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Abstract

Introduction/Aims: Few studies describing comorbidities in individuals with 

facioscapulohumeral muscular dystrophy (FSHD) are available. We used data from the Muscular 

Dystrophy Surveillance, Tracking and Research Network (MD STARnet) to identify and describe 

the prevalence of three comorbidities—hearing loss, retinal abnormalities, and seizures—in 

individuals with FSHD.

Methods: We analyzed retrospective population-based data from 548 individuals diagnosed with 

FSHD who had at least one health visit during 2008–2019. The primary variables of interest were 

the presence of one or more of the three comorbidities and the age at diagnosis of the comorbidity. 

We calculated percentages of each comorbidity by population characteristics.

Results: Among the study cohort, 17.2% (n = 94) had at least one comorbidity, with 1.5% (n 
= 8) having multiple comorbidities. Hearing loss (13%; n = 71) was the most frequently reported 

comorbidity, followed by retinal abnormalities (3.6%; n = 20) and seizures (2.0%; n = 11). 
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Median age at diagnosis for hearing loss, retinal abnormalities, and seizures was 46.5 [interquartile 

range (IQR):11.8–65.3 years], 58.7 (IQR: 41.5–66.5 years), and 16.5 years (IQR: 3.0–34.7 years), 

respectively.

Discussion: This study demonstrated that a substantial minority of the study cohort had 

hearing loss, while fewer had retinal abnormalities and seizures. Age at diagnosis varied widely; 

hearing loss and retinal disease tended to occur in adults, while for seizures, half were ≤ 10 

years old. Our results on the prevalence of comorbid conditions among individuals living with 

FSHD help provide a better understanding of disease burden and support recommendations for 

ophthalmological and hearing screenings.
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1 | Introduction

Various comorbid conditions have been found to be associated with facioscapulohumeral 

muscular dystrophy (FSHD), including hearing loss, retinal abnormalities, and seizures [1–

3]. These conditions are seen primarily in those with more severe, early-onset FSHD [4]. 

The cause of hearing loss in FSHD is unknown; however, involvement of the stapedius 

muscles or cochlear dysfunction has been suggested [5]. Symptomatic retinal abnormalities 

such as Coats disease are rare in FSHD but can lead to blindness if not treated in a 

timely manner [4]. Current guidelines advise evaluation by an ophthalmologist for children 

with severe FSHD and for anyone with visual symptoms [6]. Tawil and Van Der Maarel 

have suggested the involvement of multiple genes or a gene with pleiotropic effects as an 

explanation for the presence of extramuscular conditions such as hearing loss and retinal 

vascular abnormality [7]. Previous studies have shown that seizures are more common in 

childhood-onset FSHD [8, 9].

While several clinical studies have described these comorbidities in individuals with FSHD, 

there is a lack of population-based studies in the United States (US) on the prevalence 

of these comorbidities. We report the prevalence of the above-listed comorbidities in 

individuals with FSHD from the Centers for Disease Control and Prevention (CDC)’s 

Muscular Dystrophy Surveillance Tracking and Research Network (MD STARnet).

2 | Methods

2.1 | Study Population

MD STARnet is a multisite population-based surveillance system to identify individuals 

with muscular dystrophies in the United States. Currently, data are collected from seven 

sites: 23 counties in north central Florida (FL), 33 counties in the Piedmont region of North 

Carolina (NC), 21 counties in western New York (NY), and statewide in Virginia (VA), Iowa 

(IA), South Carolina (SC), and Utah (UT). Details of the MD STARnet methodology have 

been previously described [10, 11].
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Trained abstractors used established methods to identify affected individuals and collect 

information using medical records from multiple sources and administrative data within 

their respective sites [11]. Diagnostic data were reviewed by a committee of neuromuscular 

clinical specialists, and an FSHD case status of definite, probable, possible, or asymptomatic 

was assigned. All sites had Institutional Review Board (IRB) approval or exemption. 

Additionally, some sites (IA, NC, NY, and SC) also had public health authority to conduct 

surveillance for muscular dystrophy [11].

2.2 | Study Cohort and Variables

The eligible cohort included individuals diagnosed with FSHD through December 31, 2019, 

who resided within an MD STARnet site at any time from January 1, 2008 to December 31, 

2019 (surveillance period), and who had at least one healthcare visit during the surveillance 

period. Only individuals assigned a case status of definite or probable were included in the 

final study cohort. A definite case had documented FSHD clinical symptoms and diagnosis 

by DNA analysis. A probable case had documented FSHD clinical symptoms and family 

history consistent with dominant inheritance.

We analyzed the frequency and age at diagnosis for three comorbidities—hearing loss, 

retinal abnormalities, and seizures. Documented comorbidities were abstracted from medical 

records. Retinal abnormalities included retinopathy, Coats disease, retinal vasculopathy, 

retinal detachment, and retinal tortuosity. Age at diagnosis was defined as the age at the 

first documented symptom for each comorbidity. Other characteristics evaluated included 

age at last clinic visit, MD STARnet site, and sociodemographic characteristics including 

sex, race, last known employment status, and health insurance information. For evaluation of 

employment status, individuals reported as unemployed were restricted to those aged 18 to 

< 65 years. The age of the individual at the time of employment status was calculated using 

available date of birth and employment status date.

2.3 | Statistical Analysis

Counts and percentages for categorical variables and medians and interquartile ranges (IQR) 

for continuous variables were calculated. All statistical analyses were conducted using 

Statistical Analysis Software (SAS) version 9.4 (SAS Institute, Cary, NC).

3 | Results

Of 726 individuals with FSHD, 548 individuals (344 definite and 204 probable) were 

included in the study; 17.2% (n = 94) had at least one comorbidity of interest, with 1.5% 

(n = 8) having more than one. Of the three comorbid disorders evaluated, hearing loss was 

the most frequent (13.0%; n = 71). Retinal abnormalities (3.6%; n = 20) and seizures (2.0%; 

n = 11) were reported less frequently. A higher proportion of individuals with definite case 

status (18.0%) had at least one comorbidity compared to those with probable case status 

(15.7%). The frequency pattern for the three comorbidities for each case status was similar 

to that for the full study cohort, with hearing loss being most frequent (14% for definite and 

11.3% for probable cases).
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The characteristics of the study cohort are presented in Table 1. A slight majority 

of individuals were male, and most were Non-Hispanic White. Individuals were most 

frequently employed and had public health insurance.

Table S1 reports the characteristics of individuals with FSHD with hearing loss and 

individuals with FSHD without a documented comorbidity. Individuals with seizures and/or 

retinal abnormalities are not included in this table due to small numbers. The distribution 

of race/ethnicity and sex in this group was similar to that of the full study cohort in Table 

1. Individuals with hearing loss most frequently reported being retired and having public 

insurance. Individuals without a comorbidity most frequently reported being employed and 

privately insured.

Overall, median age at comorbidity diagnosis was highest for retinal abnormalities and 

lowest for seizures (Figure 1). Additionally, ages of comorbidity diagnosis for the three 

comorbidities combined and for hearing loss specifically were more frequently > 40 years, 

followed by age group 0–20 years. For probable case status, median (IQR) ages at diagnosis 

for hearing loss [47.1 (35.0–68.8)], retinal abnormalities [68.9 (64.2–73.8)], and seizures 

[34.7 (24.3–86.2)] were higher than those for definite case status [43.2 (5.8–65.3); 54.7 

(25.0–63.1); and 8.4 (1.0–34.5), respectively].

4 | Discussion

A substantial minority of our FSHD study cohort had hearing loss, while fewer had 

seizures and retinal abnormalities, consistent with some previous studies that included both 

childhood and typical-onset patients with FSHD [8, 9, 12]. Individuals with childhood-onset 

FSHD are more likely to experience hearing or visual impairment than those with typical-

onset FSHD [12–14]. Studies have reported median ages of ≤ 10 years old for diagnoses of 

hearing loss and retinal abnormality in FSHD [15, 16], while median ages at these diagnoses 

occurred in adulthood in our study. However, several studies [8, 12, 16] examined only 

childhood-onset FSHD, while ours was not restricted by age at FSHD diagnosis.

Frequency of hearing loss among individuals with FSHD in previous studies ranged widely 

(8% to 56%) [4, 8, 9, 16]. Evidence suggests that the diagnosis of hearing loss is not more 

prevalent in individuals with FSHD with typical onset (> 10 years) when compared to the 

general population [13, 17]. The hearing loss frequency in our FSHD cohort (13.5%) is 

comparable to that reported in the US population of individuals age ≥ 12 who have bilateral 

hearing loss (12.7%) and bilateral or unilateral hearing loss (20.3%) [18]. Although overall 

frequencies are similar, mean or median ages at diagnosis differ; the median age at hearing 

loss in our study was 46.5 years, and the US general population mean was 74 years [19]. 

This difference in age could be explained by our data showing 25% of individuals with 

hearing loss onset age < 20 years and 49% > 40 years (Table S1).

Our result for retinal abnormalities prevalence is similar to a study reporting Coats disease, 

a severe retinovascular disease, in 3.6% of 28 individuals with childhood-onset FSHD [9]. 

Another study reported symptomatic Coats disease in 0.8% of 396 individuals with FSHD 

[15]. However, retinal abnormalities in our study were not limited to Coats disease. The 

Kilburn et al. Page 4

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



estimated prevalence of retinopathy reported in the US general population (3.4%) is similar 

to our study cohort’s retinal abnormalities frequency [20].

Several studies have reported high frequencies (7.1%–44%) of epilepsy in FSHD [3, 8, 9, 

14]; however, due to a lack of sufficient data on seizure types in our study cohort, we were 

unable to ascertain the number of individuals with epilepsy, and therefore cannot directly 

compare our findings to these studies.

Limitations of our study include the lack of comprehensive data available about some 

comorbid conditions documented for some individuals (e.g., seizure types, extent of hearing 

loss). Also, the date/age at comorbid disease diagnosis in our dataset may not always be an 

accurate timepoint of onset or first diagnosis. Additionally, not all individuals in our study 

cohort had likely undergone hearing tests.

These results demonstrate that hearing loss and retinal abnormalities were just as prevalent 

in our FSHD study cohort as they are in the US general population, while seizures were 

more frequent. Our results on the prevalence of comorbid conditions among individuals 

living with FSHD help provide a better understanding of disease burden and support 

recommendations for early ophthalmological and audiometry screening for individuals with 

severe FSHD [6]. Further population-based studies are needed to investigate whether these 

comorbidities are more frequent in individuals with childhood-onset FSHD.
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Acknowledgments

The authors would like to express gratitude to Cristian Pantea at the Bureau of Environmental and Occupational 
Epidemiology, Center of Environmental Health, New York State Department of Health, Albany, New York, for 
providing consultations on data variables and analysis, and to Kimberly McClive-Reed of Health Research Inc., 
Albany, NY, for proofreading assistance. We also gratefully acknowledge the contribution and support of the 
University of Utah Health Sciences Center and Intermountain Health Care. The findings and conclusions in this 
report are those of the authors and do not necessarily represent the official position of the Centers for Disease 
Control and Prevention. This study was supported by Cooperative Agreement numbers DD001243, DD001248, 
DD1247, DD001252, DD001250, DD001255, DD001253, DD001245, DD001244, DD001249, DD001246, 
DD001242, DD001254, DD001251, funded by the Centers for Disease Control and Prevention. Partial support 
for access to all datasets within the Utah Population Database was provided by the University of Utah Huntsman 
Cancer Institute and the Huntsman Cancer Institute Cancer Center Support Grant P30 CA2014 from the National 
Cancer Institute.

Data Availability Statement

Due to privacy concerns, data from the MD STARnet are not publicly available. Researchers 

interested in MD STARnet data can contact md-starnet@cdc.gov. Data used for this analysis 

are housed and maintained by the New York State Department of Health.

References

1. Padberg GW, Brouwer OF RJ de Keizer, et al. , “On the Significance of Retinal Vascular Disease 
and Hearing Loss in Facioscapulohumeral Muscular Dystrophy,” Muscle & Nerve 2 (1995): S73–
S80. [PubMed: 7739630] 

Kilburn et al. Page 5

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Fitzsimons RB, Gurwin EB, and Bird AC, “Retinal Vascular Abnormalities in Facioscapulohumeral 
Muscular Dystrophy. A General Association With Genetic and Therapeutic Implications,” Brain 
110, no. Pt 3 (1987): 631–648, 10.1093/brain/110.3.631. [PubMed: 3580827] 

3. Funakoshi M, Goto K, and Arahata K, “Epilepsy and Mental Retardation in a Subset of Early 
Onset 4q35-Facioscapulohumeral Muscular Dystrophy,” Neurology 50, no. 6 (1998): 1791–1794, 
10.1212/wnl.50.6.1791. [PubMed: 9633729] 

4. Kelly CR, Saw JL, Thapa P, Saw J−L, Mandrekar J, and Naddaf E, “Systemic Manifestations and 
Symptom Burden of Facioscapulohumeral Muscular Dystrophy in a Referral Cohort,” Muscle & 
Nerve 65, no. 4 (2022): 415–421, 10.1002/mus.27493. [PubMed: 35020192] 

5. Brouwer OF, Padberg GW, Ruys CJ, Brand R, de Laat JA, and Grote JJ, “Hearing Loss in 
Facioscapulohumeral Muscular Dystrophy,” Neurology 41, no. 12 (1991): 1878–1881, 10.1212/
wnl.41.12.1878. [PubMed: 1745341] 

6. Tawil R, Kissel JT, Heatwole C, et al. , “Evidence-Based Guideline Summary: Evaluation, 
Diagnosis, and Management of Facioscapulohumeral Muscular Dystrophy,” Neurology 85, no. 4 
(2015): 357–364, 10.1212/WNL.0000000000001783. [PubMed: 26215877] 

7. Tawil R and Van Der Maarel SM, “Facioscapulohumeral muscular dystrophy,” Muscle & Nerve 34, 
no. 1 (2006): 1–15, 10.1002/mus.20522. [PubMed: 16508966] 

8. Goselink RJM, van Kernebeek CR, Mul K, et al. , “A 22-Year Follow-Up Reveals a Variable 
Disease Severity in Early-Onset Facioscapulohumeral Dystrophy,” European Journal of Paediatric 
Neurology 22, no. 5 (2018): 782–785, 10.1016/j.ejpn.2018.04.013. [PubMed: 29753614] 

9. Goselink RJM, Mul K, van Kernebeek CR, et al. , “Early Onset as a Marker for Disease Severity 
in Facioscapulohumeral Muscular Dystrophy,” Neurology 92, no. 4 (2019): e378–e385, 10.1212/
WNL.0000000000006819. [PubMed: 30568007] 

10. Miller LA, Romitti PA, Cunniff C, et al. , “The Muscular Dystrophy Surveillance Tracking and 
Research Network (MD STARnet): Surveillance Methodology,” Birth Defects Research. Part A, 
Clinical and Molecular Teratology 76, no. 11 (2006): 793–797, 10.1002/bdra.20279.

11. Do TN, Street N, Donnelly J, et al. , “Muscular Dystrophy Surveillance, Tracking, and Research 
Network Pilot: Population-Based Surveillance of Major Muscular Dystrophies at Four U.S. 
Sites, 2007–2011,” Birth Defects Research 110, no. 19 (2018): 1404–1411, 10.1002/bdr2.1371. 
[PubMed: 30070776] 

12. Steel D, Main M, Manzur A, Muntoni F, and Munot P, “Clinical Features of Facioscapulohumeral 
Muscular Dystrophy 1 in Childhood,” Developmental Medicine and Child Neurology 61, no. 8 
(2019): 964–971, 10.1111/dmcn.14142. [PubMed: 30663041] 

13. Trevisan CP, Pastorello E, Ermani M, et al. , “Facioscapulohumeral Muscular Dystrophy: A 
Multicenter Study on Hearing Function,” Audiology and Neuro-Otology 13, no. 1 (2008): 1–6, 
10.1159/000107431. [PubMed: 17715463] 

14. Trevisan CP, Pastorello E, Tomelleri G, et al. , “Facioscapulohumeral Muscular Dystrophy: 
Hearing Loss and Other Atypical Features of Patients With Large 4q35 Deletions,” European 
Journal of Neurology 15, no. 12 (2008): 1353–1358, 10.1111/j.1468-1331.2008.02314.x.

15. Statland JM, Sacconi S, Farmakidis C, Donlin-Smith CM, Chung M, and Tawil R, “Coats 
Syndrome in Facioscapulohumeral Dystrophy Type 1: Frequency and D4Z4 Contraction 
Size,” Neurology 80, no. 13 (2013): 1247–1250, 10.1212/WNL.0b013e3182897116. [PubMed: 
23446679] 

16. Lutz KL, Holte L, Kliethermes SA, Stephan C, and Mathews KD, “Clinical and Genetic Features 
of Hearing Loss in Facioscapulohumeral Muscular Dystrophy,” Neurology 81, no. 16 (2013): 
1374–1377, 10.1212/WNL.0b013e3182a84140. [PubMed: 24042093] 

17. Gieron MA, Korthals JK, and Kousseff BG, “Facioscapulohumeral Dystrophy With Cochlear 
Hearing Loss and Tortuosity of Retinal Vessels,” American Journal of Medical Genetics 22, no. 1 
(1985): 143–147, 10.1002/ajmg.1320220116. [PubMed: 4050849] 

18. Lin FR, Niparko JK, and Ferrucci L, “Hearing Loss Prevalence in the United States,” Archives 
of Internal Medicine 171, no. 20 (2011): 1851–1852, 10.1001/archinternmed.2011.506. [PubMed: 
22083573] 

Kilburn et al. Page 6

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Dragon JM, Grewal MR, Irace AL, Garcia Morales E, and Golub JS, “Prevalence of Subclinical 
Hearing Loss in the United States,” Otolaryngology and Head and Neck Surgery 169, no. 4 
(2023): 884–889, 10.1002/ohn.326.

20. Kempen JH, O’Colmain BJ, Leske MC, et al. , “The Prevalence of Diabetic Retinopathy Among 
Adults in the United States,” Archives of Ophthalmology 122, no. 4 (2004): 552–563, 10.1001/
archopht.122.4.552. [PubMed: 15078674] 

Kilburn et al. Page 7

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1 |. 
Median, mean, range and interquartile range of age when comorbidities were first 

documented in the study cohort. A total of 94 individuals with FSHD had one comorbidity, 

and eight more individuals had more than one comorbidity (n = 102). The figure represents 

reports where age at comorbidity diagnosis was available (n). The comorbidity categories 

are not mutually exclusive. The blue diamond in the box represents the mean age and the 

circle labeled 86.2 years represents an outlier age.

Kilburn et al. Page 8

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kilburn et al. Page 9

TA
B

L
E

 1
 |

So
ci

od
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

am
on

g 
in

di
vi

du
al

s 
w

ith
 F

SH
D

 in
 M

D
 S

TA
R

ne
t.

C
ha

ra
ct

er
is

ti
cs

To
ta

l n

To
ta

l
54

8

Se
x

 
Fe

m
al

e
25

4 
(4

6.
4%

)

 
M

al
e

29
4 

(5
3.

6%
)

R
ac

e

 
N

on
-H

is
pa

ni
c 

w
hi

te
44

5 
(8

1.
2%

)

 
O

th
er

/u
nk

no
w

n
10

3 
(1

8.
8%

)

A
ge

 a
t l

as
t c

lin
ic

 v
is

it 
in

 y
ea

rs
, m

ed
ia

n 
(I

Q
R

)
53

.4
 (

35
.6

–6
6.

1)

A
ge

 a
t c

om
or

bi
di

ty
 d

ia
gn

os
is

 in
 y

ea
rs

, m
ed

ia
n 

(I
Q

R
)

47
.3

 (
11

.8
–6

5.
3)

A
ge

 g
ro

up
 a

t c
om

or
bi

di
ty

 d
ia

gn
os

is
 in

 y
ea

rs
 (

n 
=

 1
02

)a

 
0–

20
26

 (
25

.5
%

)

 
>

 2
0–

40
15

 (
14

.7
%

)

 
>

 4
0

51
 (

50
.0

%
)

 
U

nk
no

w
n

10
 (

9.
8%

)

M
D

 S
TA

R
ne

t s
ite

 
Fl

or
id

a
25

 (
4.

6%
)

 
Io

w
a

10
1 

(1
8.

4%
)

 
N

or
th

 C
ar

ol
in

a
97

 (
17

.7
%

)

 
N

ew
 Y

or
k

10
7 

(1
9.

5%
)

 
So

ut
h 

C
ar

ol
in

a
46

 (
8.

4%
)

 
U

ta
h

14
3 

(2
6.

1%
)

 
V

ir
gi

ni
a

29
 (

5.
3%

)

E
m

pl
oy

m
en

t

 
D

is
ab

le
d/

un
ab

le
 to

 w
or

k
11

4 
(2

0.
8%

)

 
E

m
pl

oy
ed

17
6 

(3
2.

1%
)

 
R

et
ir

ed
10

6 
(1

9.
3%

)

 
St

ud
en

t o
r 

un
de

ra
ge

50
 (

9.
1%

)

 
U

ne
m

pl
oy

ed
b

33
 (

6.
0%

)

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kilburn et al. Page 10

C
ha

ra
ct

er
is

ti
cs

To
ta

l n

 
O

th
er

/u
nk

no
w

n
69

 (
12

.6
%

)

In
su

ra
nc

e

 
Pr

iv
at

e
22

9 
(4

1.
8%

)

 
Pu

bl
ic

21
3 

(3
8.

9%
)

 
Pr

iv
at

e 
an

d 
pu

bl
ic

67
 (

12
.2

%
)

 
O

th
er

/u
nk

no
w

n
39

 (
7.

1%
)

a T
he

 n
 in

cl
ud

es
 e

ig
ht

 in
di

vi
du

al
s 

w
ho

 h
ad

 m
or

e 
th

an
 o

ne
 c

om
or

bi
di

ty
.

b U
ne

m
pl

oy
ed

 c
at

eg
or

y 
w

as
 r

es
tr

ic
te

d 
to

 th
os

e 
w

ho
 w

er
e 

18
 to

 ≤
 6

4 
ye

ar
s 

ol
d 

at
 th

e 
tim

e 
of

 r
ep

or
t.

Muscle Nerve. Author manuscript; available in PMC 2026 February 23.


	Abstract
	Introduction
	Methods
	Study Population
	Study Cohort and Variables
	Statistical Analysis

	Results
	Discussion
	References
	FIGURE 1 |
	TABLE 1 |

