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ABSTRACT

Background A number of clinical trials targeting GNE
myopathy patients have been conducted. However,
useful clinical parameters for postmarketing surveillance
and long-term clinical observation have not yet been
established.

Objective We conducted a 5-year observational follow-up
natural history study to identify evaluation parameters,
which may be useful for the long-term observation of GNE
myopathy patients.

Methods Thirty-three genetically confirmed GNE
myopathy patients were recruited and evaluated at study
entry (baseline) and yearly in a 5-year follow-up. Hand-
held dynamometer measurements of knee extension
strength, grip power and pinch power, summed Manual
Muscle Testing (MMT) score of 17 muscles, Gross Motor
Function Measure (GMFM), 6 min walk test, percent vital
capacity and percent forced vital capacity (%FVC), lean
body mass (whole body, arms and legs), creatine kinase,
Barthel Index, modified Rankin Scale and 36-item Short
Form Survey national standard scores were examined.
Results Of the 33 patients, 22 (66%) completed
evaluations for the entire 5-year follow-up period. These
patients had a significant reduction in summed MMT
score (p=0.005), GMFM (p=0.005), pinch power (p<0.001)
and %FVC (p<0.001) at the fifth year evaluation relative
to baseline. Among these parameters, summed MMT
score, GMFM, pinch power and %FVC showed significant
changes even in non-ambulant patients.

Conclusions MMT, GMFM, pinch power and %FVC are
useful parameters for the long-term evaluation of GNE
myopathy patients.

INTRODUCTION

GNE myopathy (OMIN 605820), also known
as distal myopathy with rimmed vacuoles or
Nonaka myopathy, is an early adult-onset
myopathy with slow progression that pref-
erentially affects the tibialis anterior muscle
and commonly spares the quadriceps femoris
muscle.' * The disease is caused by a muta-
tion in the GNE gene, which encodes a
bifunctional enzyme (uridinediphosphate-N-
acetylglucosamine 2-epimerase and N-acetyl-
mannosamine kinase) that catalyses two
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Only a few long-term longitudinal natural history
studies of GNE myopathy have been conducted to
date.

WHAT THIS STUDY ADDS

= Manual muscle testing (which can be limited to a
few muscles), gross-motor function measure, pinch
power and % forced vital capacity were found to
be parameters useful for the long-term evaluation
of GNE myopathy patients, including non-ambulant
patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These parameters are easy to measure during clin-
ical visits and do not overly burden evaluators and
patients.

rate-limiting reactions in cytosolic sialic acid
synthesis.””’

Oral sialic acid metabolite treatment can
prevent muscle atrophy and weakness in a
mouse GNE myopathy model.*Although a
recent clinical trial (phase 3 Randomised,
Double-Blind, Placebo-Controlled Study to
Evaluate Sialic Acid; ClinicalTrials.gov; identi-
fier: NCT02377921) failed to demonstrate the
efficacy of sialic acid to treat GNE myopathy,
another clinical trial is currently underway
in the United States to test ManNAc, an
uncharged precursor of sialic acid (Multi-
Center Study of ManNAc for GNE Myopathy
(MAGINE); ClinicalTrials.gov; identifier:
NCT04231266). One of our research interests
is the identification of clinically useful param-
eters for evaluation both in clinical trials and
for long-term follow-up after new medica-
tions become available for GNE myopathy.We
previously published a l-year natural history
study of 27 Japanese GNE myopathy patients
and detected significant progression of the
disease using Manual Muscle Testing (MMT),
grip power and % forced vital capacity
(FVC).? ' On the other hand, the 6m walk

BM)

Mori-Yoshimura M, et al. BMJ Neurol Open 2022;4:¢000362. doi:10.1136/bmjno-2022-000362

‘ybuAdoo Ag paloalold 1sanb Ag 20z ‘6 |udy uo jwod fwqg-uadoAbojoinauy/:dny woly papeojumoq "Zz0g 1aquiadaq Z Uo 29£000-220z-oulwg/oeTT 0T Se paysignd 1say :uadQ |oinaN NG


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4312-9114
http://orcid.org/0000-0001-9452-112X
http://dx.doi.org/10.1136/bmjno-2022-000362
http://dx.doi.org/10.1136/bmjno-2022-000362
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjno-2022-000362&domain=pdf&date_stamp=2022-11-01
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/
http://neurologyopen.bmj.com/

test (6MWT), Gross Motor Function Measure (GMFM),
hand-held dynamometer (HHD) measurements of quad-
riceps strength, pinch power, lean body mass, creatine
kinase (CK) and activities of daily living (ADL) (eg, as
assessed by the modified Rankin scale (mRS) and Barthel
Index (BI)) failed to detect significant changes during
the 1-year period, possibly due to the small sample size or
relatively short observation period.

This study followed the progress of GNE myopathy
patients for a longer period of 5 years to assess changes
in clinical parameters with the aim of identifying evalua-
tion parameters, which could be useful for postmarketing
surveysand long-term clinical observation.

MATERIALS AND METHODS

Study population and design

This study used prospective data fromgenetically-
confirmedJapanese GNE myopathy patients who were
evaluated at least twice (at baseline and at least one of the
annual follow-up evaluations during the 5-year follow-up
period) at the National Center of Neurology and Psychi-
atry Hospital. Genetic information was acquired from
available medical records. Inclusion criteria included the
ability to perform repeat testing. Data from patients who
were able to attend atleast one annual follow-upevaluation
were included in the analysis. Patients who attended the
fifth year evaluation were requested to answer the 36-item
Short Form Survey (SF-36) and provide updates on
their ADL and ambulation status. The first patients were
enrolled in April 2009, and the last data analysed were
from 30 November 2019.

Evaluation methods

Knee extension (HHD; myu-Tas F-1, Anima, Japan),
grip power (Dynamometer; TTM Japan), pinch power
(PinchTrack; JTECH, Japan) and occlusal force (GM10;
NAGANO KEIKI, Japan) were measured three timeseach
for both right and left sides.

Muscle strength tests, including MMT and GMFM
(Japanese version; range 0%-100%), were performed.11
The following 17 muscle parameters were examined: neck
flexion, truncal flexion, shoulder abduction, shoulder
adduction, shoulder flexion, shoulder extension, elbow
flexion, elbow extension, wrist flexion, wrist extension,

hip flexion, hip extension, hip abduction, knee exten-
sion, knee flexion, ankle dorsiflexion and ankle plantar-
flexion. Right and left MMT scores were averaged, except
for those corresponding to neck and truncal flexion. The
summed MMT score (range 0-85) was obtained by adding
together scores of the 17 muscle parameters. 6MWT was
administered to patients who were able to walk without
assistance (including a cane or brace).

Patient condition was assessed by physical examination,
pulmonary function tests %VC and %FVC, leanbodymass
(whole body, arms and legs) as assessed by dual-energy
X-ray absorptiometry (DEXA; Discovery bone densitom-
eter, Hologic, Bedford, Massachusetts, USA) and skeletal
muscle mass index.'* Blood and urine were collected to
measure CK. BI (range 0-100), mRS (Japanese version;
range 1-5), and SF-36 (Japanese version) national stan-
dard scoreswere used to assess ADL and quality of life
(QOL).131

Data analysis

Data were summarised using descriptive statistics and
presented as mean+SD, median, range, frequency or
percentage. The Mann-Whitney U test and Kruskal-
Wallis test were used for continuous data, and Fisher’s
exact test was used for binary data. The paired t-test
was used to compare differences between baseline and
follow-up data.The Bonferroni method was used to adjust
for statistical multiplicity. Spearman’s rank correlation
coefficients were used to examine correlations between
variables. Data of patients for whom meaningful measure-
ments could not be made at baseline were excluded from
the analysis. All analyses were performed using SPSS for
Macintosh (V.23; SPSS).

RESULTS

General characteristics at study entry

Patient characteristics are summarised in table 1. A total
of 33 Japanese GNE myopathy patients (12 males and 22
females) participated in this study. Two female patients
were siblings, and all other patients were unrelated to
each other. Mean age at the time of data collection was
43.2+13.4 years (mean+SD), and mean age at disease
onset was 26.6x11.5 years. Thirty per cent (12/33) of
patients were ambulantand completed the 6MWT without

Table 1 Patient characteristics
Mean+SD (max-min, median) n

Age (years) 43.2+13.4 (23-68, 43) 33

Sex M:F=11:22
Age at onset (years) 26.6+11.5 (10-56, 23) 33

Duration from onset of disease to present (years) 17.1£10.0 (3-40, 13) 33

Age at starting use of a cane/brace (years) 29.2+13.7 (18-65, 29) 17

Age at starting use of a wheelchair (years) 33.4+13.3 (17-64, 29) 23

Age at loss of ambulation (years) 35.8+12.4 (23-64, 33) 21
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assistance, 6.1% (2/33) required assistance (eg, cane
and/or brace, one patient with daily assistance who could
complete 6MWT without assistance), and 60.6% (20/33)
had lost ambulation. Among non-ambulant participants,
mean age at loss of ambulation was 35.8+12.4 years. Seven-
teen patients required assistance (cane and/or brace),
and the age at requiring assistance was 29.2+11.1 (18-59)
years. Twenty-three patients were wheelchair users, and
the age at starting use ofa wheelchair was 33.4+13.3(17-
64) years (table 1).

GNE mutations

Of the 33 patients included in this study, 27% (9/33)
harboured the p.V603L homozygous mutation, while 73%
(24/33) harboured a compound heterozygous mutation.
Of these heterozygotes, 12% (4/33) had the p.D207V/p.
V603L genotype. Frequent alleles were V603L (39%,
26/66), D207V (18%, 12/66) and C44S (3%, 2/66)
(online supplemental tables 1; 2).

Patient characteristics during and attend of follow-up period
Two patients lost ambulation, and one patient started
using a wheelchair during the follow-up period. Kaplan-
Meier analysis revealed a median proportional age for
loss of ambulation of 46.4 years, and a median propor-
tional duration from onset to loss of ambulation of 19.0
years. mRS scores increased in four patients and Bl scores
decreased in eight patients, suggesting a deterioration of
ADL. One patient newly developed multiple sclerosis and
nephrotic syndrome during the follow-up period (table 2,
online supplemental table 3).

Follow-up was disrupted for five ambulant patients due
to their participation in phase II/III clinical trials of SA,
and nine patients due to personal reasons (mainly diffi-
culty visiting the hospital due to disease progression). The
remaining 22 patients were followed for 5 years, although
9 of these patients missed some of the annual visits. For
patients unable to attend all annual visits, we requested

that they prioritise attending the first year and fifth year
evaluations. Of patients who completed the fifth year eval-
uation, only four were able to complete the 6MWT.

Annual changes in physical status and measurements
Measurement results are shown in table 2. A total of 30
patients participated in the first year follow-up visit. For
physical evaluation, 2, 21, 10, 10 and 5 patients were
unable to complete the GMFM, 6MWT, HHD, grip power
and pinch powertests at baseline and thus were excluded
from the analysis. For 6 MWT, HHD, grip power and pinch
power tests, 1, 2, 2 and 6 patients, respectively, scored
0 for these measurements during the 5-year follow-up
period. Summed MMT score, 6MWT, GMFM, %FVC,
%VC and grip power significantly differed at the first
year evaluation compared with baseline (table 2, online
supplemental table 3).

At the fifth year evaluation, significant reductions
in summed MMT (p=0.015), GMFM (p=0.035), pinch
power (p<0.001), %FVC (p=0.005) and %VC (p=0.025)
were observed compared with baseline (table 2, figure 1).
Two patients received non-invasive positive pressure venti-
lation due to severe nocturnal respiratory failure.

Among the muscle parameters assessed, shoulder
extension, shoulder flexion, shoulder abduction, elbow
extension, hip flexion and knee extension showed signif-
icant changes at the fifth year evaluation compared with
baseline.

Annual changes in parameters among non-ambulant patients
We also analysed data for non-ambulant participants. At
the fifth year evaluation, significant reductions in summed
MMT (p=0.030), %FVC (p=0.005), and %VC (p=0.025)
compared with baseline were observed among 20 non-
ambulant patients. No significant change in GMFM
(p=0.235) orgrip power (p=0.925) was observed relative
to baseline, although these parameters were significantly
reduced for the entire population. No significant change

Table 2 Results of initial and annual evaluations

1year

Syear

Pre
Summed MMT 38.6+22.5 (33)
GMFM (%) 50.4+38.4 (29)
6MWT 350.5+144.4 (12)
HHD (N) 163.1£113.0 (23)

Grip power (kg)
Pinch power (N)

9.1+8.1 (23)
26.5+22.2 (27)

FVC (%) 87.0+25.0 (33)
VC (%) 86.9+24.2 (33)
CK (IU/L) 268.3+290.8 (33)
SF-36 PF 0.0+19.3 (33)

P values are calculated relative to baseline data.

*p<0.05, **p<0.01.

36.5+21.7** (29)
46.3+38.7 (26)
307.5+134.1 (11)
152.0+145.6 (21)
6.36.4 (20)
20.6+20.3 (24)
84.3+27.6 (30)
85.5+27.3 (30)
270.1+336.9 (29)
-4.9+15.4 (27)

3210 2 1)
33.9+37.1* (18)
270.8+112.2 (4)
130.9+146.1 (12)
6.1+8.2* (16)
16.3+20.2"* (19)
75.8+31.2" (23)
77.9+29.7* (23)
151.5+172.6* (23)
~5.1+16.8* (21)

CK, creatine kinase; FVC, forced vital capacity; GMFM, Gross Motor Function Measure; HHD, hand-held dynamometer; MMT, manual muscle
testing; PF, physical functioning; SF-36, 36-item Short Form Survey; VC, vital capacity.
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Figure 2 Annual changes in summed MMT, GMFM, hand-held dynamometer (HHD) of knee extension, grip power, pinch
power, %FVC, CK, DEXA (whole body) and DEXA (legs) of ambulant (grey line) and non-ambulant (black line) participants.
*p<0.05 of baseline. CK, creatine kinase; DEXA, dual-energy X-ray absorptiometry; %FVC, percent forced vital capacity; GMFM,

Gross Motor Function Measure; MMT, manual muscle testing.

was detected in SF-36 (figure 2, online supplemental
table 4).

ADL and QOL scores

No significant changes were observed in mRS and BI
during the 5year follow-up period. The decrease in mRS
score was strongly correlated with a decrease in grip power
(p=0.573), but not with any of the other assessed param-
eters. Among the subscales of SF-36, scores for Physical
Functioning werereduced (although not significantly) at
the third, fourth and fifth year evaluations compared with
baseline (table 2).Other subscales showed no significant
changes (tables 2 and 3, online supplemental table 5).

National standard scores for SF-36 were used to evaluate
QOL. All assessed subscales had significantly lower scores
than the national standard index (score=50). Motor
function measures (summed MMT, GMFM, 6MWT, grip
power and pinch power), respiratory function (%VC and
FVC) and ADL scores (BI) were strongly correlated with
the Physical Functioning subscale (table 3).

All assessed subscales had significantly lower scores than
the national standard index (score=b50). Motor function
measures (summed MMT, GMFM, 6MWT, grip and pinch
power), respiratory function and ADL scores were signifi-
cantly correlated with the Physical Functioning subscale.

Correlation between quantitative items and simplified items,
DEXA and CK

Summed MMT and GMFM were well correlated with
pinch power, grip power, %VC or %FVC, CK and DEXA
(legs). These items were also correlated with certain
muscle MMT scores (eg, elbow flexion and knee exten-
sion) (online supplemental table 4).

DISCUSSION

To our knowledge, this study is the first to assess the 5-year
natural history of GNE myopathy. In our previous l-year
observational study, not all parameters assessed at the first
year evaluation were significantly different compared with
baseline.® Thus, in this study, the follow-up period was
extended to 5 years. MMT, GMFM, pinch power, %FVC
and %VC showed significant changes at the fifth year eval-
uation compared with baseline. On the other hand, no
significant changes were observed fo 6MWT,HHD, lean
body mass (arm, leg and truncal body mass), BI, mRS and
SF-36subscales. The lack of change in the 6MWT during
the follow-up period could be explained by the small
number of patients who could be tested and the exclu-
sion of patients due to their participation in clinical trials.
Among the muscles evaluated by MMT, shoulder girdle
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Table 3 Correlations between SF-36 and other parameters
at initial visit

Physical General

functioning health
Summed MMT (33) 0.898* -0.279
GMFM (29) 0.928* -0.195
6MWT (12) 0.731t -0.173
HHD (23) 0.592% -0.346
Grip power (23) 0.738t1 -0.409%
Pinch power (27) 0.637t -0.022
%FVC (33) 0.6387 —-0.488%
%VC (33) 0.674t —-0.465%
CK (IU/L) (33) 0.583% -0.377
DEXA whole body (32) 0.445% —-0.480%
DEXA arm (30) 0.309 -0.414%
DEXA legs (30) 0.493% -0.376
BI (29) -0.754t 0.213
mRS (29) 0.898* -0.224

Numbers in red indicate significant correlations.

*Very strong correlation p>0.8.

1Strong correlation 0.6<p<0.8.

FModerate correlation 0.4<p<0.6.

Bl, Barthel Index; CK, creatine kinase; DEXA, dual-energy X-ray
absorptiometry; %FVC, percent forced vital capacity; GMFM,
Gross Motor Function Measure; HHD, hand-held dynamometer;
MMT, manual muscle testing; mRS, modified Rankin scale; 6MWT,
6-m walk test; VC, vital capacity.

muscles showed continuous significant changes, even as
early as at the first year evaluation, suggesting that MMT
of shoulder girdle muscles may be useful to include in
evaluations for clinical trials and natural history studies.

While a previous observational study of GNE myopathy
patients assessed HHD over the course of 3 years,"” the
quantitative measurement of many musclesis not realistic
for routine clinical visits. In contrast, our study clearly
demonstrated the utility of summed MMT score as well as
shoulder muscle MMT scores, in addition to other labo-
ratory parameters. Importantly, these items are easy to
measure during clinical visits and do not overly burden
evaluators and patients.

For severely affected, non-ambulant patients, walking
parameters and grip power are not always useful. We
evaluated clinical parameters in non-ambulant patients
and found significant reductions in all items, except for
pinch power, which showed significant reductions in the
analysis of the entire population at the fifth year evalua-
tion. As 43% of the Japanese patients were non-ambulant,
items for non-ambulant patients were quite important.
Although we did not analyse data from ambulant patients
due to the small sample size, the simplified items identi-
fied in this study may be useful in clinical practice, even in
outpatient settings with limited labour force.

Physical functioning subscales of SF-36 were signifi-
cantly correlated to other evaluation items. Therapeutic

approach could be ameliorated QOL of GNE myopathy
patients, and SF-36 physical functioning can be useful for
self-reporting evaluation.

For patients unable to attend all annual visits, we
requested that they prioritise attending the first year and
fifth year evaluations. As a result, milder patients with
high social activity tended to avoid fourth year visits, then
the averaged physical evaluation results seemed to be
recovered fifth year visit, although individual data showed
deteriorated constantly.

This study has some limitations. First, the small number
of patients, especially ambulant patients, did not allow
us to draw conclusions regarding the utility of 6MWT.
Second, the evaluation of ADL was limited to the use
of mRS and BI, which are not sensitive enoughto detect
temporal disease progression. Using disease-specific
scales, such as the GNE Myopathy Functional Activity
Scale, may be an alternative, but it was not used from the
beginning of our study period.

In conclusion, MMT, GMFM, pinch power, CK, %FVC,
%VC, DEXA lean body mass and the Physical Functioning
subscale of the SF-36 may be useful for the long-term eval-
uation of GNE myopathy patients.
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1  Supplementary Table 1. Genotype frequency.

mutation n %
V603L homo 9 27.3
D207V/V603L 4 12.1
¢.414insT/V603L 1 3.0
R160Q/D207V 2 6.1
C44A/E700R 1 3.0
C44S/A6621 1 3.0
C44S/1618N 1 3.0
C44S/M60T 1 3.0
C44S/V603L 1 3.0
P58L/D207V 1 3.0
T69M/D207V 1 3.0
D207V/c.862+4A>G | 1 3.0
D207V/F264S 1 3.0
D207V/G250K 1 3.0
D207V/G739S 1 3.0
D207V/1503T 1 3.0
D207V/L634F 1 3.0
D207V/M743T 1 3.0
G326R/V452A 1 3.0
R451X/V603L 1 3.0
V603L/A622T 1 3.0
33 100
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Supplementay table 2. Allele frequency.

mutation n %
V603L 26 39.4
D207V 15 22.7
C44S 4 6.1
R160Q 2 3.0
C44A 1 1.5
P58L 1 1.5
M60T 1 1.5
T69M 1 1.5
c.414insT 1 1.5
G250K 1 1.5
F264S 1 1.5
c.862+4A>G 1 1.5
G326R 1 1.5
R451X 1 1.5
V452A 1 1.5
1503T 1 1.5
1618N 1 1.5
A6621 1 1.5
A622T 1 1.5
L634F 1 1.5
E700R 1 1.5
G739S 1 1.5
M743T 1 1.5
66 100.0
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Baseline

1 year

2 year

3 year

4 year

5 year

Physical
evaluation

Summed MMT
GMFM (%)
6MWT
HHD (N)
Grip power (kg)
Pinch power (N)

386225 (33)
50.4 £38.4 (29)

36.5+21.7* (29) 34.7 £20.3* (23) 31.7£214* (21) 29.7 +19.0* (13) 32.3+22.1** (21)

46.3+38.7 (26)

426 £39.0* (22) 41.0+39.9* (19)

3505+ 144.4 (12) 3075+ 134.1 (11) 307.0 £ 147.8 (8)
163.1+ 113.0 (23) 152.0 + 145.6 (21) 132.0£97.0 (15)

9.1+8.1 (23)
2654222 (27)

6.3+64 (20)
20.6 £20.3 (24)

6476 (18)
19.7 £ 21.4* (22)

286 +37.1 (11)

33.9+37.1%* (18)

2655+ 102.9 (8) 222.0 + 130.1** (4) 270.8 £ 112.2 (4)
1444 +137.1 (13) 1163+ 1614 (8) 130.9 + 146.1 (12

72+75 (15)

46+56* (10)

6.1+8.2% (16)

150+ 15.0* (18) 12.1+12.9* (12) 16.3+20.2* (19)

Respiratory
function

FVC (%)
VC (%)

87.0£25.0 (33)
86.9+24.2 (33)

84.3+27.6 (30)
85.5 +27.3 (30)

87.4 £ 250* (23)
88.9+234 (23)

81.2+26.8* (22) 75.0 +24.0* (12) 758 + 312" (23)

83.3 £24.8* (22)

76,5+ 215 (12) 77.9 +29.7* (23)

DEXA

Whole-body lean body mass (kg)

Arm lean body mass (kg)
Leg lean body mass (kg)

31.1£7.1 (32)

2711 (32)
86+26 (32)

306 +7.2 (29)

2.7+1.1 (29)
8525 (29)

303+7.3 (23)

2609 (23)
85+26 (23)

30.0£65 (22)

27%1.0(22)
83422 (22)

27.7+58 (14)

25408 (14)
73£17 (14)

28.7 6.2 (20)

2609 (21)
7.7+2.1 (21)

CK (IULL)

268.3 +290.8 (33) 270.1 +336.9 (29) 203.0 + 228.5 (24)1

86.0 £ 227.8* (211177.3 £ 208.4* (1311515 + 172.6* (23)

ADL score

Barthel Index
mRS

54.8 +39.6 (33)
36+12 (33)

50.4 +38.9 (28)
35+ 1.1 (28)

545+39.0 (21)
36+1.1 (22)

64.6 442 (13)
3312 (15)

38.8+338 (12)
39+07 (12)

429+368 (21)
39+1.1 (22)

QOL score

Physical functioning

Role physical

Bodily pain

Social functioning

General health perceptions
Vitality

Role emotional

Mental health

0.0+19.3 (33)
354+19.1 (33)
451+11.3 (33)
38.1+13.9 (33)
40.0+9.3 (33)
445%10.8 (33)
4181166 (33)
46.0+11.2 (33)

491154 (27)
30.7 £17.9 (27)
42.0£97 (27)
38.6 £ 15.0 (27)
392+9.1 (27)
42.0£10.2 (27)
404 +18.0 (27)
472+89 (27)

124213 (16)
30.6 £20.5 (16)
476+9.7 (16)
35.7£15.0 (16)
408+6.8 (16)
43.8+105 (16)
41.3+18.9 (16)
475+10.2 (16)

0.8+ 16.3* (14)
31.8+16.0 (14)
425+11.1 (14)
303+9.4 (14)
37.0£71 (14)
414+87 (14)
463189 (14)
4671738 (14)

25+13.9* (14)
25.1+182 (14)
434+10.7 (14)
31.7£19.1 (14)
358+9.7 (14)
395+ 11.1 (14)
382+ 18.9 (14)
436+10.3 (14)

5.1 +16.8* (21)
27.1£1838 (21)
415£11.7 (21)
349+173 (21)
37.1£90 (21)
39.6+14.8 (21)
343+19.9 (21)
43.0+126 (21)
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Supplementary Table 4. Results of initial and annual evaluations in non-ambulant participants.

Summed MMT
GMFM (%)
Physpal HHD (N)
evaluation
Grip power (kg)
Pinch power (N)
Respiratory FVC (%)
function VC (%)
Whole-body lean body mass (kg)
DEXA Arm lean body mass (kg)
Leg lean body mass (kg)
CK (IUL)
Barthel index
ADL score
mRS

Physical functioning
Role physical
Bodily pain
Social functioning
QOL score  SF36
General health perception
Vitality
Role emotional

Mental health

pre
245+ 162 (20)
224+233 (17)
1015+ 745 (10)
3.1+29 (10)
15.5+18.7 (15)
754 +233 (20)
752 +222 (20)
28.8+7.1 (20)
2409 (20)
75424 (20)
138.4 £ 133.3 (20
28.0 256 (20)
4308 (20)
-12.2+50 (20)
33.0+225 (20)
442+ 123 (20)
37.7+ 159 (20)
42086 (20)
455+89 (20)
423 +17.8 (20)

47788 (20)

1 year
234 +15.2* (18)23.6 +13.1** (15) 17.3+x11.2 (13)
19.2+204 (16) 15.6+16.2 (14)
91.2+91.1 (10) 86.8+103.1 (7)
2927 (10) 23+23 (10)
10.8+13.4 (14) 8.2+104* (14)
71.0+24.3* (19) 76.1+20.5* (15) 66.6 + 21.6* (13)
724 +244 (19) 782+19.5 (15)
286+7.8 (18) 28483 (14)

2 year 3 year
8.8+84 (11)
18.7+25.1 (5)

23+22 (7)

7.7+11.2* (10)

69.5+19.0 (13)
276+6.2 (14)

2410 (18)  24+10 (14)  25£09 (14)

7727 (18) | 77£29 (14)  75%21 (14)
1554+ 167.6 (18]103.7 + 87.8" (15) 632£57.7 (12)
279+246 (19) 329285 (14) 11.0£22 (5)

413207 (19) 4206 (15) 4405 (7)

132£28 (18) -129+35 (10) -13.8+15 (6)
2905212 (18) 258+226 (10) 26.4+227 (6)
411£102 (18) 47497 (10) 375%88 (6)

37.0£16.2 (18) 345:16.7 (10) 24.8+10.8 (6)

40.1£10.1 (18) 40.7+6.3 (10) 38440 (6)
402+99* (18) 42.8+83 (10) 402%35 (6)
37.4+197 (18) 38.2%20.7 (10) 42.2+86 (6)
447+86 (18) 462£105 (10) 42044 (6)

4 year
19.3+£11.3 (9)
72+56 (8)
226+26.1 (4)
18+17 (6)
6.3+94 (8)
652+ 17.1* (8)
67.1+15.6* (8)
252+53 (9)
22+0.6 (9)
6.8+1.9 (9)
68.6+62.7 (9)
21.1+11.9 (9)
4.1+0.6 (9)
-14.4+0.0 (6)
12.0+13.3 (6)
43.0+9.9 (6)
28.0+19.0 (6)
385+6.7 (6)
39774 (6)
36.0+23.6 (6)
433+4.3 (6)

5 year
184 +11.2** (13)
7.0+6.8 (11)
36.7+65.1 (5)
18+22 (8)
6.1+8.7* (11)
62.3 £27.6* (15)
64.3+26.0* (15)
26658 (14)
23+0.9 (14)
6.8+1.6 (14)
70.4+80.9 (15)
19.6 +16.0 (14)
43+0.5 (15)
-144+00 (12)
27.8+215 (12)
417£114 (12)
37.2+18.3 (12)
383+7.9 (12)
42.1+£10.7 (12)
33.9+22.2 (12)
46.5+10.1 (12)

P-values are calculated relative to baseline data. *: p<0.05, **: p<0.01
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Supplementary Table 5. Correlations between SF-36 and other parameters at initial visit.

Physical General Social Role
Role Physical | Bodily Pain Vitality Mental Health
Functioning Health Functioning Emotional
Mean -0.039 35.39 45.10 38.07 45.97 39.97 41.827 45.97
SD 19.26 19.13 11.34 13.94 11.21 9.32 16.57 11.21
33
Significance relative to national standard
<0.001 <0.001 0.019 <0.001 0.047 <0.001 0.008 0.041
scores (p)

Summed MMT 33 0.898" 0.100 0.313 -0.279 0.003 0.089 0.07 -0.013
GMFM 29 0.928" 0.182 0.459 -0.195 0.075 0.077 0.054 0.051

6MWT 12 0.731" 0.396 0.102 -0.173 -0.289 0.363 -0.107 -0.301
HHD 23 0.592%* -0.019 0.003 -0.346 0.015 -0.014 -0.106 -0.206
Grip power 23 0.738" -0.159 -0.248 -0.409* -0.439 -0.122 -0.369 —0.427

Pinch power 27 0.637** 0.310 0.205 -0.022 0.199 -0.011 0.199 -0.011

%FVC 33 0.638" 0.105 0.422% —0.488* 0.004 0.14 0.144 0.038

Correlation (p)

%VC 33 0.674™ 0.091 0.386 —0.465* 0.011 0.122 0.163 0.067

BMI 20 -0.081 -0.082 -0.092 -0.037 0.166 -0.087 -0.06 0.01

CK (IU/L) 33 0.583* 0.060 0.301 —0.377 0.059 0.219 -0.001 0.049

DEXA whole body | 32 0.445% -0.182 0.024 —0.480%* -0.129 -0.107 0.156 0.069
DEXA arm 30 0.309 -0.204 -0.154 —0.414* -0.133 -0.165 -0.234 -0.182
DEXA legs 30 0.493* -0.156 -0.051 —0.376 0.007 -0.128 -0.338 -0.298
BI 29 —0.754** -0.171 -0.342 0.213 -0.053 -0.226 -0.169 -0.038

mRS 29 0.898™ 0.195 0.326 -0.224 0.101 0.153 0.116 0.083

***Very strong correlation p =0.8, **strong correlation 0.6< p <0.8, *: moderate correlation 0.4< p <0.6.

All assessed subscales had significantly lower scores than the national standard index (score=50). Motor function measures (summed MMT, GMFM, 6MWT, grip and pinch power),

respiratory function, and ADL scores were significantly correlated with the Physical Functioning subscale.
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Supplementary table w

Correlation between quantitative items and simplified items

Grip Pinch DEXA MMT Elbow MMT Knee
%FVC CK
Power Power LEGs Flex Ext

summed

0.795** 0.689** 0.720** | 0.742** | 0.542* 0.942%** 0.760**
MMT
GMFM 0.738** 0.629** 0.693** | 0.572* 0.452* 0.886*** 0.636**
6MWT 0.839%*** 0.800*** 0.140 0.084 0.139 0.358 0.134
DEXA Legs 0.610** 0.633** 0.437* | 0.495* - 0.567* 0.466*

sheksk

very strong correlation p =0.8

**strong correlation0.6 = p <0.8

*: moderate correlation 0.4= p <6

Quantitative items such as Summed MMT and GMFM were well correlated with pinch power, grip power, %VC

or %FVC, CK, and DEXA (legs). These items were also correlated with certain muscle MMT scores (e.g., elbow flexion and

knee extension).
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