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Abstract 

Mutations in RYR1 are a common genetic cause of non-dystrophic neuromuscular disorders. To obtain baseline data concerning the 
prevalence of fatigue, the psychological disease burden and quality of life associated with these common conditions, we performed a 
questionnaire study. Seventy-two patients were included in this study, 33 with a congenital myopathy and 39 with malignant hyperthermia or 
exertional rhabdomyolysis. Our results showed that patients with RYR1 -related myopathies have more functional impairments and significant 
chronic fatigue compared to healthy controls, with almost half of patients being severely fatigued. Whilst fatigue, pain and associated physical 
and social difficulties were more pronounced in those with permanent phenotypes, individuals with intermittent phenotypes also scored higher 
in all relevant categories compared to healthy controls. These findings indicate that RYR1 -related myopathies, despite being often considered 
relatively mild conditions, are nevertheless associated with severe fatigue and functional limitations, resulting in substantial loss of quality of 
life. Moreover, milder but in essence similar findings in patients with RYR1 -related malignant hyperthermia and rhabdomyolysis suggest that 
those phenotypes are not truly episodic but in fact associated with a substantial permanent disease burden. These preliminary data should 
help to design more comprehensive quality of life studies to inform standards of care. 
© 2018 Elsevier B.V. All rights reserved. 
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Introduction 

Mutations in RYR1 , the gene encoding the sarcoplas-
mic reticulum (SR) type 1 ryanodine receptor (RyR1), have
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merged as the most common genetic cause of non-dystrophic
euromuscular disorders in recent years [1] . RYR1 mutations
ive rise to a wide variety of myopathies presenting through-
ut life [2] , ranging from early-onset congenital myopathies
for review, Jungbluth et al. [3] ) to episodic manifestations in
dulthood such as exertional rhabdomyolysis (RM), malignant
yperthermia during anesthesia with susceptibility proven by
n in vitro contracture test (MH) and periodic paralysis [4] in
therwise healthy individuals. The very wide RYR1 -associated
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linical spectrum is due to the highly variable functional im-
act of RYR1 mutations on the RyR1 receptor, the principal
keletal muscle calcium release channel with a crucial role in
xcitation-contraction coupling (ECC). 

The weakness associated with early-onset RYR1 -related
ongenital myopathies may be considerable and pose a sub-
tantial disease burden. Although fixed weakness is rare in
pisodic RYR1 -associated RM and MH, individuals presenting
ith these features may nevertheless experience significant

atigue and myalgia in between episodes [5] . Myalgia may
lso be a prominent additional feature in early-onset RYR1 -
elated myopathies such as central core disease (CCD), and
as been reported in these conditions even before their genetic
esolution [6] . Moreover, non-skeletal muscle manifestations,
ncluding an increased bleeding tendency and bowel and blad-
er symptoms due to smooth muscle dysfunction are increas-
ngly recognized, and reflective of RYR1 expression in tissues
ther than striated skeletal muscle [2,7–11] . These complex
isease phenotypes are likely to have a substantial impact on
he quality of life (QoL) in affected individuals, yet no sys-
ematic studies investigating the associated fatigue, pain and
unctional impairments have been performed in RYR1 -related
isorders to date. 

To obtain baseline data concerning the functional im-
airments, fatigue and QoL associated with these common
onditions, we performed a questionnaire study focusing
n these features in patients with RYR1 -related myopathies
hroughout the recognized disease spectrum [2] . Standardized
uestionnaires were used to obtain information on: functional
mpairments, fatigue, symptoms of psychopathology and other
spects of QoL. We compared patients with RYR1 -related my-
pathies with healthy controls and with patients affected by a
rogressive neuromuscular disorder with multisystem involve- 
ent, MELAS ( M itochondrial E ncephalomyopathy, L actic
 cidosis, and S troke-like episodes,) spectrum disorder. In
ddition, within the group of patients with RYR1 -related
yopathies, the subgroup of patients with ‘permanent pheno-

ypes’ (congenital myopathies) were compared to the patients
ith ‘episodic phenotypes’ (MH and RM). 
The results of this explorative study will improve manage-

ent of patients with RYR1 -related myopathies, and enable
he definition of areas in need of further research concerning
he disease burden associated with these common neuromus-
ular disorders. 

ethods 

atients 

All patients with a genetically confirmed RYR1 -related dis-
rder seen at the Department of Neurology (Radboudumc)
nd the Dutch national referral center for Malignant Hy-
erthermia (Canisius-Wilhelmina Hospital) in Nijmegen, The 
etherlands, were approached to participate in this de-

criptive questionnaire study. Additional patients were ap-
roached through the Dutch national patient organization
or myopathies ( www.spierziekten.nl) as well as Dutch
euromuscular neurologists ( www.spierziektencentrum.nl). 
his resulted in a total of 200 patients being invited through
 dedicated invitation letter sent to their home addresses. The
ey neuromuscular features of a proportion of these patients
ave already been reported by Snoeck et al. [2] . 

ethods 

This study was approved by the regional Ethics Com-
ittee: Human Research Committee region Arnhem and
ijmegen (CMO 2016-2954). All participants gave written

nformed consent. 
After informed consent, patients received an email with

 link, which led to the questionnaire in a private and se-
ure environment (Radquest 2.0). The patients were asked to
pen this link and fill in the questionnaires at their preferred
lace and time. Once commenced, the questionnaire had to
e completed within 24 h to prevent errors in data storage. If
he questionnaire was not completed within two weeks, pa-
ients received a reminder email. If this neither resulted in
ompletion, a reminder phone call followed after a further
wo weeks. 

uestionnaires 

Various aspects of functional impairments, fatigue and QoL
ere assessed with questionnaires that have been used before

nd validated in neuromuscular disorders [12,13] . 
Functional impairment was assessed using the Sickness

mpact Profile (SIP), aimed at assessing changes in everyday
ctivities due to sickness and covering the following dimen-
ions of functioning: sleep/rest (7 items); home management
10 items); mobility (addressing the ability to move indoors
nd outdoors; 10 items); social interactions (20 items); am-
ulation (addressing the ability to walk and walk stairs, and
se of walking aids; 12 items); alertness behavior (10 items);
ork (3 items); and recreation (8 items) [14,15] . Higher

cores reflect more impairment. Scores were compared to a
roup of 83 healthy subjects [16] . 

Fatigue severity was assessed with the Checklist Individual
trength (CIS). The CIS is a questionnaire with twenty items
nd the following four subscales: perceived fatigue severity
8 items), concentration (5 items), motivation (4 items) and
hysical activity (3 items). The total score is calculated by
dding up the scores for each subscale (range = 20–140),
ith higher scores indicative of a higher disease burden [17] .
 CIS-fatigue score of 35 or more was used to identify se-
ere fatigue. A representative sample from the Dutch general
opulation was used as a reference group [18] . 

Symptoms of psychopathology were assessed by the SLC-
0. This questionnaire consists of 90 descriptions of com-
laints on several subscales (agoraphobia, anxiety, depression,
omatization, obsessive-compulsive behavior, interpersonal 
ensitivity, hostility, sleep). The statements are rated on a
ve-point Likert scale (a psychometric scale commonly in-
olved in questionnaire research with scores 1–5; 1: strongly
isagree; 2: disagree; 3: neither agree nor disagree; 4: agree;

http://www.spierziekten.nl
http://www.spierziektencentrum.nl
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Fig. 1. 1 flowchart showing responses of patients . 
Non-response group in light grey boxes on the right; response group in dark 
grey box. 
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5: strongly agree) [19] . Higher scores reflect more symptoms
of psychopathology. A total SCL-90 score of more than 160
is indicative of high psychological distress, while a score of
more than 200 is indicative of a psychiatric disorder [20,21] .

For additional assessment of anxiety and depression the
Hospital Anxiety and Depression Scale (HADS), specially de-
veloped for the assessment in a hospital population, was used.
The HADS includes seven items about depression and seven
items about anxiety. Its total score can be used as a measure
of general distress. Total scores ≥ 11 are indicative of high
distress [22,23] . The HADS is designed to assess symptoms
of depression in people with medical conditions by control-
ling for vital aspects of depression that could easily interfere
with symptoms of the disease. 

Overall quality of life was assessed using the RAND-
SF36 questionnaire. Subscales investigated several dimensions
of QoL (physical functioning, social functioning, emotional
functioning, general health status, perceived change in health
status, mental health, vitality and pain). Scores range from 0
(maximum limitations) to 100 (optimal functioning) [24] . A
commonly used representative sample of the Dutch general
population (men and women aged 18–75 years) was used as
a reference group [25] . 

Statistics. Data analysis was performed using SPSS (ver-
sion 22). Descriptive statistics were used to describe the char-
acteristics of the sample as well as patient reported outcomes
on functional impairment, fatigue, psychological symptoms,
and QoL. Fisher exact test was used to compare the re-
sponse and non-response group (age, sex and phenotype).
One-sample t tests were used for the comparison of RYR1 -
mutated patients with healthy controls, and a sample of pa-
tients with a MELAS spectrum disorder [13] . ANOVA’s were
used to compare permanent with episodic RYR1 -related phe-
notypes with regards to patient reported outcomes concerning
QoL, functional impairment, symptoms of psychopathology,
and fatigue. Because of the large number of variables to
explore and comparisons to make, and its increased risk
of Type 1 errors, Bonferroni adjustments to the alpha level
were applied (statistical significance Rand-sf36 p < .006; SIP
p < .006; SCL90 p < .006; HADS p < .017; CIS p < .013).

Results 

Response 

In total 200 invitation letters were sent. Sixty-one patients
did not respond after sending two letters and could not be
reached by phone on two subsequent attempts. Hence, we
managed to contact 139 patients, of which 26 patients re-
sponded that they were not willing to participate in this study,
and 113 patients agreed to participate. Of these 113 patients,
94 responded with an email address and a consent form (13
of whom did not return their consent form; six did not send
an email address; see Fig. 1 ). 72 questionnaires were com-
pleted, resulting in a response rate of 52% of the patients
who were initially contacted (72 of 139), and 77% of the
patients who initially responded positively to our invitation
72 of 94). Demographic and clinical characteristics of the pa-
ients are summarized in Table 1 . No differences between re-
ponse group ( n = 72) and non-response group ( n = 67) could
e identified based on demographic characteristics (age and
ex). Among the non-responders were more patients with an
pisodic phenotype: 48 of 67 versus 39 of 72 in the response
roup ( p = .04). 

The clinic-pathological diagnoses are summarized in
able 1 . Among the patients with a permanent phenotype
 n = 33) were 18 with CCD, three with Multi-minicore Dis-
ase (MmD), two with Centronuclear Myopathy (CNM), two
ith King-Denborough syndrome (KDS), two with Congeni-

al Fiber Type Disproportion (CFTD), three with an axial my-
pathy, and three with a congenital myopathy not otherwise
pecified. The episodic phenotype group ( n = 39) included 37
atients with MH, one with ERM, and one with hyperCK-
mia. 

unctional impairment (SIP) 

Functional impairment as assessed with the eight dimen-
ions of the Sickness Impact Profile (SIP) is shown in
able 2 . Mean scores on all dimensions reflected more func-

ional impairments in patients with RYR1 -related myopathies
ompared to healthy controls ( t values varied from 3.020
mobility: p = .004) to 6.277 (ambulation: p < .001), ex-
ept for work ( t (71) = 2.417, p = .018). Compared to MELAS
pectrum disorder patients, RYR1 -mutated patients showed
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Table 1 
Patient characteristics. 
Number and demographics of patients who participated in this questionnaire study. The number of 
patients are indicated for each phenotype. Patients were divided into (i) a group with permanent 
weakness ( n = 33); i.e. the congenital myopathies and axial myopathy, and (ii) a group with episodic 
symptoms provoked by anaesthesia, exertion or other triggers ( n = 39). 

Total Permanent phenotypes Episodic phenotypes 

Number of patients 72 33 39 
Gender: Male 37 18 19 
Age: Mean (SD) 49.3 (14.2) 50.9 (14.6) 48.1 (13.9) 
Phenotype (N) CCD: 18 CCD: 18 

MmD: 3 MmD: 3 
CNM: 2 CNM: 2 
KDS: 2 KDS: 2 
CM: 3 CM: 3 
Axial myopathy: 3 Axial myopathy: 3 
CFTD: 2 CFTD: 2 
MH: 37 MH: 37 
RM: 1 ERM: 1 
HyperCKemia: 1 HyperCKemia: 1 

MH: Susceptible for malignant hyperthermia; RM: Exertional rhabdomyolysis; CCD: Central Core 
Disease; MmD: Multi-mincore Disease; CNM: Centronuclear Myopathy; KDS: King Denborough syn- 
drome; CM: Congenital myopathy; CFTD: Congenital Fibre Type Disproportion. 
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ess impairment in mobility ( t (71) = −3.522, p = .001), so-
ial interaction ( t (71) = −3.870, p < .001), alertness behavior
 t (71) = −6.392, p < .001) and recreation ( t (71) = −3.489,
 = .001). 

atigue (CIS) 

On the four subscales of the CIS and its total score, RYR1 -
utated patients scored significantly higher than healthy con-

rols (t values varied from 3.265 (concentration: p = .002) to
.201 (fatigue: p < .001), Table 2 . Scores were significantly
ower than MELAS spectrum disorder patients. Severe lev-
ls of fatigue (CIS fatigue > 35) were reported by 46% of
he patients ( n = 33) compared to 60% in MELAS spectrum
isorder patients. 

ymptoms of psychopathology (SCL-90) 

Scores on the eight subscales of the SCL-90 revealed sig-
ificant more problems compared to healthy controls on som-
tization ( t (71) = 0.038, p < .001. Results are summarized in
able 2 . On the (total score of the) SCL-90, 13% of patients
cored above the cut-off for high psychological distress. 

ental functioning (HADS) 

In general, patients showed no difference in levels of
epression compared to MELAS spectrum disorder pa-
ients ( t (71) = −0.986, p = .327) or healthy Dutch controls
 t (71) = 2.166, p = .034). Scores on anxiety were better
han those of the control group ( t (71) = −2.740, p = .008)
nd the MELAS spectrum disorder patients ( t (71) = −3.238,
 = .002). General distress was similar to healthy controls
 t (71) = 0.039, p = .969) and better than the MELAS spectrum
isorder patients ( t (71) = −2.389, p = .020) ( Table 2 ). 
Looking at subgroups scoring above the cut-off, results
n the HADS indicated that 21% and 17% of the patients
xperienced clinically relevant symptoms of, respectively, de-
ression and anxiety. One third of the patients (33%) scored
bove the cut-off of clinical relevant levels of general distress.

uality of life (RAND36) 

Results from the QoL questionnaire study in RYR1 -mutated
atients are presented in Table 2 . Compared to a control group
f healthy individuals, RYR1 -mutated patients show impair-
ent in almost all QoL domains ( t values varied from −5.877

physical functioning: p < .001) to −3.142 (experienced
ealth change: p = .002) except for emotional role functioning
 t (71) = −0.199, p = .843), and mental health ( t (71) = 0.278,
 = .782) and pain ( t (71) = −2.740, p = .008). In compari-
on with a sample of patients with a mitochondrial disease
MELAS spectrum disorder), RYR1 -mutated patients experi-
nce a better QoL ( t values varied from 3.356 (physical role
unctioning: p = .001) to 6.048 (general health: p < .001)
xcept for equally impaired scores on physical functioning
 t (71) = −0.664, p = .509), pain ( t (71) = 0.945, p = .348), and
xperienced health change ( t (71) = 0.531, p = .597). 

omparison of permanent and episodic phenotypes 

Of 72 RYR1 -mutated patients, 33 patients had a permanent
nd 39 had an episodic phenotype. The permanent phenotype
roup experienced worse physical functioning ( F (1,70) = 44.6,
 < .001), and more functioning impairments in home man-
gement ( F (1,70) = 9.8, p = .003), mobility ( F (1,70) = 7.3,
 = .009), and ambulation ( F (1,70) = 39.9, p < .001). With
egards to psychological functioning and fatigue, no differ-
nces between the groups were found. 
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Table 2 
Results of questionnaires in RYR1-related myopathies and MELAS. 
Scores from patient-reported outcome measures in RYR1 -related myopathy patients compared to patients with MELAS spectrum 

disorder and control subjects from the general population, based on specific questionaires with separate domains. 

Questionnaires/Domain Mean (SD) of patients 
with RYR1- related 
myopathies 

Mean (SD) of patients 
with MELAS spectrum 

disorder 

Mean (SD) of control 
subjects in general 
population 

n = 72 n = 72 [13] 

Functional impairment (SIP) 
Sleep/Rest 44.8 (62.1) c 50.6 (52.9) 11.4 (26.0) 
Home management 77.9 (97.6) c 86.9 (86.5) 8.8 (32.0) 
Mobility 19.0 (49.3) b , c 39.5 (93.3) 1.5 (8.7) 
Social interaction 75.8 (107.2) b , c 124.7 (142.0) 9.0 (26.9) 
Ambulation 78.3 (105.9) c 59.9 (90.6) 0.0 (0.0) 
Alertness behaviour 53.6 (97.6) b , c 127.1 (157.5) 15.4 (78.8) 
Work 27.2 (50.7) 30.9 (59.1) 12.7 (64.4) 
Recreation 49.7 (65.2) b , c 76.5 (71.7) 6.7 (21.7) 

Fatigue (CIS) 
Perceived fatigue 31.7 (13.2) b , c 37.4 (12.8) 17.3 (10.1) 
Concentration 12.0 (6.6) b , c 18.7 (9.2) 9.5 (5.9) 
Motivation 12.3 (5.6) b , c 14.8 (6.3) 7.9 (4.1) 
Activity 9.1 (5.3) b , c 11.9 (6.0) 6.6 (4.5) 

Symptoms of psychopathology (SCL90) 
Agoraphobia 8.4 (3.2) 7.8 (1.5) 
Anxiety 12.7 (4.1) 12.5 (3.1) 
Depression 22.5 (8.3) c 20.4 (4.7) 
Somatisation 19.5 (6.7) c 16.3 (4.0) 
Obsessive-compulsive beh. 14.1 (5.3) c 12.7 (3.3) 
Interpersonal sensitivity 23.0 (6.1) 23.3 (4.8) 
Hostility 6.8 (1.3) 7.0 (1.2) 
Sleep 5.6 (2.6) c 4.8 (1.9) 
Total 123.53 (32.5) 

Mental functioning (HADS) 
Depression 4.4 (4.0) 4.9 (4.2) 3.4 (3.3) 
Anxiety 4.0 (3.4) b , c 5.3 (4.2) 5.1 (3.6) 
Total – General distress 8.4 (6.6) 10.3 (7.7) 8.4 (6.3) 

Quality of life (RAND36) 
Physical functioning a 61.0 (30.1) c 63.4 (26.7) 81.9 (23.2) 
Social functioning 76.6 (25.2) b , c 64.1 (24.3) 86.9 (20.5) 
Physical role functioning a 56.9 (43.9) b , c 39.6 (42.5) 79.4 (35.5) 
Emotional role functioning 83.3 (33.1) b 69.4 (40.2) 84.1 (32.3) 
Mental health 77.3 (14.6) b 70.8 (17.6) 76.8 (18.4) 
Vitality 57.9 (18.6) b , c 49.0 (18.8) 67.4 (19.9) 
Pain 71.2 (25.8) 68.3 (25.9) 79.5 (25.6) 
General health 60.1 (22.5) b , c 44.1 (22.4) 72.7 (22.7) 
Experiences health change 44.4 (21.5) c 43.1 (21.1) 52.4 (19.4) 

a Items in the physical functioning domain address essential abilities of getting about in daily life (walking, walking up stairs, 
carry shopping bags, personal hygiene and getting dressed), whereas physical role functioning focuses on the difficulties in 
daily life due to impaired physical functioning (difficulties in working or fulfilling household duties); 

b Significant difference between RYR1 -related myopathy patients and patients with MELAS spectrum disorder; 
c Significant difference between RYR1 -related myopathy patients and control subjects from the general population. 
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Regarding QoL, compared to healthy controls patients
with a permanent phenotype experienced lower physical
(role) and social functioning, less vitality, more pain, worse
general health and experienced health change. Regarding
functional impairment, they experienced more difficulties in
sleep/rest, home management, mobility, social interaction, am-
bulation, recreation. Furthermore, with regards to psycholog-
ical functioning, these patients reported more somatization.
With regards to fatigue, patients reported more perceived
fatigue, motivation and activity problems ( t -values varied from
.906 (mobility: p = .006) to −10.019 (physical functioning:
 < .001). Anxiety levels were significantly lower than those
f healthy controls ( t = −4.126; p < .001). 

Patients with an episodic phenotype reported more per-
eived fatigue severity and motivation problems, more
ifficulties in social interaction, and more impairment in
ecreation and pastimes ( t values varied from 3.206 (recre-
tion: p = .003) to 5.447 (fatigue: p < .001) compared to
ealthy controls. Inspection of single items revealed that these
atients report decreased sexual activity, took it slower with
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ome of their usual activities, went out for entertainment less
ften, enjoyed less recreational activities, and dedicated them-
elves to hobbies for shorter periods of time. 

iscussion 

The present questionnaire-based study to our knowledge
s the first study to systematically investigate the impact of
YR1 -related myopathies in affected individuals, ranging from

unctional impairments and fatigue to psychological wellbeing
nd QoL in general ( Table 3 ). Our study showed that patients
ith RYR1 -related myopathies throughout the recognized dis-

ase spectrum have more functional impairments and expe-
ienced chronic fatigue compared to healthy controls, with
lmost half of all patients being severely fatigued (CIS fa-
igue > 35). Whilst functional impairments and fatigue were

ore pronounced in those with congenital myopathy pheno-
ypes, individuals with episodic phenotypes also scored higher
n all relevant categories compared to healthy controls, but
ess compared to a multisystem disorder with neuromuscular
nvolvement, MELAS. Although one third (33%) of patients
cored above the cut-off point for high distress, in general
cores indicative of psychological functioning were similar
ompared to the normal control population. 

Findings of increased fatigue as well as impaired physical
nd social functioning are not unexpected in RYR1 -related
ongenital myopathies (permanent phenotypes), considering 

he associated variable but often substantial weakness. How-
ver, the severity of the associated disease burden suggested
y our study is noteworthy, considering that RYR1 -related
yopathies are often regarded as relatively mild conditions

ompared to other congenital myopathies. These findings are
ven more remarkable as our cohort included only adult pa-
ients, thus excluding some of the early-onset RYR1 -related
aediatric manifestations associated with even more profound
eakness and disability. Our study also indicates specific

reas of malfunctioning in individuals with RYR1 -related
isorders that might warrant further in-depth exploration,
ertain aspects of social interaction (such as decreased sex-
al activity), recreational activities (for example, perform-
ng such activities more slowly) and general problems with

otivation. 
Milder but essentially similar findings in individuals with

YR1 -related MH and RM suggest that these conditions are
ot purely episodic conditions, but do have a phenotype
ssociated with a substantial disease burden also between
pisodes. The concept of RYR1 -related RM exhibiting also
nter-episodic myopathic features is supported by the addi-
ional presence of (exertional) myalgia without demonstrable

uscle breakdown in individuals with RYR1 -related RM and
heir carrier relatives, initially reported by our group [5] and
ndependently confirmed in subsequent smaller cohorts from
enmark and South America [26,27] . One of these series

lso already suggested an effect on activities of daily liv-
ng in patients with RYR1 -related RM, something which has

ore systematically been explored in the present study, also
ith regards to its impact on QoL parameters. Parameters of
hysical and social functioning as well as QoL in individuals
ith RYR1 -related MH, representing almost all patients with

pisodic phenotypes in our cohort, are here reported for the
rst time: these parameters suggest that as in patients with
YR1 -related RM, patients with RYR1 -related MH do also
ave a substantial disease burden in daily life, a concept that
s currently not well-established. Although no systematic stud-
es have been performed yet, earlier observations in isolated
amilies with RYR1 -related MH suggest a high prevalence of
ain, in particular affecting the lower back muscles [28] , a
uscle group that may also become manifestly weak over

ime in such patients [29] . Taken together, these observations
mphasize the previous notion that RYR1 -related MH and RM
re different but closely related clinical manifestations of the
ame mutational spectrum, presenting predominantly episodi-
ally on triggering but associated with a substantial permanent
isease burden in daily life. 

Although no detailed QoL studies have been reported in
YR1 -related and other congenital myopathies to date, similar
tudies have been performed in other, mainly dystrophic neu-
omuscular disorders such as Duchenne muscular dystrophy,
yotonic dystrophy type 1 (DM1) and facioscapulohumeral 
uscular dystrophy (FSHD), but also neurogenic conditions

uch as spinal muscular atrophy [30–33] . These studies may
erve as a point of comparison for the present study but
ay also help to delineate specific determinants of impaired
oL in neuromuscular disorders. In particular, comparison
ith previously reported cohorts of FSHD ( n = 139), DM1

 n = 322), and hereditary motor and sensory neuropathy type
 (HMSN; n = 137) from our center showed a lower preva-
ence of severe fatigue (CIS fatigue ≥ 35) in patients with
YR1 -related myopathies (46 % vs 61%, 74% and 64% re-
pectively; p = .04; p = .0001; p = .01 respectively) [34] . In
his previous study, regression analyses were carried out to
etermine the contribution of different dimensions to fatigue
everity [34] . The number of patients in our current study
as too small to perform a similar analysis, however, this
ught to be considered in larger prospective studies in future
oncerning RYR1 -related and other congenital myopathies. 

Impairment of physical activity and muscle strength, im-
ortant contributors to altered QoL in conditions such as
SHD and DM1 [35] , are likely to have contributed to

mpaired QoL in RYR1 -related congenital myopathies (per-
anent phenotypes) but are unlikely to explain similar

bservations in RYR1 -related RM and MH, considering that
ndividuals with these episodic phenotypes are normally
trong (or even particularly athletic). It is conceivable that
he absence of weakness in combination with a large muscle

ass in some of these individuals may enable them to partic-
pate effectively in strenuous sports (personal observation), an
bility that in turn might predispose to a higher incidence of
RM, muscle fatigue and an adverse effect on QoL. The com-
on occurrence of high levels of physical fitness and reduced

xercise tolerance or lower fatigue thresholds in some indi-
iduals with RYR1 -related episodic phenotypes may reflect
pecific effects of the dominant RYR1 gain-of-function muta-
ions typically underlying such phenotypes. Although not the



36 E. van Ruitenbeek, J.A.E. Custers and C. Verhaak et al. / Neuromuscular Disorders 29 (2019) 30–38 

Table 3 
Results of questionnaires in permanent and episodic phenotypes of RYR1-related myopathies. 
Scores from patient-reported outcome measures in patients with the permanent phenotype compared to patients 
with the intermittent phenotype, and compared to control subjects from the general population. 

Questionnaires/Domain Mean (SD) 
permanent 
phenotype 

Mean (SD) 
episodic 
phenotype 

Mean (SD) of control 
subjects in general 
population 

n = 33 n = 39 

Functional impairment (SIP) 
Sleep/Rest 51.2 (60.6) c 39.4 (63.6) 11.4 (26.0) 
Home management 114.9 (99.7) b , c 46.6 (85.1) 8.8 (32.0) 
Mobility 35.4 (66.9) b , c 5.2 (18.4) 1.5 (8.7) 
Social interaction 93.0 (121.2) c 61.3 (92.9) c 9.0 (26.9) 
Ambulation 147.2 (111.8) b , c 20.1 (53.1) 0.0 (0.0) 
Alertness behaviour 45.6 (71.1) 60.3 (116.0) 15.4 (78.8) 
Work 34.8 (62.9) 20.7 (37.2) 12.7 (64.4) 
Recreation 61.2 (64.9) c 39.9 (64.8) c 6.7 (21.7) 
Fatigue (CIS) 

Perceived fatigue 34.4 (12.2) c 29.3 (13.8) c 17.3 (10.1) 
Concentration 11.7 (5.8) 12.3 (7.2) 9.5 (5.9) 
Motivation 12.5 (5.5) c 12.2 (5.8) c 7.9 (4.1) 
Activity 10.2 (5.3) c 8.1 (5.0) 6.6 (4.5) 
Symptoms of psychopathology (SCL90) 

Agoraphobia 8.4 (2.9) 8.4 (3.4) 7.8 (1.5) 
Anxiety 11.9 (2.4) 13.3 (5.1) 12.5 (3.1) 
Depression 23.3 (8.6) 21.9 (8.1) 20.4 (4.7) 
Somatisation 20.0 (6.6) c 19.0 (6.9) 16.3 (4.0) 
Obsessive-compulsive behaviour 14.2 (4.2) 14.0 (6.2) 12.7 (3.3) 
Interpersonal sensitivity 23.6 (6.3) 22.6 (5.9) 23.3 (4.8) 
Hostility 6.6 (1.0) 6.9 (1.5) 7.0 (1.2) 
Sleep 5.6 (2.3) 5.7 (2.9) 4.8 (1.9) 
Total 124.5 (29.4) 122.7 (35.4) 
Mental functioning (HADS) 

Depression 4.6 (4.3) 4.3 (3.9) 3.4 (3.3) 
Anxiety 3.2 (2.6) c 4.6 (3.9) 5.1 (3.6) 
Total – General distress 7.8 (6.3) 8.9 (6.9) 8.4 (6.3) 
Quality of life (RAND36) 

Physical functioning a 40.8 (23.6) b , c 78.2 (23.8) 81.9 (23.2) 
Social functioning 73.1 (25.2) c 79.5 (25.1) 86.9 (20.5) 
Physical role functioning a 49.2 (43.1) c 63.5 (44.0) 79.4 (35.5) 
Emotional role functioning 80.8 (33.4) 85.5 (33.1) 84.1 (32.3) 
Mental health 79.5 (13.3) 75.4 (15.5) 76.8 (18.4) 
Vitality 55.3 (20.8) c 60.0 (16.5) 67.4 (19.9) 
Pain 63.9 (24.6) c 77.3 (25.5) 79.5 (25.6) 
General health 55.9 (21.2) c 63.7 (23.2) 72.7 (22.7) 
Experienced health change 39.4 (18.8) c 48.7 (22.9) 52.4 (19.4) 

a Items in the physical functioning domain address the essential abilities of getting about in daily life 
(walking, walking upstairs, carry shopping bags, personal hygiene and getting dressed), whereas physical 
role functioning focuses on the difficulties in daily life due to impaired physical functioning (difficulties in 
working or fulfilling household duties); 

b Significant difference between RYR1 -related myopathy patients and patients with MELAS spectrum dis- 
order; 

c Significant difference between RYR1 -related myopathy patients and control subjects from the general 
population. 
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focus of the present study, such mechanisms warrant further
investigation in future, and may include (i) fatigue caused by
continuous stimulation of SERCA activity indirectly mediated
through a “leaky” RyR1 channel; (ii) high circulating levels
of IL-6 in RYR1 mutation carriers causing chronic pain both
at rest and during activity [36,37] ; and (iii) fear of (recur-
rence of) rhabdomyolysis limiting the motivation to exercise
in some patients. From a practical point of view, it is notewor-
thy that the substantial disease burden caused by exertional
yalgia and fatigue may not be immediately obvious in pa-
ients with RYR1 -related MH, considering their lack of weak-
ess and often athletic muscle build; this is something that
ught to be considered [38,39] . Therefore, counseling of these
atients should extend beyond prevention of recurrent MH or
M episodes, and include rehabilitation focused on pain and

atigue. 
Considering that RYR1 -related myopathies may show some

ultisystem features, we also compared RYR1 -mutated pa-
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ients with patients affected by MELAS, a mitochondrial
ultisystem disorder with muscle and brain features. In com-

arison to MELAS, RYR1 -mutated patients generally have a
etter QoL, less functional impairment, less anxiety, less per-
eived fatigue, and are less often severely fatigued. This is
ot unexpected, considering that MELAS is a more extensive
ondition. A better example for comparison appears McArdle
isease, another neuromuscular disorder with an often severe
pisodic phenotype that however has substantial permanent
eatures, as evidenced by a recent questionnaire study includ-
ng 81 patients, demonstrating lower clinical scores compared
o the general population in physical domains of health-related
oL parameters [40] . 
The main limitation of this study relates to the low re-

ponse rate of 52% of patients who were invited to participate
or 77% of patients who had initially agreed to participate af-
er having been invited), suggesting a potential selection bias.
lthough there were no differences in age and sex between

he response and non-response group, the non-response group
onsisted of more patients with the episodic phenotype than
he response group, suggesting that our results may be more
eflective of the latter. In addition and non-regarding specific
ubgroups, more symptomatic patients may be more inclined
o participate in such a symptom-centered questionnaire study,
hus potentially leading to an overestimation of the severity
f the associated disease phenotype. As a result of the cross-
ectional questionnaire study design, we could not identify the
auses of functional impairments and loss of QoL. Based on
he limitations as outlined, more extensive prospective longi-
udinal studies focusing on RYR1 -related myopathies will be
equired. 

In conclusion, the present study demonstrates that both per-
anent and episodic RYR1 -related disorders are associated
ith a substantial disease burden, characterized by functional

imitations and severe fatigue, and a resulting loss of QoL. As
uch, our study challenges the concept of RYR1 -related my-
pathies as relatively mild conditions, and of RYR1 -related
M and MH as episodic conditions with no significant inter-
pisodic phenotypes. This study should provide the basis for
ore extensive studies investigating QoL in RYR1 -related and

ther congenital myopathies, and alert physicians and multi-
isciplinary team members to the multiple and often hidden
eeds of patients presenting with RYR1 -related RM and MH.
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