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Abstract.

Background: Limb-girdle muscular dystrophy R9 (LGMDRY) is a chronic progressive hereditary muscle disease, related
to the Fukutin Related Protein (FKRP) gene, that may cause major disabilities, cardiomyopathy, and ventilatory failure.
Knowledge of how LGMDRY affects health-related quality of life (HRQoL) is relevant in treatment and care.

Objective: To investigate HRQoL in the Norwegian LGMDRY population over 14 months and relation to fatigue and sleep
quality.

Methods: Participants (16+ years) of the Norwegian LGMDRY cohort study completed two HRQoL measures, i.e., Individ-
ualized Neuromuscular Quality of Life questionnaire (INQoL) and the 36-item Short Form (SF-36) at baseline, 8, and 14
months and measures of fatigue and sleep quality at 9 months.

Results: HRQoL response rate was 84/90 (75 ¢.826 C > A homozygotes and nine ¢.826 C > A compound heterozygotes).
Compared to Norwegian normative data, all SF-36 domain scores were impaired (p < 0.006) except mental health in males
(p=0.05) and pain scores. During 14 months, perceived muscle weakness and the INQoL index (disease burden) worsened
in ¢.826 C > A homozygotes. Compound heterozygotes reported more dysphagia and physical difficulties than homozygotes
and showed a tendency towards worsening in weakness over time but some improvement on the INQoL index. Homozygous
females reported generally poorer HRQoL and a higher burden than males. The INQoL index was related to perceived muscle
weakness and fatigue, and fatigue to myalgia and mental distress. The prevalence of fatigue and poor sleep was 40% and
49%, respectively.

Conclusions: The 14-month follow-up period shows a worsening of perceived weakness and burden in ¢.826 C > A homozy-
gotes, which can then be expected. The prevalence and impact of fatigue indicate a need for awareness and treatment of
fatigue. Myalgia and mental distress are potential targets in the treatment of fatigue, which future studies need to establish.
Sleep issues and gender-specific care needs also require attention in LGMDRO.
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INTRODUCTION

Limb-girdle muscular dystrophy type R9
(LGMDRY) is a rare autosomal recessive disease
caused by pathogenic variants in the Fukutin Related
Protein gene (FKRP) [1]. It is more frequent in
Northern European populations, with the highest
prevalence recorded in Norway; 2.84/100,000 [2]. In
European populations, FKRP ¢.826 C > A is the most
common disease-causing variant, and c.826C>A
homozygotes tend to have a milder disease pro-
gression than ¢.826 C> A compound heterozygotes
[3-5]. The disease typically presents with slowly
progressive proximal lower limb weakness at a young
age and commonly leads to wheelchair dependency,
cardiomyopathy, and eventually ventilatory failure
[1,2,5].

While no disease-modifying or curative therapy is
currently available for LGMDRY, affected individu-
als are provided supportive care. This may include
symptom-relieving medications, cardiorespiratory-,
physical-, occupational, or cognitive-behavioral ther-
apy, providing access to user-controlled personal
assistance, and efforts to facilitate social participation
[6, 7]. Patient Reported Outcome Measures (PROM),
such as Health-Related Quality of Life (HRQoL),
are important tools to understand the patients” expe-
riences and provide the necessary supportive care.
Despite some conceptual and methodological chal-
lenges [8], HRQoL is considered important endpoints
in clinical research and health planning [8, 9] and
increasingly emphasized as evidence of utility or
treatment success. HRQoL measures encompass
both generic and disease-specific versions. Generic
HRQoL enable comparisons between heterogeneous
diagnostic groups and between patients and gen-
eral populations and may be used to calculate
quality-adjusted life years for cost-utility analy-
ses. Disease-specific measures target disease-related
symptoms, effects, and burdens and may be more
relevant in clinical research aimed at monitoring dis-
ease progression or treatment-related benefits. Most
HRQoL instruments measure self-perceived health
status in physical, mental, and social aspects of
health, whereas some also include personal evalu-
ations by the respondents [10] to better reflect the
«true» level of HRQoL.

A systematic literature review reports strong evi-
dence for disease severity, fatigue, pain, and mood as
important predictors of HRQoL in muscle diseases,
moderate evidence for the role of female gender,
advancing age, and poor sleep, and weak evidence

for disease duration and employment [11]. A recent
study indicated that LGMDRO is associated with con-
siderable symptoms of pain [12]. We have found no
study reporting HRQoL in LGMDRO patients. In all,
only a handful of qualitative [6, 7] and quantitative
studies [13, 14] have been published on how LGMD
impacts daily life.

In the present study, we investigated the magni-
tude of changes in HRQoL in a Norwegian LGMDR9
cohort during a 14-month period and explored health
areas with potential for improvement, subgroups at
heightened risk for poor HRQoL, and symptoms of
particular importance to patients. Additionally, we
investigated the prevalence and correlates of fatigue
and poor sleep quality.

MATERIALS AND METHODS
Farticipants

The present study is a part of “The Norwegian
LGMDRSY cohort study” at the National Neuromus-
cular Centre Norway (NMK), University Hospital of
North Norway (UNN). A total of 153 subjects (135
adults, i.e., 16+ years) in Norway with clinically and
genetically confirmed LGMDRY were invited to the
cohort study. Of these, 101 subjects gave consent
and participated [2]. The participants completed a
study-specific questionnaire, and patient notes were
collected from the specialist health care. All adults
(16+ years) in the cohort (90/101) were invited to the
present study of HRQoL.

Instruments

The 36-1tem Short-Form Health Survey (SF-36)
version 1

The Norwegian version of SF-36 v. 1 [15] is a
generic profile-based HRQoL measure that yields
nine 0-100-point subscales (from lowest to highest
HRQoL): physical functioning, role limitations due
to physical problems, bodily pain, general health,
vitality, social functioning, role limitations due to
emotions, mental health, and change in health over
the past year. As in the SF-36 algorithm [16], miss-
ing values were replaced with the subjects’ mean
score for the completed items on the respective scale
given a minimum of 50% subscale completion. SF-
36 is extensively validated [17, 18] and widely used
including on patient populations with muscle diseases
[11].
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The Individualized Neuromuscular Quality of
Life queastionnaire (INQoL) version 2.0

INQoL [19] v. 2.0 is a disease specific measure
comprising seven symptom domains (i.e., muscle
weakness, myalgia, fatigue, myotonia, diplopia, pto-
sis, and dysphagia), five functional or “life domains”
(i.e., activities related to daily living/leisure/work,
independence, social relationships, emotions, and
body image), and two treatment domains (i.e.,
perceived and expected treatment effects). The
myotonia, diplopia, ptosis, and treatment domains
were not included in this study as they were con-
sidered irrelevant. Myotonia, diplopia, and ptosis
are not reported in LGMDR9. Each domain con-
tains items of severity, impact degree, and impact
importance. The item scales are 7-point Likert type
and categorical combined as each number also has a
categorical description, from either nothing or very
little, to extreme. Raw scores are transformed into
domain scores ranging between 0 (no burden) and
100 (maximal burden) according to a weighted scor-
ing algorithm. Additionally, the items on impact and
impact importance of each life domain are aggre-
gated into one sum score - the INQoL index - as a
proxy of disease burden or total impact on HRQoL.
Missing data were replaced according to the scoring
algorithm.

INQoL is the first HRQoL instrument devel-
oped for neuromuscular disorders and has been
translated to multiple languages [20]. The Norwe-
gian version is the result of a linguistic validation
methodology with forward-backward translation
and tested on 100 outpatients with 70 respon-
dents at NMK with various neuromuscular diseases
proving satisfactory internal validity as well as
concurrent validity with the SF-36 (unpublished
data).

The Pittsburgh Sleep Quality Index (PSQI)

PSQI assesses self-reported sleep quality [21].
The Norwegian version [22] was used. PSQI has
proven good reliability and validity, it is widely used
in screening for sleep disturbances in both clini-
cal and non-clinical populations [23], and has been
applied in populations with other types of muscu-
lar dystrophies [24, 25]. Based on the items, seven
component scores (range 0-no to 3-severe difficulty)
are created and summed to one global score (range
0-21) with a cut-off score of>5 indicating sig-
nificant sleep disturbance. Missing data were not
imputed.

The Fatigue Severity Scale (FSS)

FSS [26] indexes the level of fatigue. It is a generic
psychometric measure validated across multiple pop-
ulations including a Norwegian general population
[27]. Tt consists of nine items rated on a 7-point
Likert scale, and the FSS score is calculated as the
average of the item scores [26]. The revised cut-off
score of > 5 (from > 4) was recommended to indicate
severe fatigue in a Norwegian FSS validation study
[27]. Missing data were not imputed.

Procedure

The HRQoL instruments were distributed in paper
versions by regular mail to adult participants of «The
Norwegian LGMDR9 cohort study» at three con-
secutive time points: 2020-June, 2021-February, and
2021-August, respectively. One reminder was sent
per administration. In addition, FSS and PSQI were
administered one month after the second HRQoL
collection. The second HRQoL collection was used
for correlation analyses between HRQoL, FSS, and
PSQI. Baseline HRQoL was used for correlation
analyses between INQoL and SF-36 and for com-
parison with reference data and of subgroups except
genotype subgroups (c.826 C>A homozygotes vs
c.826 C>A compound heterozygotes). To enable
inclusion of all compound heterozygotes, who were
few, the first responses of each unique participant
was used rather than the baseline HRQoL. Repeated
measurements of HRQoL were applied to evaluate
the level of fluctuations in cross-sectional measure-
ments over time and to measure longitudinal changes
at the individual level and the rank-order stability
of the subscales (Sect. “Statistical analyses™). Social
and clinical background data were collected from the
questionnaire of the main study and included mar-
ital status, living situation, work status, educational
achievement, activities of daily living (ADL), ambu-
lation, use of Positive Airway Pressure (PAP) therapy
(i.e., mask-based therapy for e.g., sleep apnea or
hypoventilation), cardiac involvement, Percutaneous
Endoscopic Gastrostomy (PEG), and consumption
of pain medication for myalgia. Higher education
was defined as at least one year at university or col-
lege. Age at disease onset, for calculation of disease
duration, was primarily collected from patient notes.
Disease onset was defined as the first clinical sign or
symptom of muscle disease, such as muscle weak-
ness, myalgia, or myoglobinuria and did not include
incidental finding of elevated muscle enzymes. Nor-
wegian normative SF-36 data, used as reference, were
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obtained from published material [28, 29], and social
population statistics from Statistics Norway [30].

Statistical analyses

Data were analyzed using IBM SPSS Statistics
for Windows (Version 27.0. Armonk, NY: IBM
Corp.). Distribution of continuous variables are
described using mean and standard deviation (£SD),
or median and interquartile range (IQR), as appro-
priate. For simple group comparisons, independent
t-test with bootstrapping or Kruskal-Wallis (multiple
subgroups) was applied. Bootstrapping was always
performed with 5000 resamples. In comparisons
with normative SF-36 data, independent z-test was
found acceptable given the sample sizes. In geno-
type comparison, multiple linear regression (MLR)
with bootstrapping was applied to adjust for sex and
age. To assess the change in INQoL domains from
baseline to 14 months, paired #-test with bootstrap-
ping (homozygotes), or paired Wilcoxon-signed rank
test (compound heterozygotes due to a very lim-
ited sample size) was used. Categorical variables
are presented as frequencies. Pearson chi-square was
used for variable cell comparisons, and effect size is
presented as odds ratio (OR) with confidence inter-
val (CI). Bivariate correlations were examined with
Pearson correlation (r) on normal distributions, oth-
erwise with Spearman rank correlation (rg). Within
the context of the current study, we considered cor-
relation coefficients<0.40 as weak, 0.40-0.69 as
moderate, > 0.70 as strong, and > 0.90 as very strong.

For repeated measurements, we used generalized
linear mixed models (GLMM) as it is a flexible
regression analysis with regarding handling of miss-
ing data and data dependencies. The rank-order
stability of the HRQoL domain scores was estimated
as an Intraclass Correlation Coefficient (ICC) as the
ratio between the intersubject variance (random inter-
cept) and the total variance in a model without any
fixed effects. ICC values <0.50, 0.50 — 0.75, 0.75
—0.90,>0.90 may be considered as poor, moder-
ate, good, or a high degree of rank-order stability,
respectively. A high ICC thus means that if changes
in HRQoL occur, the participants show the same
change pattern with low variability in change across
time. In order to regress the independent variables
on the repeatedly measured dependent continuous
variables of interest (perceived muscle weakness and
the INQoL index), GLMM regression was applied.
Choice of covariance structure for the residual matrix
was decided based upon which structure that yielded

the lowest Bayesian Information Criterion value. All
GLMM analyses were performed with robust esti-
mation of the standard errors. To identify predictors
of dependent continuous variables measured once
(FSS and PSQI), MLR with backward elimination
was applied. The selection of independent variables
in GLMM, or MLR before backward elimination, was
based on the p-values of simple regression analyses
of the variable of interest (p <0.20 considered rele-
vant). Age and sex were included as control variables.
Assumptions of normality of the MLR residuals were
checked using Q-Q plots, skewness, and kurtosis,
homoscedasticity by scatter plotting predicted versus
residual values, and influential cases by Cook”s dis-
tance. The alpha level was setto p < 0.05. Considering
the exploratory nature of the study and small sub-
groups (low power), correction for multiple testing
was not used in this study [31].

Approvals and patient consent

All participants provided a written informed con-
sent for the collection and use of clinical data. The
study was approved by the Regional Committee
for medical and health research ethics of Northern
Norway (2018/1968/REK nord), and by the Data Pro-
tection Officer at UNN. The Norwegian version of
SF-36 v. 1 was freely distributed by Knowledge Cen-
tre for the Health Services, Norwegian Institute of
Public Health [32]. Permission to use the INQoL [20],
the PSQI [33], and the FSS [34], respectively, was
obtained.

RESULTS
FParticipants

The response rates are shown in Fig. 1. The over-
all HRQoL response rate was 84/90 (93%). Of all
HRQoL respondents, 59 (70%) participated all three
times, 16 (19%) twice, and 9 (11%) participated only
once. Baseline characteristics of the sample compris-
ing 75 ¢.826 C > A homozygotes and nine ¢.826 C > A
compound heterozygotes are provided in Table 1. The
compound heterozygotes had comparable disease
duration to homozygotes but were younger (median
31 vs49years, p=0.033). The status regarding work,
educational achievement, ADL, ambulation, PAP
therapy, and PEG, was relatively poorer among com-
pound heterozygotes than homozygotes, whereas
the frequency of cardiac involvement was com-
parable and the consumption of pain medication
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Baseline
INQoL: 73/89 (82 %)
SF-36: 72/89 (80 %)

1 new |
participant

8 months
INQoL: 78/90 (87 %)
SF-36: 77/90 (86 %)

i—} 1 died

14 months

9 months
FSS: 75/90 (83 %)
PSQl: 74/90 (82 %)

INQoL and SF-36:
67/89 (74 %)

Fig. 1. Flow chart.

relatively higher among homozygotes. The subgroup
of homozygotes was gender balanced, and males and
females had comparable age and disease duration.
Among homozygotes, females showed relatively
poorer ADL and ambulation, a higher rate of PAP
therapy, and a greater consumption of pain medica-
tion compared to males, whereas a higher proportion
of males reported cardiac involvement. Compari-
son of compound heterozygous males and females
was not applicable due to low sample size, hetero-
geneous genotypes, and unequal age distributions
(Table 1 and 2).

Internal validity

Global scores for the PSQI, the FSS, and the
HRQoL could be calculated for 89%, 97%, and
96-100% of the responses, respectively. SF-36
showed considerable floor effects on physical func-
tioning, ceiling effects on social relationships, and
both floor- and ceiling effects on role physical and
role emotions (Table 3). The INQoL scale was reverse
scored and had negligible ceiling effects but consider-
able floor effects on myalgia, fatigue, and dysphagia
(Table 4). ICCs were moderate to high (0.62—0.85) on
all SF-36 subscales except role emotions and change
(Table 3). INQoL showed overall relatively higher
ICCs (0.73-0.91) (Table 4) indicating higher rank-
order stability across time. There were moderate to
strong correlations between SF-36 and INQoL sub-
scales sharing conceptual similarity (Table 5).

HRQoL over time

The measures of HRQoL at the three time points
showed comparable mean scores (Table 3 and 4).
The greatest difference between the highest and the
lowest mean score was found on the subscales of
bodily pain (4.9 points) and vitality (6.5 points) of
the SF-36 (Table 3) and, correspondingly, myalgia
(5.9 points) and fatigue (6.8 points) of the INQoL
(Table 4). The change in the INQoL subscale scores
from baseline to 14 months showed, in homozy-
gotes, a worsening in muscle weakness and the
INQoL index and a borderline significant worsen-
ing in activities (Table 4). Correspondingly, GLMM
regression, including all three measurements of the
homozygotes, showed an increase in muscle weak-
ness (Table 6A), and an incremental tendency in the
INQoL index (p =0.08) (Table 6B). Five compound
heterozygotes, all wheelchair dependent, completed
the INQoL at baseline and 14 months. They showed
a tendency towards worsening in muscle weakness
but, more strongly, an improvement of the INQoL
index (Table 4). On the particular SF-36 item con-
cerning change in general health over the past year,
worsening was reported by 42-57% of the homozy-
gotes at the three respective measurements, compared
to 17-29% of the compound heterozygotes. Among
the homozygotes, 2-9% reported severe worsening,
and 4—12% reported improvement. None of the com-
pound heterozygotes reported severe worsening or
any improvement.

HRQoL compared to normative data, and gender
differences

Compared to the SF-36 normative data, the present
study population showed significant impairments on
all subscales except bodily pain, and the impairment
of mental health in males was borderline signifi-
cant (Table 3). Females showed relatively poorer
scores both in the reference- and the present study
population (not shown), but the female impair-
ments were more pronounced among our participants
compared to reference population (Table 3). Over-
all, homozygous females reported lower levels of
HRQoL than homozygous males (Fig. 2A) and
significantly on bodily pain, vitality, and social rela-
tionships (Table 3). Moreover, they showed a higher
burden on several aspects of INQoL (Fig. 2B) and sig-
nificantly on activities and independence (Table 4).
GLMM analyses, including all three measurements
of the homozygotes, showed that females tended
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Table 1
Sociodemographic and clinical background data in all participants

FKRP ¢.826 C> A homozygotes

FKRP ¢.826 C> A compound

heterozygotes

All Females

Males All

Females Males

M (IQR); n/n (%) M (IQR); n/n (%)

M (IQR); n/n (%)

M (IQR); n/n (%) M (IQR); n/n (%) M (IQR); n/n (%)

N 75/75 (100) 35/75 (47)
Age (years) 49 (33-58) 47 (33-57)
Range 16-75 16-71
Disease duration 31(18-47) 30 (19-45)
(years)

Spouse/ cohabitant 43/67 (64) 20/31 (64)
(Age > 25 years)

Living alone 23/72 (32) 10/34 (29)
ADL

Independent 31/75 (41) 11/35 (31)
PA. 15/75 (20) 11/35 (31)
Home care 3/75 (4) 3/35(9)
Institution 2/75 (3) 2/35 (6)
Work/studies

Yes, 100% 26/61 (43) 9/30 (30)
Partial incapacity 13/61 (21) 8/30 (27)
100% incapacity 19/61 (31) 11/30 (37)
Incapacity, other cause 2/61 (3) 1/30 (3)
(Age 18-67 years)

Higher education® 37/68 (54) 18/32 (56)
(Age > 25 years)

Ambulation

Independent 40/75 (53) 13/35 (37)
Walking aids 13/75 (17) 7/35 (20)
Wheelchair 22/75 (29) 15/35 (43)
PAP

All 22/75 (29) 15/35 (43)
Day and night 2/75 (3) 2/35 (13)
CM 16/73 (22) 4/34 (12)
PEG 1/75 (1) 1/35 (3)
Analgesics (myalgia)

Never 51/75 (68) 18/35 (51)
Daily/almost daily 4175 (5) 4/35 (11)

40175 (53) 9/9 (100) 5/9 (56) 419 (44)
50 (34-61) 31 (28-36) 31 (28-35) 33 (25-56)
16-75 25-63 25-35 25-63
32 (18-49) 27 (16-33) 27 (16-30.5) 29 (15-55)
23/36 (64) 4/9 (44) 2/5 (40) 2/4 (50)
13/38 (34) 2/9 (22) 1/5 (20) 1/4 (25)
20/40 (50) 2/9 (22) 1/5 (20) 1/4 (25)
4/40 (10) 6/9 (67) 4/5 (80) 2/4 (50)
0/40 (0) 0/9 (0) 0/5 (0) 0/4 (0)
0/40 (0) 0/9 (0) 0/5 (0) 0/4 (0)
17/31 (55) 1/8 (13) 1/5 (20) 0/3 (0)
5/31 (16) 08 (0) 0/5 (0) 0/3 (0)
8/31 (26) 6/8 (75) 3/5 (60) 3/3 (100)
131 3) 1/8 (13) 1/5 (20) 0/3 (0)
19/36 (53) 3/9 (33) 3/5 (60) 0/4 (0)
27/40 (68) 3/9 (33) 1/5 (20) 2/4 (50)
6/40 (15) 0/9 (0) 0/5 (0) 0/4 (0)
7/40 (18) 6/9 (67) 4/5 (80) 2/4 (50)
7/40 (18) 319 (33) 1/5 (20) 2/4 (50)
0/40 (0) 319 (33) 1/5 (20) 2/4 (50)
12/39 (31) 2/9 (22) 1/5 (20) 1/4 (25)
0/40 (0) 39 (33) 1/5 (20) 2/4 (50)
33/40 (83) 4/8 (50) 1/5 (20) 3/3 (100)
0/40 (0) 0/8 (0) 0/5 (0) 0/3 (0)

(a) > 1 year in college or university. M = median, IQR =inter-quartile range, ADL = activities of daily living, P.A. = user-controlled personal
assistance, PAP = Positive Airway Pressure support, CM = cardiomyopathy (self-reported), PEG = Percutaneous Endoscopic Gastrostomy.

to have more severe muscle weakness (Table 6A)
and a significantly worse INQoL index than males
(Table 6B).

HRQoL and genotypes

SF-36 showed no significant differences in HRQoL
between the two genotype groups but a tendency
towards poorer physical functioning, yet better social
and mental HRQoL among the compound heterozy-
gotes (Table 3, Fig. 2C). On INQoL, the compound

heterozygotes reported significantly higher burden on
the domains of dysphagia and independence (Table 4,
Fig. 2D). The prevalence of dysphagia was 6/9 (67%)
in compound heterozygotes compared to 14/80 (18%)
in homozygotes.

HRQoL and age/ disease duration

In homozygotes, both age and disease dura-
tion correlated positively with the following
INQoL subscales: muscle weakness (p=0.017 and
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Table 2
Genotypes and natural history of FKRP ¢.826 C> A compound heterozygous participants
No. Genotype Sex Age Age at Age at Age at CM Age at PEG
FKRP (years) onset Ww/C (years) PAP
c.826C>A (years) (years) (years)
/
1.2 962C>A, F 30 12 23 24 - -
(Ala321Glu)
2.2 F 35 8 20 - - -
3.af M 36 2 7 18 23 +
4. F 34 3 14 31 27 +
5. M 63 1 12 - 31 +
6. 899T>C, F 25 11 - - - -
(Val300Ala)
7. 1323T>G F 31 1 28 28 - -
(Phed41Leu)
8. 328C>T, M 30 7 - - - -
(Arg110Trp)
9. 166T> A, M 25 13 - 20 - -
(Phe56lle)

(a) Siblings, (}) died during the study. W/C =wheelchair dependency, CM = cardiomyopathy (here: LGMDR9-related abnormalities on
echocardiography according to medical records), PAP = Positive Airway Pressure support, PEG = Percutaneous Endoscopic Gastrostomy,
F=female, M = male. Adapted table from a previous study [2] (Table A).

Table 3
SF-36 measurements

Baseline, 8 and 14 months Baseline First responses

SF-36 Scores ICC Floor/Ceiling % Below reference Homoz. F/M Homoz/Comp

subscales (n=66-76) AllF/M (n=31/34)p (n=75/9) p*
Mean sp (n=36/36) p

Physical 37.934.1 0.85 19-23/3-6 A 0.076 (F 0.37 (Comp

functioning 33. 7320 worse) worse)
35.8344

Role physical 46.843.9 0.61 33-39/28-35 *) ok 0.75 (F worse) 0.51 (Homoz
441418 worse)
47.043.3

Bodily pain 68.025.5 0.75 0/ 18-20 0.36 / - (above 0.040 F worse 0.56 (Comp
66.4758 reference; 0.85) worse)
T1.3225

General health 48.824.7 0.80 1-4/0-1 *] * 0.18 (F worse) 1.0
47.3259
48.6223

Vitality 44.593 3 0.83 3-5/0 */0.018 0.008 F worse 0.85 (Homoz
452540 worse)
51.023.6

Social 67.027.8 0.66 0-1/18-28 *10.0005 0.025 F worse 0.39 (Homoz

functioning 66.977.2 worse)
66.626.9

Role 65.740.6 0.48 19-27/ 52-57 */0.0073 0.11 (F worse) 0.55 (Homoz

emotional 65.3407 worse)
62.2438

Mental health 733167 0.79 0/ 0-1 0.006/ 0.050 0.18 (F worse) 0.24 (Homoz
742133 worse)
75.916.4

Change 38.5183 0.45 2-8/1-4 N.D. 0.46 (F worse) 0.65 (Homoz
37.720.1 worse)
43.2139

(a) Age- and sex adjusted p-value. (*) p<0.0001. P-values <0.05 are highlighted. SD =standard deviation, ICC =intraclass correlation
coefficient, homoz = FKRP c.826 C > A homozygotes, compound = FKRP ¢.826 C> A compound heterozygotes, F=females, M = males,
N.D.=no data. The SF-36 subscales range 0-100 (lowest to highest HRQoL). Since only 7/9 compound heterozygotes participated at
baseline, the first responses, rather than only the baseline responses, were included for comparison with homozygotes.
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Table 4
INQoL measurements
Baseline, 8 and 14 months Baseline and 14 months Baseline First responses

INQoL domains Scores (¢ Floor/ Increase Homoz F/M Homoz/ Comp
(n=67-73) Ceiling (n=31/35) (n=175/9)
Mean sp % Mean gp (median) P pP

Homoz Comp?
(n=55) (n=5)

Weakness 62.1245 0.91 5-7/1-5 4793 (5.3) 2.113.7 (5.3) 0.39 (F 0.11 (Comp
63.023.4 (»=0.001) (»p=0.49) worse) worse)
64.5539

Myalgia 29.826.2 0.81 30-36/0 -2.017.9 (0) -3.047 (0) 0.38 (F 0.89 (Comp
31.0273 (p=0.41) (p=0.18) worse) worse)
25.126.0

Fatigue 39.925.0 0.81 19-33/1-3 —1.0132 (0) 6.323.1 (0) 0.71 (F 0.62 (Comp
432783 (p=0.68) (p=0.59) Wworse) worse)
364315

Dysphagia 8.2167 0.81 11-82/0 -0.23.7 (0) —11.614.1 0.51 (F 0.004 Comp
7.815.0 (»p=0.87) (-5.3) WOrSse) worse
4.8120 (p=0.11)

Activities 55.823.4 0.91 0-1/0-3 33117 (1.9) 09137 0.044 F 0.14 (Comp
599238 (p=0.051) (-0.9) worse worse)
57.024.7 (»=0.89)

Indepen-dence 40.929.7 0.91 9-10/ 1-3 1.314.9 (0) -1.175 (0) 0.004 F 0.0002 Comp
43.6305 (p=0.52) (p=0.16) worse worse
41.2295

Relationships 342201 0.73 7-8/0 14134 (0) 5.620.4 0.73 (F 0.64 (Homoz
35.0210 P=0.57) (-2.3) WOrSe) WOrSse)
34.021.4 (p=1.0)

Emotions 38.1215 0.81 3-8/0 0.314.6 (0) —6.1146 0.064 (F 0.30 (Homoz
394235 (p=0.88) (-5.6) worse) worse)
34.520.9 (»=0.36)

Body image 43.026.0 0.74 3-9/0-3 2.9202 (0) —6.1237 (0) 0.40 (F 0.15 (Comp
449559 (»=0.29) (r=1.0) worse) worse)
44.226.0

INQoL index 473180 0.81 0-2/0 4.8123 (3.9) —4.49 0.15 (F 1.0
48.318.0 (p=0.010) (-6.1) worse)
48.2 196 (»=0.34)

(a) Patient No. 1, 2, and 5-7, Table 2, (b) Age- and sex-adjusted p-value. P-values<0.05 are highlighted. SD =standard deviation,
ICC =intraclass correlation coefficient of repeated measurements homoz = FKRP ¢.826 C > A homozygotes, compound = FKRP ¢.826 C> A
compound heterozygotes, F=females, M = males. The INQoL domain scores range 0-100 (no burden to maximal burden). Since only 7/9
compound heterozygotes participated at baseline, first response of each individual was included for comparison with homozygotes. Four
zero-scores of muscle weakness out of 218 registrations were not included due to clear inconsistency from the other registrations of the
respective respondent.

Table 5
Bivariate correlations between selected subscales from INQoL and SF-36
INQoL SF-36 Is (n=69-72) 95% C1
Muscle weakness Physical functioning -0.56 * (-0.71,-0.37)
Fatigue Vitality —-0.70 * (-0.81,-0.55)
Myalgia Bodily pain -0.77 * (-0.86, —0.66)
Activity Physical functioning —0.64 * (-0.76, -0.46)
Role physical —0.44 * (-0.62,-0.23)
Independence Physical functioning —0.69 * (-0.80, -0.54)
Relationships Social functioning -0.73 * (-0.83, -0.60)
Emotions Mental health -0.67 * (-0.79, -0.51)
Role emotional -0.49 * (-0.65, -0.29)

(*)p<0.001, rs = Spearman s rho. Note: INQoL and SF-36 have inverse directions on the scales,
hence negative correlation coefficients.
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Table 6
Multivariate regression models (generalized linear mixed models) of INQoL scores
Independent variables p* Beta )4 95% CI
A) Muscle weakness
(c.826 C> A homozygotes)
Age (years) 0.01 0.44 0.008 (0.1,0.8)
Female (vs male) 0.21 7.19 0.14 (-2.3,16.6)
Time (months) 0.002 - 0.003 -
0 -4.22 0.001 (-6.8,-1.6)
8 -3.50 0.003 (-5.8,-1.2)
14 - - -
B) INQoL index
(c.826 C> A homozygotes)
Age (years) 0.04 0.26 0.03 (=0.03, 0.50)
Female (vs male) 0.03 9.18 0.02 (1.6, 16.8)
Time (months) 0.07 - 0.08 -
0 -3.57 0.03 (-6.73,-0.41)
8 -1.46 0.29 (-4.15,1.24)
14 - - -
C) INQoL index (All
participants)
Age (years) 0.02 0.001 0.99 (-0.20, 0.21)
Female (vs male) 0.06 5.25 0.06 (-0.23, 10.74)
Higher education (vs non) 0.14 4.08 0.14 (-1.28,9.44)
Weakness (0-100) <0.001 0.37 <0.001 (0.25, 0.49)
Fatigue (0-100) <0.001 0.10 0.006 (0.03, 0.18)
Myalgia (0-100) <0.001 0.04 0.47 (-0.06, 0.13)
Dysphagia (0-100) 0.17 -0.03 0.75 (-0.22, 0.16)
PAP (vs non) 0.045 1.15 0.70 (—4.80, 7.09)
Time 0.13 - 0.84 -

14 months =reference category for the variable Time. p* = p-value before mutual adjustment for the other inde-
pendent variables. CI=confidence interval, PAP=Positive Airway Pressure support. Dependent variable: (A)
Perceived muscle weakness from FKRP ¢.826 C > A homozygotes. (B) The INQoL index from FKRP ¢.826C>A
homozygotes. (C) The INQoL index from all participants. Variables not included in Table 6C due to a p* > 0.20
were genotype (p* =0.30), cardiomyopathy (p* =0.60), and PSQI (p* =0.33). Level of ambulation was significant
(p* <0.001) but not included due to substantial similarity with muscle weakness.

p=0.004), fatigue (p =0.038 and p =0.004), dyspha-
gia (p=0.030 and p <0.001), activities (p =0.036 and
p=0.011), independence (p=0.002 and p<0.001),
and the INQoL index (p=0.039 and p=0.039)
(ry=0.24-0.44). Duration was also positively cor-
related with the subscale of relationships (r; =0.31,
p=0.008). Myalgia, emotions, and body image did
not correlate with age or disease duration in homozy-
gotes. In compound heterozygotes, age and disease
duration did not correlate with any of the INQoL
subscales.

HRQoL and LGMDR9-related symptoms/
involvements

The frequency of any level of muscle weakness
was 93-97%, fatigue 67-82%, myalgia 63-68%, and
dysphagia 17-28% at the three respective measure-
ments. Multivariate regression showed that muscle
weakness and fatigue were independent predictors
of the INQoL index (Table 6C). Comparing of the

INQoL index of the independent walkers and the
wheelchair and walking aid subgroups showed that
the INQoL index was associated with wheelchair
dependency (p =0.002) and more strongly with walk-
ing aids (p <0.0001) but did not differ significantly
between the wheelchair and walking aid subgroups
(p=0.10).

Fatigue and subjective sleep quality

The FSS cut-off score gave a fatigue prevalence
of 41% (14/34) in females and 38% (15/39) in
males. FSS correlated positively with age, PSQI,
and the INQoL domains of emotions, myalgia, and
muscle weakness but was unrelated to sex. Only
emotions (p=0.007) and myalgia (p =0.009) were
identified as independent correlates (Supplemen-
tary Table 1). Median FSS was relatively higher
in those using walking aids (5.3) compared to
wheelchair (4.2) and independent walkers (4.3), but
the subgroup differences were not significant. FSS
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correlated strongly with the fatigue scale of INQoL
(rs=0.76, p<0.0001), moderately with the INQoL
index (r=0.46, p<0.0001) and, as expected, neg-
atively with the vitality scale of SF-36 (r; =-0.68,
p<0.0001).

Applying the PSQI cut-off score, 19/34 (56 %)
of females and 21/37 (43 %) males were classi-
fied as poor sleepers. PSQI was related to myalgia
(»=0.003) but not age, sex, PAP therapy, wheelchair

dependency, or the INQoL domains of muscle weak-
ness or emotions (Supplementary Table 2).

HRQoL and socideomographic variables

The proportion of participants 30—-69 years old liv-
ing alone was 18/62 (29%), which is comparable to
corresponding age groups in the general population
(21-26%) [30]. Among participants age 25-39 years,
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Fig. 2. (Continued)
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Fig. 2. Box plot showing (A) SF-36 scores in FKRP c.826 C > A homozygous females vs males. (B) INQoL scores in FKRP ¢c.826C>A
homozygous females vs males. (C) SF-36 scores in FKRP ¢.826 C> A homozygotes vs ¢.826 C> A compound heterozygotes. (D) INQoL
scores in FKRP ¢.826 C > A homozygotes vs ¢.826 C > A compound heterozygotes. Notes: SF-36 scales range from lowest (0) to highest (100)
HRQoL. The INQoL subscales range from no (0) to maximal (100) burden. FKRP ¢.826 C> A compound heterozygotes are significantly

younger than ¢.826 C > A homozygotes (Table 1).

9/14 (64%) females and 5/14 (36%) males had higher
education, which are relatively similar to the 60% of
females and 40% of males reported in the general
population [30].

The participants living alone did not differ on any
aspect of HRQoL from those living with a partner
or family. Nevertheless, there was a negative trend

between living alone and most aspects of HRQoL
except independence. In participants 25+ years, those
with higher education showed poorer HRQoL on
mental health (»p=0.047) and marginally for social
function (p=0.068) as well. The INQoL index was
unrelated to educational achievement (Table 6C).
Median age of participants younger than 67 years
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Fig. 3. Bar chart showing the distribution of participants 25-67
years old with 100% long-term sickness absence or incapacity for
work or studies, according to the highest educational level achieved
(n=69).

with long-term or permanent 100% incapacity for
work or studies was 54.5 years (range 24-66). In
the age group 25-67 years, 100% study/work inca-
pacity was associated with lower level of education
(OR 3.72, 95% CI: 1.31-10.53, p=0.011) (Fig. 3),
more severe bodily pain (p=0.021) and myalgia
(»=0.007), and poorer general health (p=0.035),
role emotions (p=0.018), activities (p =0.006), and
independence (p < 0.001). However, the INQoL index
was unrelated to study/work incapacity.

Supportive care

In total, 17/40 (43%) females and 21/44 (45%)
males received physiotherapy treatment regularly.
Reasons provided for not having physiotherapy
included absent treatment effect (15/46), absent needs
(11/46), costs (8/46), school/work (6/46), lack of
available services (4/46), transportation/ travel dif-
ficulties (3/46), and 13/46 reported other various
factors. Mental health treatment was received by 3/40
females and 3/43 males while 9/40 females and 4/43
males did not receive although they reported needs
for mental health treatment.

DISCUSSION

This was an exploratory study of HRQoL in a
Norwegian sample with LGMDRY9 comprising 75
FKRP ¢.826C>A homozygotes and nine FKRP
¢.826 C> A compound heterozygotes. We found that
both physical, social, and emotional aspects of
HRQoL are compromised. Over 14 months, the
homozygotes showed worsening in perceived weak-

ness and disease burden and tentatively in activities,
whereas compound heterozygotes had a tendency
towards worsening in weakness but surprisingly some
relief in their disease burden. Compound heterozy-
gotes reported a higher burden on dysphagia and
physical aspects of INQoL compared to homozy-
gotes. Among homozygotes, females reported poorer
HRQoL on aspects of bodily pain, social relation-
ships, and emotions and a higher physical burden
and overall burden compared to males. Disease bur-
den was predicted by perceived muscle weakness and
fatigue. Fatigue was prevalent and related to myal-
gia and emotions. Poor sleep was also frequent and
related to myalgia.

Despite only a 14-month follow-up period, we
observed a subjective worsening in muscle weakness
and disease burden among c.826 C > A homozygotes.
This was unexpected considering the slowly pro-
gressive nature of LGMDRY in general and for this
genotype in particular [5]. The paradoxical tendency
towards a relief in burden of disease among the
¢.826 C>A compound heterozygotes, who gener-
ally have a more progressive phenotype, is likely
related to the late disease stage of the participants. All
compound heterozygous participants in the prospec-
tive study had entered a wheelchair-dependent stage,
where progression may not be that easily perceived
or stressful as before transition to wheelchair. This
corresponds with the findings of a relatively higher
disease burden and levels of fatigue in subjects
with walking aids compared to wheelchair-dependent
subjects. Furthermore, compared to homozygotes,
compound heterozygotes also showed tendencies
towards better scores on mental and social aspects
despite significantly worse physical scores. These
observations align with the “disability paradox”,
which is the phenomenon where the perceived burden
is disproportionate to the level of disability because
of mental and environmental adaptations [35].

The relatively poorer HRQoL observed in females
corresponds with previous studies on muscle diseases
[11] but also with overall tendencies observed in
normative data [28, 36]. Background clinical char-
acteristics suggest that sex differences in disease
involvement may be a contributing factor. Similar sex
differences were also evident and discussed in our
natural history study [2] but need further validation.
Nevertheless, regardless of the causality, the cur-
rent findings indicate more unmet care needs among
females.

Most domains of INQoL worsened by age and
disease duration. This highlights the importance
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of preventive and promotional care. Myalgia, body
image, and emotions were unrelated to age and dura-
tion, suggesting that the potential burden of these
aspects should be addressed at an early stage in the
treatment.

Fatigue was predictive of disease burden, which
concurs with published findings in other muscle
diseases [11, 13, 37]. Applying the FSS cut-off
value of > 5, 40% of the patients had clinical lev-
els of fatigue, which is relatively high compared
to 23.1% reported in a previous Norwegian general
population study [27]. Fatigue is a heterogeneous
and multifactorial phenomenon [38]. In our sam-
ple, fatigue severity was related to myalgia and
negative emotions. In the published literature, there
are strong evidence for an interrelationship between
fatigue, musculoskeletal pain, and psychological
distress and explanatory theories include neurotrans-
mitter imbalances, hypothalamic-pituitary-adrenal
axis dysregulation, inflammation, central sensitiza-
tion, and genetic factors [39]. A previous prospective
observational study on ambulatory patients with
NMD suggested that fatigue also relates to the decline
in physical activity that follows the progressive weak-
ness [40]. Currently, there are accumulating evidence
that moderate-intensity aerobic exercise in NMD may
alleviate fatigue, and even some evidence of disease-
modifying effects [41, 42], and anti-inflammatory
and epigenetic mechanisms have been suggested
[43]. Our findings suggest that myalgia and mental
distress should be addressed in fatigued patients and
both cognitive behavioral therapy and exercise ther-
apy could be relevant approaches. However, NMD
seem to respond differently to exercise and long-term
data are limited [43, 44]. In this regard, both studies
on short- and long-term effects of exercise therapy
and comparative trials on fatigue management in
LGMDRSY are required to provide evidence-based
recommendations.

Myalgia was frequently reported. Nevertheless,
bodily pain was comparable to the reference popu-
lation, the reported consumption of pain medication
for myalgia was low, and the INQoL index was
unrelated to myalgia. Comparatively, in a study of
Facioscapulohumeral muscular dystrophy (FSHD), a
related condition well known to be associated with
pain, the burden of myalgia was relatively higher
(median 44.8 vs mean 25.1-31.0 of 100) and affected
the INQoL index [45]. Myalgia did thus not emerge
as a major issue in our LGMDRY cohort, which is
contrary to a previous study [12]. However, myalgia
was associated with fatigue and poor sleep, in which

myalgia may play a perpetuating role.

Subjective sleep quality did not impact disease bur-
den. Nevertheless, the high frequency of poor-quality
sleep suggests that sleep may be an overlooked aspect
of care. The frequency in females (56%) and males
(43%), respectively, was relatively high compared
to general population studies in Germany (42.5% of
females and 28.7% of males) [46] or Austria (36.5 %
of females and 26.6 % of males) [47]. The overall fre-
quency (49%) was comparable to findings in FSHD
(50%) [24] and adult patients with Duchenne mus-
cular dystrophy (55%) [25]. Although we identified
a relationship with myalgia, poor sleep is unspecific
and may have various underlying issues and sleep
disorders that should be addressed.

The additional finding of relatively lower levels
of long-term sickness absence or incapacity among
participants with higher education aligns with the
general pattern [48, 49]. Lastly, there were some lim-
itations in the access to qualified physiotherapy and
mental health care. These are also potential areas for
improvement.

Strengths and limitations

We believe the findings are representative of the
Norwegian LGMDRY population 16+ years given
the nation-wide recruitment, high response rates, and
gender balance. Measurement at three time points
provided insight into the longitudinal stability and
change at cohort and individual level. INQoL pro-
vided information about expression of disease-related
symptoms, burden, and relationships with burden.
Our analyses indicated good internal validity. The use
of SF-36 enabled comparison with a reference popu-
lation, which was useful in the interpretations of the
INQoL with regard to impaired areas of HRQoL.

This study also has some important limitations.
Due to the exploratory design we accepted a higher
risk of conducting type I error (false positive) and
urge for caution in interpreting p-values particularly
in the zone of 0.01 to 0.05 as significant. Findings
that are flagged as significant should be replicated
in future studies. The sample size of c¢.826C>A
compound heterozygotes was low, which clearly lim-
its the statistical power. The study was conducted
during the COVID-19 pandemic, which may have
introduced period-specific results generalizing less
well to post-COVID life. The increase in perceived
muscle weakness observed in homozygotes could
potentially result from inactivity due to restrictions
[50]. Nevertheless, since all data collections were per-
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formed in comparable and relatively COVID-19 free
periods, the cross-sectional measurements were com-
parable, and no longitudinal change was detected in
the aspects of relationships, myalgia, fatigue, or emo-
tions at the individual level, we believe the pandemic
had minor effects on the results. Lastly, interpreta-
tions of the prospective study were also hampered by
the fact that INQoL has not been validated on sen-
sitivity in LGMD. Neither a 6-year follow-up study
of patients with Dystrophia myotonica type 1 [51]
nor a 20-month follow-up study of patients with
Oculopharyngeal muscular dystrophy [52] detected
deterioration in the INQoL measurements despite
objective progression of muscle weakness.

Conclusions

This study provided insight into the impacts of
LGMDRY9 on HRQoL, subjective changes over a
14-months period, and relationships with disease bur-
den. Both physical, emotional, and social aspects
of HRQoL were impaired, which advocates for
a multi-disciplinary care. In ¢.826 C>A homozy-
gotes, perceived muscle weakness and disease burden
deteriorated during the study, which is relevant infor-
mation for clinical trials. However, validation of
sensitivity of the INQoL measure in LGMD remains
and potential COVID-19 effects should be consid-
ered. Among homozygotes, females reported a higher
burden, which indicates the need for a gender-specific
perspective in treatment and care. Muscle weak-
ness and fatigue proved particularly important where
fatigue is amenable to treatment. Associations sug-
gest that myalgia and mental distress are potential
targets for the treatment of fatigue, but further stud-
ies are needed to establish evidence for effective
interventions. Poor sleep was frequent and will be
investigated further. The combined use of a generic
and a disease-specific HRQoL is particularly useful
for research purposes. However, a generic HRQoL
that is brief to minimize patient burden and optimize
response rate, constructed for utility analyses, and
with accessible norms may be preferable. Adding an
item of overall QoL or happiness would have pro-
vided insight into the significance of the disease in
the patient” lives as a whole and can be considered in
future research.
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