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Frequency and D4Z4 contraction size

ABSTRACT

Objective: To investigate the frequency of Coats syndrome and its association with D4Z4 con-
traction size in patients with facioscapulohumeral muscular dystrophy type 1 (FSHD1).

Methods: We searched a North American FSHD registry and the University of Rochester (UR)
FSHD research database, reviewed the literature, and sent surveys to 14 FSHD referral centers
in the United States and overseas to identify patients with genetically confirmed FSHD1 with a
diagnosis of Coats syndrome.

Results: Out of 357 genetically confirmed patients in a North American FSHD registry and 51
patients in the UR database, 3 patients had a self-reported history of Coats disease (0.8%; 95% con-
fidence interval 0.2%–2.2%). In total, we identified 14 patients with FSHD with known genetic con-
traction size and Coats syndrome confirmed by ophthalmologic examination: 10 from our survey and 4
from the literature. The median age at diagnosis of Coats syndrome was 10 years (interquartile range
14 years). Themedian D4Z4 fragment size was 13 kilobases (kb) (interquartile range 1 kb). One patient
was mosaic (55% 11 kb, and 45% 78 kb).

Conclusions: Coats syndrome is a rare extramuscular complication of FSHD1 associated with
large D4Z4 contractions. Closer surveillance for retinal complications is warranted in patients
with D4Z4 fragments #15 kb. Neurology� 2013;80:1247–1250

GLOSSARY
CI 5 confidence interval; FSHD1 5 facioscapulohumeral muscular dystrophy type 1; kb 5 kilobase; UR 5 University of
Rochester.

Facioscapulohumeral muscular dystrophy type 1 (FSHD1) is caused by loss of a critical number of
subtelomeric D4Z4 macrosatellite repeat units on chromosome 4q35. Whereas normal individuals
have 11–100 repeats, individuals with FSHD have 1–10 repeats, which translates to D4Z4 EcoRI
restriction fragment size between 10 and 38 kilobases (kb) by conventional genetic testing.1 Extra-
muscular manifestations include high-frequency hearing loss and retinal vascular tortuosity, which can
progress to a treatable symptomatic condition called Coats syndrome.

The idiopathic form of this condition, Coats disease, is typically unilateral and predominately
affects males with an age at onset in the first 2 decades of life. Retinal examination reveals telangiec-
tasias and leakage that can lead to exudative retinal detachment and blindness.2 Treatment ranges
from laser photocoagulation and cryotherapy in mild disease to vitreoretinal surgery or enucleation in
advanced stages.2 Coats disease as seen in FSHD (Coats syndrome) can be bilateral, occur at any age,
and affect males and females equally.

While more than half of patients with FSHD1 show peripheral retinal vascular abnormalities on
fluorescein angiography, the prevalence of Coats syndrome is much lower, and the relationship to the
D4Z4 contraction size is unknown.3,4 Understanding which patients are most at risk for Coats
syndrome is an important clinical question with direct implications for screening and surveillance.

METHODS We performed a cross-sectional database review and a deidentified patient survey of international FSHD1 neuromuscular referral

centers. This study was considered exempt after institutional review board review.
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Registry and database review. We analyzed deidentified data

from patients with genetically confirmed FSHD (D4Z4 frag-

ment ,38 kb) from the National Registry of FSHD Patients

and Family Members (n 5 357) and the University of

Rochester (UR)-FSHD database (n 5 51). Participants were

self-selected, from North America, and over 18 years of age

(UR-FSHD database), or any age (Registry). We used self-

reported history of Coats disease for prevalence estimates.

Because data are deidentified, participants may be double

represented in the Registry and UR-FSHD database. We com-

pared participants based on D4Z4 deletion size (61 kb), sex,

and age at diagnosis (65 years). The denominator used for

point prevalence estimates (n5 396 total, n 5 24 D4Z4 #15

kb) was the sum of participants from the 2 databases minus

possible overlapping subjects (n 5 12).

Survey. We sent a one-page deidentified survey to 14 neuromuscular

FSHD referral centers in the United States and overseas. In addition,

we solicited cases at internationalmeetings, by e-mail, and on a national

neuromuscular online forum. Survey respondents reviewed medical

records to obtain information about Coats diagnosis and FSHD

genetic testing. The Coats stage was modified from the literature and

includes the following categories: 1 5 retinal telangiectasia only;

25 retinal telangiectasia and exudation; 35 exudative retinal detach-

ment; 45 total retinal detachment and glaucoma; and 55 advanced

end-stage disease.2

Literature review. We searched PubMed using the following search

terms: facioscapulohumeral muscular dystrophy, FSHD, Coats disease,

retinal vascular disease, and retinopathy. Thirty-one articles contained

the search terms; 4 articles reported D4Z4 contraction size.

Statistical considerations.Weperformed analysis using SAS version

9.3 (SAS Institute Inc., Cary, NC). Unless otherwise stated, all descrip-

tive analysis is presented as median with quartile data in parenthesis

(first quartile 5 Q1 5 25% of data, third quartile 5 Q3 5 75%

of data). We presented sex, hearing loss, Coats stage, and sidedness of

eye involvement as population frequencies. Prevalence is taken as the

number affected divided by the number at risk, with Exact binomial

confidence interval (CI).

RESULTS Database review. The Registry population
(n5 357, table 1) was equally divided between the sexes,
with a median age at diagnosis of 29 years, and median
D4Z4 fragment size of 25 kb, including 18 participants
with an allele size #15 kb. Two participants reported a
history of Coats disease (both female, allele sizes 26 kb
and 30 kb). The UR-FSHD database (n5 51) included
more men than women (70.6% male). The median age
at diagnosis was 32 years, with a median D4Z4 fragment
size of 21 kb, and 9 participants with allele size#15 kb.
One participant reported a history of Coats disease
(female, survey case 5).

The prevalence of Coats syndrome was 0.8% of the
total population (95% CI 0.2%–2.2%).

Survey and literature review. Ten survey cases and 4 cases
in the literature reported D4Z4 contraction size in
patients with FSHD and Coats syndrome confirmed
on funduscopy (table 2). Thirteen out of 14 of these
cases were female (92.9%). The median age at diagnosis
of FSHD was 12 years, and the median D4Z4 fragment
length was 13 kb. One subject was mosaic with 11 kb
(55%), 78 kb (45%, survey case 2). The median age at
diagnosis for Coats syndrome was 10 years, but 2 re-
spondents developed symptoms at$50 years. Both eyes
were affected in 64.3% of cases and 71.4% had received
therapy. Hearing loss was reported in 57.1% of cases,
with hearing aid use in 35.7% of cases, median age at
first use 2 years.

DISCUSSION Prevalent rates of retinal abnormalities for
FSHD1 in the literature varied greatly between studies,
from 7% to 75%; however, only a single patient
had visual loss (0.7%).3–6 In addition, a Dutch popula-
tion survey found 3/256 (1.7%) patients reporting Coats
disease.4 This yields a conservative range for symptomatic
disease between 0.7% and 1.7%.

The median allele size in patients with FSHD1 with
Coats syndrome was 13 kb, considerably smaller than the
median reported in the Registry or UR-FSHD database.
Approximately 5%–10% of patients with FSHD type
2 (FSHD2) develop disease by a D4Z4 contraction–
independent pathway. Common to both FSHD1 and
FSHD2 is relaxation of chromatin structure in the D4Z4
region of chromosome 4q35 and a specific polymor-
phism, which leads to release of repression of a putative
retrogene, DUX4, believed to be directly toxic to cells.7

To our knowledge, no cases of Coats syndrome have
been described in patients with FSHD2, although the
literature on FSHD2 is limited. Patients with FSHD1
with the largest contractions typically have more severe
neuromuscular disease, raising the possibility of a con-
traction-dependent increase in DUX4 expression.
Somatic mosaics tend to have mild neuromuscular man-
ifestations, and so Coats syndrome in a mosaic patient
carrying a large D4Z4 contraction (case 2) suggests a
differential susceptibility of the retinal vasculature to large

Table 1 Frequency of Coats syndrome in the FSHD National Registry and
UR-FSHD database

Registrya UR-FSHD databasea

No. 357 51

Age, y 45 (33, 56) 50 (40, 59)

M/F 175/182 36/15

Age diagnosed with FSHD, y 29 (17, 45) 32 (19, 47)

D4Z4 allele size, kb 25 (21, 29) 21 (17, 29)

No. alleles £15 kb 18 9

Hearing loss, n (%) 64 (17.9) 12 (23.5)

Hearing aid, n (%) 25 (7.0) 5 (9.8)

Coats syndrome, n (%) 2 (0.6)b 1 (2.0)c

Abbreviations: FSHD 5 facioscapulohumeral muscular dystrophy; kb 5 kilobase; Registry 5

the National Registry of FSHD Patients and Family Members; UR5 University of Rochester.
a Age, age diagnosed with FSHD, and D4Z4 allele size are presented as median (Q1 5

quartile 1 5 25% of data, Q3 5 quartile 3 5 75% of data).
b The 2 participants are both female: one allele size 26 kb; one first-degree relative allele
size 30 kb.
c Survey case 5 in table 2.
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contractions. All cases were#13 kb, except for literature
case 4 (27 kb).8 This case is atypical with no symptoms or
signs of FSHD and retinal changes that were noted inci-
dentally on routine funduscopy. Further testing to
exclude a rare false-positive genetic test is warranted given
this unusual presentation.7

The predominance of females in the cases presented is
striking given the male predominance reported in idio-
pathic Coats disease, and suggests a unique (genetic, hor-
monal) susceptibility of the retinal vasculature in females
with FSHD1. Although other conditions lead to second-
ary Coats-like syndromes (retinitis pigmentosa, CTC1
mutation), the pathologic mechanisms and clinical pre-
sentations are distinct.2

Limitations to this study include small sample size
and self-reported disease status (Registry). The rarity of
Coats syndrome in an already rare disease makes defini-
tive association studies impracticable.

Coats syndrome occurs most frequently in female
patients with FSHD with large contractions (allele size
,15 kb) and with variable age at onset (range ,1–53
years). Recent expert opinion–based FSHD guidelines
recommend a single dilated screening eye examination
in adults and yearly examinations in infantile-onset dis-
ease.1 The data presented here suggest that rather than
patient age or disease severity, contraction size should
determine the need for repeated retinal examinations.
Consequently, although we still recommend all patients
be screened for retinal vascular involvement at the time

of diagnosis, patients with large contractions should be
examined yearly afterwards, with a low threshold for
fluorescein angiography.
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Table 2 Coats syndrome and D4Z4 fragment size in 14 casesa

Case no.

Survey Literature

Totalb (n 5 14)1 2 3 4 5 6 7 8 9 10 19 29 310 48

Age, y 14 54 8 51 59 8 23 6 14 52 18 26 5 39 21 (10, 48)

Female Y Y Y Y Y N Y Y Y Y Y Y Y Y 92.9%

FSHD diagnosis years 10 40 2 22 16 5 16 0.7 11 12 5 19 1 39 12 (5, 18)

D4Z4 fragment kb 13 11/78c 13 13 10 13 13 13 13 3 Repeatsd 12 12 13 27 13 (12, 13)

Age Coats 10 50 1 Infant 53 5 10 0.3 11 12 1 15 1 39 10 (1, 15)

Coats stage 3 2 5 2 2 2 2 2 3 2 5 2 5 2 2 (2, 3)

Bilateral Y NS N Y N N NS Y Y Y Y Y Y Y 64.3%

Therapy for Coats Y N Y N Y Y Y Y Y N Y Y Y N 71.4%

Hearing loss N Y Y Y N Y Y N N N Y Y Y N 57.1%

Age hearing loss – 50 2 23 – 2 4 – – – 1 2 1 – 2 (2, 9)

Hearing aid N N Y N N Y Y N N N Y Y – N 35.7%

Age hearing aid – – 2 – – 2 4 – – – 5 2 – – 2 (2, 4)

Abbreviations: FSHD 5 facioscapulohumeral muscular dystrophy; kb 5 kilobase; NS 5 not specified.
a Surveys were sent to the following neuromuscular referral centers: University of Rochester Medical Center; Columbia Medical Center; The Kennedy
Krieger Institute; University of Iowa Hospitals and Clinics; UC Davis Medical Center; The Ohio State University; Children’s Hospital of Philadelphia; UT
Southwestern; University of Newcastle upon Tyne, UK; Radboud University Nijmegen Medical Centre, the Netherlands; Hôpital Archet–CHU de Nice,
France; National Research Council Argentina; University of Sydney, Australia; and St. Michael’s Hospital, UK.
bAge, FSHD diagnosis years, D4Z4 fragment kb, age hearing loss, age hearing aid, age Coats, Coats stage: all totals presented are median (Q1 5 quartile
1 5 25% of data, Q3 5 quartile 3 5 75% of data).
cMosaic patient allele size 11 kb 5 55%, 78 kb 5 45%.
dAllele length not available in kilobases for this patient.
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