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Abstract 

Background:  Facioscapulohumeral muscular dystrophy (FSHD) is among the most prevalent muscular dystrophies 
and currently has no treatment. Clinical and genetic heterogeneity are the main challenges to a full comprehension of 
the physiopathological mechanism. Improving our knowledge of FSHD is crucial to the development of future thera‑
peutic trials and standards of care. National FSHD registries have been set up to this end. The French National Registry 
of FSHD combines a clinical evaluation form (CEF) and a self-report questionnaire (SRQ), filled out by a physician with 
expertise in neuromuscular dystrophies and by the patient, respectively. Aside from favoring recruitment, our strategy 
was devised to improve data quality. Indeed, the pairwise comparison of data from 281 patients for 39 items allowed 
for evaluating data accuracy. Kappa or intra-class coefficient (ICC) values were calculated to determine the correlation 
between answers provided in both the CEF and SRQ.

Results:  Patients and physicians agreed on a majority of questions common to the SRQ and CEF (24 out of 39). 
Demographic, diagnosis- and care-related questions were generally answered consistently by the patient and the 
medical practitioner (kappa or ICC values of most items in these groups were greater than 0.8). Muscle function-
related items, i.e. FSHD-specific signs, showed an overall medium to poor correlation between data provided in the 
two forms; the distribution of agreements in this section was markedly spread out and ranged from poor to good. In 
particular, there was very little agreement regarding the assessment of facial motricity and the presence of a winged 
scapula. However, patients and physicians agreed very well on the Vignos and Brooke scores. The report of symptoms 
not specific to FSHD showed general poor consistency.

Conclusions:  Patient and physician answers are largely concordant when addressing quantitative and objective 
items. Consequently, we updated collection forms by relying more on patient-reported data where appropriate. We 
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Background
Facioscapulohumeral Dystrophy (FSHD) is one of the 
most common dystrophies in adults. The prevalence 
of the disease has been reported ranging from ~ 1:8000 
to ~ 1:15,000 in the US [1, 2], ~ 1:8000 in the Netherlands 
[3], and ~ 1:20,000 in Italy [4] and the UK [5, 6]. No epi-
demiological study has been performed in France yet, 
but by conservative standards, it can be estimated that at 
least 3500 people carry the disease.

FSHD is characterized by progressive asymmetric 
muscle weakness, with early involvement of facial mus-
cles, progressive weakness and atrophy of scapular and 
humeral muscles, and later involvement of the trunk and 
lower extremities. The disease shows significant inter- 
and intra-familial clinical variability in terms of pro-
gression and severity. Disease onset is usually before the 
second decade; early onset is associated with faster pro-
gression and higher severity as most wheelchair-bound 
FSHD patients have had childhood onset of the disease 
[7, 8]. These severe FSHD patients are more prone to 
develop an extra muscular complication of the disease, 
such as central nervous system involvement [9, 10], reti-
nal telangiectasia [11], and hearing impairment [12].

FSHD is associated with epigenetic derepression of 
D4Z4 repeats on chromosome 4q. The common form 
FSHD type 1 (FSHD1; ~ 95% of patients) is associated 
with a pathogenic contraction of D4Z4 repeat units (RUs; 
1–10). Patients with the rare form FSHD type 2 (FSHD2) 
have more than 10 D4Z4 RUs combined with defects 
in D4Z4 chromatin repressors, mostly SMCHD1 gene 
mutations [13]. It has recently been suggested that the 
two types of the disease correspond to a genetic and epi-
genetic continuum [14]. In both FSHD types, the aber-
rant expression of the  D4Z4-encoded DUX4 gene has 
been proposed to cause the disease through a toxic gain-
of-function mechanism [15].

Genetic and clinical heterogeneity [16] in FSHD may 
complicate diagnosis and proper genetic counseling, 
and prevent the development of clinical, biological and 
patient-reported outcome measures (PROMs) to evalu-
ate disease severity and progression, and the efficacy of 
therapeutic strategies.

Until recently, data on FSHD were scarce. To ease data 
collection on FSHD, national registries have been, or 
are being, set up in Europe, Northern America, Egypt, 
Australia, and New Zealand [6, 8, 17–19]. While efforts 
have been made to ensure a common data set [20], the 

objectives of such databases are multiple. For instance, 
the Italian registry [18] predominantly aims at gaining 
novel insights into the natural history of the disease. In 
contrast, the US [8], UK [6], and New Zealand [17] reg-
istries have been designed as tools to ease the enroll-
ment of patients in clinical trials and studies. The French 
FSHD registry has been collecting data since 2013, and 
purposed both with a better understanding of the natural 
course of FSHD and the facilitation of clinical trials, e.g. 
by identifying PROMs or tailoring eligibility criteria.

Data are often gathered through clinical evaluation, 
which relies on the active participation of medical practi-
tioners. Alternatively, some databases aggregate patient-
reported data. However, the ability of FSHD patients in 
collecting data on their disease has never been investi-
gated. Most registries use a single questionnaire, filled 
out either by the physician or by the patient. Except 
for the US registries, where a minority of questions are 
addressed to the clinician, all registries collect data from 
a single source. As it is unlikely that a single rater best 
assesses all relevant registry items, the French FSHD reg-
istry was designed to gather information from both the 
patient with a self-report questionnaire (SRQ) and the 
neurologist with a clinical evaluation form (CEF) [19]. 
The objective was to not only reach a greater population, 
but also to assess and improve data accuracy and qual-
ity, which is critical in order to harmonize and share data 
at the international level, thus enabling machine-learning 
(ML) and AI approaches.

This study evaluates the concordance between SRQs 
and CEFs used in the French FSHD registry in a cohort 
of 281 patients to optimize these forms for high-quality 
data collection.

Patients and methods
Patient cohort
Data were collected using predesigned forms: an SRQ 
and a CEF (available on the registry website, www.​fshd.​
fr) [19] completed by the patient and the neurologist, 
respectively. FSHD1 patients of the French National Reg-
istry of FSHD were included in the analysis, provided 
both forms were available. Additionally, the two forms 
were to be completed within a period of 3 months, which 
was deemed short enough to prevent a significant evo-
lution of clinical signs and symptoms between the two 
assessments. Among the 605 patients included in the 
registry at the time of the analysis (September 2017), 281 

hope the revised forms will reduce data collection time while ensuring the same quality standard. With the advent 
of artificial intelligence and automated decision-making, high-quality and reliable data are critical to develop top-
performing algorithms to improve diagnosis, care, and evaluate the efficiency of upcoming treatments.

http://www.fshd.fr
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patients were selected. Fig 1 shows the flowchart of the 
selection process. Signed informed consent was obtained 
from each patient before any data collection. The relevant 
national ethics committees approved the registry, namely 
the French data protection authority (CNIL; Authori-
zation Number 912291) and the French advisory com-
mittee on data processing in health research (CCTIRS; 
Favorable Opinion Number 12.004bis). 

Data collected
Items collected in both the SRQ and the CEF were ana-
lyzed to evaluate internal consistency between the 
two raters (patient and clinician). The forms enclose 
42 mutual items, out of which 39 could be statistically 
assessed in a relevant manner (Fig.  2 and Table  1). The 
39 compared items are divided into seven sections: diag-
nosis, demographics, muscle function, care; as well as 
heart, respiratory and GI symptoms. It should be noted 
that the SRQ asked for a self-evaluation of muscle func-
tion. Indeed, patients were proposed to self-grade their 

arm and leg function using reformulated Brooke [21] 
and Vignos [22] scales; physicians usually perform such 
scoring. Patients were also asked to self-evaluate facial 
involvement through yes/no questions such as "Are you 
able to whistle?" or "Do you have difficulty closing your 
eyes?".

Statistical analysis
For qualitative items, an inter-rater reliability analysis 
using Cohen’s kappa statistic was performed. The defini-
tion is K =

po−pe
1−pe

, where po is the relative observed agree-
ment among raters and pe is the relative agreement 
among raters expected by chance. The interpretation was 
performed using the Landis and Koch guidelines [23], 
while considering the known limitations of the kappa sta-
tistic, such as the prevalence of observations and hetero-
geneous margins [24, 25].

Excluded:
SRQ only (n = 170)
CEF only (n = 94)

SRQ earlier than CEF
(n = 15)

SRQ later than CEF
(n = 48)

5.3% 77.6% 17.1%

Total patients in registry
(N = 605)

SRQ and CEF available
(n = 341)

SRQ and CEF within 3 months
(n = 281)

SRQ and CEF on same day
(n = 218)

Excluded:
more than 3 months

between SRQ and CEF
(n = 60)

Fig. 1  Patient selection process in the analysis. The distribution of selected patients, i.e., having both a self-report questionnaire (SRQ) and a clinical 
evaluation form (CEF) filled within 3 months at the time of analysis, is shown according to the order of completion of forms
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For quantitative items, intraclass correlation coef-
ficients (ICC) were used. We considered a "two-way 
random-effects" model as we planned to generalize 
our reliability results to any rater possessing the same 
characteristics as those selected (patient or clinician) 
and a "single rater/measurement" type as we planned 
to use the measurement from a single rater as the basis 
of the actual measurement [26]. The degree of con-
sistency is ρ̂ =

MSR−MSE
MSR+MSE

, where MSR and MSE are the 
mean squares for rows and error, respectively. The ICC 
interpretation was performed according to the criteria 
used for that of the kappa coefficient.

The statistical analysis was performed using the SAS 
software, version 9.4 (SAS Institute Inc., Cary, NC, 
USA).

Subgroup analyses
The same analysis was performed separately on data 
split into two groups according to a series of parameters: 
gender, age (< 65  years vs. ≥ 65  years), education level 
(pre- vs. post- French secondary education degree), and 
disease severity (Clinical Severity Score [27] < 6 vs. ≥ 6).

Results
Description of the cohort
The cohort consisted of 131 women and 150 men with a 
mean age of 54.8 ± 16.0 years (Table 2). With a number 
of RUs ranging from 2 to 10 and 11% of non-ambulatory 
patients, the cohort can be deemed representative of the 
general FSHD population.

As shown in Fig. 1, the SRQ and CEF were filled out on 
the same day in most cases (77.6%). SRQs were filled out 
later than CEFs more often than earlier (17.1% vs. 5.3%, 
respectively). The mean time between the filling out of 
two forms was 0.62 days ± 11.82 days (data not shown).

From this point on, all the following results pertain 
to items with an answer in both the SRQ and the CEF. 
Among the response pairs, the age at onset, completed 
in both forms for 84% of patients (236 out of 281), var-
ied from 0 to 75 years in the SRQ, and from 1 to 73 years 
in the CEF (Table  3). The   first symptoms appeared 
on average in the late twenties, with a mean age of 
28.6 ± 17.4 years in the SRQ and 26.9 ± 16.6 years in the 
CEF. They were primarily localized in the proximal end 
of the superior limb: 51% and 55%, according to patients 
and neurologists, respectively, out of 255 answer pairs 
(Table 3).

Comparative analysis of patient and physician assessments
For each of the 39 analyzable items, the consistency 
between the responses in the two types of forms was 
evaluated (Table  1 and Fig.  2). Specific results per item 
category are given below.

Diagnosis
Most items related to diagnosis, i.e. related to first 
symptoms or genetics, showed excellent consist-
ency between patient and physician reporting (kappa 
value  higher than 0.8). Interestingly, the age at first 
symptoms was highly consistent (ICC equal to 0.81). 
Most genetic-related items, namely the laboratory 
where the analysis was performed, the age at the time of 
molecular diagnosis, the number of RUs, and the EcoRI 
fragment length, were nearly identical in form pairs 
(kappa  value or ICC of 0.94, 0.97, 0.98 and 1, respec-
tively). Moreover, the consistency of the item "family 
history" was also relatively high (kappa of 0.79). How-
ever, the description of the first symptom is an outlier 

Fig. 2  Agreement (in Kappa value or ICC) between SRQ and 
CEF answers to items used in the statistical comparison. The line 
at Kappa/ICC = 0.6 represents the cut-off value beyond which 
agreement is deemed good
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in this section as it was associated with a medium con-
sistency (kappa of 0.52). The prevalence of all items in 
this section was between 219 and 266, except for the 
EcoRI fragment length, which was completed in only 
eight form pairs. It is also worth noting that the num-
ber of RUs was answered significantly more often by 

the physician (255; data not shown) than the patient 
(219).

Demographics
As expected, all items in the demographic section 
showed a good agreement between the patient and the 

Table 1  Inter-rater agreement, evaluated as a percentage agreement, and as a kappa value or ICC, for the 39 items common to the 
SRQ and CEF used in the statistical comparison; class sizes are provided and items are grouped by sections

n number of observations, PA percentage of agreement, ICC intraclass correlation coefficient, CI confidence interval, VAPS visual analog pain scale

* CI not computed because the number of observations was too small

Section Item n PA (%) Kappa [95% CI] ICC [95 % CI]

Diagnosis Age at first symptom 236 – – 0.81 [0.76–0.85]

First symptom 255 0.68 0.52 [0.44–0.60] –

Family history 266 0.90 0.79 [0.72–0.87] –

Molecular diagnosis lab 253 0.97 0.94 [0.90–0.98] –

Age at molecular diagnosis 236 – – 0.97 [0.96–0.98]

Number of repeats 219 – – 0.98 [0.97–0.98]

EcoRI fragment length 8 – – 1.00 [ – ]*

Demographics Marital status 270 0.93 0.89 [0.84–0.93] –

Professional status 272 0.89 0.84 [0.79–0.89] –

Height 271 – – 0.99 [0.99–0.99]

Weight 266 – – 0.99 [0.99–0.99]

Dominant side 268 0.96 0.84 [0.75–0.93] –

Care Scapula surgery 276 0.97 0.76 [0.61–0.92] –

Use of cane 281 0.93 0.77 [0.67–0.86] –

Use of walker 281 0.98 0.87 [0.77–0.96] –

Use of manual wheelchair 281 0.92 0.63 [0.49–0.77] –

Use of electric wheelchair 281 0.93 0.71 [0.58–0.83] –

Respiratory assistance 19 1.00 1.00 [1.00–1.00] –

Eye surgery 40 0.88 0.74 [0.54–0.95] –

Hearing device 30 0.87 0.71 [0.46–0.97] –

Muscle function Brooke scale 254 – – 0.66 [0.58–0.72]

Vignos scale 250 – – 0.86 [0.82–0.89]

Visual Analog Pain Score (VAPS) 191 – – 0.61 [0.51–0.69]

Muscular pain 270 0.89 0.65 [0.53–0.76] –

Difficulties to sit up 263 0.80 0.49 [0.37–0.61] –

Scapular winging 241 0.86 0.22 [0.06–0.38] –

Ability to whistle 271 0.55 0.17 [0.10–0.25] –

Difficulties in closing eyes 272 0.46 0.16 [0.10–0.21] –

Heart Palpitations 281 0.74 0.14 [0.04–0.23] –

Syncope 281 0.92 0.14 [-0.04–0.32] –

Vertigo 281 0.77 0.00 [0.00–0.00] –

Retrosternal pain 281 0.81 0.02 [-0.05–0.08] –

Respiratory Exertional dyspnea 281 0.71 0.32 [0.21–0.43] –

Dyspnea at rest 281 0.92 0.28 [0.06–0.49] –

Orthopnea 281 0.94 0.24 [0.01–0.47] –

Excessive daytime sleepiness 281 0.79 0.02 [-0.07–0.12] –

Morning headaches 281 0.88 0.26 [0.10–0.42] –

GI tract Dysphagia 281 0.85 0.32 [0.16–0.47] –

Pulmonary aspiration 281 0.85 0.41 [0.27–0.55] –
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physician (kappa or ICC greater than or equal to 0.84; 
Table  1). Height and weight, in particular, had a very 
high agreement (ICC of 0.99). Though slightly lower, 
dominant side, and marital and employment statuses also 
showed excellent consistency (kappa values of 0.84, 0.89, 
and 0.84, respectively). With a prevalence greater than or 
equal to 266 (out of a cohort of 281), demographic items 
were reported in nearly all form pairs.

Medical care
The data indicated a good to excellent agreement for 
all items related to surgical procedures and the use of a 
medical device. Indeed, the items related to scapula and 
eye surgery, and the use of a hearing aid and most walk-
ing devices listed in the forms (cane, manual and electric 
wheelchairs), showed a good agreement (kappa values 
between 0.63 and 0.77). Furthermore, the items "use of 
a walker" and "respiratory assistance" showed excellent 

agreement (kappa values of 0.87 and 1, respectively). 
The prevalence of all items in this section was very high, 
except for "respiratory assistance", "hearing aid" and "eye 
surgery" (19, 30, and 40, respectively). The only caveat is 
that a prevalence of 281 was systematically observed for 
the 15 items related to multiple-choice questions where 
"no" was not a proposed choice. Indeed, owing to the 
data structure, the absence of an answer was then indis-
tinguishable from "none" or "no".

Muscle function
The prevalence of all items in this section was greater 
than or equal to 241, except for that related to the vis-
ual analog pain score (VAPS) with 191 (see Table  1). 
The distribution of agreements was very diffuse. On the 
one hand, the agreement between patients and physi-
cians regarding body motricity was good to very good, 
except for the item "difficulties to sit up", which showed 
a medium agreement. Indeed, the item related to the 
Vignos score, which evaluates the lower extremity func-
tion on a scale from 1 to 10, 1 being the least severe 
involvement, showed a very high agreement (ICC of 
0.86). Additionally, the Brooke score, which is the upper 
extremity counterpart of the Vignos score (on a scale 
from 1 to 6), as well as the items "muscular pain" and 
"Visual Analog Pain Score (VAPS)", yielded good agree-
ments (kappa value  or ICC between 0.61 and 0.66). On 
the other hand, patients and physicians mostly disagreed 
when assessing facial motricity ("difficulty in closing eyes" 
and "ability to whistle") and "scapular winging" (kappa 
values between 0.16 and 0.22).

Interestingly, the item "difficulty in closing eyes" was 
predominantly answered negatively by patients (76% 
of SRQs; Table  4) but positively by physicians (72% of 
CEFs). It is striking that most of the related discord-
ance (50% of answer pairs) was associated with patients 
answering "no" in the SRQ but having a counterpart "yes" 
in the matching CEF. The opposite situation ("yes" in the 
SRQ and "no" in the CEF") was observed in only 1.1% 
of cases. The item "ability to whistle" showed a similar 
discrepancy, although in reverse (a majority of "yes" in 
the SRQ matched by a "no" in the CEF) and with more 
balanced associated SRQ answers. The item "scapular 
winging" exhibited a similar trend but to a more limited 
extent. Although the agreement was low, the percentage 
of agreement was still relatively high (86%; Table 1).

One of the aforementioned items is formulated as 
an ability while the two others as a difficulty. The disa-
greements observed in the  facial motricity-related and 
"scapular winging" items were thus similar: in most cases, 
when answers did not match, the observed disagreement 
was one-way. More specifically, the absence of a report of 

Table 2  Statistics description of the cohort

SD standard deviation

Characteristic n = 281

Gender

 Male 150 (53.4%)

 Female 131 (46.6%)

Age (years)

 Mean ± SD 54.8 ± 16.0

 Range 21–96

D4Z4 repeat array size (units) 2–10

Ability to walk

 Yes 250 (89.0%)

 No 31 (11.0%)

Table 3  Clinical diagnosis data recorded by form type

Characteristic Self-report 
questionnaire

Clinical 
evaluation 
form

Age at onset (n = 236)

 Mean ± SD
 Range (years)

28.6 ± 17.4
0–75

26.9 ± 16.6
1–73

First symptom (n = 255)

 Asymptomatic patient 2 (0.8%) 2 (0.8%)

 Facial involvement 41 (16%) 38 (15%)

 Proximal upper limb involvement 130 (51%) 139 (55%)

 Distal upper limb involvement 2 (0.8%) 7 (2.7%)

 Proximal lower limb involvement 41 (16%) 27 (11%)

 Distal lower limb involvement 10 (3.9%) 25 (9.8%)

 Other symptom 28 (11%) 17 (6.7%)
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FSHD-specific symptoms in the CEF was rarely matched 
with a report in the SRQ. On the contrary, the report of 
such symptoms in the CEF was comparably associated 
with either a report or an absence thereof in the SRQ.

Signs and symptoms not specific to FSHD
The agreement of items related to signs and symptoms 
not specific to FSHD, included in the analysis, ranged 
from very poor to medium. A poor to very poor agree-
ment (kappa value between 0 and 0.32) was observed for 
all items related to heart and respiratory signs and symp-
toms. GI tract-related items "dysphagia" and "pulmonary 
aspiration" showed a low to medium agreement (kappa 
value of 0.32 and 0.41 respectively). In contrast, the prev-
alence was very high and equal to 281 for all items, with 
the caveat mentioned above.

The item "vertigo and dizziness" showed a pecu-
liar phenomenon, with patients much more prone to 
report symptoms than physicians. Strikingly, no posi-
tive answer was recorded in the CEFs, although 23% of 
SRQs recorded "yes" (Table  4). A similar observation 
was made with "retrosternal pain", where the CEFs of 
nearly all patients (99%) reported a "no" but 18% posi-
tive answers were found in the SRQs (data not shown). 
Hence, positive responses in the CEF were scarcely 
matched with a negative answer in the SRQ, i.e. the 
mismatch happened one way, not the other, suggesting 
that specific symptoms were not necessarily  wrongly 
identified but may have been overlooked by physicians 

or overestimated by patients. The two items mentioned 
above displayed the lowest agreement in the analysis 
(kappa values of 0 and 0.02% for vertigo and retroster-
nal pain, respectively).

Overall, symptoms reported in the SRQ were not sys-
tematically reported by the neurologist. The symptoms 
most frequently unparalleled by the physician in the 
CEF were vertigo, retrosternal pain, and daytime sleep-
iness. The unparalleled reporting of symptoms between 
form types was further analyzed by center, yielding no 
significant difference (data not shown).

Summary
Items corresponded to either quantitative or qualitative 
variables. All quantitative variables yielded high agree-
ment (ICC greater than 0.6). Qualitative variables did 
not display a specific trend in agreement (kappa values 
scattering the whole range from 0 to 1).

Effect of age, sex, education level, and disease severity 
on rates of agreement
The cohort was split into two groups according to a pre-
defined cut-off in each category to assess the effects of 
age, sex, education level, and disease severity. The statis-
tical comparison performed on these groups did not sig-
nificantly differ relative to the general cohort (Additional 
file  1: Figure S1, Additional file  2: Figure S2, Additional 
file  3: Figure S3, Additional file  4: Figure S4, Additional 

Table 4  Breakdown of response pairs, in the CEF and SRQ, to four discordant items

SRQ self-report questionnaire, CEF clinical evaluation form 

Item SRQ answer CEF answer

Difficulty in closing eyes Uncertain No Yes Total

Uncertain 0 (0.0%) 0 (0.0%) 1 (0.4%) 1 (0.4%)

No 8 (2.9%) 65 (24%) 135 (50%) 208 (76%)

Yes 0 (0.0%) 3 (1.1%) 60 (22%) 63 (23%)

Total 8 (2.9%) 68 (25%) 196 (72%) 272 (100%)

Ability to whistle Uncertain No Yes Total

Uncertain 0 (0.0%) 2 (0.7%) 0 (0.0%) 2 (0.7%)

No 1 (0.4%) 114 (42%) 7 (2.6%) 122 (45%)

Yes 2 (0.7%) 109 (40%) 36 (13%) 147 (54%)

Total 3 (1.1%) 225 (83%) 43 (16%) 271 (100%)

Winged scapula No Yes Total

No 6 (2.5%) 30 (12%) 36 (15%)

Yes 3 (1.2%) 202 (84%) 205 (85%)

Total 9 (3.7%) 232 (96%) 241 (100%)

Vertigo No Yes Total

No 216 (77%) 0 (0.0%) 216 (77%)

Yes 65 (23%) 0 (0.0%) 65 (23%)

Total 281 (100%) 0 (0.0%) 281 (100%)
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file  5: Figure S5, Additional file  6: Figure S6, Additional 
file 7: Figure S7, Additional file 8: Figure S8).

Discussion
Cohort representativeness
In this study, we compared data from SRQs and CEFs. 
Data were analyzed only if both forms were available 
and had been filled out within a 3-month period, to mit-
igate variations due to disease evolution. Overall, data 
from the whole registry and our selected cohort of 281 
patients were consistent with what was observed in epi-
demiological studies [1–6]. Indeed, 95.01% of patients 
in the French registry had FSHD1 at the time of analy-
sis, perfectly reflecting the finding that type 1 repre-
sents at least 95% of cases [28]. Besides, in the selected 
cohort, the first symptoms appeared on average in the 
late twenties, as previously described [29]. The consist-
ency of the cohort with preexisting epidemiological 
data can be further established. For instance, the ini-
tial symptom most often reported in the French regis-
try, and the cohort, was an involvement of the proximal 
upper limb muscles, as described in several epidemio-
logical studies [6]. Another evidence can be found in the 
broad distribution of ages (21–99), and nearly complete 
FSHD1-compatible range of RUs (2–10) observed in the 
study cohort.

Concordance of patient‑ and physician‑reported data
The comparison of the answers provided by patients and 
physicians on 39 items allowed assessing the inter-rater 
reliability of the data reported. To our knowledge, it is the 
first time that the agreement of patient- and physician-
reported data has been evaluated in a neuromuscular 
disease registry. The present study was made possible by 
the dual data collection strategy set forth in the French 
FSHD registry.

Our results showed that patients and physicians 
agreed in most cases. Indeed, a majority of items ana-
lyzed (24 out of 39) showed good to excellent agree-
ment. Most questions found in the demographic, 
diagnosis, muscle function, and care sections were 
answered identically by the physician and the patient. It 
follows that the corresponding PROMs are as trustwor-
thy as the assessments made by the physician, and the 
related questions thus need not necessarily be asked to 
the latter to collect a full dataset on a patient at a given 
time. As the medical consultation time is limited, it is 
highly desirable to optimize the CEF by either short-
ening it as much as possible or replacing superfluous 
items with assessments requiring medical expertise. 
The paramount importance of patients in contribut-
ing to the registry through self-reporting data is herein 
evidenced.

Patients and physicians disagree on symptoms
Patients and physicians gave discordant answers regard-
ing most signs and symptoms. The structure of the 
discordance suggests that patients tend to ignore or mini-
mize the impairments the FSHD-specific symptoms are 
related to, which is in accord with our experience and 
has been described in patients with oculopharyngeal 
muscular dystrophy [30]. However, symptoms related to 
comorbidities showed a different behavior. In contrast to 
FSHD-specific signs, patients tended to report symptoms 
not specific to FSHD more readily than physicians. Some 
symptoms may require a trained specialist to be recog-
nized but are more likely to be overlooked by said spe-
cialist when filling out a time-consuming comprehensive 
form. Therefore, no single data source should be privi-
leged in this case. Even though the physician answers 
may be more accurate, the patient information is more 
complete. Comorbidity-related symptoms should thus be 
collected in both forms.

Limitations and biases
Although concordant when answered in both forms, sev-
eral items, such as genetic information, were moderately 
to scarcely reported by patients, likely owing to their 
inherent technicality. Such items are therefore best left 
to the physician. It is worth noting that the number of 
RUs and fragment length are two sides of the same coin; 
either information was sufficient, thereby deterring phy-
sicians from providing redundant information. The frag-
ment length may thus be removed from future forms.

The order in which SRQs and CEFs were completed 
likely influenced the answers provided in either form. 
The influence of each rater on the other thus cannot be 
ruled out. Furthermore, potential help from the staff in 
completing either form probably drove up concord-
ance. However, although representing a statistical bias 
in the present study, such an effect actually underscores 
the effectiveness of using both patient- and physician-
reported forms by helping collect complete and reliable 
datasets.

Data reported in the CEFs were carefully monitored, 
except when related to symptoms. Moreover, physicians 
are trained to assess outcome measures. In this light, we 
could reasonably, albeit roughly, assume the reliability of 
objective physician-reported data. In the following, for 
practical reasons, we thus equated inter-rater concord-
ance to patient reliability regarding relevant items.

Optimization of data collection forms
The concordance of responses is highly dependent on 
the nature of the question and the collection modality. 
Our analysis showed that data can reliably be collected 
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directly by the patient, provided it is straightforward, 
objective, or quantitative. In particular, the surprisingly 
good agreements of the Vignos and Brooke scales showed 
that patients could accurately answer detailed, technical 
questions. In contrast to the description of symptoms, 
the lower and upper limb functional assessment scales 
are defined in simple words. The general higher con-
sistency of quantitative variables, therefore, drives us to 
employ quantifiable items whenever possible. The formu-
lation of questions is also essential. Notably, medical jar-
gon should be avoided in SRQs.

The availability of physicians is a limiting factor when 
collecting data for a registry. This is also true, to a lesser 
extent, for patients who are generally asked to fill many 
questionnaires when visiting their FSHD doctor. The reg-
istry questionnaires must therefore be as short as possi-
ble. However, as the natural history and causes of FSHD 
are still largely being explored, relevant questions are 
many. To minimize the burden for both raters, we pro-
pose not to ask clinical or technical questions to patients 
unless it has an objective or quantifiable aspect, such as 
the Vignos and Brooke scales.

Conversely, all questions that do not specifically 
require medical training can be left to the patient. Nev-
ertheless, a number of such questions should be asked 
in both forms as an internal control to further assess the 
reliability of answers provided and pursue the optimiza-
tion of the forms. Furthermore, it can help collect data 
that physicians will not provide for lack of time, e.g. data 
related to non-FSHD symptoms, even though the reli-
ability of which cannot be assumed (with the limitations 
mentioned above) as positively as that of objective data. 
Besides, both forms are not available for all patients. 
Objective or quantifiable items may thus be retained 
optionally in the CEF (items related to signs and symp-
toms were already optional in the SRQ [19]).

Considering the reliability of most patient-reported 
data and the associated limitations, and given that no 
effect of gender, age, education level, or disease severity 
was observed, the registry forms have been modified to 
increase concordance and efficiency. In particular, the 
formulation of questions has been optimized; patient 
feedback helped in this task. Since we established that 
the registry can rely more on patient-reported data, the 
CEF contents were revised to bring the focus on discord-
ant items.

Patient‑related outcome measures are key to further 
research
The present study validates and reinforces the French 
registry philosophy: recording the patient and physician 
complementary visions is invaluable to warrant the data 
quality expected to lead relevant statistical analysis, in 

particular based on ML techniques. The natural course 
of FSHD is highly variable and predicting disease out-
comes is not yet achievable. The so-called ReSolve clini-
cal study (NCT03458832) has been set up as a way to 
identify novel PROMs and expand knowledge on the nat-
ural history of FSHD [31]. Registries are instrumental in 
collecting PROMs [6, 32, 33] as they are an increasingly 
important key feature of clinical trials [34]. The combi-
nation of patient- and physician-reported data in the 
French FSHD registry will be a significant asset in gather-
ing the data necessary to define the objectives and out-
come measures, and fine-tune the eligibility criteria, of 
future clinical trials.

Building predictive models
Alternatively, and complementarily, applying ML on the 
registry data could help better characterize the stages of 
disease progression and make individualized predictions. 
Furthermore, it is believed that AI will play a fundamen-
tal role in finding treatments for rare diseases [35]. ML 
has recently started to be implemented in the diagnostic 
process of some neuromuscular diseases, by improving 
the analysis of electromyograms [36] or MRI patterns 
[37]. It is also used in the context of autoimmune dis-
eases, including neuromuscular disorders such as myas-
thenia gravis, to help predict the disease outcomes [38]. 
By pooling national datasets, thereby vastly increasing 
the data available, the global FSHD project [39] would 
greatly potentiate the efficiency of AI analyses. The hin-
drance towards establishing a predictive FSHD model 
may be more of an administrative and regulatory nature 
than of a scientific one.

Conclusions
This study showed that patient-reported data are as relia-
ble as physician-made assessments on condition that they 
are objective or quantifiable, which includes, surprisingly, 
the Brooke and Vignos scores. This finding helped opti-
mize the forms used in the French FSHD registry, which 
will be a key resource for designing future therapeutic tri-
als and improving standards of care, in part through the 
development of PROMs. As the outcome of telemedicine 
consultations in France, and other parts of the world, in 
the wake of the Covid-19 pandemic showed, the iden-
tification of reliable PROMs is at the heart of the future 
of medical practice. Achieving high-quality FSHD data 
is thus all the more important. However, extracting rel-
evant new information, through e.g. ML techniques, may 
require pooling out resources from several registries. In 
this view, performing the same comparative analysis on 
data from patient- and clinician-based registries would 
be an interesting follow-up study and could benefit the 
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harmonization registries require to bring out relevant 
and usable PROMs.
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