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Abstract

BACKGROUND: The aim of this analysis was to evaluate the psychometric properties of three
patient reported outcome (PRO) measures characterizing physical function in GNE myopathy: the
Human Activity Profile, the Inclusion Body Myositis Functional Rating Scale, and the Activities-
specific Balance Confidence scale.

METHODS: This analysis used data from 35 GNE myopathy subjects participating in a natural
history study. For construct validity, correlational and known-group analyses were between the
PROs and physical assessments. Reliability of the PROs between baseline and 6 months was
evaluated using the intra-class correlation coefficient model; internal consistency was tested with
Cronbach’s alpha.

RESULTS: The hypothesized moderate positive correlations for construct validity were
supported; the strongest correlation was between the human activity profile adjusted activity score
and the adult myopathy assessment endurance subscale score (r=0.81; p<0.0001). The PROs were
able to discriminate between known high and low functioning groups for the adult myopathy
assessment tool. Internal consistency of the PROs was high (a>0.8) and there was strong
reliability (1CC>0.62).

CONCLUSION: The PROs are valid and reliable measures of physical function in GNE
myopathy and should be incorporated in investigations to better understand the impact of
progressive muscle weakness on physical function in this rare disease population.
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Introduction

Methods

Design

GNE myopathy is a rare genetic muscle disease characterized by slowly progressive muscle
atrophy and weakness, ultimately resulting in immobility and dependence on a caregiver.
The impact of declining muscle strength on health-related quality of life, specifically
physical function, is not well understood in this population. GNE myopathy is caused by
mutations in the GNVE gene, which encodes for a key enzyme in the biosynthesis of sialic
acid, resulting in skeletal muscle atrophy [1, 2, 3, 4]. GNE myopathy has an estimated
prevalence of ~6 per 1,000,000, with a higher prevalence in the Middle-Eastern Jewish
population [5]. The typical clinical presentation begins with foot drop due to distal leg
muscle weakness, followed by slowly progressing muscle weakness and atrophy of lower
and upper extremities muscles, with relative sparing of the quadriceps [6]. This relentlessly
progressive disease ultimately results in wheelchair dependence and requires caregiver
support for activities of daily living. There is no approved therapy for GNE myopathy, but
clinical trials of candidate pharmacologic therapies are underway (ClinicalTrials.gov
Identifiers: NCT02731690, NCT02346461, NCT02736188, NCT0237792, NCT01830972).

Due to the rarity of the disease and its slow progression, it is challenging to evaluate the
clinical severity of muscle weakness in GNE myopathy subjects [7]. Established methods,
such as Quantitative Muscle Strength Assessment and the six-minute walk test, are used to
objectively document changes in peak muscle strength or distance walked, but the relevance
of these findings to everyday activity and function remains unknown [8, 9, 10]. The patient’s
perspective should be taken into consideration for a comprehensive understanding of the
disease’s impact and for determining the effectiveness of potential therapies [11].

The impact of disease progression on physical functioning and ability to perform activities
of daily living have been recommended to be evaluated using patient reported outcome
(PRO) measures and other clinical outcome assessments as endpoints in studies of Duchenne
muscular dystrophy and rare diseases [12, 13, 14, 15]. The aim of this analysis was to
evaluate the psychometric properties of three PROs that have been measured in an ongoing
natural history study of GNE myopathy patients, including the human activities profile
(HAP), inclusion body myositis function rating scale (IBMFRS), and the Activities-specific
Balance Confidence (ABC) scale, in order to better characterize physical function in this
rare muscle disease.

This analysis used baseline and 6 month data from patients that participated on a prospective
natural history study of GNE myopathy subjects titled, “A Natural History Study of Patients
with GNE Myopathy,” (ClinicalTrials.gov; Identifier: NCT01417533) at the National
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Institutes of Health (NIH) Clinical Center. The clinical protocol has been approved by the
National Human Genome Research Institute Institutional Review Board. Informed consent
was obtained from all participants. All participants had a confirmed diagnosis of GNE
myopathy by genetic testing. Among other objectives, this natural history study seeks to
understand the experience of living with GNE myopathy. Subjects are evaluated at baseline
and every 12 months; some subjects were asked to follow-up at 6 months. Subjects
completed physical assessments and PRO questionnaires during their visits. Subjects
requiring a wheelchair and those with advanced disease are only asked to complete the
physical assessments they can comfortably and safely attempt. The use of assistive devices
was documented, including braces (ankle-foot orthotics), canes, walkers, and wheelchair.

Patient Reported Outcome Measures

All PRO questionnaires were administered to subjects electronically through a secure web-
based application hosted at the NIH after the subjects were given auto-generated usernames
and passwords, and were directly entered into the database.

Human Activity Profile—The Human Activity Profile (HAP) is a 94-item self-report
assessment of physical activities that require different degrees of physical fitness [16, 17].
Respondents state for each item whether they are “still doing,” ‘have stopped’ or “‘never did’
this activity. Two scores are calculated: the maximum activity score, which is the number of
the highest activity a respondent is “still doing,” and the adjusted activity score, which is
calculated by subtracting the number of activities the respondent “stopped doing” that are
lower than the maximum activity score. Higher scores indicate greater physical activity. The
adjusted activity score is considered a more valid measure of daily activities compared to the
maximum activity score, which focuses on maximal energy expenditure [16]. The HAP has
been administered in several physically impaired populations as well as in normal healthy
adults, and has been found to be a reliable and valid measure of physical activity [16, 18, 19,
20]. Impaired classifications were developed based on an adjusted activity score <53 in
healthy respondents, leading to three physical activity levels: impaired (<53), moderately
active (53-74) and active (>74) [21].

Inclusion Body Myositis Functional Rating Scale—The Inclusion Body Myositis
Functional Rating Scale (IBMFRS) is a 10-item functional rating scale that assesses
activities of daily living [22, 23]. Respondents rate their functional ability in 10 areas:
swallowing, handwriting, cutting food and handling utensils, fine motor tasks, dressing,
hygiene, turning in bed and adjusting covers, sit to stand, walking and climbing stairs. For
each area, respondents choose a score between 0 to 4, ranging from ‘unable to perform’ to
‘normal.” The IBMFRS has been shown to be a reliable and valid measure of disease
severity in inclusion body myositis, is sensitive to changes over time, and correlates well
with manual muscle testing and strength tests [22, 23, 24].

Activities-specific Balance Confidence Scale—The Activities-specific Balance
Confidence (ABC) scale is a 16-item rating scale that assesses an individual’s level of
confidence in performing an activity without losing balance. Subjects choose a percentage in
intervals of 10 to rate their confidence from 0% (not confident) to 100% (very confident).
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The ABC scale has been validated in other physically impaired populations including
Huntington’s disease, multiple sclerosis, and Parkinson’s disease [19, 25, 26, 27].
Discriminative properties of the ABC scale have been reported in older adults, including
high, moderate, and low levels of functioning as >80%, 50-80% and <50%, respectively
[28]. In addition, fall risk in older adults was reported at a cut-off score of <67% [26].

Clinician Assessed Physical Function

Adult Myopathy Assessment Tool—The Adult Myopathy Assessment Tool (AMAT)
assesses functional task performance and sustained or repeated muscle contractions with a
composite functional subscale score, endurance subscale score and total score [29, 30]. The
AMAT includes 13 tasks: head elevation endurance, supine to prone, modified push-up,
repeated modified push-up, sit-up, supine to sit, arm raise, upper extremity endurance, sit to
stand, hip flexion endurance, knee extension endurance, repeated heel rise, and step-up. The
AMAT has been shown to have good validity and reliability, has been used in clinical trials
for similar slowly progressive muscle diseases, and has reported total cut-scores to
differentiate between low (0-24), moderate (25-34) and high (35-45) levels of functioning
[30, 31].

Quantitative Muscle Strength Assessment—The Quantitative Muscle Strength
Assessment (QMA, Aeverl Medical, Gainesville, GA) was previously registered with the
FDA as a class Il device (Registration number: 3004889973). The Quantitative Muscle
Strength Assessment measures the maximal voluntary isometric muscle contraction of
different muscles, and has been utilized in several neuromuscular diseases with good to
excellent validity and reliability [32, 33, 34]. Ten muscle groups in the upper and lower
extremities were tested twice and averaged for a final measured strength (kg) for each
muscle. A corresponding percent of predicted strength was calculated based on subjects’
age, gender, height and weight utilizing data from the National Isometric Muscle Strength
Database Consortium and published literature [35, 36]. The composite upper, lower and total
quantitative muscle strength scores are reported.

Functional reach test—The functional reach test is a valid, reliable and age-sensitive
measure of postural control [37, 38, 39, 40, 41, 42, 43]. For this test, the subject stands next
to a wall and positions the arm closest to the wall at 90 degrees shoulder flexion, then leans
forward as far as possible without taking a step. The assessor records the location of the
distal tips of the finger at the start position and end position, and the score is the difference
between the two is the reach distance measured in inches. Three trials are done and the
average of the last two is calculated for the right and left side.

Six-minute walk test—The six-minute walk test is a valid and reliable measure of
functional status that has been used in a wide variety of settings and populations [8, 44, 45,
46]. A subject walks for six minutes and tries to cover as much distance as possible, which is
measured in meters. The six minute walk test has also been used as a primary or secondary
outcome measure in clinical trials for neuromuscular diseases, including Duchenne muscular
dystrophy and GNE myopathy [9, 10, 47].
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Statistical analysis

Results

Descriptive analysis of the population’s disease-related characteristics and outcome
measures were performed using baseline data. Data distribution and normality were checked
using the Shapiro-Wilk tests and normal QQ plots for all continuous variables. Parametric
and non-parametric tests were applied as appropriate.

We followed standards for evaluating the psychometric properties of PRO measures,
including construct validity, and reliability: internal consistency and test-retest [48, 49]. For
the assessment of construct validity we took two approaches: first, we examined the
expected correlation between the PRO measures and clinician assessments of physical
function; second, we examined the differences in scores between known-groups. For our
sample size of 35 with a power of 0.9, we expected to detect a correlation coefficient of 0.47
or above. We hypothesized a moderate positive correlation between PRO measures, and the
six minute walk test, quantitative muscle strength assessment, AMAT and functional reach
scores. Pearson or Spearman correlations were performed to check the relationship between
the PRO measures and clinician assessments, as well as between the PRO measures
themselves using baseline data. One-way analysis of variance (ANOVA) or Kruskal-Wallis
tests were performed to compare the PRO scores among the groups previously identified for
the AMAT.

Internal consistency was tested using Cronbach’s a for the IBMFRS and ABC scale at
baseline and 6 months. Since GNE myopathy is a slowly progressive disease, changes were
not expected within the 6 month timeframe. For reproducibility, we examined the test re-test
reliability of the three PRO scores for patients at baseline and the patients that returned at 6
months using the intra-class correlation coefficient model (ICC 3,1). All statistical tests used
a significance level of p<0.05. Data were analysed with the Statistical Package for Social
Sciences 23.0 (SPSS, Inc., Chicago, IL) and G*Power [50].

Descriptive statistics

Characteristics of GNE myopathy subjects—A total of 35 GNE myopathy subjects
completed PRO measures of physical function at baseline and 16 subjects completed the
questionnaires at 6 months. Descriptive statistics of the subjects are shown in table 1. The
majority of subjects at baseline (91.4%) had a history of falls and used an assistive device
(74.3%). Approximately 9% of the subjects at baseline were wheelchair dependent and 20%
used a wheelchair only for long distances.

Outcomes summary statistics—A summary of the baseline HAP maximum and
adjusted activity scores, IBMFRS and ABC scale scores are shown in table 2. The HAP
subscale raw scores of ‘self-care’ had the highest score (91.8 + 21.6) while ‘independent
exercise’ (43.1 £ 28) had the lowest score in GNE myopathy subjects (table 2). We
compared the limitations of this population to those of more common conditions. The
reported HAP scores from GNE myopathy subjects had a significantly higher maximum
activity score (69.3 + 20) than other impaired (61.8 £ 14.8), COPD (58.8 + 13.2), and
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dialysis (55.2 £ 14.9) subjects, and a significantly lower maximum activity score than the
healthy (85.3 + 7) and older adults (75.7 = 6.2) [20, 21, 51, 52, 53] (table 3). GNE myopathy
subjects had a significantly lower adjusted activity score (51.4 + 22.7) than older adults
(71.6 £ 7.1) and arthritic subjects (67.5 £ 12.3); there was no significant difference in
adjusted activity scores compared to the other impaired populations [21, 52].

Construct validity

Reliability

Table 4 shows the correlation coefficients of the PRO measures of physical function and the
clinician assessments at baseline. As hypothesized, construct validity of the HAP adjusted
activity score was supported with a moderate to large positive correlation with the six-
minute walk test and AMAT total score and subscale scores (p<0.0001). The HAP adjusted
activity score had stronger correlations with physical assessments than the HAP maximum
activity score. The strongest relationship was with the HAP adjusted activity score and the
AMAT endurance subscale score (r=0.81; p<0.0001) followed by the HAP adjusted activity
score and the AMAT total score (r=0.78; p<0.0001). Table 5, presents the correlations of the
HAP subscale scores with the physical assessments, as well as with the IBMFRS and ABC
scores. The personal/household work and hand use were the two HAP subscales that had the
strongest correlations with the physical assessments and other PRO measures (p<0.001).

As hypothesized, construct validity of the IBMFRS was supported by moderate to large
positive correlations (p<0.0001) with all the physical assessments except the functional
reach test (right and left) (table 4). The IBMFRS had the strongest correlation with the
AMAT functional (r=0.75; p<0.0001) and total score (r=0.70; p<0.0001). The ABC scale
was also significantly correlated to the AMAT, six-minute walk, lower extremity quantitative
muscle strength and the left functional reach test. However, the significantly correlated
relationships were small in effect (r=0.44-0.69) compared to the two HAP scores and
IBMFRS score. The highest correlation for the ABC scale score with a physical assessment
was with the AMAT endurance subscale score (r=0.69; p=0.0002). Together, the PROs
correlated strongly between one another (r=0.64-0.84; p<0.0001); the HAP adjusted activity
score and IBMFRS had the strongest correlation (r=0.84; p<0.0001).

A one-way ANOVA was conducted to examine the ability of the PROs to discriminate
between subjects with high, moderate and low functional abilities, as previously defined
with cut-scores from the AMAT (table 6). Subjects in the AMAT *high functioning’ group
had significantly higher ABC [F (2, 29) = 11.7, p<0.0001] and HAP adjusted activity [F (2,
32) = 15.8, p<0.0001] scores than individuals in the low and moderate functioning groups.
There was no significant difference detected between the low and moderate AMAT groups
for the IBMFRS [F (2, 32) = 7.3, p=0.002]. There was also no significant difference in the
low and moderate functioning groups for the HAP maximum activity score (Chi-square:
13.11; p<0.001).

Internal Consistency—We examined the internal consistency of the PRO measures at
baseline and 6 months. The Cronbach’s alpha value was consistency strong for the ABC
scale (baseline a.=0.94; 6 months a=0.9) and IBMFRS total score (baseline a=0.87; 6
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months a=0.8). Internal consistency reliability is not appropriate for the HAP measure due
to categorical scoring.

Reproducibility—Forty-six percent (16/35) of the patients at baseline completed the PROs
at the 6 month visit. We examined test-retest reliability and found there was substantial
agreement, as demonstrated by the ICCs (3,1) among the ABC scale (ICC=0.89), IBMFRS
(ICC=0.87), and HAP maximum activity (ICC=0.75) and adjusted activity scores
(ICC=0.62) between baseline and 6 months.

Discussion

In this analysis, we aimed to evaluate the psychometric properties, including construct
validity, internal consistency and test-retest reliability of three PRO measures assessing
physical function in an ongoing natural history study of GNE myopathy in order to better
characterize physical function in GNE myopathy patients.

These findings demonstrate good construct validity, internal consistency and reproducibility
of the HAP, IBMFRS, and ABC scale in a diverse cohort of GNE myopathy subjects. In
terms of construct validity, the PROs had moderate to high correlations with the physical
assessments and between each other. However, in terms of known-groups validity, all of the
PROs were able to discriminate between the high and the low functioning groups based on
AMAT cut scores. The ABC scale and the HAP further discriminated between those with
high and moderate functional capacity. The PROs were unable to discriminate between
subjects with low and moderate function. We suspect this has more to do with the mean total
AMAT scores of those in the low functioning group as they were at the high end of the 0-24
point cut score, which nearly places them in the moderate functioning group. Furthermore,
the GNE myopathy subjects had significantly lower HAP scores than healthy adults, and
were not significantly different in terms of their adjusted activity score from other impaired
populations as shown in table 3 [16, 20, 21, 51, 52, 53, 54]. GNE myopathy subjects tended
to have higher maximum activity scores compared to the other impaired populations, which
was expected since GNE myopathy patients display greater impairment when performing
activities of daily living rather than activities that require short bursts of strength. The HAP
adjusted activity score has been reported to be a more valid measure of activities of daily
living and daily physical function than the HAP maximum activity score, and thus better
illustrates the impairment in physical function of GNE myopathy subjects [16]. Previous
authors offer the HAP subscale scores, however the limited psychometric properties of the
HAP subscale scores narrowed their application beyond research purposes [54].

The IBMFRS and ABC scales performed well at both baseline and 6 months. The test-retest
reliability of the three PROs was also good, and the reproducibility of the HAP was similar
to other studies that reported the test-retest of the HAP maximum activity score and adjusted
activity score in different populations [20, 51, 53]. All of the PROs had low levels of burden,
with the HAP being the longest questionnaire to complete at an estimated time of 10 minutes
[21].
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This analysis is based on a diverse cohort compared to other GNE myopathy studies, which
does not tend to focus on one ethnicity or a narrow degree of impairment [55, 56, 57, 58, 59,
60, 61]. In addition, only one natural history study incorporated a quality of life assessment,
the SF-36 [55], while we analysed several PROs that were more disease-specific. There were
a few limitations to our analysis. First, the sample size used for this analysis was limited
because GNE myopathy is a rare genetic disease with a prevalence of approximately 30,000
patients worldwide, making it difficult to perform studies with larger sample sizes [62].
There may be some sample bias in the 6 month sample since some patients missed their visit
and were seen at a 12 month visit, or we were unable to follow-up. More studies should be
performed using these PROs and clinician assessments of physical function to provide
further support for the validity and reliability of these PRO measures in GNE myopathy. A
second limitation of this study was that only participants who could travel were eligible, thus
potentially excluding severely impaired GNE myopathy subjects as evidenced by the higher
mean AMAT scores in the low functioning group. There was also missing data related to
advanced GNE myopathy subjects being unable to perform these tests. Thus, it is unknown
whether these PROs are valid for severely limited GNE myopathy subjects. Furthermore, the
high correlation between the PROs and the six minute walk test should be interpreted with
caution since there may be a floor effect, as 31.4% (11/35) of GNE myopathy subjects were
unable to complete the six minute walk test; thus, it is unclear if these PROs are appropriate
measures of physical function in advanced GNE myopathy subjects that are wheelchair
dependent and cannot complete the sit minute walk test which may have influenced the
findings. Many more subjects were able to complete the Quantitative Muscle Strength
Assessment and AMAT (94% and 100%, respectively) than the six minute walk test.
Furthermore, correlations were weaker with physical assessments that focused on a limited
number of muscles (e.g. functional reach test, upper quantitative muscle strength and lower
quantitative muscle strength) rather than tests that incorporated the majority of muscles
impacted by GNE myopathy (e.g. AMAT and total quantitative muscle strength). With
advanced disease, there are also inherent limitations in performing physical assessments
thereby limiting the spectrum of disease severity in this cohort. As a result, we are unable to
conclude whether these PROs are valid in advanced GNE myopathy subjects.

Clinical Implications

Since this is the first analysis of PRO measures related to physical function in GNE
myopathy, several interesting clinically relevant findings were identified. First, the majority
of subjects (74.3%) reported using an ambulatory device at their baseline visit. The ABC
scale has been validated as a good questionnaire for assessing fall risk with a threshold of
<67% [63, 64]; our subjects were below this threshold. Assessing fall risk is especially
important in GNE myopathy subjects, since falls are one of the first signs of the disease, and
the majority of our subjects reported a history of falls. Furthermore, it is thought that
fractures resulting from falls can be devastating to GNE myopathy patients as it can result in
faster muscle atrophy and disease progression. Thus, while the ABC scale had weakest
correlations with the physical assessments compared to the other PROs, it is a clinically
important questionnaire to assess fall risks in this population. In addition to addressing fall
risk, GNE myopathy subjects may benefit from attending physical therapy or occupational
therapy services to help maintain their functional capacity. Incorporating PROs along with
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physical performance assessments may assist clinicians in understanding the GNE myopathy
patients’ limitations in activities of daily living.

Because of the small number of non-ambulant patients, comparisons on PRO scores between
ambulant and non-ambulant patients was not performed, but should be evaluated in future
studies.

Research Implications

Research involving PROs and quality of life is scarce in rare diseases. This was the first
analysis of the psychometric properties of three PROs assessing physical function in GNE
myopathy subjects. Our findings suggest these PROs are appropriate to use in GNE
myopathy in order to gain a better understanding of how slow progressive muscle atrophy
impacts activities of daily living and physical function. However, a further ongoing
assessment of the validity and reliability of these PROs in GNE myopathy should be
performed. Although muscle groups had only modest correlations with the PROs, the total
strength composites demonstrated robust correlations with all the PROs. The IBMFRS
appeared to be the most appropriate PRO of the ones used in this analysis for the GNE
myopathy population since it took into account ambulatory device use (the HAP and ABC
scale do not), had the lowest burden, and was moderately to highly correlated with the other
PROs and physical assessments. However, a disease-specific PRO for GNE myopathy would
be beneficial to develop and utilize in future studies in order to detect functional changes
over time and identify responders to treatment in clinical trials. It is important for future
studies to assess the changes over time in strength and PRO scores to capture minimally
important differences and clinically meaningful changes in GNE myopathy subjects.
Incorporation of disease-specific PRO endpoints is of growing importance in drug
development. Detecting a clinically meaningful treatment effect that also results in a
meaningful effect on quality of life is necessary to allow for adequate review of promising
drug therapies [12, 13, 15]. The patient-centred nature of PROs are especially important in
rare disease clinical trials as they provide direct insight to the disease process.
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Implications for Rehabilitation

GNE myopathy is a rare muscle disease that results in slow progressive
muscle atrophy and weakness, ultimately leading to wheelchair use and
dependence on a caregiver.

There is limited knowledge on the impact of this disease on the health-related
quality of life, specifically physical function, of this rare disease population.

Three patient reported outcomes have been shown to be valid and reliable in
GNE myopathy subjects and should be incorporated in future investigations to
better understand how progressive muscle weakness impacts physical
functions in this rare disease population.

The patient reported outcome scores of GNE myopathy patients indicate a
high risk for falls and impaired physical functioning, so it is important
clinicians assess and provide interventions for these subjects to maintain their
functional capacity.
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Table 1.

GNE myopathy subjects’ characteristics at baseline and 6 months. Data presented as n (%) unless otherwise
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indicated.

Baseline (n=35)

Mean age, years (range) 41 (25-65)
Gender, n
Male 15 (42.9)
Female 20 (57.1)
Ethnicity
Middle Eastern 6(17.1)
Asian 11 (31.4)
Caucasian 16 (45.7)
Other 2(5.7)
History of falls 32 (91.4)
Use of ambulatory device 26 (74.3)
Braces 24 (68.4)
Cane 18 (51.4)
Walker 8(22.9)
Wheelchair use
Dependent 3(8.6)
Subjects reported for long distances only 7 (20)
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Summary of patient reported outcome scores at baseline (n=35)

Table 2.

Mean £ SD  Range of scores

Possible range

Standardized mean (SD)

HAP maximum activity score 69.3+20

HAP adjusted activity score

HAP subscales
Self-care
Personal/household work
Entertainment/social
Independent exercise
Hand use
Leg effort
Back effort

IBMFRS

ABC scale

51.4+227

73x17
16.7+7.1
10.2+27
121+78
20.1+6.9
248+12.9
7329
29.4+8.1
48.4+25.7

15-94
7-90

0-8
1-25
6-16
0-27
2-28
0-50
0-12
9-40

0-100

0-94
0-94

0-8
0-25
0-16
0-28
0-28
0-50
0-12
0-40

0-100

91.8+21.6
66.9 +28.3
63.6 + 17
43.1+28
71.8+24.8
49.7+25.8
61+24.3
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Comparison HAP scores (maximum activity score and adjusted activity score) in different populations to GNE
myopathy subjects [20, 21, 51, 52, 53]. Scores presented as mean (SD).

Sample N Age Range (years) Maximum activity score*  Adjusted activity score*
Healthy adults 477 20-79 85.3(7) 83.2 (7.8)
Multiple Sclerosis 37 23-77 61.2 (19.3) 43.4 (21.5)
Older adults 102 60-88 75.7 (6.2) 71.6 (7.1)
Impaired 162 16-83 61.8 (14.8) 50.7 (17.6)
COPD 30 37-77 58.8 (13.2) 48.7 (14.2)
Dialysis 39 22-83 55.2 (14.9) 43,6 (19.1)
Allogeneic hematopoietic stem cell transplant 176 18-72 73.25 (17.7) 56.39 (20.63)
Arthritis 28 24-69 74.6 (9.2) 67.5 (12.3)
GNE myopathy 35 25-65 69.3 (20) 51.4 (22.7)
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Correlations of patient reported outcomes and physical assessments at baseline”

Table 4.

Page 18

HAP adjusted activity score  {AP maximum activity score a IBMFRS ABC Scale
Upper quantitative muscle strength 0.37 *(n=33) 0.18 (n=33) 0.58**(n=33)  0.20 (n=30)
Lower quantitative muscle strength 0.43* (n=33) 0.19 (n=33) 0.52**(n=33)  0.44 " (n=30)
Total quantitative muscle strength 0.44™ (n=33) 0.23 (n=33) 058" (n=33)  0.36 (n=30)
Six minute walk test 0.69 ™ (n=24) 0.62 ™7 (n=23) 055" (n=23)  0.55 " (n=21)
AMAT Functional subscale 0.71™* (n=35) 0.58 ** (n=35) 0.75*(n=35) 0.637"(n=32)
AMAT Endurance subscale 0.81 ™" (n=35) 0.65 " (n=35) 0.70"*(n=35)  0.69 " (n=32)
AMAT Total score 0.78** (n=35) 0.66 **(n=35) 075 (n=35) 0.68™(n=32)
Functional reach- right 0.26 (n=25) 0.53 *(n:25) 0.18 (n=24) 0.38 (n=22)
Functional reach- left 0.36 (n=25) 0.29 ** (n=25) 0.34 (n=24) 0.47* (n=22)

HAP adjusted activity score

. - a
HAP maximum activity score

IBMFRS

0.82** (n=35)

0.84 % (n=34)

0.63 " (n=34)

0.79 " (n=32)
0,53 (n=32)

0.77 " (n=32)

*
p<0.05
ok
p<0.001. Values are Pearson’s correlation coefficient r.

a .
Spearman correlation performed and Spearman rho reported

n values differ because the ABC questionnaire was implemented later in the natural history study. In addition, some participants were unable to

complete the functional performance tests.
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Table 5.

Human Activity Profile subscale items correlation to other PROs and physical assessments. Values are
Pearson’s correlation coefficient r.
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Self-care  Personal/house work  Entertain/social  Indep. exercise Hand use Legeffort Back effort
Upper quantitative
muscle strength (7= 0.35 0.48™ 0.24 0.27 0.47%" 0.38* 0.33
33)
Lower quantitative
muscle strength (7= 0.25 057 0.23 0.16 041" 0.35 0.32
33)
Total quantitative
muscle strength (7= 0.32 0.53** 0.26 0.23 0.48™ 047 0.35
33)
Six minute walk test (7 ok * ok * * *
Zoa ( 0.5 0.58 0.69 0.63 0.63™* 0.7% 0777
AMAT Functional
subscale (7= 35) 0.50 ™" 0.64™" 043" 03 062" 052" 0.57™*
AMAT Endurance
subscale (7= 35) 0.477" 0.75™" 0647 054" 0™ o7 0.677"
AMAT Total score(n= *A *A * *: * *:
35) ( 05 0.72 054" 043" 068" 064" 064"
(F;gcgg)na' reach-right 5 15 0.19 0.31 0.28 0.2 0.25 053
Euznsc)tlonal reach- left (n 017 031 0.34 031 0.32 031 0.55™*
ABC scale 0.46™* 072" 0.58™" 0.34 072™* 0.58™" 0.65™*
IBMFRS 071™* 0.81™" 035 0.49™ 0.85™* 0.70™" 0.68™*
*
p<0.05
Ak
p<0.001
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Table 6.

Patient reported outcome scores by level of impairment as defined by the AMAT cut-scores (low: 0-24,
moderate: 25-34, high: 35-45).

AMAT
Variables
Low (n=15) Moderate (n=9)  High (n=11)
ABC 36.9(157)  308(201)° 753 (25.0)7**
IBMFRS xs1@87% 20963 35.8 (4.6)°
HAP maximum activity score? 11.73# 11.69 2433
HAP adjusted activity score 38.3 (17.6) 45.2 (19.1) 74.3 (12.3)

a . .
Kruskal-Wallis performed and mean rank presented. Chi-square = 13.11

bn=16

with missing/incomplete scores excluded.
A A

p<0.001 compared to low and moderate functioning AMAT groups

#p<0.001 compared to high AMAT group
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