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Abstract 

Background: Myasthenia gravis (MG) is a chronic autoimmune neuromuscular disease, characterised by fluctuat‑
ing muscle weakness which makes it challenging to assess symptom severity. Mixed methods psychometrics (MMP), 
which combines evidence from qualitative research and modern psychometrics, is a versatile approach to the devel‑
opment of patient‑centred outcome measures (PCOM) in the context of rare disease. Our objective was to develop 
the MG Symptom patient‑reported outcome (PRO) to assess key aspects of MG severity from the patient perspective.

Methods: We used MMP to develop a novel PRO instrument in a multi‑step process. An initial conceptual model 
for MG patient experience was developed and expanded based on preliminary literature review and two waves of 
concept elicitation interviews with people with MG (Step 1). Based on this, the novel PRO instrument, the MG Symp‑
toms PRO, was drafted. The draft instrument was refined by combining qualitative and quantitative data collected in a 
Phase 2 clinical study (Step 2).

Results: Findings from the literature review and concept elicitation interviews (n = 96) indicated that patient experi‑
ence in MG includes proximal muscle weakness symptoms related to several body parts, along with muscle weakness 
fatigability and general fatigue. Then, a set of 42 items across five scales (ocular‑, bulbar‑, and respiratory muscle weak‑
ness, physical fatigue, and muscle weakness fatigability) was developed. Qualitative evidence endorsed its relevance, 
clarity, and ease of completion; quantitative analysis with Rasch measurement theory methods demonstrated strong 
measurement properties, including good targeting and high reliability. Classical test theory analyses showed ade‑
quate reliability of the instrument and mild to moderate correlations with other widely used MG‑specific outcome 
measures.

Conclusions: The MG Symptoms PRO has potential to be used both to measure treatment benefit in clinical trials 
and monitor symptom severity in clinical practice. Its component scales were purposefully designed to stand alone, 
enhancing interpretability of scores given the heterogeneity of MG, and enabling modular use. Compared with exist‑
ing MG PROs, it contains more detailed assessments of muscle weakness and muscle weakness fatigability symptoms, 
which are of key importance to people with MG. The MMP approach used may serve as a case study for developing 
PCOMs across rare disease indications.
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Introduction
Patient-centred outcome measures (PCOMs) are essen-
tial for demonstrating that treatment effects translate into 
a clinical benefit that is meaningful to patients. PCOMs 
are powerful tools because they focus on issues that mat-
ter most to patients, ensuring that their experiences are 
accurately reflected in clinical research and practice. 
Unfortunately, for many rare disease indications PCOMs 
are either not available or not widely used [1]. Develop-
ment of patient-reported outcome (PRO) instruments 
in the context of rare disease is challenging, because low 
prevalence limits the number of patients available to par-
ticipate in PRO development efforts, and because het-
erogeneity of symptom presentation, disease severity and 
progression often further complicates the process [1–3].

In the recent IRDiRC Orphan Drug Development 
Guidebook, PCOMs were identified as a ‘building block’ 
for orphan drug developers, and their use is encouraged 
as efficacy endpoints in clinical trials, outcome meas-
ures in registries, or tools to monitor care delivery. The 
Guidebook outlines several requirements for developing 
a PCOM, including the generation of extensive patient 
evidence (preferably through mixed methods research) 
and psychometric data, multi-stakeholder collaboration 
and, for developing de novo PCOMs in particular, regular 
scientific advice from regulatory bodies [4].

Myasthenia gravis (MG) is a rare, clinically heterogene-
ous autoimmune neuromuscular disease [5] with an esti-
mated annual incidence of 1 in 500,000 people in the US 
and an estimated prevalence of between 1 in 2500 and 1 
in 200,000 people [6]. In Europe, it is estimated that 2 in 
10,000 people are affected by MG [7]. MG is caused by 
the production of pathogenic IgG autoantibodies against 
neuromuscular junction components (AChR, MuSK 
and LRP4) and manifestation can be generalised (gMG), 
affecting bulbar, limb and respiratory muscles [8], or 
limited to ocular (oMG), where weakness is confined to 
extraocular muscles [9]. Most people present with oMG, 
but 80–85% of cases progress to gMG [10, 11].

gMG is characterised by fluctuating and variable mus-
cle weakness, muscle fatigability (i.e., triggering or wors-
ening of an impairment with usual or normal activities, or 
onset/worsening of an impairment over the course of the 
day) and generalised fatigue (i.e., becoming increasingly 
tired). Symptoms contribute differently to the degree 
of clinical disability [12] but collectively impact many 
aspects of the quality of life of people living with MG. 
These range from physical exertions (e.g., walking and 
doing housework), social activities, sleep, psychological 

health and professional development [13–15]. In cases 
where muscle weakness extends to the respiratory mus-
cles, the condition may become life-threatening [8].

Due to this fluctuating and unpredictable disease 
course and the subjective nature of symptoms such as 
fatigue, PRO instruments have the potential to provide 
greater insight into the experience of people living with 
MG than traditional clinical endpoints, and regulators 
are encouraging their use as primary efficacy trial end-
points [12]. However, the heterogeneity of the disease can 
lead to a lack of correlation between some clinical meas-
ures at onset and remission or worsening episodes (e.g., 
the Myasthenia Gravis Foundation of America [MGFA] 
clinical classification) [16]. Robust PCOM and PRO 
instruments genuinely grounded in the patient experi-
ence would complement the currently widely-used clini-
cian-reported measures that aim to quantify the severity 
of MG based on impairments to body functions, such as 
Quantitative Myasthenia Gravis Score (QMG) and Myas-
thenia Gravis Composite (MGC) [17, 18].

Multiple PRO instruments have been developed to cap-
ture the impact of MG on an individual’s life, including 
the Myasthenia Gravis Activities of Daily Living (MG-
ADL) [19], MG Disability Assessment (MG-DIS) [14], 
the MG Fatigue Scale (MGFS) [20], and the MG Qual-
ity of Life 15 (MG-QoL-15) [21]. However, these PRO 
instruments may not comprehensively assess the range 
of symptoms and functional impact proximal to the MG 
experience [12] and fatigability, in particular, is often 
overlooked [22]. Additionally, these PRO instruments 
largely fail to meet the latest regulatory and expert rec-
ommendations in relation to having patients involved in 
the development process [4, 23, 24].

Mixed methods psychometrics (MMP) is an approach 
that can be used in the development of PCOM instru-
ments. MMP combines evidence from both qualitative 
and quantitative sources in an iterative process, on the 
premise both evidence sources are essential, but nei-
ther sufficient independently. As such, MMP is ideal for 
patient-centred research, as it encompasses both patient 
experience and feedback throughout the instrument 
development process to ensure that the PRO item con-
tent is important and relevant to patients [25]. The ver-
satility of MMP is valuable in challenging contexts such 
as rare disease, where trial cohorts are small, as it max-
imises the amount of evidence that can be used in the 
PCOM development process [1].

The objective of this paper is to describe the develop-
ment of a new PRO instrument, the MG Symptoms PRO, 
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which was developed and validated using state-of-the-art 
MMP psychometric analyses, including interviews with 
over 90 patients and examination of measurement per-
formance in people living with MG. Development of the 
MG Symptoms PRO can be used as a test-case for devel-
oping PCOMs in rare disease.

Methods
Study design and data collection
We performed a two-step MMP study (Fig.  1). Step 1 
involved a literature review and two waves of interviews 
with people with MG, leading to the development of a 
preliminary conceptual model of the patient experience 
in MG and draft items for the new PRO instrument. In 
Step 2, the analysis of qualitative and quantitative data 
from the phase 2 clinical trial MG0002 [26], in which 
the draft items were tested, led to the refinement of the 
conceptual model and draft item set. The study provided 
qualitative evidence from participant exit interviews and 
qualitative evidence from the analysis of the draft items 
in line with RMT. Additionally, supportive evidence on 
measurement properties was generated in the MG0002 
study cohort sample using CTT. Feedback from clinical 
experts with more than 20 years of experience in treating 
MG was sought to inform interpretation of results and 
decision making.

Step 1: Literature review and two waves of interviews
The literature review appraised qualitative studies related 
to the patient perspective of disease experience in MG 
and disease-specific PRO instruments. Analysis of the 
reviewed qualitative studies led to the development of a 
preliminary conceptual model. The content of available 
PRO instruments was further mapped onto the concep-
tual model to examine the coverage of these instruments 
against the concepts important to people living with MG.

Step 1 also included two waves of interviews conducted 
with individuals recruited from the Myaware MG patient 
association in the UK (www. myawa re. org) based on self-
reported MG diagnosis. In Wave 2, people with oMG 
or diagnosis of Lambert-Eaton myasthenic syndrome 
(LEMS) were excluded. Interviews were conducted over 
the telephone using a semi-structured interview guide. 
Ethical approval for the interviews in Step 1 was granted 
by the UK NHS Health Research Authority (https:// www. 
hra. nhs. uk/).

Wave 1 of the interviews focused on concept elicita-
tion to explore concepts important to patients; includ-
ing their symptom experience and the impact of MG 
on their daily life. Analysis led to the development of a 
preliminary conceptual model of the patient experience 
in MG; generation of bespoke draft PRO items related to 
MG symptoms; and identification of the FATIGUE-PRO 
Physical Fatigue subscale as a candidate PRO instrument 
with content relevance in MG warranting further exami-
nation with participants [27].

Wave 2 of the interviews comprised both concept 
elicitation and cognitive debriefing, aiming to further 
build on the MG experience model while reviewing the 
draft items resulting from Wave 1 analysis as well as 
the FATIGUE-PRO Physical Fatigue items. Cognitive 
debriefing followed a ‘think-aloud’ process [28–30] to 
elicit spontaneous and probed feedback on the items` 
relevance, clarity, and ease of completion.

Step 2: MG0002 study exit interviews and PRO instrument 
completion
Face-to-face exit interviews were conducted locally by 
study personnel at the final study visit of the Phase 2 
MG clinical study, MG0002 (ClinicalTrials.gov Identifier: 
NCT03052751), conducted across the US, Canada and 

Fig. 1 Study design for development of the MG Symptoms PRO, a new PCOM in rare disease. MG myasthenia gravis, PCOM patient‑centred 
outcome measure, PRO patient‑reported outcome, RMT Rasch measurement theory

http://www.myaware.org
https://www.hra.nhs.uk/
https://www.hra.nhs.uk/
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Europe (Belgium, Czech Republic, Denmark, Germany 
and Spain) [26].

The objectives and design of the exit interviews were 
similar to those in Wave 2 of Step 1, comprising both 
a concept elicitation and cognitive debriefing section. 
MG0002 included people with moderate-to-severe gMG 
who were being considered for treatment with immuno-
logical therapy and had evidence of anti-AChR or anti-
MuSK autoantibodies [26]. The draft MG Symptoms 
PRO was completed by MG0002 participants at 13 study 
visits during the treatment and observation periods. 
Ethical approval for the interviews in Step 2 was granted 
as part of the MG0002 study ethical approval/consent 
process.

MMP analysis
We applied an MMP approach in Step 1 and Step 2, com-
bining qualitative and quantitative analytic techniques, 
to generate evidence to inform item selection and refine-
ment and to identify any anomalies in the item set [25].

Qualitative analysis
Interviews were transcribed verbatim and translated into 
English where applicable (22 of 36 interviews at Step 2 
required translation). Thematic analysis was performed 
[31] with ATLAS.ti using a detailed, line-by-line, open 
and inductive coding approach [32–34]. Analytic tech-
niques of conceptual model development were used to 
categorise the codes into higher order domains reflecting 
their underlying conceptual content [32, 33, 35]. Cogni-
tive debriefing analysis involved multiple-level codes con-
taining information on the corresponding item, response 
scale or instruction and the corresponding issue identi-
fied, findings of which were reviewed descriptively for 
each scale and item.

Item generation
Following both Step 1, Wave 1 and Step 2 analysis, new 
PRO items were generated based on the concept elicita-
tion findings. Item generation followed item construction 
principles [24, 36–39], aiming to include an adequate 
range of items to cover the conceptual breadth within 
each of the target concepts of interest. Lay language and 
as many of the participants’ own words as possible were 
used, while aiming for brevity and minimal semantic 
overlap.

Quantitative analysis
The measurement properties of the PRO item sets were 
examined using both modern psychometrics (RMT) and 
traditional psychometrics (CTT). RMT analysis was used 
to first evaluate the measurement properties and make 

decisions on item selection and refinement, whereas 
CTT analysis was used to produce supportive evidence 
on the final PRO item sets.

RMT analysis was used to examine the measurement 
properties of each of the proposed draft item sets [40–
42]. Specifically, it examined whether item response data 
achieved the requirements specified by the Rasch model 
in relation to (1) scale-to-sample targeting, (2) item 
response thresholds, (3) item fit, (4) item dependency 
and (5) person separation index (PSI). The principles of 
RMT analysis have been extensively described elsewhere 
[43]. We applied RMT analysis in two steps of the study 
design. First, a macro-level RMT analysis was performed 
on the data collected in the Wave 2 interviews of Step 1 
to gain early insight on the item set. Second, a full RMT 
analysis was performed on the stacked data from all thir-
teen time-points of MG0002 in Step 2 using RUMM2030 
software (RUMM Laboratory; Perth, Australia). In Step 
2, RMT analysis was conducted in two rounds: First on 
the draft version of the scales; and, second on the avail-
able data of the revised version of the scales following 
the MMP results interpretations (Fig.  4). Stacked data 
were used to maximise the sample size of these analyses, 
which were repeated for comparative purposes on the 
first time-point of MG0002.

CTT psychometric analyses were further conducted 
on the MG0002 study data (Step 2) to generate comple-
mentary evidence for each scale of the PRO instrument 
that resulted from the RMT analysis. Investigated psy-
chometric properties included reliability, both internal 
consistency (Cronbach’s alpha coefficient) and test–retest 
reliability (intraclass correlation coefficients were calcu-
lated in various sample and at various time-points), and 
construct validity (association of the reviewed scales with 
other available clinical outcome measures: QMG, MG 
Composite, MG-ADL). CTT analyses were performed 
using SAS v9.4 (SAS Institute, Thousand Oaks, NC, 
USA).

Integration of qualitative and quantitative analyses
All decisions regarding item modification or selec-
tion were informed by both qualitative and quantitative 
results, according to a pre-defined frame of reference 
devised to guide the decisions according to the following 
criteria [27]:

• Comprehensiveness: Informed by the breadth of cov-
erage by the item set of both the qualitative concep-
tual model and of the quantitative measurement con-
tinuum from the Rasch model;

• Targeting and item quality: Informed by the endorse-
ment of the items by participants in the qualita-
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tive feedback and match between the distribution 
of items and persons and appropriate item fit in the 
RMT analysis;

• Conceptual uniqueness: Informed by the lack of 
overlap between items reported by participants in 
the qualitative feedback, and the spread of the items 
on the continuum and absence of local dependency 
in the RMT analysis; and

• Appropriateness of response scale: Informed by any 
issues raised with the ease of selecting a response 
option by participants in the qualitative feedback, 
and the ordering of the item respond thresholds in a 
successive manner in the RMT analysis.

Results
Sample characteristics
A total of 60 participants were recruited for the inter-
views conducted in Step 1 (30 participants for each 
wave). A further 43 participants were included from the 
MG0002 clinical study in Step 2 (Table  1), 36 of whom 
participated in the exit interviews.

Conceptual model of the patient experience in MG
Concept elicitation analyses across both steps of the 
study resulted in a consolidated model of MG patient 
experience (Fig.  2). The model summarises the experi-
ence of living with MG in two overarching domains: 
Proximal symptoms and bodily functions affected by MG 
(i.e., disease-defining concepts, e.g., core signs and symp-
toms); and more distal impacts of MG on patients` lives 
(e.g., social functioning). The model was updated and 

refined at every step of research whilst the distinction of 
the proximal and distal concepts was informed by con-
sultation with MG clinical experts.

Proximal symptoms were grouped into conceptual 
sub-domains in line with recognised MG symptomatol-
ogy muscle groups, including ocular, bulbar and respira-
tory, as well as limbs axial and the entire body. Within 
each conceptual sub-domain examples of how muscle 
weakness manifests itself or affects bodily functions were 
included. For example, the bulbar sub-domain comprises 
a wide range of concepts, including general bulbar move-
ments, facial drooping, saliva, liquid control, speech, and 
voice problems as well as chewing and choking. Concepts 
may also reflect different manifestations of each symp-
tom and/or different severity levels of the symptom expe-
rience. The fatigue sub-domain appears to be relevant 
and proximal to the MG experience, particularly in rela-
tion to its physical manifestation. This is distinct from 
fatigability, which is a prominent proximal concept that 
can be relevant across symptoms and muscle groups for 
MG participants and is therefore present in multiple sub-
domains in the model.

In addition, issues with motor and cognitive function-
ing were suggested by participants as relevant to their 
experience, as well as issues related to physical pain sen-
sations and sleep, but these were deemed as less proximal 
upon consultation with the clinical experts. Lastly, a wide 
range of impact sub-domains were further identified with 
participants describing the impact of MG on their daily 
lives, from their basic daily activities to their instrumen-
tal, social and leisure activities, professional life, interper-
sonal relations, and feelings (psychological impact).

Step 1: Cardinal concepts and item generation for the new 
MG PRO
Wave 1
Review of the conceptual model (Fig. 2) led to the iden-
tification of the cardinal concepts of the proximal MG 
experience related to weakness and functional issues of 
the limb and axial, ocular, bulbar and respiratory mus-
cles, and muscle weakness fatigability related to them, 
as well as physical fatigue (Fig. 3). The content of exist-
ing PRO instruments, including the MG-ADL [19], MG-
QoL-15 [21], MG-DIS [14] and MGFS [20] identified 
and reviewed in the literature review (data not shown) 
was compared against the cardinal concepts in a quali-
tative mapping exercise. This exercise revealed gaps in 
the coverage of the reviewed PRO instruments, which 
either focused on more distal concepts or did not cap-
ture the proximal symptom concepts comprehensively. 
On this basis, 21 muscle weakness items across four mus-
cle groups (i.e., ocular, bulbar, limbs and axial, and res-
piratory), and nine muscle weakness fatigability items 

Table 1 Participant demographics and disease characteristics

STEP 1: Wave 1
N (%)

STEP 1: Wave 2
N (%)

STEP 2
N (%)

Gender

Female 15 (50) 20 (67) 27 (63)

Male 15 (50) 10 (33) 16 (37)

Age, years

Mean 64.2 66.9 51.9

SD 13.7 13.4 15.1

Range 26–85 24–84 25–81

Region

UK 30 (100) 30 (100) –

Canada – – 11 (26)

Europe – – 23 (53)

USA – – 9 (21)

Ethnicity

Caucasian 29 (97) 29 (97) 39 (91)
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PROXIMAL SYMPTOMS AND BODILY
FUNCTIONS AFFECTED BY MG

IMPACT ON MG 
PATIENTS’ LIVES

Axial / Body 
/ Limbs

Bulbar Ocular Fatigue
Cognitive 

Functioning
Activities Psychological

Axial
movements

Bulbar
movements

Blurry vision Fatigability Concentration ADLa

Anger /
frustration / 

irritation

General
weakness

Bulbar
weakness

Double vision
Fatigue
timeline

Thinking IADLb Anxiety / 
stress / fear

Lower limb 
weakness

Chewing
Eye

movements
Fatigue:

Sleep / rest

Pain and
Bodily

Sensations
Social / leisure Apathy

Upper limb 
weakness

Choking
Eye

weakness
General
fatigue

Pain
General
(limited 

activities)

Sad / low / 
depressed

Neck
weakness

Facial
expression

Eyelid
drooping

Mental Cramps
Interpersonal

relations
Self-confi dence

Respiratory
Facial / mouth

drooping
Ocular

fatigability
Physical Headache Communication

Professional
life

Breathing
problems

Liquid control
Vision / reading

problems
Sleep Other

Impacted
relationships

Work impact

Shortness
of breath

Saliva control
Motor

Function
Amount of

sleep
Blood

pressure
Isolation

Swallowing Balance
Frequent

awakenings
Bowel

movements

Speech / voice
fatigability

Complex
mobility

Sleepiness Dizziness

Speech / voice
problems

Lower limb Hot / sweating

Upper limb Restlessness

ShakingConcepts addressed in the 
MG Symptoms PRO

Fig. 2 Conceptual model of the patient experience in MG. aActivities of Daily Living (ADL) relates to routine activities including eating, bathing, 
dressing, toileting, transferring, and continence; bInstrumental activities of daily living (IADL) are activities related to independent living such as 
preparing meals, shopping for groceries or personal items, performing light or heavy housework, doing laundry, and using a telephone
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MG SYMPTOMS PRO
SCALE

CONCEPTS EXAMPLE
QUOTES

Physical fatigue*
• Physical tiredness

•  Muscle weakness
and heaviness

“General fatigue of the muscles, so general fatigue has 
always played a part”.

“But there is defi nitely a general weakness about me, and
I think it’s discouraging to wake up in the morning and feel 
very tired maybe after you slept 8 or 9 hours and you
should feel well-rested and that’s not the case”.

Limbs and axial* •  Weakness (limbs,
neck, axial, general)

“A bad day is when I have paralyses in the arms, especially
in the hands and in the abdominal muscles. It’s only 
happened twice in the abdominal muscles, but it has 
happened rather frequently in the arms”.

“I’m sitting there and supporting my head on the side and
it’s not polite ... (laughs), but I do that because if I don’t
there will be pain in my neck ...”.

Ocular muscle
weakness

• Vision (double, blurry)

•  Eyelid drooping and
eye movements

“It seems like my eyes get tired, my vision will get a little
bit blurry”.

“Yes, double vision. Yes, it changes quickly when I move my
face to the left or right. It becomes diffi cult when walking”.

“My eyes were really crossed and my eyelids were droopy”.

Bulbar muscle
weakness

• Mouth drooping

•  Voice (nasal, hoarse
and weak)

•  Speech (slurred and
pronunciation)

•  Chewing/swallowing
food/liquids

“A little diffi culty chewing, keeping liquids in my mouth,
maybe even talking or smiling by the end of the day”.

“I have diffi culty speaking, or I feel my speech is altered,
my articulation is poor, sometimes people ask me to repeat 
what I said, that they don’t understand me”.

“Well it’s this, that I cannot, I’m able to chew the food but
I’m unable to swallow it”.

Muscle weakness
fatigability

•  Limbs axial, ocular,
bulbar and respiratory 
muscle fatigability

“I only notice it at the end of the day when I take my glasses 
off, and I read a little bit, and then that only works for a short 
time until I close my eye. I have to shut one eye in order to 
keep reading”.

“I know that I have a very specifi c timeline of speech. My 
speech expires after a while”.

“The muscles kind of become weaker more quickly, so I
might be able to pick it up without any problem at fi rst but
if I were to continue to hold it, I have noticed sometimes
that my arms will get shaky”.

Respiratory muscle 
weakness

• Breathing diffi culties

• Shortness of breath

“A bad day would be waking up during the night because of
troubles breathing, so not very well rested to start the day”.

“I get shortness of breath, rather quickly I become tired,
I need twice the time to do something. I take many pauses”.
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Fig. 3 MG Symptoms PRO domains and underlying concepts with example quotes from cognitive debriefing. *Limbs and Axial concepts merged 
with Physical Fatigue scale in the final MG Symptoms PRO scoring structure
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were generated. Review of the physical fatigue concepts 
indicated that FATIGUE-PRO [27], a PRO instrument 
originally developed for systemic lupus erythematosus, 
was conceptually relevant to the aspects of the physical 
fatigue experience described in the context of MG. The 
physical fatigue domain scale (16 items) of the FATIGUE-
PRO was therefore selected for further examination in 
MG alongside the newly generated items.

Wave 2
MMP analysis indicated that the newly generated mus-
cle weakness and muscle weakness fatigability items were 
clear, relevant, and easy to complete by people with MG. 
Some of the items, however, appeared to measure closely-
related concepts (i.e., conceptual overlap), such as ‘pro-
nouncing words’ and ‘slurred speech’, ‘nasal’ and ‘hoarse’ 
voice, and ‘swallowing’ and ‘controlling liquids in mouth’. 
Response scale issues were also identified, where partici-
pants were unable to distinguish accurately between the 
six different response options, particularly between ‘very 
mild’ and ‘mild’ options. The macro-level RMT analysis 
identified further issues related to potential conceptual 
overlap or uniqueness, item quality and appropriate-
ness of response scale. Considering the small-scale basis 
of this analysis, the six-level response scale was retained 
with the plan to make a final decision on this issue at Step 

2 of the work. Three items related to ‘aching’ were none-
theless deleted in response to clinical expert feedback 
in relation to their lack of specificity with MG pathol-
ogy. A further item was rephrased to improve its clarity 
and interpretability resulting in the draft MG Symptoms 
PRO comprising two domain scales comprising 27 items: 
‘Muscle weakness’ across ocular, bulbar, limbs and axial, 
and respiratory muscle groups (6-level severity scale; 
18 items) and ‘muscle weakness fatigability’ (5-level fre-
quency scale; 9 items) (Fig. 4).

The FATIGUE-PRO Physical Fatigue scale items were 
well-received with minimal interpretation or relevance 
issues and the macro-level RMT analysis demonstrated 
excellent targeting of this scale to the MG participants; 
therefore all 16 items (5-level frequency scale) were 
included in Step 2 analyses.

Step 2: Psychometric evaluation of draft scales 
and PRO instrument refinement based on MMP evidence
Comprehensiveness
Participants did not specifically suggest that any symp-
tom concepts were missing during the debriefing section; 
however, a qualitative comparison of item content against 
the refined conceptual model (Fig.  2) indicated minor 
gaps within the ocular and respiratory muscle weakness, 

Draft
FATIGUE-PRO

Items
Scale

structure

Physical fatigue 16
5-level

frequency
scale

Draft
MG Symptoms PRO

Items
Scale

structure

Muscle weakness 18
6-level
severity
scale

Muscle weakness
fatigability

9
5-level

frequency 
scale

Refi ned
MG Symptoms PRO

Items
Scale

structure

Physical fatigue 15
5-level

frequency
scale

Ocular muscle
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which could be addressed with further item generation. 
Quantitative analyses showed good coverage of the tar-
geted concepts in the participant sample (Additional 
file 1). Based on these findings, and in consultation with 
clinical experts, four additional items were generated: 
two related to ocular muscle weakness and two related to 
respiratory muscle weakness (Fig. 4).

Targeting and quality of items
Qualitative findings were supportive of the relevance, 
clarity, and ease of completion of items. Participants 
endorsed the relevance of the draft MG Symptoms PRO 
item content: On an individual item basis, items were 
found to be relevant to 86–100% of the sample. A few 
items related to bulbar symptoms proved not to be rel-
evant for up to 14% of participants. This is in line with 
measurement development principles, aiming to gen-
erate item content reflective of different severity levels 
of the underlying construct of measurement, as well as 
clinical expectation of the increased relevance of bulbar 
symptoms in cases of higher MG disease severity. Find-
ings for the FATIGUE-PRO physical fatigue scale were 
equally supportive, with items relevant to 86–100% of 
participants.

Quantitative RMT results (Table  2) indicated that all 
draft scales had good targeting, demonstrating the rel-
evance of the item content in this population. No issues 
were identified with either the recall period or the 
instructions of these scales and there were few issues of 
clarity and interpretation; the draft MG Symptoms PRO 

items were found to be conceptually clear and unam-
biguous to 94–100% of the participants. A few items also 
showed some misfit to the Rasch model (Table 2).

Conceptual uniqueness of items and scales
Qualitatively, some conceptual overlap was suggested, 
particularly in the draft MG symptoms PRO bulbar 
items, where 3–28% of participants indicated conceptual 
overlap of four different items, and within the FATIGUE-
PRO physical fatigue items, where 3–17% of participants 
indicated overlap with six items. Some item dependency 
issues were also identified in the quantitative analysis, 
suggesting potential overlap/redundancies in the content 
of the items, as well as potentially more than one concept 
underpinning these scales. Based on these findings, it was 
decided that the muscle weakness scale would be revised 
to move away from a single total score of muscle weak-
ness and instead use standalone domain scales reflecting 
each of the different muscle groups. This would better 
reflect the heterogeneity of MG pathology, which was 
indicated by item fit issues, as well as the qualitative and 
clinical expert information. In addition, considering the 
relative relevance and overlap between the FATIGUE-
PRO scales and the newly generated draft MG Symptoms 
PRO scales, it was decided to merge the FATIGUE-PRO 
physical fatigue scale with the limbs and axial items of 
the muscle weakness scales.

Table 2 Summary of quantitative RMT measurement properties and findings

N/A not applicable, Rasch measurement theory
a Percentage of sample measurements covered by the scale: The higher percentage, the better targeting
b Person Separation Index (PSI) ranges from 0 to 1: Higher scores reflect higher reliability
c Percentage of items displaying disordered response thresholds: Higher values suggest problems with the response scale
d Percentage of items displaying statistical misfit on the basis of Chi-Square values summarising the difference between observed and expected scores, where Chi 
Square significance is estimated with a Bonferroni adjustment at p < 0.01
e Number of item pairs displaying item dependency in the form of residual correlations > 0.30
f Two new items generated within Step 2; quantitative data are not yet available for these items

Item # Tagetinga PSIb Disordered 
 thresholdsc

Item  misfitd Dependencye

STEP 2: Draft scales

 FATIGUE‑PRO: Physical fatigue 16 91% 0.94 0% 13% 7

 Muscle weakness 18 92% 0.90 33% 11% 15

 Muscle weakness fatigability 9 89% 0.86 22% 33% 3

STEP 2: Refined scales

 Physical fatigue 15 89% 0.95 0% 13% 6

 Ocular muscle weakness 3 +  2f 82% 0.57 0% 33% 0

 Bulbar muscle weakness 9 56% 0.81 10% 20% 2

 Muscle weakness fatigability Same as draft

 Respiratory muscle weakness N/A N/A N/A N/A N/A N/A
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Appropriateness of response scale
Minimal issues were raised with the response scale dur-
ing the interviews: Only one participant raised issues 
with selecting a response option for five of the draft MG 
Symptom PRO items. No response scale issues were 
identified for the FATIGUE-PRO physical fatigue scale. 
RMT analysis also uncovered some issues with the order-
ing of the item response thresholds, particularly with 
the muscle weakness 6-level severity scale, where more 
than a third of the items displayed disordering, suggest-
ing participants could not distinguish between six unique 
levels of severity for these items in the draft MG Symp-
toms PRO. Based on these findings, and in consultation 
with clinical experts, the muscle weakness items` severity 
response scale was reduced to four levels (Fig. 4).

Step 2: Psychometric evaluation of the refined version 
of the PRO instrument
The outcome of the MMP steps described above was a 
refined version of the MG Symptoms PRO instrument 
(Fig.  4). A final round of psychometric evaluation was 
performed for this refined PRO instrument (Table  2) 
demonstrating supportive overall results for all scales 
(Fig. 5; Additional file 1).

Targeting analyses demonstrated that the scales cov-
ered a good range of the participant sample locations 
(Additional file  1). Figure  5 shows the RMT analysis 
results for the Physical Fatigue scale, as an example. Only 
the bulbar muscle weakness scale had a relatively narrow 
coverage and larger floor effects, suggesting that items 
were not as relevant to participants with lower disease 
severity, which is in line with clinical expectations of bul-
bar symptoms (Additional file 1).

The person separation indices were high for all scales 
except the ocular muscle weakness scale (Table  2) 
which could be linked to the relatively small item num-
ber (n = 3) in the available data, but also to the specific 
composition of the sample, which excluded patients with 
ocular symptoms alone. The refined four-level severity 
scale of the muscle weakness items largely resolved the 
disordering of the original response scale with disorder-
ing being limited to one item. However, some item misfit 
and dependency issues persisted, particularly for the bul-
bar muscle weakness and physical fatigue scales (Fig.  5; 
Additional file 1).

Relative to the 18-item muscle weakness draft scale, the 
refined bulbar muscle weakness scale demonstrated sub-
optimal targeting, and the ocular muscle weakness scale 
demonstrated reduced reliability. However, these find-
ings were in line with clinical and measurement expecta-
tions. As bulbar symptoms are linked with higher levels 
of disease severity, the sub-optimal targeting of the scale 

for people with lower disease severity levels aligns with 
clinical expectation. The limited number of items of the 
ocular scale could further contribute to the reduced reli-
ability of the scale. However, the generation of two addi-
tional ocular items could likely lead to improvement in 
the scale`s reliability, as shown by the conceptual clar-
ity gained by refined muscle-group-specific scales in the 
context of a heterogenous condition, as opposed to the 
draft versions where all of these were part of a single 
muscle weakness score.

CTT results were also supportive of all revised scales, 
with good to excellent reliability demonstrated for most 
scales. Internal consistency (Cronbach’s alpha coeffi-
cients ranged from 0.70 to 0.95) with the scale compris-
ing the fewer items; ocular muscle weakness showing the 
lowest reliability coefficient. Test–retest reliability coef-
ficients were also supportive, particularly between study 
visits 13 and 15 (range 0.78 to 0.97) (Additional file  1). 
The correlations of the MG Symptoms PRO scale scores 
with clinician-reported measures (i.e., QMG, MGC) and 
the MG-ADL were at best moderate, which was expected 
given the difference in the targeted concept (Additional 
file 1).

Discussion
We have developed a new MG-specific PCOM, the MG 
Symptoms PRO, using mixed methods evidence gener-
ated across 103 people living with MG, combined with 
sustained interactions with clinical experts and regula-
tory agencies. This new PRO instrument comprises 42 
items across five scales: ocular-, bulbar-, and respiratory 
muscle weakness, physical fatigue, and muscle weakness 
fatigability—all rated on a recall period of 7 days (Fig. 4). 
The scales were purposefully designed as standalone to 
enhance score interpretation, and to allow for modular 
use (each scale can be used independently, depending on 
the specific concept of interest to be measured), given the 
heterogeneity of MG.

Compared with currently available PRO instruments, 
such as the MG-ADL [19], MG-DIS [14], MGFS [20], 
MG-QoL-15 [21] and MG Impairment Index (MGII) 
[44], the MG Symptoms PRO benefits from wider con-
ceptual coverage and more patient-centred test design. 
Specifically, the MG Symptoms PRO contains more gran-
ular content and a detailed assessment of muscle weak-
ness across different muscle groups, elaborate assessment 
of muscle weakness fatigability, as well as specific assess-
ment of physical fatigue not currently included in other 
PRO instruments [22].

Unlike currently available PRO instruments, the 
development of the MG Symptoms PRO incorporated 
patient input at every stage, in line with regulatory and 
expert guidance for PCOMs [23, 24]. The MG Symptoms 
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PRO further benefits from the application of the MMP 
approach and incorporation of complementary quanti-
tative evidence, early in the item development process. 
This helped inform decisions on: Item and response scale 
refinement; scoring structure; and further demonstrated 
the strengths of the instruments` measurement proper-
ties early in the development process.

In a rare disease context, MMP proved to be a nim-
ble and powerful approach to define and then refine a 
clinically meaningful set of items to assess MG sever-
ity. The extensive qualitative research has helped to 
provide a better understanding of MG, with a clear 
conceptualisation of the patient experience. The exten-
sive qualitative patient input has ensured that the MG 
Symptoms PRO contains items covering all concepts 
relevant to the patient experience of MG, and worded 
in an appropriate way, whilst removing items linked 
to less relevant concepts. Moreover, the quantitative 
RMT analyses demonstrated the measurement robust-
ness of the MG Symptoms PRO.

This study has three main limitations. First, although 
screening/inclusion criteria were applied to par-
ticipants recruited for Step 1 of the work, no diag-
nostic confirmation of MG status was provided for 
participants as Myaware UK is a small patient advo-
cate group. We aimed to correct for this by expanding 
our concept elicitation research in a clinically-defined 
sample [26]. Second, the item ‘neck weakness’, which 
is scored on a severity response scale, was included 
in the draft 18-item ‘muscle weakness scale’ in Step 1 
but was moved to the ‘physical fatigue’ scale in Step 
2, where other items are assessed by a frequency 
response scale. Third, the development and generation 
of early psychometric evidence on the MG Symptom 
PRO was performed in a relatively older, Caucasian 
sample, where mean ages in Step 1 were 64.2  years 
(range 26–85) and 66.9 years (range 24–84) for waves 
1 and 2 respectively. The MG Symptoms PRO would 
benefit from further evaluation in participants of a 

wider age range, different socioeconomic status, and 
from different ethnicities or cultures.

Whilst the MG Symptoms PRO has an improved 
conceptual coverage as well as test design compared to 
other PRO instruments used in MG (MG-ADL, MG-
DIS, MGFA, MG-QoL-15), it still requires further vali-
dation. Our currently available results indicated some 
outstanding conceptual overlap between items of the 
bulbar muscle weakness scale and other gaps for the 
measurement of ocular symptoms and respiratory 
symptoms. Four additional items have been devel-
oped to bridge those gaps and more data are needed 
to document their measurement performance, as well 
as explore possible refinement of the scales by exclud-
ing conceptually redundant items. For this purpose, 
the MG Symptoms PRO is being used in clinical stud-
ies to provide more data on the instrument. The next 
stage of this research will involve gathering additional 
qualitative and quantitative evidence on items gener-
ated following Step 2 and further exploration of some 
of the less optimal findings, as well as exploration of 
clinical meaningful change thresholds for this PRO 
instrument.

Conclusion
In comparison to currently available PRO instruments 
used in MG, the MG Symptoms PRO contains more 
granular content and a detailed assessment of muscle 
weakness and muscle weakness fatigability symptoms, 
presented in a simple patient-centred way. This instru-
ment also includes a detailed assessment of physical 
fatigue, an aspect of generalised fatigue not included 
in other PRO instruments. The MMP approach has 
allowed enhanced interpretation of not only item suit-
ability, but also scale appropriateness. Most impor-
tantly, this instrument was developed with input from 
people with MG throughout the whole process leading 
to an instrument that is truly patient-centric, from the 
development of a conceptual model of MG through 
to the design of the actual instrument, including item 

Fig. 5 Exemplar sample‑to‑scale targeting plot—RMT analysis results for the Physical Fatigue scale. This figure depicts the person‑item threshold 
distributions for the MG Symptoms PRO Physical Fatigue scale score, with persons (sample) distribution on top and scale item threshold distribution 
plotted on the same linear measurement continuum of physical fatigue. The sample distribution a represents the total score estimates for the 
physical fatigue scale plotted on a continuum of physical fatigue severity ranging from left (low severity) to right (high severity). The five‑category 
response scale leads to four thresholds for each item. Therefore, the item threshold distribution b represents each of the four thresholds estimates 
for each item, plotted on the lower end of the same measurement continuum of physical fatigue. A threshold reflects the location on the 
measurement continuum where two adjacent response categories are equally likely to be endorsed. Targeting is assessed by examining the 
relative range and coverage of the sample distribution by the available item thresholds. The lower part of the figure c depicts the 15 items of the 
physical fatigue scale in the y‑axis in order of increasing difficulty from top to bottom. The x‑axis represents the most probable of the five response 
categories in the different coloured blocks across the range of the physical fatigue continuum. RMT expects the ordering of the response categories 
to reflect the intended severity i.e., from none of the time to all the time

(See figure on next page.)
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terminology, item appropriateness and responses 
levels. Considering our qualitative and quantitative 
findings, the MG Symptoms PRO instrument shows 
promise as a measure of the symptoms experienced by 
people living with MG. It has great potential for both 
demonstration of treatment benefits in a clinical trial 
context and monitoring of symptom severity in a clini-
cal practice setting, benefitting from a modular scale 
structure which enhances assessment and interpret-
ability of outcomes in a heterogenous condition such 
as MG. Finally, the rigorous MMP approach followed 
in the development of the MG-Symptoms PRO offers a 
strong methodological framework for the development 
of future fit-for-purpose PRO instruments in the con-
text of rare disease.
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