial infarction and 1 related to COVID-19 infection.

Genotype–phenotype associations

To study potential genotype–phenotype correlations, we compared the frequency of signs 

and symptoms in patients carrying the four most frequent variants (online supplemental 

table 4). We did not find any symptom exclusively present in patients with one particular 

genetic variant. However, we identified significant differences in symptoms frequency 

across variants. Distal upper limb weakness, scapular winging and axial weakness were 

significantly more frequent in variant c.463C>T (p.Arg155Cys) than in variant c.464G>A 

(p.Arg155His) (figure 4). There were no differences in the frequency of cognitive symptoms 

across these variants except for mixed cognitive impairment that was more frequent in 

variant c.463C>T (p.Arg155Cys) than in variant c.464G>A (p.Arg155His) (figure 4). 

We did not observe association between the frequency of PDB, respiratory or cardiac 
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involvement and specific mutations. The frequency of extrapyramidal disorders between 

the four most frequent variants could not be assessed accurately due to the low number of 

patients.

Variant c.463C>T (p.Arg155Cys) was highly frequent in females (56.7%, 15/26) compared 

with the frequency in the whole cohort (30.0%, 71/234).

After adjusting for age at last assessment, variant c.463C>T (p.Arg155Cys) had an 

earlier age of onset compared to variants c.476G>A (p.Arg159His) and c.277C>T 

(p.Arg93Cys) (37.8±7.6 years vs 49.6±9.0 and 52.4±5.7 years, respectively, analysis of 

covariance,ANCOVA, p=0.004). Similarly, variant c.464G>A (p.Arg155His) was associated 

with an earlier age of onset than variant c.277C>T (p.Arg93Cys) (42.6±6.7 vs 37.8±7.6 

years respectively, ANCOVA, p=0.04).

No significant differences were found for the mean ages of onset of respiratory impairment, 

cardiac impairment, FTD, dysautonomia, ambulatory status at last assessment and age of 

death among the four most frequent variants after adjusting for age at the last assessment 

(ANCOVA test, p>0.05 in all cases).

Variables associated with loss of ambulation and death

We carried out a univariate analysis to test whether the presence of a severely reduced FVC, 

cardiac impairment, FTD, motor neuron signs, extrapyramidal disorders, polyneuropathy, 

axial weakness, dysautonomia, proximal and/or distal lower limb weakness were associated 

with requiring a full-time wheelchair. The following variables were significantly associated: 

proximal lower limb weakness, distal lower limb weakness, axial weakness, dysautonomia, 

FVC <50% and FTD (table 3).

We also identified a strong positive correlation between age at which these previous 

symptoms started and age at disease onset with the age of full-time wheelchair use/confined 

to bed (online supplemental table 5). All previous variables were included in a binary 

logistic regression analysis after which only a FVC <50% remained associated with full-

time wheelchair use (online supplemental table 6). A Cox regression analysis was performed 

to determine which of these variables were associated with a higher risk of being a full-time 

wheelchair user and only a FVC <50% remained as representing a risk for this outcome 

(online supplemental table 7). The time to full-time wheelchair use by FVC <50% was 

analysed through a Kaplan-Meier estimator and showed significant difference (figure 5).

We tested if the presence of reduced FVC, cardiac impairment, dysphagia, dysarthria, 

dropped head, axial weakness, FTD, motor neuron signs and full-time wheelchair use/

confinement to bed could be associated with death. The following variables were 

significantly associated with death: FTD, FVC 70% or less, dysphagia, drop-head and being 

a full-time wheelchair user (table 3). A strong positive correlation was identified between 

age at which these previous symptoms started, as well as the age of symptom onset, with the 

age of death (online supplemental table 8) These variables were included in a binary logistic 

regression analysis after which only the following variables remained associated with death: 

FVC <70% and full-time wheelchair use (online supplemental table 9). A Cox regression 
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analysis showed that the variables FVC <70%, FTD and age at first symptom represented a 

risk for death (online supplemental table 10). The time to death by FVC value and FTD was 

analysed through a Kaplan-Meier estimator and showed significant differences (figure 5).

DISCUSSION

We present the largest serie of patients with mutations in the VCP gene reported so far. The 

VCP gene was found to be the cause of IBMPFD in 2004 when six missense pathogenic 

variants were identified in patients presenting the triad of myopathy, PDB and FTD.32 

Subsequent cohorts confirmed this triad as common in patients with mutations in the VCP 
gene but also extended the phenotype to involvement of the CNS, motor neurones, sensory 

and/or motor peripheral nerves and the skeletal muscle.1 7 10 13 16–21 33–36 Our study 

confirms that muscle weakness, affecting both proximal or distal muscles of the lower 

and/or upper limbs, is the main symptom at onset, turning MSP into a challenging diagnosis 

whereas patients can be classified as having limb girdle muscle weakness, distal myopathy 

or scapuloperoneal syndrome.37

In this study, 8% of the patients showed an asymmetric muscle weakness at onset extending 

the diagnostic challenge to motor neuron diseases and motor neuropathies. Regardless of the 

pattern of weakness at onset, most of the patients showed a generalised muscle weakness 

and atrophy at last assessment. Remarkably, axial weakness, scapular winging and motor 

neuron signs presented within the first 5 years of the disease complicating the differential 

diagnosis process during early stages.

Twelve carriers of pathogenic variants did not develop symptoms after a mean of 5.2 years 

of follow-up. Penetrance variabilityin VCP is not completely understood.6 In our study, 

the majority of the asymptomatic carriers have not yet passed the highest age of onset 

expected in their families, and family members who might carry a variant in the VCP gene 

but were not genetically tested or were not followed by the physicians collaborating in 

this study, were not included in the analysis limiting the interpretation of the penetrance in 

this condition. Studies that include and follow-up a larger number of asymptomatic carriers 

could investigate weather reduce penetrance is a common feature in VCP as well as if the 

age of onset of the relatives could be used as an estimator of the expected age of onset in 

the asymptomatic carriers. More studies are required to investigate if incomplete penetrance 

varies based on the clinical phenotype and to examine other factors associated with an 

incomplete penetrance, such as genetic modifiers or environmental factors. These studies 

would aid in tailoring the care provided to asymptomatic carriers.38

We found a high frequency of some extra muscular symptoms in our cohort. Dysautonomia 

was a common feature, present in the 21.4%, as previously reported.7 We also observed 

a higher-than-expected peripheral neuropathy frequency, in 15.3% of the patients.13 22 

Unfortunately, ancillary tests results or specific examinations to assess the autonomous 

nervous system, which could have provided a more accurate description, were not 

collected.39 Further studies evaluating the frequency and pathogenesis of these symptoms 

and their impact on quality of life are needed to improve the diagnosis and care guidelines.12 

On the other hand, and similarly to what has been published,11 extrapyramidal disorders 
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can be present in patients with VCP reinforcing the high phenotypic variability of this 

disease. Interestingly, the variants associated with extrapyramidal disorders reported here are 

different from variant p.Arg159Cys reported in the literature.9 However, the low number 

of patients by variant with extrapyramidal disorders prevented any genotype–phenotype 

association.

Despite the large number of variants identified in this study, just four of them accounted for 

54.7% of the patients and were present in almost all countries. Exon 5 and 3 represent 

hotspot locations.13 All variants resulted in a missense change within the VCP gene. 

Fifteen of the 57 variants, in 164 patients, replaced an arginine for another aminoacid at 

different domains of the VCP protein: the N-domain (12/15), the linking 1 domain (2/15) 

or the ATPase D2 domain (1/15). Arginine has a key role in maintaining the structure and 

function of VCP protein as it is essential for the interaction between the N-domain and the 

D1-domain required for the formation of the hexameric ring where the hydrolytic activity 

takes place,33 and for binding of polyubiquitinated proteins.34

Similar to other cohorts, we did not identify variants that were exclusively associated with 

specific symptom/s.10 13 However, among the two most frequent variants, variant c.463C>T 

(p.Arg155Cys) showed a more severe phenotype with an earlier onset, as previously 

reported.9 13 A limitation for genotype–phenotype correlations studies in MSP is the large 

number of identified variants, but with a low number of patients in each group reducing 

the statistical power.9 10 13 33 Genotype–phenotype associations focusing on protein function 

impairment, rather than merely variant type or its location within the gene need further 

exploration. Finally, a number of variants previously categorised as VUS were upgraded to 

LP/P thanks to the identification of multiple independent families as well as their familial 

segregation data. This highlights the importance and usefulness of large international cohorts 

where clinical and genetic data is shared and analysed as a whole, rather than in independent 

case reports.

In our study, as in a previous cohort,19 the frequency of VCP was higher in males. 

Previously published cohorts have shown either a male predominance or male/female 

parity.9 10 14 Interestingly, variant c.463C>T (p.Arg155Cys) was more frequent in females 

in our study. The reasons of this gender predominance are not well understood. The male 

predominance in this study might not be attributed to specific population distribution as 

patients from 24 different countries and from independent families were included. Gender 

predominance was also reported in other neurodegenerative diseases, such as Alzheimer’s 

disease, Parkinson’s disease and ALS, in which sex hormones might play a role in the cell 

ability to cope with oxidative stress related with ageing what could be aggravated under 

pathological conditions.40 Moreover, male predominance has also been described in other 

muscular dystrophies, such as ANO5.41 Whether the hormones or other genetic modifiers 

related to the gender regulate VCP gene expression or influence the cell response to VCP 
variants needs to be explored.

Muscle weakness in MSP seems to develop more rapidly compared to other adult-onset 

inherited muscle conditions.10 42 In our cohort, 23.1% of the patients were no longer 

ambulant at a median of 8.5 years. As expected, lower limb weakness was associated with 
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loss of ambulation but, interestingly, the presence of FTD, dysautonomia and FVC below 

50% also influenced the ambulatory status. Moreover, FTD, severe respiratory and bulbar 

involvement were associated with death. However, after a multivariate analysis respiratory 

involvement, with FVC below 50%, remained as the only key risk factor associated with 

loss of ambulation while FVC below 70% and FTD where both associated with a higher risk 

of death.9 As FTD and particularly respiratory involvement speed-up disease progression, 

patients showing these symptoms requires a closer follow-up and improved care.

Limitations of this study include its retrospective design. Data was obtained from clinical 

notes implying missing data, non-homogeneous collection of data, as manifested in the 

variability of the number of patients in which the data was reported, and underestimation of 

mortality rates. Bone, cardiac and cognitive impairment might be underestimated as specific 

and repeated diagnostic tests were not required. In addition, the prevailing participation 

of neuromuscular specialist without consistently reaching out other specialists, including 

neurologists working primarily on dementia, and the autonomous nervous system or 

rheumatologists, might have led to information selection preferences. Only patients with 

genetic confirmation were included, excluding symptomatic relatives without a genetic test, 

in order to increase diagnostic accuracy but so reducing the population number and limiting 

the phenotypic heterogeneity.

In conclusion, this study expands the genotype and phenotype spectrum of VCP disease, 

better informs about disease progression and describes disease progression factors that could 

be used for the design of VCP natural history studies.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

⇒ Valosin-containing protein disease is an autosomal dominant heterogeneous 

multisystemic condition caused by mutations in the valosin-containing 

protein (VCP) gene that can result in muscle weakness combined with 

other neurological signs, making its diagnosis challenging. Clear genotype–

phenotype correlations have not yet been identified.
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WHAT THIS STUDY ADDS

⇒ This large international cohort of patients with VCP disease expands our 

knowledge of the clinical phenotypes and natural history of the disease. 

We have identified genotype–phenotype correlations associated with variant 

c.463C>T (p.Arg155Cys), which is linked to an earlier age of onset and 

higher frequency of axial weakness. This large patient cohort allowed 

the identification of a reduced vital force capacity and been a full-time 

wheelchair use as risk factors associated with death.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

⇒ This study describes the phenotypic spectrum of VCP disease, which should 

be considered for differential diagnosis in clinical practice and to drive 

improvements in patient care. In addition, it identified genotype-phenotype 

associations, when comparing the two most frequent variants, and factors 

associated with unfavourable outcomes to be considered for inclusion 

criteria/exclusion criteria and outcomes assessment in clinical trials.
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Figure 1. 
Frequency of first symptoms (n=226). PDB the category other combination of weakness 

patterns includes: distal UL symmetric W, five cases; proximal Ll asymmetric W, five cases; 

distal UL and Ll W, four cases; distal and proximal UL and Ll W, four cases; distal UL 

and proximal and distal Ll W, three cases; proximal and distal UL W, three cases; proximal 

UL asymmetric; W, two cases; distal UL asymmetric W, two cases and proximal UL and 

proximal and distal Ll W, one case. LL, lower limbs; PDB, Paget’s disease of the bone; UL, 

upper limbs; w, weakness.
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Figure 2. 
Frequency of signs/symptoms at last assessment. Data in brackets represent the number 

of patients that reported the sign/symptom at last assessment among those in which the 

data were reported. FTD, frontotemporal dementia; LMN, lower motor neuron signs; PDB, 

Paget’s disease of the bone; PNP, polyneuropathy; UMN, upper motor neuron signs.
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Figure 3. 
Time of signs/symptoms development from disease onset (y). The box figures show the 

time of signs/symptoms development from disease onset in years. The limits of the box are 

the 25th and 75th percentile. The middle line within the boxes represents the median. The 

ends of the lines extending from the boxes represent the minimum and maximum values. 

n=number of patients in which data about the time from disease onset was available among 

those patients who reported the sign/ symptom at last assessment. FTD, frontotemporal 

dementia; LMN, lower motor neuron signs; PDB, Paget’s disease of the bone; PNP, 

polyneuropathy; UMN, upper motor neuron; W, weakness.
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Figure 4. 
Frequency of signs/symptoms between the two most frequent variants. The bar graph shows 

the percentage of signs/symptoms in which significant differences were found between the 

two most frequent variants identified in this study. Numbers in brackets above the bars 

represent: the numerator the frequency of patients in whom the sign/symptom was present 

and the denominator the number of patients in which the data was available by variant. 

*P<0.05, χ2 test.
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Figure 5. 
Kaplan-Meier estimator for full time wheelchair user/confined to bed and death. (A) Kaplan-

Meier estimator for full time wheelchair user/confined to bed by FVC <50%. Mean time to 

being a full-time wheelchair user/confined to bed for FVC >50% was 22.2 years (SE 1.3, 

95% CI 19.6 to 24.8 years) from disease onset and for FVC <50% 12.9 (SE 2.4, 95% CI 

8.1 to 17.7). (B) Kaplan-Meier estimator for death by FVC value. Mean time to death from 

disease onset for FVC <50% 18.9 years (SE 2.4, 95% CI 15.2 to 22.6), FVC 50%–59% 18.2 

years (SE1.1, 95% CI 16.0 to 20.4), FVC 60%–69% 23.5 years (SE 2.9, 95% CI 17.7 to 

29.2), FVC 70%–79% 23.9 years (SE 2.0, 95% CI 19.8 to 27.8) and for FVC >80% 29 years 

(SE 0.9, 95% CI 27.1 to 30.9). (C) Kaplan-Meier estimator for death by the presence of 

FTD. Mean time to death from disease onset for patients with FTD 19.4 years (SE 1.8, 95% 

CI 15.9 to 22.9) and for patients without FTD 27.8 years (SE 2.7, 95% CI 22.6 to 33.1). All 

the comparisons were significant by log rank (Mantex-Cox) test as detailed in the figures. 

FVC, vital force capacity; FTD, frontotemporal dementia.
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Table 1

Demographic and disease times data in the overall population

Total population n=234 (186 families)

 Male/female (%) 163 (70.0%)/71 (30.0%)

 Mean age of disease onset (years), n=232 45.6±9.3 (18–71)

 Mean age at last assessment (years), n=234 56.8±9.6 (31–82)

 Mean time of disease progression (years), n=232 11.3±6.9 (1–45)

 Mean age at genetic diagnosis (years), n=63 54.5±9.5 (30–81)

 Mean time to genetic diagnosis (years), n=58 10.4±6.3 (1–29)

 Mean age of death (years), n=36 63.9±8.1 (45–81)

 Mean time to death (years), n=36 15.8±6.6 (2–31)

Order of data shown: n number of patients in which the data was available, mean, SD, minimum and maximum.
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Table 3

Variables associated with loss of ambulation and deat

Variables associated with loss of ambulation

Variable Full-time wheelchair/confined to bed Ambulant P value

FTD 23.5% (12/51) 11.6% (20/172) 0.03*

FVC <50% 35.5% (11/31) 6.0% (5/84) <0.001†

Distal lower limb weakness 88.5% (46/52) 72.2% (117/162) 0.02*

Proximal lower limb weakness 98.1% (51/52) 86.5% (148/171) 0.02†

Axial weakness 69.6% (32/46) 49.0% (73/149) 0.03*

Dysautonomia 41.0% (16/39) 17.4% (26/149) 0.002*

Variables associated with death

Variable Deceased Alive p value

FTD 27.8% (10/36) 10.8% (17/157) 0.02†

FVC <50% 35.3% (6/17) 11.0% (9/82) 0.02†

Dysphagia 31.4% (11/35) 16.3% (24/147) 0.04*

Drop-head 29.4% (10/34) 9.5% (14/147) 0.002†

Full-time wheelchair user/confined to bed 47.2% (17/36) 19.6% (30/153) 0.001*

*
χ2 test.

†
Fisher’s exact test.

FTD, frontotemporal dementia; FVC, forced vital capacity.

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2024 January 27.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis

	RESULTS
	Genetic variants
	Clinical features
	Neurophysiology
	Ambulatory status
	Causes of death
	Genotype–phenotype associations
	Variables associated with loss of ambulation and death

	DISCUSSION
	Collaborators
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3



