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Abstract

Introduction/Aims: Myasthenia gravis (MG) is a neuromuscular disease characterized
by abnormal skeletal muscle fatiguability. The MG Activities of Daily Living
(MG-ADL) scale assesses eight symptoms and is often used as primary endpoint in
MG clinical trials where it is completed by neurologists. However, in observational
studies, patients frequently complete the MG-ADL scale independently of their neu-
rologist. In this study we aimed to assess the concordance between self- and physi-
cian-reported MG-ADL scores.

Methods: An international observational study was conducted among adult patients
with MG scheduled for a routine visit or who entered the hospital via emergency ser-
vices. Consenting patients and physicians completed the MG-ADL. Concordance
between assessments was calculated using Gwet's agreement coefficient (Gwet's
AC) for the MG-ADL individual items and the intraclass correlation coefficient (ICC)
for the MG-ADL total score.

Results: Data were collected from 137 patients (63% female; mean age, 57.7 years).
Physicians assessed the patient's symptoms as slightly more severe (8.1 vs 7.5
MG-ADL total score, respectively), corresponding to a difference of 0.6 on a range
from O to 24. The ICC for the MG-ADL total score between the patient and the phy-
sician assessment was 0.94 (95% confidence interval, 0.89 to 0.95), showing excel-
lent concordance. Gwet's AC showed substantial to almost perfect agreement for all
items, except eyelid droop, for which the agreement was moderate.

Discussion: Our results demonstrate that patients and neurologists have a concor-

dant assessment of the patient's MG symptoms when using the MG-ADL scale.

Abbreviations: AChR, acetylcholine receptor antibody status; Cl, confidence interval; ICC, intraclass correlation coefficient; IVIg, intravenous immunoglobulin; MG, myasthenia gravis; MG-ADL,
Myasthenia Gravis Activities of Daily Living; MGFA, Myasthenia Gravis Foundation of America; MID, minimal important difference; Q1, Q3, first quartile, third quartile; RCT, randomized clinical

trial; SD, standard deviation.
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1 | INTRODUCTION

Myasthenia gravis (MG) is a chronic autoimmune neuromuscular dis-
ease characterized by extensive muscle fatigue, and is most commonly
caused by antibodies against the muscle acetylcholine receptor
(AChR).* In randomized clinical trials (RCTs) focused on MG treatment,
the Myasthenia Gravis Activities of Daily Living (MG-ADL) total
score? is often used as the primary endpoint to assess symptom
severity (Table S1 in Data $1).37> The MG-ADL can be completed
within 2 or 3 minutes and requires no equipment or formal training. In
clinical studies, patients are assessed by a neurologist who scores the
MG-ADL scale while examining and interviewing them. In observa-
tional longitudinal studies, data on patients' health status are often
collected at home from a wide range of patients treated with a broad
range of therapies, and with different follow-up protocols. In these
observational studies, patients describe their health-related quality of
life and their utilization of medical resources and usually self-assess
their MG symptoms using available patient-reported outcome mea-
sures, such as the MG-ADL. Both sources of data (RCTs and observa-
tional studies) are typically combined in pharmacoeconomic analyses.
In addition, the MG-ADL could serve as a simple tool for telemedicine
monitoring of patients. It is unclear how the variable use and adminis-
tration of the MG-ADL in clinical care and research affects the score.

Therefore, the objective of this study was to assess the concor-
dance between physician- and patient-reported assessments of the eight
items from the MG-ADL scale and its total score. In addition, we assessed
whether any differences that occurred were systematic and are linked to
patient characteristics (e.g., age, sex, comorbidities) or disease severity
(e.g., according to disease classification or antibody status).

2 | METHODS

2.1 | Study design and patient sample
A multicenter, cross-sectional, observational study was conducted
among adult patients with MG. The study was carried out in two med-
ical centers: the IRCCS Istituto Neurologico Carlo Besta, Milan, Italy,
and Charité—Universitatsmedizin Berlin, Germany, where data were
collected from March 2021 to December 2021. Ethics approval was
obtained from the local ethics committees. At each medical center,
one single physician tested and assessed all patients.

Patients were either recruited during routine scheduled appoint-
ments with their neurologist or when they had an unscheduled emer-

gency visit due to an exacerbation. The inclusion criteria were:

(1) being previously diagnosed with MG according to the current
national guidelines®; and (2) age 18 years. No other inclusion or
exclusion criteria were applied. Written informed consent was
obtained from all participants.

A suitable spread in severity across MG-ADL scores was consid-
ered important to ensure a robust self-assessment vs clinician assess-
ment concordance. Therefore, we opted for stratified recruitment using
the last known MG-ADL or the Myasthenia Gravis Foundation of Amer-
ica (MGFA) clinical classification at the time of study inclusion. The
stratification into mild (MGFA 1 or Il, or MG-ADL 1 to 6), moderate
(MGFA 1Il or MG-ADL 7 to 15), or severely affected patients (MGFA IV
or V, or MG-ADL >15) ensured that patients from the whole severity
continuum were included in the concordance assessment.

2.2 | Data collection

Disease-specific data, such as AChR antibody status, muscle-specific
kinase (MuSK) antibody status, ocular vs generalized MG, comorbid-
ities, MG crisis in the past year (yes/no), thymectomy (yes/no), current
treatment, MGFA class, and proxy MG-ADL information, were pro-
vided by the physician. Patients provided demographics (age, sex,
weight, and height) and a self-assessed MG-ADL score. They were
also asked whether their health status had changed between the day
of their neurologist visit and the day they completed the MG-ADL.
This question was added to verify whether the patient and their phy-
sician were assessing the same health state. No further explanation
was provided regarding the nature of this health change.

To rule out the possibility of an order effect on the assessment,
the order of administration of the questionnaires by the patients and
physicians was randomized. A 2-day interval was recommended in
the study protocol between the completion of a patient's and physi-
cian's assessment to minimize the likelihood of patients and physi-
cians being influenced by each other's responses, and to minimize the
likelihood of significant changes in the patient's health status. How-
ever, a maximum of 6 days (less than 1 week) between the two
assessments was still considered acceptable for inclusion in the anal-
ysis, as the aim was to test the interrater agreement under various

circumstances.

2.3 | Statistical analysis

Based on a type 1 error of 0.05, a power of 0.80, and previous

research’ indicating an interrater agreement of over 0.94 between
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patient and physicians in MG-ADL scoring, the minimum sample size
needed per stratum for our analysis was 35, indicating a minimum
sample of 105.8 Allowing for some missing data, we therefore planned
on recruiting a 150-person sample to estimate the concordance
between patient- and physician-assessed MG-ADL. Initially, we aimed
for equal distribution across the severity spectrum. However, due to
the difficulty of recruiting high-severity patients and their low preva-
lence, this ratio was adjusted to 40/40/20 for mild, moderate, and
severe MG, respectively.

The distributions of MG-ADL items were calculated for both self-
report and physician measurements. For the MG-ADL total score,
parametric statistics were used (mean and standard deviation
[SD]). Gwet's agreement coefficient (Gwet's AC) was used to
assess the concordance of the MG-ADL individual items.” Gwet's
AC is a statistic that addresses the paradoxical behavior of Cohen's
kappa in cases where a low kappa is observed with a high agree-
ment.'° This measure was considered to be slight (0 to 0.20), fair
(0.21 to 0.40), moderate (0.41 to 0.60), substantial (0.61 to 0.80),
or almost perfect (>0.80).*! Intraclass correlation coefficients
(ICCs) were used to assess the concordance of MG-ADL total
scores from different methods of administration. We used two-
way, random effects, and average measure ICCs. ICCs were con-
sidered either poor (<0.5), moderate (0.51 to 0.75), good (0.76 to
0.90), or excellent (>0.90).12 Concordance was also calculated for
subgroups defined by changes in health status (yes/no) and by
country. Differences between patient- and physician-reported
scores were calculated and reported for the total study population
by age, sex, MGFA class at the time of study inclusion, thymec-
tomy (yes/no), antibody status, and number of comorbidities. Ordi-
nary least-squares regression was used for testing the significance
of these differences. We also tested for the effect of order of
administration (self-assessment first vs proxy assessment first). All
analyses were conducted using Stata version 16.1.2% P < 0.05 was

considered statistically significant.

3 | RESULTS

3.1 | Demographics

A total of 146 patients diagnosed with MG at two centers were
enrolled in this study. Eight patients failed to complete the question-
naire within 6 days of the physician's assessment (5.5%), and one
had missing data on one or more of the eight items of the MG-ADL
(0.7%). The majority of the nine removed patients were women
and were younger than the mean age of the sample. Therefore, the
study sample consisted of 137 patients (63% female) with a mean
(SD) age of 57.7 (17.8) years (Table 1). All patients had comorbid-
ities, with cardiovascular and respiratory diseases being the most
frequently occurring (Table S2). The mean number of days
between patient and physician assessment was 1.8 (SD, 1.0;

median, 2).

&NERVE R8N

3.2 | Distribution of patient- and physician-
assessed MG-ADL scores

Physicians assessed the patient's health status slightly more severely
(0.6-point higher total score; Table 2). Despite the standard deviation
of 2.3, this difference was <2 points in 80% of cases. The difference
in mean MG-ADL scores between physicians' and patients' assess-
ments was larger in Germany than in Italy. The MG-ADL total scores
by patients and physicians did not show a structural under- or overre-

porting at a specific item or severity level.

3.3 | Concordance between patient- and
physician-assessed MG-ADL total scores

The overall ICC for the total MG-ADL score indicated excellent agree-
ment (Table 3). Interrater agreement of the MG-ADL individual items
also indicated moderate to substantial agreement, as shown by Gwet's
AC values ranging between 0.46 (eyelid droop) and 0.77 (chewing).

Figure 1A shows a bubble plot of the observed MG-ADL scored
by patients vs physicians, which shows only a few outliers. Similarly,
Figure 1B illustrates that most differences between the patient- and
physician-assessed MG-ADL total score lie around zero, indicating
excellent agreement, but the differences became larger and occurred
more often in patients with higher MGFA class, that is, those with
more severe disease.

Subtraction of the MG-ADL total scores (physician — patient)
revealed that the majority of values per variable and item were just
above zero (Table 4), indicating that, on average, the physicians judged
the patient's iliness to be similarly or somewhat more severe. Physi-
cians tended to give higher (more severe) total scores to patients with
increasingly severe MGFA classes (P < 0.0001), to patients who had
AChR antibodies (P < 0.05), and to patients with an increasing number
of comorbidities (P < 0.01). No differences in the MG-ADL total score
were found in the subgroups defined by age, sex, or thymectomy. An
exception was found in patients with severe disease (MGFA class IVa
and IVb), whose MG-ADL total score was 2.00 to 4.43 points higher,
on average, when assessed by a physician compared with the
self-assessment. In these two MGFA classes, five of eight items con-
tributed to this difference in total score. Some individual item-score
differences were also significant between subgroups defined by the
number of comorbidities. There was no significant effect on the
MG-ADL total score or any individual MG-ADL items by order or ran-
domization (whether the patient or physician filled in the MG-ADL
first; results not shown).

Of the 137 patients, 18 (13.1%; 9 in Italy and 9 in Germany) indi-
cated that they had experienced a change in their health status
between their own assessment and the neurologist visit. As expected,
a significantly lower ICC was found among patients who experienced
a change in health between the proxy and the self-assessment com-
pared with those who did not, and Gwet's AC was also lower for all

items (Table 5). The ICCs were almost identical for the medical centers
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TABLE 1 Patients' characteristics.

Number (%)

Age (years) 18-34
35-54
55+

Sex Female

Years since initial diagnosis <1 year
1-5 years
>5 years

AChR Positive

MuSK Positive

MGFA class |
I
11l
v
\Y
Unknown

MG crisis over the last year Yes

Health change over last 2 days Yes

Thymectomy Yes

Current treatment®
Corticosteroids
Azathioprine
Mycophenolate
Methotrexate
Eculizumab
Rituximab
Plasma exchange
IVig
Feeding tube

MG-ADL total score, mean (SD)

MG-ADL total score, mean (SD)

Patient-assessed
Physician-assessed

Difference Physician — patient

Anticholinesterase medication

Germany Italy Total
95 42 137
13% 14% 13%
26% 33% 28%
61% 52% 58%
57% 74% 63%
7% 12% 8%
39% 21% 34%
54% 67% 58%
76% 74% 76%
5% 18% 9%
14% 2% 10%
36% 29% 34%
32% 50% 37%
17% 12% 15%
1% 0% 1%
1% 7% 3%
24% 26% 25%
9% 21% 13%
46% 45% 46%
89% 71% 84%
57% 81% 64%
29% 17% 26%
18% 17% 18%
6% 2% 5%
15% 2% 11%
4% 0% 3%
8% 14% 10%
16% 21% 18%
2% 0% 1%
7.5 (4.6) 7.7 (3.8) 7.5(4.3)
8.2(4.9) 7.9 (3.6) 8.1(4.5)
0.8(2.3) 0.2(2.1) 0.6 (2.3)

Abbreviations: AChR, acetylcholine receptor antibody; IVIg, intravenous immunoglobulins; MG-ADL, Myasthenia Gravis Activity of Daily Living score;
MGFA classification, Myasthenia Gravis Foundation of America Classification; MuSK, muscle-specific kinase antibody; SD, standard deviation.
“The following treatments are not reported due to a response rate of 0%: cyclosporine, tacrolimus, cyclophosphamide, SClg, and regular use of a

breathing mask.

TABLE 2 MG-ADL results by responder.

Patient Physician Difference
MG-ADL score (N =137) (N =137) (N =137)
Mean 7.5 8.1 0.6
SD 4.3 4.5 2.3
Q1 4 5 0
Q3 10 11 2

Abbreviations: MG-ADL, Myasthenia Gravis Activity of Daily Living score;
Q1, first quartile; Q3, third quartile; SD, standard deviation.

in Italy and Germany. For the MG-ADL individual items, concordance
was moderate to substantial for the health change and country/

physician subgroups.

4 | DISCUSSION

This study has demonstrated excellent concordance between self
and physician assessment of the MG-ADL. The results are

consistent across almost all MG-ADL items, indicating that
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self-assessment of the MG-ADL is a valid alternative for physi-
cian assessment.

The mean MG-ADL score difference between the two assess-
ments was small and physicians estimated that overall symptom
severity was similar to or slightly worse than that of the patients
themselves. Considering that the minimal important difference (MID)
for the MG-ADL has been estimated to be 2 points,'* the mean differ-
ence of 0.6 established in this study can be considered small, indicat-
ing excellent overall agreement. Moreover, the mean difference
between patient- and physician-assessed MG-ADL scores was consis-
tent across various factors, including countries/physicians, sex, thy-
mectomy status, and antibody status. However, the difference

TABLE 3 Gwet's AC and ICC for item level and MG-ADL score.

MG-ADL items Gwet's AC (P value)
Talking 0.66 (<0.0001)
Chewing 0.77 (<0.0001)
Swallowing 0.66 (<0.0001)
Breathing 0.73 (<0.0001)
Brush teeth or comb hair 0.58 (<0.0001)
Rise from a chair 0.69 (<0.0001)
Double vision 0.74 (<0.0001)
Eyelid droop 0.46 (<0.0001)
ICC (95% ClI)

MG-ADL total score 0.94 (0.89-0.95)

Abbreviations: Cl, confidence interval; Gwet's AC, Gwet's agreement
coefficient; ICC, intraclass correlation coefficient; MG-ADL, Myasthenia
Gravis Activity of Daily Living score.

(A) MG-ADL total score
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between patient and physician assessment was larger than the MID in
20% of patients (28 of 137), 18 of whom indicated that they had a
change in health status in the time between the patient and the physi-
cian assessment. In those cases, the difference was reassuringly larger
than among those patients who did not experience a change. Larger
differences than the MID were also observed in patients who were
more severely affected by MG (MGFA class V), and in patients with
four or more comorbidities. Physicians rated symptom burden overall
as slightly more severe than their patients, and this finding was stron-
ger with increasing disease severity (MGFA class IVa and IVb). This is
consistent with a review by Rand and Caiels of the use of proxy evi-
dence compared with self-report,®®> which showed that physician-
rated quality of life was lower than that rated by patients in many
studies, which could be the effect of coping mechanisms seen in
patients.

The data for this analysis came from two countries, and the German
sample was almost twice the size of the Italian sample. The smaller sam-
ple size in Italy did not lead to a significantly lower ICC than that in
Germany. This is noteworthy, as one previous study found that the con-
cordance of results in samples containing fewer than 50 pairs may be
low.'® A recent “change in health status” was reported twice as often
by Italian compared to German patients (21% vs 9%), which may have
been the result of slightly longer periods between assessments, or a dif-
ference in participants' interpretation of “health change.”

Considering the profile of the nine patients removed from the
data set, no specific subgroup seemed to have difficulty with self-
reporting. Some differences regarding treatments and occurrence of
comorbidities were observed between the two countries, but they
were not considered significant by the treating physicians and were

not expected to have any influence on the results.
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(A) Patient vs physician MG-ADL total score and (B) MG-ADL difference score (physician — patient) by current MGFA

classification. Bubble size represents the number of observations. The distribution of bubbles across the diagonal axis visualizes the concordance
between the proxy and self-assessed scores across all severities. MG-ADL, Myasthenia Gravis Activities of Daily Living scale; MGFA, Myasthenia

Gravis Foundation of America clinical classification.
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TABLE 4 MG-ADL difference scores (physician — patient) by patient characteristic.?

Number of comorbidities

AChR

Thymectomy

MGFA class

Sex

Age (years)

Difference in item

No Neg. Pos.

IVa Vb Yes

1b llla llib

lla

18-34 35-54 55° Male Female |

Overall

score or in total score

-0.13 -0.03 0.17

0.00
—-0.07

0.06
0.14
0.17
0.07
0.28
0.03
-0.03

-0.03

0.04
0.10
0.11
0.10
0.21
0.01
0.01
0.01
0.61

0.06
0.

-0.07 0.29 0.50

0.05
0.05
0.14
—0.05

0.00
—0.05
—-0.05
-0.14

0.04
0.00
—0.04

-0.14

0.01
0.14
0.15
0.00
0.24
0.01
-0.05

0.08
0.04
0.14
0.10
0.20
—0.04

0.05
0.10
0.15
0.10
0.23
—0.08
-0.03
—0.04
0.49

0.05
0.10
0.13
—0.08

—0.06
0.11
0.17
0.06
0.22
0.06
0.11
0.39

0.04
0.10
0.15
0.04
0.22
-0.01
-0.01

Talking

0.06 0.21

0.03
-0.13

0.00
0.06
—0.06
-0.09

11
17

0.13 0.86 0.21
0.27 0.86 0.29
0.07 071 0.14
0.30 0.86 0.29
—-0.07 0.00 0.07
-0.03 0.14 0.07

0.07
0.07
0.00
-0.07
-0.21
-0.07

Chewing

0.12 0.33

—-0.06 0.14

0.07
0.00
0.14
-0.07

0.
—0.02

Swallowing

0.00
0.16
—0.06
-0.03
-0.13
-0.28

0.04
0.00
0.00
-0.08
—0.20
-0.24

Breathing

0.24 0.26

0.24
—0.05

—0.05

0.29
0.10
0.00
0.10
0.67

0.24
0.00
—0.05
—0.05
-0.10

0.21
0.10
—-0.05

Brush teeth/comb hair

0.06 0.00
-0.15 0.03

—-0.06 0.26

0.00
—0.06

Rise from a chair

0.14
0.07
0.29

0.04
—0.02

Double vision

0.15
0.88

0.00
-0.13

0.16

0.13 0.71 043
0.73 443 2.00

0.00
-0.36

0.13
0.64

0.15
0.62

0.07
0.60

Eyelid droop

0.18 1.40

0.63

0.53

1.06

Total score

Abbreviations: AChR, acetylcholine receptor antibody; MG-ADL, Myasthenia Gravis Activity of Daily Living score; MGFA classification, Myasthenia Gravis Foundation of America Classification.

?Bold values are statistically significant (P < 0.05).
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As patients most severely affected by MG (MGFA class IV and V)
had a lower prevalence, the highest severity stratum had a lower sam-
ple size compared with the other two strata. Possible bias may have
occurred in the classification of patients as mild, moderate, or severe,
based on their most recent MGFA class rather than a reclassification
immediately before participating. Patients may have been incorrectly
categorized because of recent worsening of the disease or effective
treatment. However, this is unlikely, because the MGFA classifies
patients primarily based on symptom localization, which does not
evolve rapidly despite the fluctuating nature of MG regarding symp-
tom severity.**

We found several differences at the item level between physician
and patient assessments. According to Von Essen, a higher degree of
correspondence is expected for objective externally observable
domains*>1”18. therefore, a lower correspondence is expected in
domains that cannot be observed in clinical practice. In our study, we
found the opposite: there was low concordance on the item eyelid
droop, but excellent agreement was found in symptoms such as dys-
phagia and chewing problems, which are arguably more difficult for a
physician to observe in a clinical setting. It is likely that the physicians
observed the eyelid droop themselves while completing the MG-ADL
questionnaire, whereas the physician probably asked the patient
about dysphagia and chewing, which would result in essentially the
same answer as when the patient assessed these two items. Overall,
these differences did not markedly affect the overall interrater
reliability.

As both countries are in Europe, the results may not be generaliz-
able to MG populations on other continents. However, Lee et al con-
ducted a similar study in South Korea, examining the concordance
rate among 40 patients with MG and their treating physicians, and
demonstrated comparable conclusions. On an item level, good agree-
ment was observed in the South Korean study, with ICCs ranging
from 0.645 to 0.985 (P < 0.001), although the ICC is not the preferred
statistic for assessing concordance at the item level because of
the multidimensional nature of the MG-ADL instrument and
MG. Remarkably, excellent concordance (ICC = 0.985, P < 0.001) was
found for the item eyelid droop in the South Korean study, whereas
concordance for this item in our study, as assessed by Gwet's AC, was
only 0.46 (P < 0.0001), indicating moderate agreement.”

A study investigating the validity and reliability of the MG-ADL
instrument compared the change in total MG-ADL scores between
two visits with the treating physician's impression of change mea-
sured on a 7-point scale (ranging from markedly improved to markedly
worsened). A correlation coefficient of 0.703 (P < 0.0001) between
the change in the actual MG-ADL total score and the impression of
change indicated excellent responsiveness of MG-ADL to clinical
changes.'? Our study showed that experiencing a health change dur-
ing the time between the self and the proxy assessment lowered the
concordance between the physician and the patient in the MG-ADL
assessment, which is consistent with the finding that MG-ADL is
responsive to health changes.

In conclusion, our results suggest that the MG-ADL instrument

can be used by patients to self-assess their symptom burden for
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TABLE 5 Gwet's AC and ICC for item level and MG-ADL score by health change and country

Country
Yes Germany Italy
18 95 42

0.75 (0.32-0.90)

0.93 (0.89-0.95)

0.92 (0.84-0.95)

0.43 (0.016) 0.68 (<0.0001) 0.60 (<0.0001)
0.80 (<0.0001) 0.75 (<0.0001) 0.82 (<0.0001)
0.57 (0.001) 0.68 (<0.0001) 0.63 (<0.0001)
0.61 (0.001) 0.71 (<0.0001) 0.74 (<0.0001)
0.58 (0.002) 0.51 (<0.0001) 0.73 (<0.0001)
0.43 (0.025) 0.70 (<0.0001) 0.66 (<0.0001)
0.64 (<0.0001) 0.81 (<0.0001) 0.59 (<0.0001)
0.27 (0.108) 0.50 (<0.0001) 0.39 (<0.0001)

Items No

Number 119

ICC (95% Cl)
MG-ADL total score 0.94 (0.91-0.96)

Gwet's AC (P value)
Talking 0.69 (<0.0001)
Chewing 0.77 (<0.0001)
Swallowing 0.68 (<0.0001)
Breathing 0.74 (<0.0001)
Brush teeth or comb hair 0.58 (<0.0001)
Rise from a chair 0.72 (<0.0001)
Double vision 0.76 (<0.0001)
Eyelid droop 0.49 (<0.0001)

Abbreviations: Gwet's AC, Gwet's agreement coefficient; ICC, intraclass correlation coefficient; MG-ADL, Myasthenia Gravis Activity of Daily Living score.

clinical evaluation, in addition to routine examinations by neurologists.
Therefore, the MG-ADL instrument appears to be suitable for self-
administered use in future MG-related clinical practice or in clinical

research as a primary or secondary outcome measure.
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