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1 | INTRODUCTION

Abstract

Introduction: Labor-market participation is potentially very difficult for patients with
refractory myasthenia gravis (MG). In this study, employment status and work absences
are compared between refractory and nonrefractory MG.

Methods: Adults (aged 18-64 years, all diagnosed >2 years previously) were included
if enrolled in the Myasthenia Gravis Foundation of America Patient Registry during
July 2013 to February 2018.

Results: Seventy-six patients (9.2%) had refractory and 749 (90.8%) had nonrefractory
disease; demographic data did not differ between groups. Relative to the non-
refractory group, the refractory group patients were more than twice as likely to work
fewer hours per week (odds ratio [95% confidence intervall: currently employed,
2.777 [1.640-4.704]; employed over previous 6 months, 2.643 [1.595-4.380]), but
those employed were not more likely to be absent from work.

Discussion: Because absence from the labor market adversely affects quality of life
and personal finances, these findings reaffirm the considerable disease burden asso-
ciated with refractory MG.
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refractory disease

speech, difficulty swallowing (with an increased risk of choking),

extreme fatigue, limb weakness, and impaired respiratory function

Myasthenia gravis (MG) is a chronic autoimmune disease character-
ized by impaired synaptic transmission and fatigable muscle weakness.

Generalized MG may lead to debilitating symptoms, including slurred

Abbreviations: Cl, confidence interval; HRQoL, health-related quality of life; IVIg, intravenous
immunoglobulin; MG, myasthenia gravis; MG-ADL, Myasthenia Gravis—Activities of Daily
Living; MGFA, Myasthenia Gravis Foundation of America; OR, odds ratio.
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(with episodes of respiratory failure requiring mechanical ventilation®).

Acetylcholinesterase inhibitors, corticosteroids, and/or immunosup-
pressant therapies are successfully employed to alleviate MG symptoms
in most patients. However, it is estimated that symptoms persist in up
to 15% of those diagnosed with MG despite concerted therapeutic
efforts; these individuals are considered to have refractory disease.?®
The treatments used in patients with refractory disease, such as long-
term therapy with immunosuppressant treatments, intravenous immu-
noglobulin (IVIg), or plasmapheresis,* may increase the burden of illness.
Patients with refractory MG are also significantly more likely than those
with nonrefractory disease to experience myasthenic exacerbations and
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crises, and to visit an emergency department and/or be admitted to a
hospital.>* Given the persistence of symptoms, patients with refractory
MG may continue to experience problems with daily activities such as
eating, personal grooming, reading, and driving. Collectively, these fac-
tors suggest that patients with refractory MG are highly likely to have
difficulties meeting the demands of employment. This is compounded
by the timing of the typical onset of refractory MG in middle age,® a
time that is generally otherwise of high productivity.

An adverse impact of MG on employment has been reported in var-
ious studies.>® This may be apparent as reduced participation in the
labor market,>”® increased sick leave,>® and higher levels of patient-
reported hardship in the workplace.” Given inevitable socioeconomic
differences across countries, it is unclear to what extent the findings
from these previous non-US studies may apply to the labor market in
the USA. In addition, although there is some evidence that factors such
as increased disease severity or a greater treatment burden exacerbate
employment problems in MG,>® there is a dearth of research pertaining
specifically to refractory disease. The objective of this study was to
examine the impact of refractory MG, compared with nonrefractory

MG, on employment status and absences from work in the USA.

2 | METHODS

In previous work, we have used patient-reported data from the MG
Patient Registry developed by the Myasthenia Gravis Foundation of
America (MGFA) to compare health-care resource utilization in
patients with refractory MG to that in patients with nonrefractory
MG.* Here, we use the same data set to explore employment status

and absences from work.

2.1 | Data source

The MG Patient Registry is an active database of adults (>18 years of
age) in the USA who have MG. The Registry was developed for the
purposes of research, treatment, and patient information. The enroll-
ment survey comprises approximately 200 questions, encompassing
information such as demographics, history of MG, comorbidities,
previous and current therapies, family history of MG, functional
status (assessed using the Myasthenia Gravis—Activities of Daily
Living [MG-ADL] questionnaire), lifestyle, and employment status. The
MG-ADL questionnaire is a validated, eight-item, patient-reported
outcome measure developed to assess MG symptoms and their func-
tional impact.”° Participants report the level of functional disability
(0 [normal] to 3 [most severe]) for each of the eight items (ocular [two
items], bulbar [three items], respiratory [one item], and gross motor or
limb impairment [two items]). Summing item scores provides an MG-
ADL questionnaire total score ranging from O to 24 points. In the
enrollment survey, patients were asked to select the level of disability
corresponding to their experience during the preceding 4 weeks.

The present study includes data from enrollment surveys com-
pleted between July 17, 2013 (the start of the Registry) and February
22, 2018. Although participants were asked to complete surveys
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about their condition twice a year after enroliment, data in the ana-
lyses presented here relate only to the enrollment survey. The study
was approved by the institutional review board of the University of
Alabama at Birmingham, in the USA. Data were de-identified for
research, and consent for participation was provided by participants

electronically at registration, before completion of the survey.

2.2 | Participants

The study population comprised participants between 18 and less
than 65 years of age, representing the working population of the USA.

Participants in the data set had reported being diagnosed with
MG by their doctor at least 2 years before completing the enroliment
survey. This was to ensure that there was sufficient time between the
diagnosis of MG and inclusion in the study for physicians to have
explored a number of treatment approaches. A number of different
definitions of refractory MG have been used in previous studies.'!
The definition used in the present study combines some elements of

those published previously,2%11-13

and is based on data reported
about treatment and MG-ADL scale scores. Specifically, participants
had refractory MG if their past treatments included at least two
immunosuppressant  therapies (azathioprine, cyclophosphamide,
cyclosporine, methotrexate, mycophenolate, prednisone, rituximab,
and/or tacrolimus) for at least 6 months each, or at least one of the
immunosuppressant therapies for any duration plus repeated use of
IVIg or plasmapheresis (at least four rounds in the previous year). Par-
ticipants with refractory disease were also required to have reported
the following at enrollment: current use of at least one of the immu-
nosuppressant therapies, IVIg, or plasmapheresis; and a total score for
the MG-ADL scale of at least 6. Participants who did not meet the
past or current treatment criteria for refractory MG were considered
nonrefractory, regardless of their MG-ADL scale score. Participants
meeting the treatment criteria but with an MG-ADL scale total score
of less than 6 were excluded from the analyses because they were dif-
ficult to categorize confidently into either cohort. Participants with
incomplete MG-ADL scale data or treatment data of insufficient dura-

tion to be classified as refractory or nonrefractory were also excluded.

2.3 | Study measures

Participants reported their current employment status (ie, at the time
of enrollment) and their employment status in the preceding 6 months
by selecting from prespecified answers. These included full-time (the
number of hours per week defining “full-time” was not specified in
the question), part-time, or not employed. Participants were also
asked to indicate whether MG had caused them to miss workdays in
the past 6 months. Participants who had missed workdays selected
the periods of time missed from among 1 to 3 days, 4 to 7 days, 8 to
13 days, 2 to 4 weeks, 1 to 2 months, 3 to 4 months, 5 to 6 months,
and unknown. Other participant-reported demographic data, along
with treatment and functional status (MG-ADL scale) data, were
extracted previously from enrollment surveys.* Previously reported

demographic data are included here because of their potential
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associations with employment. These data comprise age, gender, eth-
nicity (Hispanic/Latino/Spanish or not Hispanic/Latino/Spanish), mari-
tal status (six predefined options, which were simplified as married or
unmarried), living arrangements (10 predefined options, which were
simplified for analyses as living alone or with others), and level of edu-
cation (six options, ranging from no high school degree up to post-
graduate degree). Participants provided information regarding therapy
prompted by a predefined list of individually named drugs (eg, predni-
sone), treatment types (eg, plasma exchange), and free-text entries.
They were asked to note the duration of treatment for medications
received at enrollment and at any point in the past.

Demographic (including employment status and absences from
work), treatment, and MG-ADL scale data were compared between
participants with refractory and nonrefractory MG (bivariate analyses).
Adjusted regression analyses were undertaken with the demographic
data to examine the impact of refractory MG, compared with non-
refractory MG, on: current and previous employment status; and, for

those employed over the previous 6 months, absences from work.

2.4 | Statistical analyses

Summary statistics were calculated for all study variables. Bivariate ana-
lyses, comparing refractory and nonrefractory MG groups, were under-
taken using X2 tests for categorical variables and t tests for continuous
variables. Adjusted regression analyses were conducted using ordered
multinomial logit models with proportional odds for employment status
and absences from work. Ordinal categories for employment status
comprised full-time (category 1), part-time (category 2), and not
employed (category 3). Ordinal categories for absences from work com-
prised 1 to 3 days (category 1), 4 to 7 days (category 2), 8 days to
4 weeks (category 3), greater than 1 month (category 4), and unknown
(data excluded). Missing and unknown data were excluded from all ana-
lyses. P < .05 was considered to indicate potential differences between
refractory and nonrefractory MG cohorts. Odds ratios (ORs) with 95%
confidence intervals (Cls) and P values are provided to summarize the
results of modeling. Analyses were performed using SAS version 9.4
(SAS Institute, Inc, Cary, North Carolina).

3 | RESULTS

3.1 | Characteristics of study population

The data set comprised 825 participants, of whom 76 (9.2%) had
refractory MG and 749 (90.8%) had nonrefractory MG.*

Demographic characteristics have been reported in a previous
study.* The mean (standard deviation [SD]) ages of the refractory and
nonrefractory MG groups at enrollment into the Registry were 48.0
(11.4) and 49.3 (11.1) years, respectively. Each group had more
females than males (86.8% of the refractory group and 78.8% of the
nonrefractory group were female). In the bivariate analyses, no signifi-
cant differences were apparent between refractory and nonrefractory

MG groups for age, gender, ethnicity, marital status, living

arrangements, or level of education (data for employment status are
reported in what follows).

Current and previous treatments are summarized in Table S1 online.
In the bivariate analyses, most of the previous treatments (received at
any time before enrollment) were received by significantly greater pro-
portions of participants in the refractory MG group than in the non-
refractory MG group. In addition, current treatment use tended to be
lower than previous treatment use for the refractory MG group.

As expected, the mean MG-ADL scale total scores were signifi-
cantly higher (reflecting poorer functioning) for the refractory MG
group than for the nonrefractory MG group (9.6 [SD, 2.7] and 6.7 [SD,
4.0], respectively; P < .01).%

3.2 | Employment status—bivariate analyses

There was a significant association between disease status and previ-
ous employment status (Table 1). The proportion of individuals
employed full-time was smaller in the refractory MG group than the
nonrefractory MG group, and the proportion of individuals who were
not employed was greater for the refractory group. Similar findings

were apparent for current employment status (Table 1).

3.3 | Employment status—adjusted regression
analyses

After adjusting for other demographic variables, a significant associa-
tion was still apparent in the overall study population between disease
status (refractory or nonrefractory MG) and employment status
(Figure 1). Relative to those with refractory MG, participants with

TABLE 1 Employment status and absences from work reported
by the study population
Refractory Nonrefractory
Characteristic MG (n = 76) MG (n = 749) P value*
Previous employment®  (n = 75) (n = 744) <.01
Full-time 20(26.7) 340 (45.7)
Part-time 7(9.3) 114 (15.3)
Not employed 48 (64.0) 290 (39.0)
Current employment (n=76) (n =746) <.01
Full-time 18(23.7) 332 (44.5)
Part-time 6(7.9) 85 (11.4)
Not employed 52 (68.4) 329 (44.1)
Absences from work¥ (n=23) (n=275) 41
1-3 days 7 (30.4) 76 (27.6)
4-7 days 2(8.7) 64 (23.3)
8 days to 4 weeks 9(39.1) 79 (28.7)
>1 month 5(21.7) 56 (20.4)

Abbreviation: MG, myasthenia gravis.

#Using the y? test (P < .05 statistically significant).

fIn the 6 months before enrollment.

*In the 6 months before enrollment, for those participants who were
employed during that time.
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(A) Odds ratio with Adjusted odds ratio
Variable Category 95% Wald confidence limits (95% CI) P value
Disease status Nonrefractory vs refractory MG —o—i 2.643 (1.595-4.380) <0.01
Age,* years 18-24 vs 55-64 +Heo— 1.852 (0.614-5.583) 0.27
25-34 vs 55-64 —e—i 3.102 (1.869-5.148) <0.01
35-44 vs 55-64 ro— 2.226 (1.508-3.287) <0.01
45-54 vs 55-64 o 1.933 (1.356-2.755) <0.01
Gender Male vs female ro— 1.946 (1.347-2.811) <0.01
Ethnicity Not Hispanic/Latino/Spanish 1.206 (0.669-2.175) 0.53
vs Hispanic/Latino/Spanish
Marital status Married vs unmarried o 1.072 (0.741-1.552) 0.71
Living arrangements Alone vs with others e~ 1.350 (0.811-2.245) 0.25
Education level High school degree/GED H—eo——— 2.178 (0.644-7.367) 0.21
vs no high school
Associate degree ° 3.397 (0.982-11.756) 0.05
vs no high school
Technical degree +H———— 2.324 (0.616-8.771) 0.21
vs no high school
Bachelor degree ° 3.928 (1.156-13.347) <0.05
vs no high school
Postgraduate degree . 1 7.025 (2.048-24.093) <0.01
vs no high school
I T T T T 1
0 5 10 15 20 25
Odds ratio
(B) Odds ratio with Adjusted odds ratio
Variable Category 95% Wald confidence limits (95% CI) P value
Disease status Nonrefractory vs refractory MG |+-e— 2.777 (1.640-4.704) <0.01
Age,* years 18-24 vs 55-64 tHeo—— 2.194 (0.705-6.825) 0.18
25-34 vs 55-64 —o—i 3.512 (2.102-5.866) <0.01
35-44 vs 55-64  |re- 2.331 (1.567-3.467) <0.01
45-54 vs 55-64 |4 2.104 (1.465-3.020) <0.01
Gender Male vs female w4 1.943 (1.339-2.819) <0.01
Ethnicity Not Hispanic/Latino/Spanish ~ #+ 0.970 (0.533-1.766) 0.92
vs Hispanic/Latino/Spanish
Marital status Married vs unmarried  # 1.106 (0.759-1.612) 0.60
Living arrangements Alone vs with others  fe 1.505 (0.898-2.524) 0.12
Education level High school degree/GED  —e——— 2.756 (0.708-10.726) 0.14
vs no high school
Associate degree  p————— 4.198 (1.056-16.690) 0.04
vs no high school
Technical degree —eo———i 3.858 (0.897-16.601)  0.07
vs no high school
Bachelor degree o 5.082 (1.301-19.845)  0.02
vs no high school
Postgraduate degree ° 9.129 (2.319-35.939)  <0.01
T

0

T T 1
10 20 30 40

Odds ratio

FIGURE 1 Adjusted regression analyses examining the impact of demographic characteristics on: A, previous employment status (in the
6 months before enrollment); and B, current employment status. Cl, confidence interval; GED, general equivalency diploma; MG, myasthenia
gravis. *Overall effect of age for previous and current employment status: P < 0.01

nonrefractory MG were more likely to have a full-time job rather than
a part-time job, or a part-time job rather than no job (OR [95% CI]:
previous employment status, 2.643 [1.595-4.380]; current employ-
ment status, 2.777 [1.640-4.704]). Age, gender, and aspects of the

level of education were also significantly associated with employment
status (Figure 1). Males were more likely than females to be employed
and, in general, younger individuals were more likely to be employed
than those aged 55 to 64 years. Similarly, relative to those who had
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Odds ratio with Adjusted odds ratio

Variable Category 95% Wald confidence limits (95% CI) P value
Disease status  Nonrefractory vs refractory MG i 0.859 (0.385-1.920)  0.71
Age,* years 1824 vs 5564 ro——— 0.201 (0.021-1.886)  0.16
25-34 vs 55-64 —o—— 0.668 (0.324-1.377) 0.27
35-44 vs 55-64 —e—i 0.818 (0.445-1.504)  0.52
45-54 vs 55-64 o 0.708 (0.407-1.233)  0.22
Gender Male vs female H————i 1.534 (0.864-2.725) 0.14
Ethnicity Not Hispanic/Latino/Spanish e 0.843 (0.381-1.862)  0.67

vs Hispanic/Latino/Spanish
Marital status Married vs unmarried e 0.490 (0.277-0.868)  <0.05

Living arrangements Alone vs with others e 0.517 (0.239-1.120)  0.09
Education level High school degree/GED —e 0.731 (0.152-3.528)  0.70

vs no high school

Associate degree
vs no high school

1.074 (0.218-5.276)  0.93

Technical degree ' °
vs no high school
Bachelor degree

1.202 (0.199-7.256) 0.84

vs no high school
Postgraduate degree ®

1.045 (0.218-5.020)  0.96

0.745 (0.156-3.558)  0.71

vs no high school

Odds ratio

FIGURE 2 Adjusted regression analyses examining the impact of demographic characteristics on absences from work among participants employed
in the 6 months before enrollment. Cl, confidence interval; GED, general equivalency diploma; MG, myasthenia gravis. *Overall effect of age, P = 0.51

not graduated from high school, participants with bachelor or post-
graduate degrees were more likely to have a full- or part-time job. For
current (but not previous) employment, individuals with an associate
degree were more likely than those who had not graduated from high

school to have a full- or part-time job.

3.4 | Absences from work—bivariate analyses

There was no significant association between disease status (refractory
or nonrefractory MG) and absences from work among participants

who were employed in the 6 months before enrollment (Table 1).

3.5 | Absences from work—adjusted regression
analyses

Among those who were employed in the 6 months before
enrollment, disease status (refractory or nonrefractory MG) was
not significant in the adjusted regression analysis (Figure 2). Married
participants, however, were less likely than those who were
unmarried (OR [95% CI], 0.490 [0.277-0.868]) to miss fewer

working days.

4 | DISCUSSION

Adjusted regression analyses indicated that participants with refrac-

tory disease in the MGFA Patient Registry were more likely to work

fewer hours per week than those with nonrefractory disease. This
pattern was apparent for current employment but also for previous
employment (over the preceding 6 months). There was no significant
association, however, between disease status and absences from
work (among patients in employment during the 6 months before
enroliment). Importantly, there were no significant differences in
demographic characteristics between the two groups of participants,
other than those related to employment.

The criteria used to identify refractory disease in the present
study were informed by the different definitions used in previous
studies.'* The proportion of participants assigned to the refractory
MG cohort in the present study (9%) accords with those reported
from US medical and pharmacy claims (also 9%)? and from a retro-
spective chart review in a US tertiary neuromuscular clinic (15%),°
despite any differences in the criteria for refractory disease. As
acknowledged in a previous analysis conducted with the current study
population,* the proportion of women was higher (80%) when com-
pared with other studies.?® This is likely to be because participants
aged over 65 years were excluded, and women have an earlier mean
age of MG onset.*+*>

Previous studies have provided important insights into the impact
of MG on employment status and absences from work. In a large study
of German patients with MG, more than two thirds were unemployed,
and more than one quarter reported being forced to retire early
because of MG.” More than one third of patients in an Australian study
also reported having to stop working and, among those younger than

65 years of age, there was a 38% reduction in full-time employment.®
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Importantly, over half of the patients who were working reported tak-
ing MG-related sick leave in the previous 12 months; in some cases,
the sick leave was in excess of 2 months for the period studied.® In a
Danish study, the odds of employees taking long-term sick leave
(at least 9 weeks) were significantly higher among patients than the
general population.® The present study builds on these collective find-
ings. The results showed a negative impact on hours worked per week
in participants with refractory disease that was greater than that in par-
ticipants with nonrefractory disease. Although refractory status was
not a significant variable in analyses of absences from work due to MG
in the 6 months before enroliment, this may be a direct consequence
of participants with refractory disease generally participating less in
the labor market than those with nonrefractory disease. The causes of
reduced participation in the labor market were not characterized, but
the persistent debilitating symptoms of MG despite concerted thera-
peutic attempts, and the added treatment burden of immunosuppres-
sant therapy, IVIg and plasmapheresis required for some patients, may
be contributing factors.

MG is a rare disease and is refractory in only a subgroup of
patients.>® The societal impact of reduced participation in the labor
market due to refractory MG may thus not be large. The impact on
patients and their families, however, is likely to be considerable in
terms of financial security, access to associated benefits, and stimula-
tion in the form of physical and mental activities and social contact.”
Such factors may contribute to the negative association between
unemployment and aspects of health-related quality of life (HRQol)
in MG.”

Limitations to the analyses reported here necessarily align with
those associated with previous research conducted with this study
population.* The participant-reported data are unconfirmed by
health-care professionals. Participants may have been classified as
having refractory disease because they were not receiving adequate
treatment to manage symptoms and the reasons for this may not have
been limited to contraindications and tolerability problems, which
reflect an inability to treat the disease. Some participants with uncon-
trolled MG may also not have fulfilled the strict criteria for refractory
disease used in the study; however, their inclusion in the non-
refractory group would tend to ameliorate differences between
refractory and nonrefractory MG cohorts. We acknowledge that the
recall period for the MG-ADL questionnaire in the survey is longer

)’16,17 and

(previous 4 weeks) than that used in other studies (7 days
that the Registry participants might comprise individuals more inclined
than the general patient population to seek medical information or
with higher educational and socioeconomic status that facilitated par-
ticipation. Participants with refractory disease, moreover, may be
more motivated to participate in the Registry. Notwithstanding these
limitations, the data in the present study provide important insight
into the employment status of individuals with refractory MG. Further
research is warranted to characterize the factors leading to MG-
related withdrawal from, and preventing a return to, paid employment
for both those with refractory and those with nonrefractory disease.
The associations between work status and treatment-related side

effects or comorbidities are likely to be of particular interest.
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In conclusion, our study has shown that individuals with refractory
MG were more likely to work fewer hours per week or to not have a
job than those with nonrefractory disease, but they were not more
likely to be absent from work if employed. Given that participation in
the labor market influences an individual's financial circumstances and
HRQolL, these findings reaffirm the considerable disease burden expe-

rienced by patients with refractory MG.
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