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Clinical and genetic features of hearing loss
in facioscapulohumeral muscular
dystrophy

ABSTRACT

Objective: To describe the hearing loss in facioscapulohumeral muscular dystrophy (FSHD) and
examine the relationship to genotype.

Methods: Medical records of all individuals with FSHD seen at the University of Iowa neuromus-
cular clinic between July 2006 and July 2012 (n 5 59) were reviewed. Eleven had significant
hearing loss and no non-FSHD cause. All available audiology records for these individuals were
analyzed. The relationship between the FSHD mutation (EcoRI/BlnI fragment size) and hearing
loss was evaluated using a logistic regression analysis.

Results: In patients with hearing loss, recalled age at onset of facial weakness ranged from birth to
5 years and shoulder weakness was 3 to 15 years. The age at diagnosis of hearing loss ranged
from birth to 7 years. Only 2 were identified by newborn hearing screen. Most audiograms dem-
onstrated a bilateral, sloping, high-frequency sensorineural hearing loss. Of the 4 patients with
more than 5 years of data, 3 had progression of hearing loss. Logistic regression showed statis-
tically significant negative association between the presence of hearing loss and EcoRI/BlnI frag-
ment size (p 5 0.0207).

Conclusions: FSHD with a small EcoRI/BlnI fragment is associated with a bilateral, progressive,
sloping, high-frequency hearing loss with onset in childhood. Patients with FSHD and small
EcoRI/BlnI fragment sizes should have hearing screened, even if the child passed newborn hear-
ing screening. Neurology� 2013;81:1374–1377

GLOSSARY
FSHD 5 facioscapulohumeral muscular dystrophy; IRB 5 institutional review board.

Facioscapulohumeral muscular dystrophy (FSHD) is an autosomal dominant muscular dystro-
phy caused by contraction of a region of DNA on chromosome 4 containing repeated DNA
sequences called D4Z4 repeats. People without the disease have .10 D4Z4 repeats, while
people with the disease have 1–10 D4Z4 repeats (EcoRI fragment ,38 kb, EcoRI/BlnI frag-
ments ,35 kb).1 The most severe form has onset in childhood and is associated with fewer
D4Z4 repeats. High-frequency sensorineural hearing loss and retinal vasculopathy can be part of
this severe phenotype.

Published guidelines for hearing screening in FSHD were based on expert opinion and rec-
ommend hearing screening until school age.1 Here we describe the hearing phenotype associated
with FSHD and its relationship with genetic testing in a series from one clinic. Our results
provide data to support the current testing recommendations.

METHODS Participants. Census data from the pediatric neuromuscular clinic at the University of Iowa Hospitals and Clinics were

reviewed to identify patients with FSHD seen between July 2006 and July 2012. The clinic at University of Iowa Hospitals and Clinics

has a special interest in pediatric FSHD and hosted a one-time clinic for early-onset FSHD during this time period. Participants from

this clinic are included in the analysis. All analyses were retrospective. FSHD genetic test results were abstracted for the whole cohort.

The fragment size was defined as the shortest EcoRI/BlnI allele reported. One patient had only an EcoRI fragment size reported and

EcoRI/BlnI fragment size was extrapolated to be 3 kb shorter than the EcoRI fragment size, as would be expected unless there had been

a translocation between chromosomes 4 and 10.
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The hearing loss cohort consisted of those with symptomatic

hearing loss documented in the medical record most likely related

to FSHD. Exclusion criteria were hearing loss possibly due to

presbycusis (defined as bilateral high-frequency sensorineural

hearing loss diagnosed after age 50 years) and hearing loss with

onset after significant loud noise exposure. Those who had family

members with hearing loss were included to avoid excluding par-

ticipants with FSHD-associated hearing loss present in the family.

Standard protocol approvals, registrations, and patient

consents. Retrospective review of patient charts to identify pa-

tients with FSHD and hearing loss was approved by the Univer-

sity of Iowa institutional review board (IRB). Written informed

consent was obtained from those seen after initiation of the

IRB protocol in 2010. All subjects with hearing loss were con-

tacted to provide written informed consent to allow collection

of outside audiology records.

Audiology reports. We collected pure tone audiometry, acous-

tic reflex data, and tympanometry from the University of Iowa

medical record and local audiologists for all participants with

hearing loss. Audiograms were compiled sequentially to analyze

progression over time. Progression was defined as hearing loss

described as progressive in the audiology note, loss of 10 dB

between 2 consecutive audiograms, or loss of 5 dB between 2

consecutive audiograms that was maintained in the next consec-

utive audiogram.

Statistical analysis. A simple logistic regression model was used

to analyze the relationship between hearing loss and size of

FSHD-associated mutation using the SAS v9.3 statistical software

package. The outcome variable was presence of hearing loss and

the independent variable was EcoRI/BlnI fragment size.

RESULTS Study population. Our initial cohort
included 59 individuals with FSHD. Thirteen of the
59 individuals had hearing loss. Two were excluded
from further analyses, due to presbycusis and loud

noise exposure in military service, respectively, leaving
11 unrelated individuals with hearing loss.

Evaluation of hearing loss. Audiometry data were avail-
able for 10 subjects, and the subjective report was
available for one. The clinical data are summarized
in the table. Age at detection of hearing loss ranged
from birth to 7 years. Three participants underwent
newborn hearing screening, and 2 failed. Audiograms
showed sloping sensorineural hearing loss in 21/22
ears (patient 7 had normal hearing at 4,000 Hz in
the right ear only, figure 1C). Four participants had
hearing loss that was most severe at 4,000 Hz and
slightly improved at 8,000 Hz.

More than 5 years of audiometry data were avail-
able for 4 participants. Progression of hearing loss in
the high frequencies was documented in 3 of the 4
(figure 1). In one patient, otoacoustic emissions were
measured and were absent while ipsilateral acoustic
reflexes were present bilaterally. Tympanometry was
available for 6 patients and showed normal middle ear
function.

Genotype–phenotype association. EcoRI/BlnI fragment
size information was available for 53 participants. We
found a statistically significant negative association
between hearing loss and fragment size (p value 5

0.0207) (figure 2). There was no hearing loss in our
cohort with EcoRI/BlnI fragment size .20 kb. For
those with EcoRI/BlnI fragment size #20 kb, 10/31
(32%) subjects had hearing loss.

DISCUSSION The series presented here, with follow-
up ranging from 1 to 27 years, demonstrates that in

Table Characteristics of participants with hearing loss

Patient
ID

EcoRI, EcoRI/BlnI
fragment size, kb

Family history
of FSHD

Severity of
hearing lossa

Age at last
evaluation, y

Age at onset of
hearing loss, y

Newborn hearing
screening results

Years of
audiogram
data Progression

1 NT 2 Moderate to
profound

50 3.5 NT 27 1

2 15, 12 1b Mild 10 7 Passed 2 2

3 12, 9 2 Mild to moderate 30 2 NT 2 1

4 15, 12 A Normal to severe 18 3 NA 24 1

5 18, 12 2 Normal to severe 7 0 Failed 1 1

6 16, 13 2 Moderate 7 1.5 NA 1 NA

7 15, 12 1 Mild 24 4 NT 17 2

8 NA, 13 2 Mild to profound 13 6 NA 1 1

9 NA, 14 2 Normal to
moderate

18 4 NA 1 NA

10 NA, 15 2 Normal to
moderate

7 7 NA 1 NA

11 NA, 18 2 Normal to
moderate

10 0 Failed 9 1

Abbreviations: A 5 adopted; FSHD 5 facioscapulohumeral muscular dystrophy; NA 5 not available; NT 5 not tested.
a As measured for better ear onmost recent audiogram. Normal5 0–20 dB; mild5 21–40 dB; moderate5 41–70 dB; severe5 71–90 dB; profound5.90 dB.
bParent with D4Z4 contraction detected on genetic testing, but asymptomatic in adulthood.
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many cases FSHD-associated hearing loss worsens
over time. This is consistent with a previous report,
with follow-up of up to 6 years.2 Progression can
occur dramatically, as was seen in patient 11, who
had a loss of 25 dB at one frequency in 1 year, but
is more often slow and may not be noticed when
comparing only to the previous year’s audiogram.
Progression of hearing loss at 4,000 Hz is also seen
in noise-induced hearing loss; however, in all of our
participants no known noise exposure was docu-
mented. We note that one individual with long
follow-up had stable hearing loss (figure 1C). This
subject is unique in that her left ear did not have
sloping high-frequency hearing loss, but instead had
normal hearing at 4,000 Hz. It is not clear from this
retrospective analysis why in some people hearing loss
is progressive and in others it is not, but this mirrors
the variability in other aspects of FSHD. These data
suggest that when hearing loss is identified, regular
monitoring of hearing thresholds should be an impor-
tant part of management.

We also demonstrate that newborn screening
detects some, but not all, cases of FSHD-associated
hearing loss. There is one previous case of FSHD-
associated hearing loss detected with newborn

Figure 1 Pure tone audiometry data from participants with more than 5 years of data

Hearing loss was progressive in 3 of 4 patients for whom we had more than 5 years of audiometry data. Data are from the following participants: (A) patient
1, (B) patient 4, (C) patient 7, and (D) patient 11. Only right ear data are shown, but results are representative of left ear as well except for patient 7, whose
left ear showed mild to moderate sloping hearing loss. Age at audiometry data in years is shown in the key on the right of each chart.

Figure 2 Probability of hearing loss as predicted by EcoRI/BlnI fragment size
from simple logistic regression analysis

Association between small EcoRI/BlnI fragment size and higher probability of hearing loss
was statistically significant (p 5 0.0207). The black line represents the logistic regression
curve predicted by our cohort. The red lines represent 95% confidence bands.
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screening, but most reports were before the era of rou-
tine screening.3 Our finding that 2 of 3 people eval-
uated failed standard newborn hearing screening has
2 implications. First, FSHD should be included in
the differential diagnosis of congenital hearing loss.
Second, repeated hearing screening should be routine
for children diagnosed with FSHD even if they passed
newborn hearing screening. This is further supported
by the fact that 6 of our cohort had hearing loss
identified after age 3 (when acquisition of language
would have already been initiated), suggesting that
FSHD-associated hearing loss can have onset in pre-
school and school-age children. Therefore, continued
screening until school age is important for those at
risk.

Finally, we described an association between hear-
ing loss and EcoRI/BlnI fragment size. The analysis
was limited by the small number of people with hear-
ing loss and FSHD in our cohort; however, this rela-
tionship reached statistical significance. The validity
of our data is supported by the fact that the range
of fragment sizes associated with hearing loss in the
literature (8.6–20 kb) is similar to what we report
(table e-1 on the Neurology® Web site at www.
neurology.org). There was a single case report of a
78-year-old woman with late-onset hearing loss and
fragment size of 30 kb; however, it does not appear
that age-related hearing loss could be excluded in this
case.4 A similar association between small EcoRI/
BlnI fragment size and a different non-muscle
manifestation of FSHD, Coats disease, was recently
reported.5 Thus, our data indicate that identification
of a small EcoRI/BlnI fragment size (,20 kb) is an
indication for serial monitoring for hearing loss in
young children.
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