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Abstract

Objectives: To assess loss of employment, work hours, and wages of people with aquaporin-4 anti-
body-positive or double-seronegative/antibody status unknown neuromyelitis optica spectrum disorder
(NMOSD) internationally.

Methods: An investigator-designed survey was administered to adults ages 18—70years with NMOSD
and distributed by neurologists in 23 countries, July 2022 to September 2023.

Results: There were 897 participants (635 aquaporin-4 antibody positive, 262 double-seronegative/
untested; 81.4% female, average age 42.5years, average disease duration 7.6years, median 2 disease
attacks since diagnosis). NMOSD impact was visual loss (34.0% unilateral; 28.2% bilateral), 61.8% with
spinal cord disease, 55.6% with pain, 43.6% with fatigue, 38.2% with depressed mood, and 25.0% with
gait aid use. In total, 92.6% took immunosuppressive therapy. Employment rates were 62.6% before and
36.3% after NMOSD diagnosis. In a multivariable model, statistically significant independent associa-
tions with unemployment in NMOSD were older age (odds ratio (OR)=0.97, p<0.001), being female
(OR=0.48, p<0.001), bilateral visual loss (OR=0.61, p=0.02), highest frequency of depressed mood
(OR=0.29, p<0.001), and walking aid use (OR=0.38, p <0.001).

Discussion: Approximately 1/3 of people living with NMOSD of potential working age are in the work-
force. Unemployment in NMOSD is associated with previously recognized factors but also self-reported
low mood, gait aid use, and bilateral visual loss.
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Introduction

Approximately 170,000 people worldwide have neu-
romyelitis optica spectrum disorder (NMOSD), an
inflammatory autoimmune disease of the central
nervous system with a relatively low prevalence of
0.5 to 4/100,000.!2 Both cardinal symptoms of
NMOSD, including visual loss and spinal cord dys-
function, and secondary symptoms such as fatigue,
pain, and mental health outcomes, can lead to cumu-
lative and permanent disability for patients living
with the disease. In turn, these deficits could impact
adults of working age in work contexts, influencing
their ability to work and earn income.

In this study, we aim to quantitatively characterize
the economic impact of NMOSD on employment,
work hours, and wages of people living with the dis-
ease internationally. Given the significant impact of
NMOSD on the central nervous system, we hypoth-
esize that working adults with NMOSD will experi-
ence high prevalences of unemployment, reduced
working hours, and loss of personal income.
Moreover, as the disease predominantly affects
women, we also aim to delve into the demographic
and clinical variables that are associated with socio-
economic outcomes. This could inform approaches
to disease treatment that allow preservation of a per-
son’s socioeconomic functioning in society.

Methods

Ethics approvals

The protocol was approved by the Massachusetts
General Brigham Institutional Review Board and by
each site’s local ethics board as needed. Data were
collected anonymously. Survey completion by par-
ticipants implied consent.

Participant recruitment and data collection

Participants with NMOSD were recruited from 23
countries (Albania, Argentina, Australia, Brazil,
China, Colombia, Dominican Republic, Egypt,
Guinea, India, Indonesia, Iran, Italy, Kuwait,
Malaysia, Mexico, Singapore, Spain, Thailand,
Turkey, the United Kingdom, the United States,
Venezuela) from April 2022 to August 2023.
Recruitment efforts were led locally by neurologists.
Participants completed the survey during clinic visits
or were contacted by telephone and provided an
online link. Inclusion criteria were age between 18
and 70years and a diagnosis of NMOSD, as deter-
mined by the neurologist. An aquaporin-4 (AQP-4)
antibody assay was not required for inclusion, as not

every study center had consistent access to antibody
testing. Participants with myelin oligodendrocyte gly-
coprotein antibody-associated disease (MOGAD)
were excluded. Several centers offered support for
participants’ survey completion, for example, for low
vision or hand weakness. The U.S. participants were
previously reported in a separate study.?

Survey design

The 65-question survey took approximately 30 to
40minutes to complete (Supplemental Appendix A).
The survey covered (1) demographic variables, (2) clini-
cal history of NMOSD, (3) employment and wages, (4)
treatments and medications, (5) comorbidities, and (6)
symptoms of NMOSD. All clinical data were self-
reported, including antibody status, presence of visual
loss, fatigue, pain, depression, and other conditions.

The survey was drafted in English, derived from focus
group discussions of U.S. NMOSD patients, and
translated by local neurologists and research staff into
Hindi, Indonesian, Mandarin, Malay, Brazilian
Portuguese, Spanish, and Thai.

Definitions of main outcomes and predictors
Employment was defined as participants who reported
working at least 40 hours per week (including those who
were “self-employed”), or full-time, which excluded
part-time employees, students, and others. Work hours
were only considered for participants who were
employed pre-diagnosis. All income and wage data were
reported in the participant’s currency and converted to a
standard currency and exchange rate, using data on inter-
national dollars in 2022, the time of survey.

International dollars are a hypothetical currency
designed to standardize global currencies to a single
standard, based on the U.S. dollar.

Data analysis

The prevalence of outcome variables of interest (e.g.
employment) is reported pre- and post-NMOSD diag-
nosis and by gender.

Univariate analyses were conducted with variables
selected a priori—participant age at study enroll-
ment, gender, years of formal education, country
income-level stratum, presence of myelitis, unilateral
or bilateral visual loss, frequency of fatigue, fre-
quency of depressed mood, pain level, disease dura-
tion, use of walking aids, and number of attacks—to
build multiple linear and logistic regression models.
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Figure 1. Participant selection and proportions of employed participants.

Only explanatory variables that were statistically sig-
nificantly associated with the desired output variable
(» <0.20) were included in final models.

The employment regression model excluded students.
The work hours’ regression model additionally
excluded participants who had 0 work hours pre-diag-
nosis, as we were interested in the impact of NMOSD
on participants who were already working at the time
of diagnosis. Although the survey collected continu-
ous data on the number of work hours, we chose to
dichotomize work hours to lost/reduced or not because
of lower and inaccurate response completion in the
free-text numerical response compared to the binary
question. The income regression model excluded par-
ticipants who either did not submit pre- or post-diag-
nosis income data and those who had no income both
pre- and post-diagnosis. Sensitivity analyses were per-
formed post hoc in two separate subcohorts: (1) known
AQP-4 seropositive and (2) ages 18—60 years old.

Analyses were conducted using R (4.3.1). A p-value
0of<0.05 was considered statistically significant.
Reporting followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines.

Data cleaning

Survey data were reviewed for quality and accuracy.
From 944 submissions, 25 were removed as duplicate
or incomplete submissions (defined as completion
of <75% of survey questions). A total of 22 partici-
pants were removed due to age (Figure 1).

Additional data cleaning, including translations of
survey responses, income conversions, and correc-
tions of obvious errors (e.g. inputting the year of diag-
nosis instead of age at diagnosis), was conducted.
Some participants erroneously reported that they were
seropositive to both aquaporin-4 and myelin oligo-
dendrocyte glycoprotein antibodies. In these cases,
attempts were made to clarify responses with the
study site, which often had the antibody test results.

Countries were classified by World Bank income
level.* Venezuela was categorized as lower middle-
income, as it is unclassified by the World Bank.*

Missing responses were considered missing com-
pletely at random when forced responses were not
required. No data imputation occurred.

Results

Demographic

There were 897 participants with NMOSD (81.4%
female, mean enrollment age 42.5 +12.2 (standard
deviation)  years, mean disease  duration
7.6 =7.4years) (Table 1). Participants had
12.6 = 4.4 years of formal schooling on average, and
27 (3.0%) were current students. A total of 207 par-
ticipants (23.1%) were from lower middle-income
countries, 539 (60.1%) from upper middle-income
countries, and 151 (16.8%) from high-income coun-
tries. Most participants were from China (n=199), the
United States (n=102), India (n=76), and Iran
(n=70).
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Table 1. Demographic and clinical variables.

Total group
(n=897)
Age (years)
Mean = SD 42.5%12.2
Age distribution, n (%)
18-30 138 (15.9)
31-40 252 (29.1)
41-50 239 (27.6)
51-60 153 (17.6)
61-70 82 (9.46)
No answer 3(0.35)
Gender, n (%)
Male 165 (18.4)
Female 730 (81.4)
No answer 2(0.2)
Level of education, n (%)
Primary school 70 (7.8)
Secondary school 155 (17.3)
High school 166 (18.5)
Trade school 55(6.1)
College 326 (36.3)
Professional school 112 (12.5)
No schooling 8(8.9)
No answer 5(5.6)
Country income level, n (%)
Lower middle-income 207 (23.1)
Upper middle-income 539 (60.1)
High income 151 (16.8)
Disease duration (years)
Mean = SD 7.6+7.4
Range 0-65
Visual loss, n (%)
Unilateral 305 (34.0)
Bilateral 253 (28.2)
Myelitis, n (%) 528 (58.9)
Freq. of fatigue, n (%)
Never 160 (17.8)
Rarely 102 (11.4)
Sometimes 227 (25.3)
Often 200 (22.3)
Almost always 191 (21.3)
No answer 17 (1.9)
Pain level, from 0 to 10 45+33
(mean = SD)
Freq. of depressed mood, n (%)
Not at all 245 (27.3)
Several days 270 (30.1)
More than half the days 181 (20.2)
Nearly every day 162 (18.1)
No answer 39 (4.3)

A total of 542 participants (60.4%) were married, 263
(29.3%) were single, and 83 (9.3%) were widowed,
separated, or divorced. The mean household size was
3.7 = 1.8 people, which constituted an average num-
ber of 2.8 = 1.7 adults and 1.8 = 1.2 income earners.
Of the 886 participants who answered questions on
caregiving, 636 (71.8%) reported receiving unpaid
care, most commonly from spouses/partners (46.6%),
parents (29.3%), children (11.0%), and siblings
(8.0%).

Clinical picture

Participants were diagnosed with NMOSD at a mean
age of 35.5 = 12.0years, with a mean age at onset of
34.1 £ 18.1. Since diagnosis, participants reported a
median of two attacks (25th, 75th percentile: 1, 5).

In total, 635 (72.2%) participants were AQP-4 anti-
body positive, while the remainder were double-
seronegative or untested. In total, 65.0% of participants
from lower middle-income countries were AQP-4
positive, compared to 75.5% of upper middle-income
and 70.7% of high-income participants.

In total, 305 participants (34.0%) suffered unilateral
visual loss, while 253 (28.2%) lost vision in both
eyes. A majority (58.9%) indicated living with myeli-
tis, and 34.5% of them were actively using walking
aids.

When asked to rate their average level of pain from 0
to 10 (with a score of 5 indicating moderate pain),
participants reported a mean score of 4.5 = 3.3. Most
(57.0%) reported that pain impacted their ability to
work and complete job duties, and 457 (50.9%) stated
that pain impacted their decision to work. In total, 391
(43.6%) participants suffered from fatigue “often” or
“almost always.” In total, 343 (38.3%) also under-
went periods of depressed mood “more than half the
days of the week” or “nearly every day.”

Most (92.6%) were treated for their NMOSD through
immunosuppressive agents, steroids, and/or immuno-
globulins (Table 2).

Socioeconomic

In total, 562 participants (62.7%) were employed to
some capacity (full-time work, part-time work, self-
employment) before their NMOSD diagnosis (73.5%
full-time, 9.8% part-time, 16.7% self-employed).
This decreased to 326 (36.3%) post-diagnosis (74.8%
full-time, 20.6% part-time). This trend persisted
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Table 2. Current therapies and therapy combinations used
by NMOSD patients.

One therapy
Azathioprine 107
Cyclophosphamide 3
Cyclosporine 1
Dimethyl fumarate 1
Eculizumab 8
Inebilizumab 6
Interferon beta-1b 1
Intravenous immunoglobulin (IVIG) 5
Methotrexate 9
Mycophenolate mofetil 78
Ocrelizumab 2
Plasma exchange 2
Rituximab 289
Satralizumab 11
Steroids 45
Tacrolimus 2
Tocilizumab 7
Unknown 9
Two therapies
Azathioprine and:

Rituximab 8

Steroids 46
Cyclophosphamide and steroids 1
Eculizumab and:

IVIG 1

Rituximab 1
Inebilizumab and:

Satralizumab 1

Steroids 6
IVIG and:

Rituximab 5

Steroids
Methotrexate and steroids 2
Mycophenolate mofetil and:

Rituximab 1

Satralizumab 1

Steroids 78
Rituximab and:

Plasma exchange 1

Steroids 33
Plasma exchange and steroids 4
Satralizumab and steroids 1
Three therapies
Azathioprine, Rituximab, steroids 1
Mycophenolate mofetil, Rituximab, 1
steroids
IVIG, Rituximab, steroids 1
No therapies 66

across genders: any employment was 75.6% for men
and 60.2% for women pre-diagnosis and 46.7% for
men and 34.2% for women post-diagnosis (Table 3).
Across country income categorizations, employment
was 29.0% in lower middle-income countries, 35.1%
in upper middle-income countries, and 52.0% in high-
income countries. Fifty-five (6.1%) participants
engaged in paid part-time work pre-diagnosis and 67
did part-time work post-diagnosis.

Average work hours for paid full-time and part-time
workers decreased from 32.8 hours/week to 16.3
hours/week after NMOSD diagnosis. For full-time
workers specifically, 379 (42.3%) reported losing
work, and 521 (58.1%) reported having to reduce
their work hours or having their work hours reduced
as a consequence of their diagnosis. In total, 48.9% of
respondents stated that their employers were aware of
their diagnosis. In total, 321 (35.8%) received health
insurance from work, and of those, 264 (82.2%) indi-
cated keeping this insurance as the reason for continu-
ing to work.

While nearly half (48.3%) of participants reported
losing wages after the NMOSD diagnosis, the median
yearly income increased from 4878.10 to 7022.18
international dollars. These incomes were standard-
ized using the international dollars system but did not
account for trends such as inflation.

Model building and regression analyses

Univariate analyses looking at a multitude of relevant
demographic and clinical variables selected a priori
found significant associations between increased
employment and younger age, more years of educa-
tion, residence in a high-income country, not having
myelitis, not having bilateral visual loss, lower fre-
quency of fatigue and depression, lower pain inten-
sity, not using walking aids, and lower disease
duration. A multiple logistic regression model con-
structed from these variables found that younger age,
being male, more years of education, residence in
upper middle-income and high-income countries, not
having bilateral visual loss, not having frequent epi-
sodes of depressed mood, and non-use of walking
aids were predictors of employment (Table 4).

Similar processes were replicated for regression
models of lost and reduced work hours and wages. In
amultiple logistic regression model of lost or reduced
work hours constructed from univariate analyses,
clinical features including higher levels of pain, uni-
lateral visual loss, and higher frequencies of fatigue
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Table 3. Employment rates for NMOSD participants post-diagnosis and all citizens in 2022.

Country Employment rates (NMOSD participants) Labor force participation rates
(modeled ILO estimate)
Male Female Male (%) Female (%)
Total (n) (%) Total (n) (%)
Albania 2 100.0 8 0.0 67.7 52.8
Argentina 6 83.3 12 58.3 71.1 50.8
Brazil 6 0.0 49 32.7 73.0 53.1
China 23 43.5 176 335 72.1 60.5
Colombia 7 0.0 35 25.7 75.7 514
Dominican Republic 6 333 27 259 76.1 51.8
Egypt 2 0.0 22 0.0 71.3 16.5
India 24 54.2 52 25.0 76.8 32.7
Iran 21 57.1 49 14.3 70.6 14.4
Kuwait 1 100.0 12 83.3 85.9 47.6
Malaysia 9 55.6 42 42.9 78.0 51.6
Mexico 13 30.8 47 17.0 77.4 46.8
Singapore 1 100.0 11 63.6 76.2 61.6
Thailand 3 333 44 63.6 75.6 59.2
Turkey 1 100.0 15 40.0 71.6 353
United States 22 59.1 80 46.3 67.4 56.5
Venezuela 6 66.7 29 37.9 70.8 39.3

and depressed mood were all significant predictors of
a participant having lost or reduced work hours
(Table 5). Residence in a high-income country was
also a predictor of lost or reduced work hours.

A multiple linear regression model of wages found
that disease duration was positively associated with
increased income between pre- and post-NMOSD
diagnosis, suggesting that having more time to build a
career was beneficial for wages (Table 6). On the con-
trary, older age and the highest frequency of depressed
mood were predictive of wage decrease.

All three regressions were repeated for the subcohorts
who were known to be AQP-4 seropositive, that is,
excluding those who were double-seronegative or did
not receive antibody testing (Supplemental Appendix
B). In total, 390 participants (61.7%) were employed
before NMOSD diagnosis, and 237 (37.3%) were
post-diagnosis. Average work hours for full-time and
part-time workers decreased from 32.7 hours/week to
16.5 hours/week after diagnosis. In total, 237 (60.8%)
previously working participants reported losing
income post-diagnosis, although standardized income
values increased from 5697.96 to 8203.13 interna-
tional dollars over that time. This subcohort is dispro-
portionately derived from higher-income countries.

Another sensitivity analysis was performed for the
subcohort aged 18—60years old, since the retirement
age is not standardized across countries (Supplemental
Appendix C).

Discussion

We investigated 897 patients living with NMOSD
from 23 countries for the disease’s impact on employ-
ment and wages. Overall, patients often lost employ-
ment, reduced work hours, and lost income (although
median income increased over the disease period),
both due to individual-level symptoms and reflective
of broader societal trends.

Employment and work hours for NMOSD patients
Employment was associated with various demo-
graphic (age, gender, years of education, country
income level) and clinical (bilateral visual loss,
depressed mood frequency) variables, while the loss
and reduction of work hours were associated primar-
ily with clinical factors (pain level, fatigue, and
depressed mood frequency).

In interpreting these results, we propose the possibility
that the symptoms of NMOSD, including blindness

journals.sagepub.com/home/msj
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Table 4. Logistic regression model—Ilikelihood of employment.

Regression variables Univariate analyses

Multivariate model

Odds ratio 95% CI 2 Odds ratio 95% CI P
Age 0.97 0.96-0.98 <0.001 0.97 0.96-0.98 <0.001
Gender
Male Reference category Reference category
Female 0.59 0.42-0.83 0.003 0.48 0.31-0.72 <0.001
Education (years) 1.11 1.07-1.15 <0.001 1.06 1.02-1.10 0.004

Country income level
Lower middle-income Reference category

Upper middle-income 1.30 0.91-1.85

High income 2.59 1.66—4.05
Myelitis 0.74 0.56-0.97
Visual loss

Unilateral 0.87 0.63-1.20

Bilateral 0.47 0.32-0.67
Freq. of fatigue 0.55 0.40-0.75
Pain intensity 0.55 0.41-0.75
Freq. of depressed mood

Not at all Reference category

Several days 0.90 0.63-1.28

More than half the days  0.63 0.42-0.94

Nearly every day 0.25 0.15-0.40
Disease duration 0.98 0.96-0.996
Number of NMOSD 1.00 0.99-1.01
attacks
Use of walking aids 0.29 0.20-0.41

Reference category

0.15 1.87 1.23-2.88 0.004
<0.001 3.31 1.97-5.62 <0.001

0.03 1.08 0.77-1.51 0.65

0.40 0.91 0.63-1.31 0.60
<0.001 0.61 0.40-0.92 0.02
<0.001 0.82 0.54-1.25 0.36
<0.001 0.89 0.59-1.33 0.56

Reference category

0.56 0.77 0.50-1.19 0.23
0.02 0.65 0.39-1.08 0.09
<0.001 0.29 0.16-0.51 <0.001
0.02 0.98 0.96-1.01 0.29
0.93 Not included (non-significant)
<0.001 0.38 0.25-0.57 <0.001

and paralysis, significantly impede an individual’s abil-
ity to work and often force him or her to take on reduced
hours. However, when it comes to employment as a
whole, well-known societal trends—including gender
disparities in employment and higher employment
rates in higher-income countries—also contribute.

Considering that NMOSD is a highly female-pre-
dominant disease, gender disparities in employment
are particularly relevant for our study. Globally, the
labor participation rate for men was 73.1% and
48.7% for women in 2023, and stratifying by coun-
try income stratum, labor participation rates were
75% for men and 38% for women in lower middle-
income countries, 73% for men and 56% for women
in upper middle-income countries, and 68% for men
and 54% for women in high-income countries.” A
“job gap” measure introduced by the International
Labor Organization, which counts all individuals
who are unemployed but desire employment, also
found a significant gap between genders (15% to
10.3%) worldwide.®

Moreover, gender disparities vary widely by country.
For example, the female labor participation in 2023
was 14% in Iran and 33% in India, compared to 57%
for the United States and 61% for China (four of the
highest-represented countries in our data set).’
According to the Global Gender Gap Report in 2023,
additional nuance arises from the fact that even among
those who are employed, women will more often face
substandard working conditions, as 80% of jobs cre-
ated for women are in the informal economy, which
lacks standard protections and working conditions.
Understanding how pervasive and significant gender
disparities in employment are can help elucidate, in
part, why it emerges as such a strong predictor in our
(and any) employment model.

Moreover, jobs within the informal economy are
also more common in lower-income countries, sug-
gesting that while the employment rates reported
above may seem relatively similar across country
income strata, types of work may differ.” For patients
with NMOSD, it is possible that certain categories of
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Table 5. Logistic regression model—Ilikelihood of work hours loss/reduction.

Regression variables

Univariate analyses

Multivariate model

Odds ratio 95% CI P Odds ratio 95% CI P

Age 0.99 0.97-1.01 0.24 Not included (non-significant)
Gender Not included (non-significant)

Male Reference category

Female 1.03 0.66-1.59 0.89
Education (years) 0.97 0.93-1.02 0.23 Not included (non-significant)
Country income level

Lower middle-income Reference category Reference category

Upper middle-income 1.71 1.14-2.58 0.01 1.40 0.86-2.26  0.17

High income 2.02 1.16-3.57 0.01 1.94 1.06-3.66  0.04
Myelitis 1.85 1.29-2.65 <0.001 1.45 0.95-2.22  0.08
Visual loss

Unilateral 2.07 1.34-3.24 0.001 2.11 1.30-3.48  0.003

Bilateral 1.87 1.20-2.94 0.006 1.48 0.89-2.47  0.13
Freq. of fatigue 4.12 2.77-6.15 <0.001 2.11 1.28-3.45 0.003
Pain intensity 3.53 2.39-5.22 <0.001 1.65 1.02-2.66  0.04
Freq. of depressed mood

Not at all Reference category Reference category

Several days 2.28 1.47-1.86 <0.001 1.51 0.91-2.51 0.11

More than half the days 4.57 2.63-8.27 <0.001 2.51 1.31-4.96 0.007

Nearly every day 7.81 3.98-16.86 <0.001 4.07 1.94-9.22 0.003
Disease duration 1.00 0.98-1.03 0.99 Not included (non-significant)
Number of NMOSD attacks 1.02 0.99-1.06 0.23 Not included (non-significant)
Use of walking aids 2.59 1.62-4.34 <0.001 1.68 0.98-2.99  0.07

work, particularly those that do not require physical
labor or have less emphasis on visual capabilities, are
easier to continue after symptom onset.

Previous studies of work motivation in patients with
immune-mediated inflammatory diseases have identi-
fied depression, in addition to pain, fatigue, and anxi-
ety, as significant predictors of work absenteeism and
activity impairment in univariate analyses.® We find
similar patterns in the NMOSD context, as increased
pain levels, fatigue, and depression each show vary-
ing significant associations with the likelihood of
employment, work hours, and wages. Better treat-
ment of pain and depression could potentially allevi-
ate negative employment outcomes, as compared to
some of the physical limitations of NMOSD, such as
vision loss, that are more irreversible and lack effec-
tive treatments.

Interpretation of wage results
The impact of NMOSD on individual incomes will
require further and more nuanced analysis beyond

this study, as wages often increase over time (attribut-
able to career progression, promotions, inflation, and
other factors). We found that increases in income
were positively associated with disease duration, for
example, as people living with their diagnosis for
30years (and able to maintain employment) experi-
enced income increases.

Our finding that older age is associated with a decrease
in wages suggests that while longer disease duration
is associated with increased income, it is opposed by
corresponding age-related losses in income. Potential
explanations include decreased bargaining power for
older employees (due to a lack of alternative career
options later in life), age discrimination in the labor
market, and the fact that older employees may not be
able to work as many hours as their younger counter-
parts.” We also provide a relatively high upper age
limit to be considered employable. There is no univer-
sal retirement age; the age of retirement differs widely
by gender, birth year, and country of employment.!0

Finally, we find that participants who reported experi-
encing feelings of depression “nearly every day” were
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Table 6. Linear regression model-—wages/income.

Regression variables

Univariate analyses

Multivariate model

§ 95% CI P B 95% CI P

Age —271.40 [-528.64, —14.13] 0.04 -3943 [-669.67, —118.95] 0.005
Gender Not included (non-significant)

Male Reference category

Female —2607.00 [-9980.74, 4766.95] 0.49
Education (years) 145.60 [-566.48, 857.66] 0.69 Not included (non-significant)
Country income level

Lower middle-income Reference category Reference category

Upper middle-income —9561.00 [-17,101.60, —2021.12] 0.01 —5516.30 [—13,387.48, 2354.89] 0.17

High income —3562.00 [-12,908.51, 5784.07] 0.46 —545.80 [9961.25, 8869.71] 0.91
Myelitis 4969.70 [-1158.82, 11,098.23] 0.11 Not included (non-significant)
Visual loss Not included (non-significant)

Unilateral =78.97 [-7203.41, 7045.47] 0.98

Bilateral —3723.04 [-11,315.92, 3869.83] 0.34
Freq. of fatigue —8939.00 [-16,260.21,-1618.40] 0.02 —4947.30 [-13,352.93, 3458.40] 0.25
Pain intensity —-10,336.00 [-17,159.13,-3512.56] 0.003 —4717.60 [-12,463.29, 3028.03] 0.23
Freq. of depressed mood

Not at all Reference category Reference category

Several days —6519.00 [-14,370.94, 1333.82] 0.10 -3111.70 [-11,559.13, 5335.74] 0.47

More than half the days ~ —8240.00 [-17,086.89, 606.86] 0.07 —2652.70 [-12,451.65, 7146.27] 0.60

Nearly every day —-16,712.00 [-25,805.91, -7618.91] <0.001 —11,392.20 [-21,280.01, —1504.31] 0.02
Disease duration 519.40 [87.01, 951.86] 0.02 798.2 [273.58, 1322.75] 0.003
Number of NMOSD 46.62 [-176.38, 269.62] 0.68 Not included (non-significant)
attacks
Use of walking aids —1787.00 [-8549.47, 4976.02] 0.61 Not included (non-significant)

strongly associated with earning less income. We also
find that pain and fatigue individually show significant
associations with decreased income, corroborating
some of our previous findings with reduced work hours.

Limitations and strengths of the study

Our study was primarily limited by using non-popula-
tion-based sampling. All data were self-reported, and
only participants with access to neurological care
were able to be introduced to the study. Most partici-
pants were taking immunosuppressants; by virtue of
having access to neurological care, being treated, and
able to complete our survey, our participants were
likely better off than the general NMOSD population.
In this sense, our employment, work hours, and wages
data may reflect a better result than the global situa-
tion for people living with NMOSD. We did not
exclude any patients based on time since last relapse.
A major limitation of this survey sampling is that it
was difficult to coordinate the collection of response
rates given the complex, international nature of the

study. The survey could be biased toward patients
who are either employed and are able to complete a
survey, or rather to those with extra time to complete
an unpaid survey; the direction of a potential response
bias is not known.

There are variabilities in employment expectations,
cultural norms, and social influences among coun-
tries. Countries have different laws, gender roles,
accommodations for employees with physical disabil-
ities, and other factors that affect trends in employ-
ment, work hours, and wages post-diagnosis.
Moreover, because NMOSD mostly affects the female
population, there was a natural gender imbalance in
our sample. Our analysis of wages and income was
limited by the omission of potential influencers,
including inflation and career progression.
Nonetheless, we aimed to provide an inclusive, global
perspective on employment, highlighting common
themes across income levels and the influence of
macro-development at the country level on individual
outcomes at the patient level.
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Useful future additions to our survey tool could
include questions inquiring about job accommoda-
tions and the work environment. In particular, under-
standing the availability of accessibility features is
critical, as an impairment in one context can become
disability in another (e.g. in a higher floor area work-
place without an elevator, a weak leg may become a
disability instead of an impairment).

For any comparisons between AQP-4 positive and
double-seronegative participants in this article, it is
important to note that the AQP-4 antibody is available
differentially worldwide."' In countries with no anti-
body testing, participants were deemed “double-
seronegative,” but this may actually be best considered
as “antibody status unknown.”!2 Moreover, we did
not explicitly require the NMOSD diagnostic criteria
to be applied for participants’ inclusion. Given the
disease severity reported by participants, we deduced
that these participants would meet the most recent
2015 NMOSD diagnostic criteria (given history of
visual loss, spinal cord dysfunction, number of
attacks), but we did not specifically mandate that the
NMOSD diagnostic criteria be applied before a par-
ticipant was invited for every center.!?

Despite these limitations, issues of employment and
income in NMOSD have not previously been studied
in depth. NMOSD is a relatively rare disease, and we
present a large international cohort of patients, which
can lend insights into lived experiences and collective
outcomes of people with NMOSD. Others have found
that NMOSD can be an expensive disease for patients
and their families.'* Our results highlight areas of
consideration to better serve patients, ranging from
micro-level clinical features such as pain and fatigue
management to  macro-level  socioeconomic
variables.

Although there are country-level differences, our
findings identify significant impacts from the debili-
tating symptoms of NMOSD, regardless of country of
residence. “Invisible symptoms” such as fatigue and
depression are universal. Earlier interventions to help
patients maintain employment, considering the
demonstrable impact of disease diagnosis on working
ability, should be pursued. Developing a robust set of
disability guidelines to protect patients against work-
place discrimination, in line with the UN Declaration
on the Rights of the Disabled Persons, along with pro-
ducing new treatments for major disease symptoms,
could help alleviate some of the issues highlighted in
this study.'’

Advocacy organizations can educate employers about
the persistent disabilities of NMOSD despite treat-
ment. Physicians should also inquire about workplace
barriers in addition to clinical symptoms, serving in
an advocacy role when required. Despite being a rela-
tively well-treated and monitored sample of NMOSD
participants, we find that the disease significantly and
negatively impacts patients’ likelihood of maintaining
employment, work hours, and wages. Such findings
shed light on the less visible but generally global soci-
oeconomic consequences of NMOSD.
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