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Background: Neuromyelitis optica spectrum disorder (NMOSD) is a rare autoimmune disease character-
ized by unpredictable attacks of the optic nerves and spinal cord that cause neurologic deficits, including 
weakness, numbness, bowel/bladder dysfunction, and pain and reduced vision and can ultimately lead to 
blindness and paralysis. We assessed the effects of NMOSD on quality of life. 

Methods: Adult patients with NMOSD treated at a US academic neurology clinic completed the EQ-5D 
and several other measures of functional status and quality of life. The EQ-5D scores and correlations 
across measures were evaluated, and scores were compared with those of patients with multiple sclerosis 
and US norms. 

Results: Twenty-one patients (90% women; mean age, 42.8 years; mean disease duration, 8.2 years) were 
included. The mean EQ-5D score was 0.74. Most patients reported at least some problems with mobil-
ity, pain/discomfort, usual activities, and/or anxiety/depression. Greater proportions of patients reported 
moderate or severe problems with mobility and pain/discomfort than they did with self-care, usual activi-
ties, or anxiety/depression. In a multivariate model, only the Brief Pain Inventory was a significant inde-
pendent predictor of overall EQ-5D score. 

Conclusions: Neuromyelitis optica spectrum disorder has a substantial effect on multiple domains of 
quality of life. Pain seems to be among the primary drivers of the EQ-5D scores in NMOSD. Int J MS 
Care. 2019;21:129-134.

Neuromyelitis optica spectrum disorder 
(NMOSD) is a rare relapsing autoimmune 
disease that preferentially targets the optic 

nerves and spinal cord, leading to blindness and paraly-
sis.1 The incidence of NMOSD in the United States 
is one to two per 100,000, with a total prevalence of 
4000 to 8000, accounting for approximately 1.5% of all 
cases of demyelinating diseases. It accounts for a higher 
percentage of demyelinating diseases in countries with 
greater proportions of nonwhite individuals, including 

Mexico, Japan, West Indies, and Cuba,2-7 but is none-
theless rare in those countries as well. In the United 
States, the nonwhite population is overrepresented, 
as are women, by a ratio of 6.5:1.8 The average age at 
diagnosis is 41 years, with a broad range from 3 to 81 
years. A clinical diagnosis of NMOSD can be made 
in a patient with relapsing autoimmune attacks of the 
spinal cord and optic nerves in which multiple sclerosis 
(MS) is considered less likely because of longitudinal 
inflammation in the spinal cord and absence of brain 
involvement.9 A biomarker for NMOSD, the NMO–
immunoglobulin G, which binds to the aquaporin-4 
water channel, is associated with NMOSD at increasing 
sensitivities between 70% and 87%, and specificity of 
more than 99%, implying a near-certain diagnosis of 
NMOSD in any seropositive patient with inflammation 
in the spinal cord or optic nerves.10

If left untreated, patients with NMOSD will have a 
relapse every 7 months, on average.11 Use of an immu-
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quality of life: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. The new 5L version 
of the EQ-5D offers five possible responses to each of 
the questions (no problems, slight problems, moderate 
problems, severe problems, extreme problems/unable to 
do). The set of responses to each of the five questions 
represents a person’s health state, or profile. This profile 
can be mapped into a single score, or utility value, using 
an equation developed by presenting possible profiles to 
a sample of the general population and asking them to 
address how much life expectancy they would give up to 
relieve fully the problems presented by the profile. The 
score is typically on a continuum between –1 (worst pos-
sible health) and +1 (best possible health).20 The EQ-5D 
also includes a visual analogue scale (EQ-VAS) whereby 
respondents are asked to provide an assessment of their 
overall health in a range from 0 (worst imaginable health 
state) to 100 (best imaginable health state). The EQ-
VAS provides complementary information to the profile 
by reflecting the respondent’s overall perception of cur-
rent health. Both the profile-based utility score and the 
EQ-VAS can be used to assess changes over time or to 
compare health status across diseases and conditions.

Other metrics were collected, including Beck Depres-
sion Inventory (BDI), Fatigue Severity Scale (FSS), Brief 
Pain Inventory (BPI), and patient-administered Expand-
ed Disability Status Scale (EDSS) scores.

All data were deidentified before analysis. The ratings 
on the individual dimensions of the EQ-5D (mobil-
ity, self-care, usual activities, pain/discomfort, anxiety/
depression) were compiled for each patient. Because 
the 5L version of the instrument is quite new, value sets 
for the US population are available only for the older 
three-level (3L) version (three possible responses for each 
question: no problems, some problems, severe prob-
lems/unable to do). A crosswalk created by EuroQol 
researchers uses a mapping approach to estimate a value 
set for the EQ-5D-5L based on the available value set 
for the EQ-5D-3L.21 Statistical analysis was performed 
using JMP version 11.2 (SAS Institute Inc, Cary, NC). 
The distributions of each score and its components 
were derived, including means, medians, and standard 
deviations where appropriate. Linear correlations among 
instruments and subscales were explored. Multivariate 
regression of the overall EQ-5D score against the other 
scores was performed to identify the best predictors.

nosuppressive medication reduces the average frequency 
of relapse to every 15 months.11 Although the severity of 
each relapse varies, most leave residual neurologic dis-
ability, despite optimal acute intervention.12,13 Residual 
neurologic deficits resulting from NMOSD attacks of 
the spinal cord include weakness, numbness, incoordina-
tion, problems with mobility, bowel/bladder dysfunc-
tion, and pain; attacks of the optic nerve causing vision 
impairment affect the patient’s ability to perform activi-
ties of daily living.14,15 Among the residual neurologic 
deficits from acute NMOSD relapses, pain is the most 
common, with more than 80% of patients reporting 
daily pain and/or pain that limits daily function.16 Fur-
thermore, the unpredictability of future attacks and sub-
sequent increasing disability contribute to anxiety, and 
experiencing new relapses or worsening of symptoms 
promotes low mood.

Previous studies on the quality of life of patients 
with NMOSD have focused on specific topics such 
as depression or pain.16-18 One, using semistructured 
interviews, took a broader view of overall health status 
and well-being.14 We used the five-level EQ-5D (EQ-
5D-5L [EuroQol, Rotterdam, Netherlands]) instrument 
to assess the health status of an opportunistic sample of 
patients with NMOSD and compared their scores with 
those of patients with MS as reported in the literature. 
We also analyzed the individual contributions of each 
EQ-5D dimension in the study sample to understand 
the drivers of the overall score.

Methods
This study was approved by the Johns Hopkins insti-

tutional review board. All participants were recruited 
from the Johns Hopkins NMO Clinic and the Johns 
Hopkins Hospital at a Patient Day event hosted at the 
hospital on October 6, 2014. Eligibility was determined 
by screening patients who met the 2015 International 
Panel for Neuromyelitis Optica Diagnostic criteria.9 
Patients had to be 18 years or older to participate and 
able to understand the consenting process.

After obtaining written informed consent, the EQ-
5D-5L questionnaire was given to each patient to 
complete while seated at a table in a quiet place. The 
EQ-5D is a standardized validated measure of health 
status developed by the EuroQol Group to provide a 
simple, generic measure of health for clinical and eco-
nomic appraisals.19 It consists of a questionnaire that 
assesses five dimensions of health thought to affect 
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was reported by 42.9% of patients, mild depression by 
28.6%, and moderate depression by 28.6%. The mean 
± SD FSS score was 46.5 ± 14.2 (median, 53.0), where 
a score greater than 36 indicates severe fatigue, and the 
mean ± SD BPI score was 4.5 ± 2.7 (median, 4.75). Just 
more than half of the patients (52.4%) reported mild 
pain (score of <5); 19.0%, moderate pain (score of 5-7); 
and 28.6%, severe pain (score of >7-10).

The overall EQ-5D scores for patients with NMOSD 
ranged from 0.412 to 1.000, with a mean ± SD of 0.738 
± 0.163, which is lower than the US norm of 0.867 and 
the world norm of 0.902.22 The mean EQ-5D score for 
the present NMOSD population is within the range 
but higher than most of the values reported for patients 
with MS, where average scores of 0.41 to 0.77 have been 
reported.23-28 One study that also used the EQ-5D-5L 
found a mean score of 0.59 in their MS population.26 
The health profiles compiled from the EQ-5D in the 
NMOSD population show that no patients reported 
extreme problems on any of the five domains, but most 
patients reported at least some problems with mobil-
ity (66.7%), usual activities (61.9%), pain/discomfort 
(76.2%), or anxiety/depression (71.4%). One-third of 
the patients (33.3%) reported problems with self-care. 
Pain/discomfort and mobility were the two domains 
with the highest proportion of patients reporting moder-
ate or severe problems (61.9% and 52.4%, respectively) 
(Figure 1). One-third of the patients (33.3%) reported 

Results
Twenty-four patients met the inclusion criteria and 

were enrolled in this study. Three patients did not have 
sufficient clinical data available and were subsequently 
excluded from the analysis. The demographic and 
clinical characteristics of the remaining 21 patients are 
detailed in Table 1. The mean ± SD age at the time of 
completing the EQ-5D-5L was 42.8 ±10.6 (median, 
43.0) years, with a mean ± SD disease duration of 8.2 ± 
5.0 (median, 9.0) years. The female- to-male ratio was 
19:2, and there were 8 African American and 13 white 
participants. The mean ± SD EDSS score was 5.0 ± 1.8 
(median, 5.5), which corresponds to disability severe 
enough to impair full daily 
activities and ability to work a 
full day without special provi-
sions; at an EDSS score of 5.0, 
patients are still able to walk 
200 m without aid or rest. 
The demographic and clinical 
profile of the study population 
is consistent with that of the 
broader NMOSD population 
in the United States.

Scores on the other metrics 
are also included in Table 1. 
The mean ± SD BDI score 
was 14.6 ± 7.6 (median, 16), 
which falls on the lower (ie, less 
depressed) end of the spectrum 
of mild depression (range, 
14-19). Minimal depression 

Table 1. Characteristics of the 21 study 
patients with neuromyelitis optica spectrum 
disorder
Characteristic Value

Female sex 19 (90.5)
Age at survey, mean, y 42.8
Disease duration, mean, y 8.2
Race
  Black
  White

8 (38.1)
13 (61.9)

Anti–aquaporin-4 seropositive 17 (81.0)
Expanded Disability Status Scale score 5.0 ± 1.8
Beck Depression Inventory score 14.6 ± 7.6
Fatigue Severity Scale score 46.5 ± 14.2
Brief Pain Inventory score 4.5 ± 2.7

Note: Unless otherwise indicated, values are given as number (per-
centage) or mean ± SD.

Figure 1. EQ-5D domain scores by severity
The health profiles compiled from the EQ-5D in the neuromyelitis optica spectrum disorder 
population show that no patients reported extreme problems on any of the five domains, but 
most patients reported at least some problems with mobility (66.7%), usual activities (61.9%), 
pain/discomfort (76.2%), or anxiety/depression (71.4%). Pain/discomfort and mobility were 
the two domains with the highest proportion of patients reporting moderate or severe prob-
lems (61.9% and 52.4%, respectively).
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Almost two-thirds of patients reported moderate or 
severe problems with pain/discomfort on the EQ-5D. In 
a comparison of the EQ-5D with the other four instru-
ments, the EQ-5D was most closely correlated with the 
BPI (r2 = 0.67) (Table 2). The EQ-5D correlations were 
much weaker with the BDI (r2 = 0.32), the EDSS (r2 = 
0.28), and the FSS (r2 = 0.24). Consistent with the uni-
variate correlations, the BPI was the only measure sig-
nificantly associated with the EQ-5D in the multivariate 
analysis.

Discussion
To our knowledge, this is the first study to use a 

standardized, commonly used assessment tool, the 
EQ-5D, to evaluate the overall quality of life of patients 
with NMOSD. We found that these patients rate their 

moderate or severe problems with usual activities, and 
almost one-fourth (23.8%) reported moderate or severe 
problems with anxiety/depression. Less than 5% of 
participants reported moderate or severe problems with 
self-care.

Figure 2 compares the present findings with US 
norms and scores reported for select MS populations. 
Patients with NMOSD and patients with MS are sub-
stantially more likely to report problems in each of the 
EQ-5D domains than the normative US population. 
The proportion of patients with NMOSD who reported 
problems was generally within the ranges found in MS, 
although patients with NMOSD were less likely to 
report problems with usual activities but more likely to 
report problems with anxiety/depression.

Table 2. Multivariate regression of EQ-5D-5L scores against other measures
Term Estimate Standard error t Ratio Probability>|t |

Intercept 0.9766 0.092651 10.54 <0.0001
Expanded Disability Status Scale –0.001066 0.016787 –0.06 0.9501
Beck Depression Inventory 0.000097 0.005126 0.02 0.9851
Fatigue Severity Scale –0.000804 0.002354 –0.34 0.7372
Brief Pain Inventory –0.044765 0.014415 –3.11 0.0068

Figure 2. Proportions of patients reporting problems across EQ-5D domains: comparison 
of present findings with US norms and scores reported for select multiple sclerosis (MS) 
populations
Patients with neuromyelitis optica spectrum disorder (NMOSD) and those with MS are substantially more likely to report problems 
in each of the EQ-5D domains than the normative US population. The proportions of patients with NMOSD who reported problems 
were generally within the ranges found in patients with MS, although patients with NMOSD were less likely to report problems with 
usual activities but more likely to report problems with anxiety/depression.
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values. It is unknown what, if any, distortion this intro-
duces. The third major limitation is that the EQ-5D 
instrument was administered at a different time than 
the EDSS, BDI, FSS, and BPI measures. Furthermore, 
we were limited by the data collected. For example, 
although patients with NMOSD commonly experience 
both neuropathic and spastic pain,16 the BPI fails to dif-
ferentiate among types of pain. The type of pain may 
influence quality of life in different ways. Although the 
time between administrations of the different question-
naires was only a few days, and no patients experienced 
any relapses in the time between questionnaires, it is 
nonetheless possible that the patients’ health status had 
changed over those few days and the questionnaires were 
not addressing the same state.

In conclusion, further studies in larger cohorts are 
needed to clarify the relationships among co-occurring 
symptoms including depression, anxiety, fatigue, and 
cognitive function on quality of life. Nonetheless, 
NMOSD has a substantial effect on multiple domains of 
quality of life, with pain emerging as a primary driver of 
the EQ-5D scores in this population. o
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