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Abstract

Using data from the US population-based, multisite Muscular Dystrophy Surveillance, Tracking,
and Research Network (MD STARnel), we describe respiratory testing and insufficiency among
people with facioscapulohumeral muscular dystrophy (FSHD) diagnosed during 2008-2016.

We calculated frequencies and proportions for selected outpatient respiratory assessments
(pulmonary function tests [PFTs], forced vital capacity (FVC), inspiratory/expiratory pressure, and
polysomnograms) and abnormal test results. We examined frequencies by disease characteristics
(FSHD type, ages of onset, non-ambulatory status, scoliosis, lordosis), obesity, and number
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of health encounters. Of 170 people with FSHD, 20.0% underwent PFTs during 2008-2016.
Polysomnograms were infrequent (14.1%). FVC <80% predicted was recorded for 64.7% of
people tested; additional respiratory outcomes were rare (<5%). Frequency of evaluations and
respiratory insufficiency were higher among those with known risk factors and longer follow-up.
We observed low proportions of respiratory testing among all confirmed cases of FSHD, but
relatively high proportions of mild respiratory insufficiency among those tested. The higher
proportions of testing among people with conditions that increase risk of respiratory complications
suggest targeted monitoring. Broad implementation of the FSHD guidelines recommending

all individuals receive baseline respiratory evaluation at diagnosis could identify respiratory
insufficiency as a complication of FSHD.
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Muscular dystrophy; Facioscapulohumeral respiratory insufficiency; Guidelines; Surveillance

1. Introduction

Respiratory insufficiency (restrictive lung disease, impaired cough) is a potential
complication of FSHD [1]. Evaluation of respiratory function among those with FSHD
typically relies on measures of forced vital capacity (FVC), maximal inspiratory

pressure (MIP), maximal expiratory pressure (MEP), and polysomnograms/sleep studies.
Most studies reporting on these measures have been small clinical samples conducted
internationally [2-7]. Findings have been mixed with some studies reporting impaired
respiratory function, [6-9] but others reporting normal respiratory function among most
study participants [2,4,5,10]. Decreased respiratory function has been consistently noted
among people with more severe FSHD symptoms or longer disease duration [2,4]. Only
two studies were identified that examined early onset (<18 years of age) FSHD, with both
reporting impaired respiratory function in this patient population [11,12]. A recent single-
site US study reported nearly 50% of people tested showed reduced FVC and recommended
continued study of respiratory complications in FSHD using population-based samples to
improve generalizability [13].

There are few studies on respiratory insufficiency in individuals with FSHD in the US, and
the sampling for several of the studies included people with risk factors known to increase
risk of respiratory insufficiency [3-5,7,10,13,14]. Further characterization of respiratory
dysfunction in this population early in disease confirmation will give additional insights into
the monitoring and management of respiratory function in these individuals, in particular
baseline assessments of respiratory function [1]. As such, we used data from the US
population-based Muscular Dystrophy Surveillance, Tracking, and Research Network (MD
STARnel) to describe patterns and results of respiratory monitoring of people with FSHD.
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2. Methods

2.1. Surveillance data collection

MD STARnet surveillance data were collected at each site under Institutional Review Board
approval/exemption or public health authority. MD STAR et methods have been described
previously [15]. Briefly, people with an eligible muscular dystrophy diagnosis (Becker,
congenital, distal, Duchenne, Emery-Dreifuss, FSHD,limb-girdle, myotonic) diagnosed and
treated during 2008-2016 who resided in Colorado (CO), lowa, (I1A), western New York (21
counties, [NYT]), North Carolina (33 counties in the Piedmont region [NC]), South Carolina
(SC), or Utah (UT)/Nevada (NV) were identified.

2.2. Diagnosis of FSHD

Using a standardized abstraction tool, trained abstractors collected diagnostic and clinical
data from medical records for all available health encounters during 2008-2016. Clinical
signs and symptoms of progressive muscle weakness involving the face, scapular stabilizers,
upper arm, lower leg (peroneal muscles), and hip girdle, or language commonly used to
describe these symptoms, were collected from the medical record and included: dysarthia,
eye closure weakness, facial weakness, family history, foot drop/foot weakness, lordosis,
scapular winging, shoulder weakness, trouble climbing up and down stairs, trouble raising
arm, trouble sitting up from lying, trouble smiling, trouble walking/running/jumping, trouble
whistling/drinking from straw, truncal/abdominal weakness, and hearing loss or retinopathy
(children). The dates (month/year) or age (years/months) of onset for each symptom was
recorded as reported in the medical record. Confirmatory DNA test results (4935 D474
contraction size, 4gA/4gB allele size) and details about family history, including inheritance
pattern, were also collected from the medical record, where available.

A clinical review committee reviewed clinical signs and symptoms and diagnostic testing
results to assign standardized case classifications of definite, probable, possible, or
asymptomatic and FSHD subtype (FSHD1, FSHD2, FSHD NOS) (Supplemental Box 1).
Two clinicians (K.D.M, R.J.B.) also assigned early onset FSHD using published criteria for
onset ages of facial weakness (<5 years old) and shoulder or proximal weakness (<10 years
old) [16].

2.3. Sociodemographic and clinical variables

Sociodemographic variables examined were race/ethnicity (non-Hispanic White/non-
Hispanic Black/Hispanic/Other or Unknown), sex (male/female), and MD STAR et site
(CO, IA, wNY, NC, SC, UT). The following clinical parameters were determined at
diagnosis or at any time during followup: known FSHD family history (yes/no), early
FSHD onset (child/adult/undetermined), mobility status (ambulatory/non-ambulatory [full-
time wheelchair/documented ceased ambulation]) and presence of scoliosis (cobb angle
>20°/no spinal x-ray or cobb angle <20°), lordosis (present/not documented), and obesity
(BMI1 >30 kg/m? [>20 years] or 295! percentile CDC growth chart[17], 2-19 years).
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2.4. Respiratory testing

Respiratory testing data collected at clinical encounters during the surveillance period
(2008-2016) were extracted from medical records. Data from abstracted pulmonary function
tests (PFTs) included FVVCs and MIP/MEP expiratory pressures. For each PFT, the date of
the test, the type of test (FVC, MIP, MEP) and the test results were collected. For FVC, FVC
percent predicted or FVC absolute (in liters) were abstracted, and cm H,O were collected
for MIP and MEP. Impaired respiratory function was defined as any FVC <80% or <50%

of predicted; an absolute FVC <1L; and MIP <60cmH,0 or MEP <80cmH-,0 noted in

any PFT during follow-up. Physician notes for PFTs were also abstracted and reviewed.
Nocturnal hypoventilation was defined as a noted diagnosis of nocturnal hypoventilation

or identification through clinical review of test results of polysomnogram, sleep study, or
overnight oximetry, or symptom description (full time or nighttime NIPPV or oxygen use).
To evaluate opportunity for respiratory testing, we also classified people as having <4 or >4
encounters with a neuromuscular/neurology specialist during 2008-2016 [6].

2.5. Statistical analysis

We calculated descriptive statistics for continuous and categorical variables. Proportions and
95% Wilson score confidence intervals were calculated for the total sample and a subsample
of persons with documented respiratory testing as the denominator. Additional proportions
include stratification by any documented risk factor for respiratoiy compromise (obesity,
mobility status, scoliosis, lordosis, or early FSHD onset), each individual risk factor, and
number of encounters (<4 vs =4). Small numbers precluded statistical testing to evaluate
comparisons. Analyses were conducted using SAS v 9.4 [18].

2.6. Inclusions and exclusions

For this study, people with genetically confirmed FSHD (definite) or those with clinical
symptoms of FSHD and family history of FSHD consistent with a dominant inheritance
(probable) were eligible for analysis (people with possible FSHD were not pooled for
analyses). Additionally, data from NV were excluded from analysis due to incomplete
ascertainment and follow-up.

3. Results

Overall, 173 people with FSHD were included in the MD STARnet, of which 170

people met the inclusion criteria. Most were confirmed by genetic testing, diagnosed with
FSHD1, and classified as adult-onset (Table 1). The sample was largely non-Hispanic
white and evenly distributed between males and females. Most had known family history
of FSHD, remained ambulant, and had no documentation of scoliosis or lordosis during
follow-up. Nearly one-third could be classified as ever obese. Average ages of first and
last health encounters captured by MD STARnetwere 39 (50=21.0) and 42 (SD=21.3)
years, respectively; median follow-up time was 4 years (minimum = 1 year, maximum =9
years; IQR = 2-6 years). Demographic characteristics tended to be similar between those
with early- and adult-onset FSHD; proportions for presence of risk factors for respiratory
insufficiency tended to be higher for early-onset (Table 2).
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One in five people had FVC testing; other respiratory tests were less frequent (Table 3). The
first FVC testing occurred within an average of 1.9 (5D = 1.8) years of their first health
encounter. The median FVC at initial documented testing was 77% of predicted; median
MIP and MEP were 58.0 cmH,0 and —-50.0 cmH>O, respectively. At least mildly impaired
respiratory function (<80% FVC) was noted for a small percentage of people overall but for
the majority of those tested. No individual had a recorded FVC <1.0L.

Higher proportions of respiratory testing were observed among those with at least one

risk factor for respiratory compromise (Table 4) and for each factor individually (Table 5)
than people without. Conversely, the proportion of people with any abnormal respiratory
function test was generally as high or higher among people without any risk factors
compared to people with at least one risk factor (Table 4). Proportions of people who had
respiratory testing were higher among those with four or more neurology/neuromuscular
visits (FVC=32.4%, MIP/MEP=16.9%, polysomnogram=19.7%) compared to people with
fewer than four visits (FVC=11.1%, MIP/MEP=4.0%, polysomnogram=10.1%) (data not
shown).

4. Discussion

Using a US population-based, multisite sample, we found 20% of people with FSHD

had documented respiratory testing during 2008-2016. Although we had a small number
of people with known risk factors for respiratory insufficiency and found more frequent
evaluations among these people, the proportion of people tested was lower than would be
expected given longstanding recognition of the importance of pulmonary monitoring for
at-risk patients. Our study supports the current recommendations of baseline respiratory
testing in FSHD given our finding of impaired respiratory function among people without
known risk factors for respiratory insufficiency.

Previous studies of respiratory function of people with FSHD have reported variable rates
of abnormal test results ranging from less than 10% to near 50% [2,4-13]. The variability
of reported findings is likely due in part to disease stage of the underlying population, with
more severely affected patient populations demonstrating greater respiratory insufficiency
[2-6,9-12]. Unlike most published series, our sample is restricted to people with
confirmation of an FSHD diagnosis during the surveillance period, possibly skewing to a
younger population and milder stage of disease. Because our sample is retrospective and

a minority of patients underwent testing, we cannot estimate the frequency of respiratory
compromise. However, we note that among those tested, we observed at least mild
respiratory insufficiency in more than one-half.

Interestingly, we observed similar frequencies of at least mildly abnormal FVVCs among
tested people with and without risk factors. It is possible that other clinical factors prompted
testing in those without the risk factors we considered here. Alternatively, mild respiratory
compromise might be common and unaffected by the studied risk factors. A 5-year follow
up study of respiratory function in 92 people with FSHD showed a mean baseline FVC

of 79% predicted. Rapid decline in FVVC was seen in a minority and associated with stage
of disease (weakness) and spinal deformity within 5 years [6]. Although only a small

Neuromuscul Disord. Author manuscript; available in PMC 2025 March 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mathews et al.

Page 6

proportion of our sample had MIP/MEP testing, approximately one-half were abnormal.
This suggests that impaired airway clearance and increased aspiration risk might be more
common than recognized in FSHD and merits screening questions, clinical assessment, and
selected formal testing. We note that peak cough flow, another common measure of airway
clearance, was too infrequent (n=8) to analyze separately and MD STARnetdid not collect
data on insufflator/exsufflator use or symptoms (e.g., frequent or prolonged respiratory
infections) that may indicate impaired airway clearance in people with FSHD.

FSHD is usually a relatively slowly progressing disorder. Some with the disease might have
limited routine healthcare, particularly as it relates to FSHD. We observed that those who
had more frequent neurology/neuromuscular provider visits during the surveillance period
were more likely to have respiratory function testing recorded than those with less frequent
visits. This difference suggests that those who have more specialized healthcare visits may
be more likely to have care that allows monitoring of respiratory symptoms or risk factors
that may prompt respiratory testing. Alternatively, those with more advanced disease or
those experiencing symptoms related to respiratory dysfunction might be more likely to seek
care and thus be tested. Finally, it could be that those with fewer documented visits, or less
centralized care, are receiving care at clinic sources not accessible to the MD STAR et
Available MD STARnet data do not allow us to distinguish these possibilities.

Study limitations include reliance on available medical records and small numbers limiting
statistical comparisons. We did not collect indications (e.g., shortness of breath, symptoms
of nocturnal hypoventilation [morning headaches, feeling sleepy in the daytime, not feeling
refreshed in the morning, dizziness]) for respiratory testing among those tested. It is possible
that respiratory symptoms reported in clinic, but not included as part of our risk profile,
prompted some evaluations. This may have biased initial test results towards evidence of
respiratory insufficiency. In addition, routine FVC testing can be physically challenging and
inaccurate due to disease-related facial weakness; thus, some people might have attempted
testing, but valid results could not be determined. MD STARnet does not collect severity

of signs and symptoms (e.g, facial weakness) of FSHD. Thus, we were unable to identify
these situations, and such people would have been considered untested if the attempt was
not recorded in the medical record and abstracted [3,6]. In addition, MD STARnet does not
collect data on the method used for pulmonary testing (mask vs mouthpiece, for example)
that might affect the accuracy of the test result. Testing quality was not documented for all
respiratory testing.

5. Conclusion

Our study found that few people with newly diagnosed FSHD have routine respiratory
function screening but a substantial proportion of those tested showed evidence of
respiratory insufficiency. Additionally, although people with risk factors for respiratory
complications were more likely to be tested, respiratory insufficiency was identified
among people without these risk factors at similar or even higher proportions than found
among those at risk. Combined with a recent MD STAR et cross-sectional study that
found respiratory complications were a contributing factor to death in over 50% of
deceased individuals with FSHD, [19] these findings suggest respiratory insufficiency may
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be a frequent complication of FSHD regardless of perceived risk level. In addition to
recommended baseline testing, our findings suggest regular respiratory monitoring of people
with FSHD should be considered, even in the absence of classic signs and symptoms of
respiratory insufficiency [1,4]. Future studies are needed to establish the interval at which
monitoring should occur.
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Table 1
Demographic and clinical characteristics of 170 people with FSHD ascertained by MD STARnet, 2008-2016.

Characteristics N (%)

Case Classification
Genetically confirmed 127 (74.7)
Dominant family history, without genetic testing 43 (25.3)
FSHD Clinical Subtype

FSHD1 126 (74.1)

FSHD2 2(1.2)

FSHD NOS 42 (24.7)
Age at FSHD Onset

Early 14 (8.2)

Adult 123 (72.4)

Undetermined 33 (19.4)
Race/Ethnicity

Non-Hispanic White 138 (81.2)

Other 32(18.8)
Sex

Male 96 (56.5)

Female 74 (43.5)
Known Family History

No 51 (30.0)

Yes 119 (70.0)
Mobility Status

Ambulatory 163 (95.9)

Non-ambulatory 7(4.1)
Scoliosis

No 160 (94.1)

Yes 9 (5.3)

Unknown 1(0.6)
Lordosis

No 134 (78.8)

Yes 36 (21.2)
Obesity

No 112 (65.9)

Yes 48 (28.2)

Unknown 10 (5.9)

MD STARnet. Muscular Dystrophy Surveillance, Tracking and Research Network.
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Demographic and clinical characteristics of 137 people by early- or adult-onset FSHD ascertained by MD

STARnet, 2008-2016.

Early Onset (N=14)

Adult Onset (N=123)

Characteristics N (%) N (%)
FSHD Clinical Subtype

FSHD1 12 (85.7) 93 (75.6)

FSHD2 2(14.3) 28 (22.8)

FSHD NOS 0(0.0) 2(1.6)
Sex

Male 7 (50.0) 73 (59.4)

Female 7 (50.0) 50 (40.7)
Known Family History

No 7 (50.0) 36 (29.3)

Yes 7 (50.0) 87 (70.7)
Mobility Status

Ambulatory 13 (92.9) 118 (95.9)

Non-ambulatory 1 (7.1) 5(4.1)
Scoliosis

No 12 (85.7) 118 (95.9)

Yes 2(14.3) 5(4.1)
Lordosis

No 8 (57.1) 103 (83.7)

Yes 6 (42.9) 20 (16.3)
Obesity

No 11 (78.6) 82 (66.7)

Yes 2(14.3) 35 (28.4)

Unknown 1(7.1) 6 (4.9

MD STARnet. Muscular Dystrophy Surveillance, Tracking and Research Network.

JOther includes non-Hispanic Black, Hispanic, and other/unknown.
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Respiratory testing and function for 170 people with FSHD ascertained by MD STARnet, 2008-2016.

Table 3

Respiratory Testing and Function N

Total Population (n=170) Tested Population (n=34)
% (95% ClI) % (95% CI)

Pulmonary Function Testing

Any 34
FVvC 34
MIP/MEP 16
Polysomnogram 24

Pulmonary Function

FVC
< 80% predicted 22
< 50% predicted 4
MIP (< 60 cm H,0) 8
MEP (< - 80 cm H,0) 7
Nocturnal hypoventilation 19

20.0 (14.4, 27.0)
20.0 (14.4, 27.0)
9.4 (5.6, 15.1)
14.1 (9.4, 20.5)

12.9(85,19.2) 64.7 (46.5, 79.7) 1
2.4(08,6.3) 11.8 (3.9, 28.4)1
4.7(22,9.4) 50.0 (25.5, 74.5)7
4.1(1.8,8.6) 43.8 (20.8, 69.4)7
11.2(7.0,17.1) NCS

FVC: forced vital capacity; MD STARnet. Muscular Dystrophy Surveillance, Tracking and Research Network; MEP: maximum expiratory

pressure; MIP: maximum inspiratory pressure; NC: not calculated.

'ZDenominator:peopIe with FVC testing (n=34).

2Den0minator=pe0ple with MIP/MEP testing (n=16).

Page 11

Nocturnal hypoventilation was determined from polysomnograms completed during follow-up or description of receiving a diagnosis prior to the
surveillance period; therefore, the denominator representing people tested is unknown.
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