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Abstract

Objective

To investigate the difference of fatigue and pain in patients with neuromyelitis optica spec-
trum disorder (NMOSD) and multiple sclerosis (MS).

Methods

Data from the Modified Fatigue Impact Scale (MFIS) and Pain Effects Scale (PES) were
compared between 51 NMOSD and 85 MS patients. Each score was compared in each dis-
ease group with or without clinical abnormalities. Since almost no MS patients are without
brain magnetic resonance imaging abnormalities, volumetry analysis by the Lesion Seg-
mentation Tool and statistical parametric mapping 12 were added to obtain total lesion
volume and intracranial volume in MS patients, and the correlations between total lesion vol-
ume/intracranial volume and each score were investigated.

Results

Compared to the MS group, the NMOSD group showed a higher PES score (median, 15.0
vs. 7.0, P=0.045), no difference in MFIS, and an increased percentage of patients with
extended spinal cord lesions (58.8% vs. 8.2%, P < 0.001). Moreover, NMOSD and MS
patients with extended spinal cord lesions tended to demonstrate higher PES scores than
those without. A positive correlation between MFIS and PES were found in patients with
NMOSD and MS. On the other hand, MS patients showed a higher percentage of brain
abnormalities (80.4% vs. 97.6%, P=0.001) and a positive correlation between total lesion
volume/intracranial volume and MFIS (Spearman’s p = 0.50, P=0.033).

Conclusions

The origin of fatigue may be associated with spinal cord lesions causing pain in NMOSD
patients, but with brain lesions in MS patients.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a severe inflammatory disease in the
central nervous system mostly affecting the optic nerve and the spinal cord [1]. One feature

of NMOSD is the positivity of anti-aquaporin-4 antibodies [2]. Recently, several NMOSD
patients were reported to have brain lesions [3]. On the other hand, multiple sclerosis (MS) is a
demyelinating disorder in the central nervous system with features of dissemination of demye-
linating lesions in time and space [4].

Many factors, including pain, depression, cytokine and endocrine factors, and poor sleep,
can cause fatigue in patients with neurological diseases [5, 6]. It was reported that the pri-
mary fatigue in patients with MS may stem from centrally mediated processes caused by the
conduction issues such as demyelination or axonal loss in CNS [7]. In NMOSD and MS,
fatigue has been reported to impair activities of the daily living [6, 8-10]. In MS patients, the
prevalence of fatigue was reported to be 50% to 90%, and more than 20 trials were performed
to determine the appropriate treatment for fatigue [6, 11]. Another study showed 36.5% of
early MS patients exhibited fatigue [12]. Subjective feeling of fatigue was reported to be sig-
nificantly decreased by group support, individual cognitive behavioral interventions, and a
professionally guided self-care management program [7, 13, 14]. A previous study reported a
similar incidence of fatigue in NMOSD and MS patients, with a strong correlation between
depression and fatigue [9]. On the other hand, chronic pain is a common symptom causing
deterioration of activities of the daily living in patients with MS and NMOSD [15-17]. How-
ever, the relationship between fatigue and pain has not been fully investigated, particularly in
NMOSD patients.

We investigated the difference in fatigue and pain in patients with NMOSD and MS.

Methods

Standard protocol approvals and patient consents

The study procedure was approved by the ethics committee of the Chiba University School of
Medicine (No. 1937). All patients provided informed consent.

Study design and patient populations

The Modified Fatigue Impact Scale (MFIS), the Multidimensional Fatigue Inventory (MFI),
and the Pain Effects Scale (PES) were distributed to 77 consecutive patients with NMOSD and
221 consecutive patients with relapsing-remitting MS at the Chiba University Hospital. All
patients were requested to answer all questions. Patients who answered to all of the three scales
including MFIS, MFI, and PES without blanks were enrolled in this study. We added the retro-
spective analysis to those people. In total, 51 NMOSD and 85 MS patients answered the MFIS,
MF]I, and PES without blanks. All patients with NMOSD fulfilled the 2015 International con-
sensus diagnostic criteria [1], while the MS patients fulfilled the 2010 McDonald’s diagnostic
criteria [4]. Patients with NMOSD or MS that relapsed within 1 month of these tests and those
who were unable to perform any test due to cognitive dysfunction, severe bilateral visual loss,
or disturbance in the dominant upper extremities (Medical Research Council grade < 3) were
excluded.

Demographic and clinical features, including sex, age at MFIS administration, disease
duration, duration from last attack to MFIS administration (in months), Kurtzke Expanded
Disability Status Scale (EDSS) score at MFIS administration, presence of residual disability
(visual acuity < 0.1 or a Medical Research Council manual muscle testing score < 3), and
number of patients with a history of optic neuritis (ON) and myelitis and treatment at MFIS
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administration were reviewed. These parameters were obtained during the study. Patients
with anti-aquaporin-4 antibodies positivity, brain magnetic resonance imaging (MRI)
abnormalities, and the past history of the extended spinal cord lesions (>3 vertebral seg-
ments) were also investigated. Brain MRI follow-up is regularly performed about once a year
in patients with NMOSD and MS. The brain MRI abnormality was assessed by the last brain
MRI performed before MFIS/MFI/PES. The past history of the extended spinal cord lesions
was obtained from the medical record in the acute phase of myelitis. Each patient regularly
takes brain MRI follow-up. Anti-aquaporin-4 antibody levels were measured as reported pre-
viously [18].

MFIS, MFI, and PES scores were compared between patients with and without items,
including history of ON, visual acuity fixed at <0.1, history of myelitis, extended spinal cord
lesions, and brain MRI abnormalities, to investigate the differences in fatigue features between
NMOSD and MS patients. However, the number of MS patients without MRI abnormalities
was expected to be extremely low; therefore, brain volume measurements were added to com-
pare the brain lesion volume and fatigue or pain scores in these patients.

Brain volume measurements

We compared the correlations between brain lesions and scores, including MFIS, MFI, and
PES, in patients with MS using statistical parametric mapping (SPM) 12 implemented on the
Matlab version R2016b for Windows 10 (MathWorks, Inc., Natick, MA, USA). Intracranial
volume (ICV), calculated by the sum of the whole brain gray matter, white matter, and cere-
brospinal fluid volumes, was treated to normalize for head size. Lesions were segmented

by the lesion growth algorithm as implemented in the Lesion Segmentation Tool (LST)
toolbox version 2.0.15 (www.statisticalmodelling.de/lst.html) for SPM [19]. We used the initial
threshold () value of 0.30 as the investigator recommended [19]. Lesion volume filled by LST
was expressed as total lesion volume (TLV). Brain volume was measured only to MS patients
whose MRI was performed within 60 days before MFIS.

Brain MRI in the correlation study

MS patients who underwent brain MRI, including conventional brain MRI, T1-weighted
three-dimensional images, and fluid-attenuated inversion recovery (FLAIR) within two
months before MFIS, were included in the correlation study. Five MRI systems were used in
this study: 1.5-Tesla Signa HDxT (GE Healthcare, Milwaukee, WI, USA), 3.0-Tesla Discovery
MR 750 (GE Healthcare), 1.5-Tesla Achieva (Philips, Amsterdam, The Netherlands), 1.5-Tesla
Achieva dStream (Philips), and 3.0-Tesla Ingenia (Philips) scanners. Details of MRI systems
are shown in Table 1.

Statistical analysis

Continuous data were compared between the test and control groups using the Mann-Whit-
ney U test. Categorical outcomes were evaluated using the chi-squared test. The Spearman’s
rank test was performed to analyze correlations. Analysis of covariance (ANCOVA) was used
when MFIS/MFI/PES were compared between NMOSD and MS patients. P < 0.05 was con-
sidered statistically significant. Statistical tests were conducted using the SPSS version 25.0
(IBM Corporation, Armonk, NY, USA). Due to the exploratory nature of the study no adjust-
ment for multiple comparisons was made.
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Table 1. Details of MRI systems.

Number of patients
Tesla

3DT1

FOV (mmxmm)
Number of sections
Section thickness (mm)
TR (ms)

TE (ms)

TI (ms)

Number of signals acquired
Echo train length

FA

FLAIR

FOV (mmxmm)
Number of sections
Section thickness (mm)
TR (ms)

TE (ms)

TI (ms)

Number of signals acquired
Echo train length

FA

Signa HDxT Discovery MR 750 Achieva Achieva dStream Ingenia
7 6 3 1 1
1.5 3.0 1.5 1.5 3.0
240 x 240 220 x 220 to 256 x 256 230 x 230 240 x 240 240 x 240
248 178 to 248 127 to 128 256 260
1.4 1.0to 1.4 1.5 1.4 1.4
7 7t08 22 22 8
2.9t03.0 3.0t03.3 4.6 4.6 4
0 to 420 420 NA NA NA
0.9921to 1 0.5to 1 1 1 1
1 1 1 1 240
15° 15° 25° 25° 8°
220 x 220 220 x 220 220 x 220 220 x 220 220 x 220
32 32 32 32 32
4 4 4 4 4
10000 to 10002 10000 11000 11000 10000
120.2 to 128.6 131.2to0 131.8 120 120 120
2400 2336.49 to 2500 2800 NA 2700
1 1 2 1 1
1 1 38 38 28
90° 90° to 111° 90° 90° 90°

3DT1weighted three-dimensional images; FA: flip angle; FLAIR: fluid attenuated inversion recovery; FOV: field of view; NA: not acquired; TR: repetition time; TE: echo

time; TT: inversion time.

https://doi.org/10.1371/journal.pone.0224419.t001

Results

Demographics, clinical characteristics, laboratory findings and treatments
of patients with NMOSD and MS

Table 2 shows the demographics, clinical characteristics, and laboratory findings in patients
with NMOSD and MS. Approximately 90% of the NMOSD and 77.6% of the MS patients were
female. The median age of the NMOSD patients at the time of MFIS/MFI/PES was higher than
that of the MS patients (52.0 vs. 42.0 years; range, 26-78 vs. 17-73, P < 0.001). The disease
duration at MFIS/MFI/PES was lower (median, 8.0 vs. 11.0; range, 0-36 vs. 0-44; P = 0.019),
the number of months from last attack to MFIS/MFI/PES was lower (median, 24.0 vs. 37.0;
range, 1-104 vs. 1-400; P = 0.007), the EDSS at MFIS/MFI/PES was higher (median, 3.0 vs.
2.5; range, 0-8.5 vs. 0-8.0; P = 0.004), and the percentage of patients with visual acuity fixed at
<0.1 and with a past history of ON was higher (25.5% vs. 1.2%, P < 0.001; 70.6% vs. 40.0%,

P =0.001) in NMOSD than in MS patients. Although the number of patients with history of
myelitis was lower among NMOSD patients (84.1% vs. 97.6%, P = 0.006), the number of
patients with extended spinal cord lesions was higher than that among MS patients (58.8% vs.
8.2%, P < 0.001). On the other hand, fewer NMOSD patients had brain MRI abnormalities
than MS patients (80.4% vs. 97.6%, P = 0.001). Of the NMOSD patients, 48 received immuno-
modulating treatment, including continuous oral prednisolone (n = 47), azathioprine (n =9),
and tacrolimus (n = 1), while 57 MS patients received disease-modifying drugs, including
interferon B-1a (n = 18), interferon B-1b (n = 12), fingolimod (n = 26), and dimethyl fumarate
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Table 2. Demographic, clinical characteristics, laboratory findings and treatment in NMOSD and MS patients.

NMOSD (n =51)

MS (n = 85)

P-value

Demographic and clinical features

Female (%) 46/51 (90.2%) 66/85 (77.6%) 0.068
Age at MFIS/MFI/PES (years) 52.0 [18.0] 42.0 [13.0] < 0.00I*
Disease duration (years) 8.0 [13.0] 11.0 [10.0] 0.019*
Months from last attack to MFIS/MFI/PES 24.0 [49.0] 37.0 [56.0] 0.007*
EDSS score at MFIS/MFI/PES 3.0 [4.0] 2.5[3.0] 0.004*
Visual acuity fixed at < 0.1 in at least one eye 13/51 (25.5%) 1/85 (1.2%) < 0.001*
MRC grade fixed at < 3 in at least one limb 6/51 (11.8%) 2/85 (2.4%) 0.052
Number of patients with a history of ON 36/51 (70.6%) 34/85 (40.0%) 0.001*
Number of patients with a history of myelitis 43/51 (84.1%) 83/85 (97.6%) 0.006*
Laboratory findings

Positive anti-aquaporin-4 antibodies 46/51 (90.2%) 0/89 (0.0%) < 0.001%
Patients with brain MRI abnormalities 41/51 (80.4%) 83/85 (97.6%) 0.001*
Patients with extended spinal cord lesion** 30/51 (58.8%) 7/85 (8.2%) < 0.00I*

Data are presented as median [interquartile range] or number (%).
*P < 0.05. EDSS: Kurtzke’s Expanded Disability Status Scale; MFI: multidimensional fatigue inventory; MFIS: modified fatigue impact scale; MRC: Medical Research

Council; MS: multiple sclerosis; NMOSD: neuromyelitis optica spectrum disorder; ON: optic neuritis; PES: pain effects scale.

** Patients with extended spinal cord lesion: patients who showed spinal cord lesion more than three vertebral segments in the acute phase of myelitis.

https://doi.org/10.1371/journal.pone.0224419.t1002

(n =1). One MS patient received continuous oral prednisolone due to coexistent chronic
inflammatory demyelinating polyneuropathy.

MFIS, MFI, and PES scores in NMOSD and MS patients

The MFIS, MFI, and PES scores in NMOSD and MS patients are shown in Table 3. Only
PES was higher in NMOSD than in MS patients (median, 14.0 vs. 12.0; interquartile ratio
[IQR], 12.0 vs. 10.0; range, 6-30 vs. 6-28; P = 0.009). No differences were found in MFIS and
MFI between NMOSD and MS patients (median, 42.0 vs. 35.0 and 59.0 vs. 59.0; IQR, 29.0 vs.
28.0 and 28.0 vs. 20.0; range, 0-77 vs. 0-78 and 20-91 vs. 20-91; P = 0.43 and 0.19, respec-
tively). All three MFIS subscales, including physical, cognitive, and psychosocial subscales,

Table 3. Results of MFIS, MFI, and PES in patients with NMOSD and MS.

NMOSD (n =51) MS (n = 85) P-value
MFIS
physical subscale 21.0 [18.0] (0-36) 16.0 [16.0] (0-36) 0.071
cognitive subscale 13.0 [11.0] (0-36) 16.0 [11.5] (0-40) 0.62
psychosocial subscale 4.0 [4.0] (0-8) 3.0 [4.0] (0-8) 0.16
total score 42.0 [29.0] (0-77) 35.0 [28.0] (0-78) 0.43
MFI
total score 59.0 [28.0] (20-91) 59.0 [20.0] (20-91) 0.19
PES
total score 14.0 [12.0] (6-30) 12.0 [10.0] (6-28) 0.009*

Data are presented as median [interquartile range] (range).

*P < 0.05. MFIS: modified fatigue impact scale; MFI: multidimensional fatigue inventory; MS: multiple sclerosis;

NMOSD: neuromyelitis optica spectrum disorder; PES: pain effects scale.

https://doi.org/10.1371/journal.pone.0224419.t1003
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also showed no differences between NMOSD and MS patients (P = 0.071, 0.62, and 0.16,
respectively).

Correlations among test scores in patients with NMOSD and MS

MEFIS total score showed a positive correlation with MFI and PES in NMOSD (Spearman’s p =
0.51 and 0.52, respectively, P < 0.001 for both comparisons) and MS (Spearman’s p = 0.67 and
0.73, respectively, P < 0.001 for both comparisons) patients.

MFIS, MFI, and PES scores in NMOSD and MS patients with or without a
history of ON or with or without visual acuity fixed at <0.1

No differences were found in MFIS, MFI, and PES with or without a history of ON or with or
without visual acuity fixed at <0.1 in NMOSD (P > 0.29) or MS (P > 0.14) patients.

MFIS, MFI, and PES scores in NMOSD and MS patients with or without a
history of myelitis or with or without extended spinal cord lesions

In NMOSD patients, PES was higher in patients with than in those without a history of myeli-
tis (median, 15.0 vs. 7.0; IQR, 12.0 vs. 8.8; P = 0.045), and in patients with than in those without
extended spinal cord lesions (median, 17.5 vs. 10.0; IQR, 9.5 vs. 10.0; P = 0.036). MFIS and
MFI showed no differences in NMOSD patients with or without a history of myelitis or
extended spinal cord lesions (P > 0.17). On the other hand, PES scores tended to be higher in
MS patients with than in those without extended spinal cord lesions (median, 17.0 vs. 11.0;
IQR, 5.0 vs. 9.0; P = 0.078). There were no differences in MFIS, MFI, and PES scores between
MS patients with and without a history of myelitis (P = 0.23, 0.12, and 0.47, respectively), or in
MEFIS and MFI scores between MS patients with and without extended spinal cord lesions

(P =0.28 and 0.20, respectively). PES scores in all patients with or without extended spinal
cord lesions are shown in Fig 1. Disease duration was not different between NMOSD patients
with the past history of myelitis and without it (median, 9.0 vs 4.0; IQR, 13.0 vs 3.5; P = 0.18).

MFIS, MFI, and PES scores in NMOSD and MS patients with or without
brain MRI abnormalities

No differences were noted in MFIS, MFI, and PES scores between NMOSD patients with and
without brain abnormalities (P = 0.17, 0.17, and 0.18, respectively). However, the physical sub-
scale in MFI tended to be higher in NMOSD patients with brain abnormalities (median, 24.0
vs. 10.5; IQR, 16.5 vs. 14.0; P = 0.077). No difference in MFIS, including subscales, MFI, or
PES was found between MS patients with or without brain abnormalities (P > 0.11). No differ-
ences were found in the disease duration between MS patients with brain MRI abnormalities
and without them (median, 15.0 vs. 11.0; IQR, 10.0 vs. not acquired; P = 0.45).

Correlations between TLV and MFIS, MFI, and PES in MS patients

As expected, the number of MS patients without brain abnormalities was extremely low

(n = 2). Since the number in a group is less than five, it is not considered to get a proper result
to analyze the data by using Mann-Whitney U test, the correlations between TLV and scores,
including MFIS, MFI, and PES, were investigated only in MS patients. Eighteen MS patients
whose MRI was performed within 60 days before MFIS were included to the correlation study.
TLV/ICV demonstrated a positive correlation with MFIS and MFI (Spearman’s p = 0.50 and
0.49, P = 0.033 and 0.042, respectively; Fig 2). PES showed no correlation with TLV/ICV
(Spearman’s p = 0.44, P = 0.068). Moreover, the physical subscale in MFIS positively correlated
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Fig 1. Comparison of PES scores in NMOSD and MS patients with or without extended spinal cord lesions (>3 vertebral segments). Black lines show the
medians of each group. MS, multiple sclerosis; NMOSD, neuromyelitis spectrum disorder; PES, Pain Effects Scale; 3VL, spinal cord lesion >3 vertebral segments.
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Fig 2. Correlations between TLV/ICV and MFIS total score and between TLV/ICV and MFI total score in patients with MS. ICV, intracranial volume; MFI,
Multidimensional Fatigue Inventory; MFIS, Modified Fatigue Impact Scale; MS, multiple sclerosis; TLV, total lesion volume.

https://doi.org/10.1371/journal.pone.0224419.9002
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with TLV/ICV (Spearman’s p = 0.51, P = 0.031), but the cognitive and psychosocial subscale in
MFIS showed no correlation with TLV/ICV (P > 0.099).

Discussion

Our previous study showed that MFIS and MFI were higher in NMOSD [20] and MS patients
[21] than in normal controls. In this study, the results showed no differences in MFIS and MFI
between NMOSD and MS patients. These results are in agreement with those of a previous
study by Akaishi et al [9]. However, our results suggest that the cause of fatigue may be differ-
ent in NMOSD and MS patients.

The PES scores were higher in NMOSD than in MS patients in this study. Several studies
reported 75%-90% of patients with MS showed spinal cord lesions [22-25]. The percentages
are similar to our study. Although the percentage of patients with a history of myelitis was
higher among those with MS than with NMOSD in our study, the PES scores were not differ-
ent between NMOSD and MS patients with or without a history of myelitis. On the other
hand, the percentage of patients with extended spinal cord lesions was significantly higher
among those with NMOSD than with MS. Moreover, the PES scores tended to be higher in
NMOSD and MS patients with than in those without extended spinal cord lesions. These
results suggested that extended spinal cord lesions may have some role in the pathogenesis of
pain. PES score positively correlated with MFIS and MFI in NMOSD patients. Therefore,
fatigue in NMOSD patients may be associated with pain caused by extended spinal cord
lesions. Indeed, other studies reported fatigue were also common in patients with spinal cord
injury [26, 27]. However, these reports showed many factors including medication, depression,
and pain could affect the fatigue in patients with spinal cord injury. Therefore, further investi-
gation is needed to investigate these relations.

Although the percentage of patients with brain abnormalities was higher in MS than in
NMOSD patients, MS patients with or without brain abnormalities showed no differences in
MFIS, MFI, and PES. However, the number of MS patients without brain abnormalities was
significantly low, so we added the correlation analysis of TLV and MFIS, MFI, and PES. The
result showed a positive correlation between TLV and fatigue score, including MFIS and MFL
These results suggest that fatigue in MS patients may be associated with TLV. A previous study
reported that high-fatigue MS patients demonstrated significant brain atrophy and lesion vol-
ume [28]. These investigators arbitrarily divided MS patients into high- and low-fatigue
groups. However, to the best of our knowledge, ours is the first report to show a positive corre-
lation between TLV and fatigue score.

This study has some limitations. First, depression was not investigated in our study. As pre-
viously reported, a strong positive correlation was found between depression and fatigue in
patients with NMOSD and MS [9]. Another study reported that MS patients with major
depression had a greater lesion volume compared to those without depression [29]. Since our
results showed a positive correlation between fatigue and TLV in MS patients, fatigue and
depression could stem from TLV. Further investigation is required to reveal the relationships
among fatigue, depression, and lesion volume. Second, the sleep disorders investigation was
not included in our study. Sleep was reported to be related to fatigue in the patients with MS
[6, 30-32]. Third, the response rates without any blanks in MFIS/MFI/PES are different
between NMOSD and MS patients (66.2% vs 38.5%, respectively). Cognitive impairment or
fatigue could lower the response rate, which could be selection bias. Finally, the brain MRI
scans were performed using five instruments at random. Although our study obtained results
similar to those of a previous study [28], further studies with a higher number of patients and
using the same MRI scanner are needed to clarify the correlation between TLV and fatigue.
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In conclusion, fatigue was not different between NMOSD and MS patients. On the other
hand, patients with NMOSD suffered from more severe pain compared with patients with MS.
Brain lesions in MS patients were positively correlated with fatigue, meanwhile patients with
the extended spinal cord lesions showed the higher PES score. This study may help to develop
more appropriate treatment strategies in patients with NMOSD and MS.
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