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Objective: This study aimed to assess the physical, emotional, medical, and

socioeconomic conditions of patients with neuromyelitis optica spectrum disorder

(NMOSD) in North China.

Methods: A cross-sectional survey of patients with NMOSD was performed, based

on an established questionnaire from the Multiple Sclerosis Patient Survival Report

2018. Logistic regression analysis was conducted to define the significant determinants

of certain physical or emotional characteristics of patients. A total of 123 patients

were included.

Results: A total of 63.4% of participants were initially diagnosed with conditions other

than NMOSD, with a median delay of 6 months for accurate diagnosis. An aggregate

of 72.2% of patients had one or more relapses, corresponding to an annual relapse

rate of 0.8. Paresthesia was the most frequent physical symptom among patients both

at disease onset (53.7%) and throughout the duration of the disease (86.2%). Onset in

elderly (>50 years) patients was associated with an annual Expanded Disability Status

Scale increase ≥1, compared with onset in younger (<30 years) patients (P = 0.001, OR

= 7.83). A total of 76.4% of patients had received attack-prevention treatments in the

remission phase, and 31.7 and 10.6% of patients had ever been administered rituximab

and traditional Chinese medicine, respectively. Additionally, 63.4 and 43.1% of patients

reported participating in few or no social activities and being out of work because of the

disease. To be noted, 76.4% of patients reported suffering from negative emotions, with

the most frequent being worry (60.2%), with 20.3% of patients experiencing suicidal

thoughts. The inability to work and participating in few or no social activities due to

NMOSDwere two determinants of experiencing negative emotions (Pwork = 0.03, ORwork

= 3.34; Psocialactivities = 0.02, ORsocialactivities = 3.19).

Conclusion: This study reported patient perspectives on NMOSD in North China,

whereby demonstrating that the inability to work and participating in few or no social
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activities due to NMOSD rather than the physical impairment caused by the disease,

was directly associated with patients experiencing negative emotions. This insight offers

potential ways to manage patients’ negative emotions by enhancing family and social

support and facilitating active employment.

Keywords: neuromyelitis optica spectrum disorder, survival status, negative emotions, questionnaire survey,

qualitative research

INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is an
inflammatory demyelinating disease of the central nervous
system (CNS), characterized by preferential lesions in the optic
nerve, spinal cord, and area postrema (1, 2). The highest
incidence of NMOSD has been reported in the Afro-Caribbean
region (0.73/100,000 person years), and the lowest incidence
has been reported in Australia and New Zealand (0.037/100,000
person years) (3). In China, epidemiological data suggest that
the incidence of NMOSD per 100,000 person years is 0.278
(4). The differential incidence of NMOSD indicates that genetic
and environmental factors play a key role in developing this
disorder (5). Further, the presence of AQP4-IgG in patients’
serum and cerebrospinal fluid (CSF) confirms that NMOSD is
an autoimmune disease mediated mainly by humoral immunity
(6, 7). Although AQP4-IgG plays a pathogenic role in NMOSD,
AQP4-IgG titers seem to fail to predict the disease course (8, 9).
Moreover, the unpredictive recurrence of the disease not only
results in cumulative neurological deficits involving paresthesia
and visual and walking impairment (10, 11), but also leads
patients to suffer from emotional or psychological disorders,
which together significantly influence the quality of life for
them and their families (12, 13). A study of 210 primarily
AQP4-IgG-positive NMOSD patients from 25 provinces across
China reported that NMOSD worsened both the physical and
emotional health of patients and imposed a great negative
impact on their quality of life (14). However, a study involving
193 patients with NMOSD from North America saw two-
thirds of patients reporting that the disease had a strong
negative impact on their physical health, whereas their emotional
well-being was relatively unimpaired, on average (15). These
differences in findings indicate that although NMOSD causes
severe neurological dysfunctions, the psychological resilience of
patients may be differentiated between ethnicities with different
genetic and environmental backgrounds. Notably, the physical
and emotional disorders of patients with NMOSD often lead
to certain high-risk behaviors, such as self-harm and suicide
(16). A more recent study exploring mortality and causes of
death among 569 Chinese patients with NMOSD indicated that
8.3% of patients died due to suicide during a 10-year follow-up
(17). Another study that evaluated the psychopathological profile
and suicidality in an Argentinean NMOSD cohort illustrated
that the prevalence of psychiatric disease was 45%, with 30%
of patients attempting suicide at least once (16). Therefore, a
comprehensive assessment of patients’ physical and emotional
conditions in certain regions or ethnicities is necessary to propose

region-specific management to improve the quality of life for
patients and reduce the incidence of high-risk behaviors.

Although the demographic and clinical features of patients
with NMOSD had been reported in several regions and
ethnicities worldwide (18–21), to our knowledge, there had
been no study using patient-reported data to conduct a
synthesized evaluation of the physical, emotional, medical, and
socioeconomic status of NMOSD patients in North China.
Therefore, in our study, we performed a cross-sectional survey
in a single center of North China, to help shed light on modifying
the personal and clinical care for patients with NMOSD, which
in turn will help improve their physical and emotional health and
quality of life.

METHODS

Study Design
This study used a cross-sectional survey design based on
an established questionnaire from the Multiple Sclerosis
Patient Survival Report 2018, which was the first Chinese
nationwide survey to reveal the survival status of patients with
multiple sclerosis (MS) in China including five aspects: basic
characteristics of patients, disease characteristics, diagnosis and
treatment, psychological burden, and economic burden (22)
(Supplementary Material). The implementation of the present
survey was approved by the Research Ethics Committee of the
Second Hospital of Hebei Medical University (Ref. no. 2018-
P055).

Participants
A total of 123 patients with NMOSD who were treated
in the Department of Neurology at the Second Hospital of
Hebei Medical University were enrolled in this survey, with
informed consent obtained from each participant or his/her
legal guardian. The implementation period of this survey was
from August 2018 to 2019. All patients fulfilled the 2015
International Consensus Diagnostic Criteria for Neuromyelitis
Optica Spectrum Disorders. Patients were given the option
of completing the survey with the assistance of a relative,
friend, or caregiver if their education status or physical
impairments precluded independent participation. Patients with
severe dementia, developmental delay, mental abnormalities,
chronic kidney failure, tumors, liver cirrhosis, and any diseases
or conditions that the investigator considered inappropriate for
participation in this survey were excluded. Aside from these
factors, there were no sex, age, or other additional restrictions
when patients were enrolled.
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FIGURE 1 | The distribution of age at onset in male and female patients with NMOSD.

Survey Items
This survey was based on an established questionnaire from
the Multiple Sclerosis Patient Survival Report 2018. The survey
instrument was implemented either by telephone or via face-
to-face communication to record the following items: basic
patient characteristics (sex, current age, marital status, fertility
status, and education status); disease characteristics (date of
disease onset, symptoms at disease onset, attack history,
symptoms during the course of the disease, medical consultation,
and diagnostic history); treatment information (medications
during the relapse and remission phase, healthcare expenditure,
concerns regarding the current treatment); and emotional and
socioeconomic conditions (emotional status, employment status,
participation in social activities, concerns regarding the disease).
The category of social activities included religious meetings;
social clubs or leisure, cultural, or sports groups; alumni
societies, societies for people from the same hometown, or
family councils; and volunteer groups, political parties, non-
government organizations, or interest groups.

Each patient data set was assessed for quality, internal
consistency, and completeness with access limited to qualified
study personnel to ensure security.

Statistical Analyses
The Shapiro–Wilk Normality Test was performed for the Normal
Distribution Test. If the variables were in accordance with
normal distribution, they were presented as mean ± standard
deviations (SD), and an independent sample t-test was used
for comparison in two groups. If not in accordance with
normal distribution, the variables were described as median
(interquartile range), and the Mann-Whitney U-Test was used
for comparison between the two groups. To be noted, the
annual EDSS increase calculated as EDSS at last follow /
disease duration (years) was used to assess the annualized
disease exacerbation in this study. The binary logistic regression
analysis was conducted to define the significant determinants of
certain physical or emotional characteristics of patients, setting
the “disease course (monophasic course vs. recurrent course),”
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TABLE 1 | Summary of the demographic and clinical data of patients with

NMOSD.

Sex

Male (%) 20.0 (16.3)

Female (%) 103.0 (83.7)

Current age (years) †† 43.0 (32.0–54.0)

Married (%) 111.0 (90.2)

Procreated (%) 100.0 (81.3)

Education status

Elementary school (%) 24.0 (19.5)

Middle school (%) 45.0 (36.6)

High school (%) 15.0 (12.2)

University or above (%) 39.0 (31.7)

Age at onset (years) †† 38.0 (27.0–50.0)

Disease duration (year) †† 3.0 (1.0–5.0)

AQP4-IgG

Positive (%) 97.0 (78.9)

Negative (%) 11.0 (8.9)

Unknown result (%) 9.0 (7.3)

Not checked (%) 6.0 (4.9)

EDSS†† 2.0 (1.0–3.5)

Disease course*

Monophasic course (%) 30.0 (27.8)

Disease duration (year) †† 1.0 (1.0–2.3)

Relapsing-remitting course (%) 78.0(72.2)

Disease duration (year)†† 5.0 (2.4–7.0)

Annual relapse rate (ARR)††* 0.8 (0.5–1.0)

Annual EDSS increase††* 0.7 (0.2–1.5)

Time between onset and first recurrence (month)†† 11.0 (5.0–24.0)

Medical consultation after the first symptom

Immediately (<72 h, %) 81.0 (65.9)

Not immediately (≥72 h, %) 42.0 (34.1)

Time of medical consultation delay (day) †† 30.0 (15.0–60.0)

Diagnostic delay (month) †† 6.0 (2.0–24.0)

NMOSD, neuromyelitis optica spectrum disorders; EDSS, Expanded Disability Status

Scale; AQP4, aquaporin-4; IQR, interquartile range.
††
Indicating median (IQR); *Patients with disease duration ≥ 1 year were assessed

these indexes.

“annual EDSS increase (annual EDSS increase<1 vs. annual
EDSS increase≥1,” “attack-prevent treatment (no vs. yes),” or
“negative emotions (absent vs. present)” as the dependent
variable and some demographic, clinical and socioeconomic data
as independent variables (Tables 2–5). All the categorical data
were analyzed by the Chi-square Test. Due to the exploratory
nature of the study, no a priori sample size calculation was made
without adjustment for multiple testing. A threshold of P < 0.05
was considered to indicate statistical significance. All datasets
were analyzed using the SPSS 23.0 software.

RESULTS

Demographics and Clinical Characteristics
The study population consisted of 123 patients with NMOSD,
with the median age at disease onset being 38 years old and

TABLE 2 | Binary logistic regression analysis of factors associated with disease

course (Monophasic course vs. Recurrent course) in NMOSD.

Variables Odds ratio 95% CI P-value

Lower Upper

Sex (Male/Female) 0.64 0.16 2.58 0.53

Age at onset

Age at onset (<30 y)

Age at onset (30–50 y) 0.97 0.31 3.03 0.96

Age at onset (>50 y) 0.87 0.24 3.23 0.84

AQP4-IgG status (Neg/Pos) 0.73 0.14 3.71 0.70

Symptoms at onset (Absent/Present)

Visual impairment 1.52 0.40 5.78 0.54

Limb weakness 0.38 0.09 1.65 0.20

Paresthesia 0.43 0.09 2.04 0.29

Bladder or bowel dysfunction 2.55 0.70 9.27 0.16

Balance disturbance 0.45 0.11 1.76 0.25

Muscle stiffness and spasm 1.67 0.33 8.40 0.54

Dysphasia 1.48 0.08 26.26 0.79

Nausea, vomiting, hiccups 3.97 0.26 61.80 0.33

Fatigue 0.65 0.16 2.72 0.56

Pain 1.54 0.40 5.88 0.53

Cognition impairment 0.30 0.03 3.18 0.32

NMOSD, neuromyelitis optica spectrum disorders; y, years; AQP4, aquaporin-4; Neg,

negative; Pos, positive.

TABLE 3 | Binary logistic regression analysis of factors associated with annual

EDSS increase (annual EDSS increase <1 vs. annual EDSS increase ≥1) in

NMOSD.

Variables Odds ratio 95% CI P-value

Lower Upper

Sex (Male/Female) 1.92 0.74 5.62 0.18

Age at onset

Age at onset (<30 y)

Age at onset (30–50 y) 1.67 0.57 4.94 0.35

Age at onset (>50 y) 7.83 2.24 27.40 0.001

AQP4-IgG status (Neg/Pos) 3.33 0.67 16.64 0.14

Preventative treatment (Y/N) 0.73 0.26 2.07 0.56

NMOSD, neuromyelitis optica spectrum disorders; EDSS, Expanded Disability Status

Scale; y, years; AQP4, aquaporin-4; Neg, negative; Pos, positive; Y, yes; N, no. Bold value

indicated significant difference.

the female to male ratio being 5.2:1. Although the median
age at onset was not significantly different, the male patients
appeared to have a peak onset age of 40–50 years old, and
in female cohorts there were two peaks at 20–30 and 50–60
years old (Figure 1). There were 97 patients (78.9%) who were
seropositive for AQP4-IgG, and the proportion of female patients
among seropositive patients was significantly higher than that
among the seronegative cohort (88.7 vs. 63.6%, P < 0.05). The
median disease duration was 3 years and the median Expanded
Disability Status Scale (EDSS) score was 2.0. Among patients
with disease duration ≥1 year, 72.2% were with relapse disease
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FIGURE 2 | The clinical symptoms at disease onset and throughout the disease course of patients with NMOSD. (A) The clinical symptoms at disease onset. (B) The

clinical symptoms throughout the disease course. Cognition indicated attention, concentration, recognition, judgment, and memory.

FIGURE 3 | The treatment selections and expenditure for patients with NMOSD. (A) The hospitalization expenditure per recurrence (È, CNY; $, USD). (B) The medical

expenditure in the remission phase per month (È, CNY; $, USD). (C) The medical selections in the remission phase. (D) The choices of immunosuppressants in the

remission phase.

course, corresponding to an annual relapse rate (ARR) of 0.8.
The median time between onset and first recurrence was 11
months, with 49.0% of patients experiencing a second episode

within 1 year following disease onset (Table 1). Additionally,
the results of logistic regression analysis demonstrated the
following: there is no evident association between the factors
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of sex, age at onset, serostatus of AQP4-IgG, or symptoms
at onset and the disease course (Table 2); disease onset in
elderly (>50 years) patients is a risk factor of annual EDSS
increase ≥1 as compared with disease onset in younger (<30
years) patients [P = 0.001, OR = 7.83, 95%CI (2.24–27.40)]
(Table 3).

The most common initially presenting symptoms in our study
were paresthesia (53.7%), limb weakness (46.3%), and visual
impairment (42.3%) (Figure 2A). Among 123 patients, 65.9%
immediately (<72 h) sought medical consultation following the
appearance of initial symptoms. The delay among patients
not seeking immediate medical consultation was 30 (15–60)
days. Moreover, the department where patients most frequently
visited initially was Neurology (39.8%), Ophthalmology (33.3%),
General Internal Medicine (24.4%), and Orthopedics (2.4%). A
total of 63.4% of participants were initially diagnosed with a
condition other than NMOSD, and of these patients, 43.6% did
not receive a definitive diagnosis and 56.4% were diagnosed
with other diseases. The median delay between initial symptom
episode to receiving an accurate diagnosis of NMOSD was
6 months.

During the course of the disease, over 80% of patients reported
that they had experienced symptoms of paresthesia (86.2%) and
limb weakness (82.1%). The proportion of patients reporting
visual impairment throughout the course of the disease increased
slightly compared with that at disease onset, from 42.3 to 59.4%.
As for other neurological dysfunction symptoms, only 16.3, 15.5,
31.7% of patients reported balance disturbance; muscle stiffness,
spasm, and cramp; and bladder and bowel dysfunction at onset,
respectively, but these proportions increased dramatically to
41.5, 60.2, and 61.8%, respectively, throughout the course of the
disease. Further, cognition impairment (attention, concentration,
recognition, judgment, and memory), fatigue, and pain were
reported by merely 3.3, 16.3, and 18.7% of patients, respectively,
at disease onset, whereas during the course of the disease, these
proportions increased significantly to 40.7, 62.6, and 46.3%,
respectively (Figure 2B).

Treatment
A total of 91.9% of patients chose to be hospitalized for
each recurrence, where they received the following treatments:
intravenous methylprednisolone (IVMP) (98.4%), IVMP and
gamma-globulin (35.8%), and plasma exchange (PLEX, 6.5%).
There were two peaks for hospitalization expenditure per
recurrence: 15,000–20,000 CNY ($2,300– $3,067 USD) and
>50,000 CNY (>$7,667 USD) (Figure 3A).

During remission, 76.4% of patients underwent attack-
prevention therapies including immunosuppressants (IS), low-
dose steroids, and Traditional Chinese Medicine (TCM) therapy.
The results of logistic regression analysis demonstrate that
patients with fatigue were 2.78 times more likely to accept
these preventive treatments than those without (P = 0.03),
whereas a patient’s sex, age at onset, education level, employment
status, disease course, EDSS, and other clinical symptoms were
not clear factors in whether they chose to receive preventive
treatment (Table 4). Time from NMOSD diagnosis to initiation
of preventive therapy was ≤ 1 month (57.5%), 1–3 months

TABLE 4 | Binary logistic regression analysis of factors associated with receiving

attack-prevent treatment (No vs. Yes) in NMOSD.

Variables Odds ratio 95% CI P-value

Lower Upper

Sex (Male/Female) 0.15 0.03 0.90 0.06

Age at onset

Age at onset (<30 y)

Age at onset (30–50 y) 0.49 0.13 1.85 0.29

Age at onset (>50 y) 0.71 0.14 3.73 0.69

Education status

Elementary school

Middle school 1.43 0.35 5.86 0.62

High school 1.34 0.16 11.23 0.79

University or above 0.81 0.15 4.44 0.81

Disease course (Monophasic/Recurrent) 2.41 0.75 7.75 0.14

EDSS 0.97 0.72 1.31 0.85

Symptoms in the entire disease course (Absent/Present)

Visual impairment 1.76 0.56 5.49 0.33

Limb weakness 2.60 0.54 12.48 0.23

Paresthesia 1.48 0.34 6.45 0.60

Bladder or bowel dysfunction 0.75 0.17 3.25 0.70

Balance disturbance 1.79 0.55 5.82 0.34

Muscle stiffness and spasm 0.43 0.11 1.61 0.21

Dysphasia 8.80 0.85 91.61 0.07

Nausea, vomiting, hiccups 0.49 0.06 4.19 0.51

Fatigue 2.78 1.12 6.93 0.03

Pain 1.23 0.40 3.85 0.72

Cognition impairment 0.49 0.16 1.52 0.22

Employment status 1.35 0.37 4.97 0.65

NMOSD, neuromyelitis optica spectrum disorders; y, years; EDSS, Expanded Disability

Status Scale. Bold value indicated significant difference.

(8.5%), 3–6 months (8.5%), 6–2 months (7.5%), 12–24 months
(2.1%), and ≥24 months (16.0%). The medication selected by
patients during remission included IS alone (35.8%), low-dose
steroid and IS (26.8%), and steroid alone (4.1%) (Figure 3C).
Patients treated with IS were administered rituximab (RTX,
31.7%), azathioprine (AZA, 18.7%), mycophenolate mofetil
(MMF, 13.8%), cyclophosphamide (CYC, 2.4%), tacrolimus
(TAC, 0.8%), and methotrexate (MET, 0.8%) (Figure 3D).

Additionally, 10.6% of patients had ever accepted TCM
treatment, and 3.3% were treated with TCM alone. Regarding
the medical expenditure in the remission phase, more than
half (62%) of patients reported their expenditure per month
was <1,000 CNY ($154 USD) (Figure 3B). In the 6 months
preceding our survey, only 44.7% of patients underwent routine
outpatient health follow-ups. The main concerns surrounding
NMOSD treatment in remission among patients was reducing
future relapse (83.3%), treatment expenditure (66.0%), and
delaying the disability process (50%) (Figure 4A). Furthermore,
when it came to present attack-prevention treatment, patients
stated that improvements needed to be made with regard
to treatment effectiveness (89.4%), side effects (83.0%), and
treatment expenditure (81.9%) (Figure 4B).
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FIGURE 4 | Concerns and aspects for improvement regarding the current preventive treatment for patients with NMOSD. (A) Patients’ concerns about the current

preventive treatment. (B) Aspects for improvement in the current preventive treatment reported by the patients.

FIGURE 5 | Emotional status of patients with NMOSD and their concerns regarding this disorder. (A) The negative emotions experiencing by the patients with

NMOSD. (B) Patients’ concerns about NMOSD.

Socioeconomic and Emotional Conditions
Patients reported completing elementary school (19.5%), middle
school (36.6%), high school (12.2%), and university or above
(31.7%). Although nearly one-third of patients had completed
university education or above, 89 patients (72.4%) were
unemployed, 53 (59.6%) of whom reported incapacity to work
due to the disease. Alternatively, 15 (12.2%) and 23 (18.7%)
patients reported demanding unilateral or bilateral walking
aids and family health nursing. Seventy-eight patients (63.4%)
reported having few or no social activities after being diagnosed
with NMOSD.

During the course of the disease, 94 patients (76.4%) reported
suffering from negative emotions, and 25 patients (20.3%) had
suicidal thoughts, four of whom had ever committed suicide.
The most frequent negative emotion reported by patients
was worry (60.2%) (Figure 5A). Logistic regression analysis
suggested that the inability to work and participation in few
or no social activities due to NMOSD are two determinants
of patients experiencing negative emotions [Pwork = 0.03,
ORwork = 3.34, 95% CI (1.09–10.19); Psocialactivities = 0.02,

ORsocialactivities = 3.19, 95% CI (1.18–8.61)] (Table 5). With
regard to the disease, patients reported their concerns primarily
in aspects of being unable to take care of themselves (74.6%) or
family members (54.1%), and disease-specific economic burdens
(48.8%) (Figure 5B).

DISCUSSION

The demographic characteristics and clinical profiles of the
patients in this study were similar to those in other ethnicities
reported by previous publications: NMOSD is more prevalent
in females (20, 23–26), with AQP4-IgG detected in over half of
NMOSD populations (20, 23, 25, 27). NMOSD patients often
suffer from frequent relapse and severe neurological disabilities,
with paresthesia, limb weakness, and visual impairment being
the most common initial symptoms (15, 20, 23, 27, 28). In this
study, disease onset in elderly patients was associated with a
higher annual EDSS increase compared with disease onset in
younger patients, which is similar to the findings of several other
studies and may be due to the following aspects (24, 29–31).
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TABLE 5 | Binary logistic regression analysis of factors associated with negative

emotions (Absent vs. Present).

Variables Odds Ratio 95%CI P-value

Lower Upper

Sex (Male/Female) 3.60 0.64 20.20 0.15

Age at onset

Age at onset (<30y)

Age at onset (30–50y) 1.22 0.31 4.89 0.78

Age at onset (>50y) 0.51 0.08 3.17 0.47

Education status

Elementary school

Middle school 0.26 0.05 1.49 0.13

High school 0.20 0.03 1.59 0.13

University or above 1.11 0.13 9.33 0.92

Disease duration 1.02 0.85 1.23 0.83

Disease course (Monophasic/Recurrent) 1.96 0.47 8.16 0.36

EDSS 1.44 0.80 2.57 0.22

Symptoms in the entire disease course (Absent/Present)

Visual impairment 1.10 0.30 4.05 0.88

Limb weakness 0.41 0.07 2.36 0.32

Paresthesia 1.99 0.36 11.06 0.43

Bladder or bowel dysfunction 0.91 0.18 4.74 0.91

Balance disturbance 0.86 0.22 3.34 0.83

Muscle stiffness and spasm 1.37 0.33 5.68 0.66

Dysphasia 2.30 0.34 15.47 0.39

Nausea, vomiting, hiccups 1.00

Fatigue 1.15 0.30 4.46 0.84

Pain 1.33 0.39 4.60 0.65

Cognition impairment 2.40 0.68 8.42 0.17

Social activities 3.19 1.18 8.61 0.02

Disease-related employment status 3.34 1.09 10.19 0.03

NMOSD, neuromyelitis optica spectrum disorders; y, years; EDSS, Expanded Disability

Status Scale.

Bold value indicated significant difference.

(1) In some previous reports, disease onset in elderly patients
was often characterized by severe attacks such as longitudinally
extensive transverse myelitis, which resulted in disability within
a shorter time, thereby carrying a worse outcome (29). (2)
During aging, there is a substantial decline in the ability to
resist abnormal immune responses and inflammatory responses,
as well as a corresponding decline in the generation of robust
protective responses (32). (3) Disease onset in elderly patients
often exhibits a less positive response to immunosuppressive
therapy, and patients experience more side effects with more
frequent and severe comorbidities (29, 30). The disease duration
of patients with the relapsing–remitting course group was
significantly longer than those with the monophasic course. This
could be attributed to several reasons: (1) Patients with the
monophasic disease had a relatively short follow-up period and
the relapse may have occurred over time in some individuals.
(2) Patients with the monophasic disease were diagnosed recently
and may have received preventive therapy earlier due to current
physicians’ understanding of the importance of early preventive

intervention for NMOSD. Alternatively, our study revealed that
there is no significant association between the factors of sex, age
at disease onset, serostatus of AQP4-IgG, or symptoms at onset
and the disease course, which is consistent with the findings of a
previous study (33). The diagnostic delay observed in our study
was 6.0 (2.0 – 24.0) months, which seems to be shorter than that
reported by another study (3.3 ± 6.3 years) (15), perhaps due to
the rapid improvement of specimen transportation and standard
antibody detection networks in North China during recent years.

In our study, 98.4% of patients were treated with IVMP
and only 6.5% were treated with PLEX during hospitalization.
The proportion of patients receiving PLEX was significantly
lower than that in the USA (18.2%) and Latin America (62.1%)
(15, 27). Furthermore, acute treatment with PLEX appears to be
particularly helpful in NMOSD (34). Hence, the low application
rate of PLEX therapy for patients in this study should arouse
the attention of clinicians, and attach sufficient significance
to the application of PLEX therapy in the future treatment
of patients. Additionally, 76.4% of patients had received the
attack-prevention treatment. In another study analyzing factors
affecting the acceptance of immunotherapy for patients with
MS in China, education status, patient understanding of the
disease, and clinical symptoms all had a much higher probability
of appearing in the treated group than in the untreated group
(22). However, in our study, only patients with symptoms of
fatigue were more likely to accept preventive treatments than
those without, which may be partly due to the limited number
of patients enrolled in our survey.

In terms of the medications applied in remission, 31.7% of
patients selected RTX, which is a similar proportion to that
in Korea (41%) but significantly lower than that in Germany
(52.6%), Latin America (86.3%), and the USA (60.6%) (15, 27,
35, 36), perhaps partly owing to the high price of RTX. In our
study, 10.6% of patients withNMOSDhad ever received the TCM
treatment, with the effectiveness of TCM in NMOSD treatment
still needing to be confirmed via a series of large-scale studies in
the future. Regarding the medical expenditure in the remission
phase, 62% of patients reported that their expenditure per month
was<1,000 CNY ($154 USD), which was significantly lower than
that in the USA ($479 USD) (15). This may be because these
patients did not receive routine outpatient health follow-ups
and usually selected relatively inexpensive steroid or non-specific
immunosuppressants for their remission treatment.

In this study, cognition impairment, fatigue, and pain were
reported by 40.7, 62.6, and 46.3%, respectively, throughout
the course of the disease. Similar to these findings, previous
studies reported that more than half of patients with NMOSD
suffered from the above symptoms in different regions among
different ethnicities (12, 16, 37, 38). To be noted, 76.4% of
patients reported suffering from negative emotions in our current
study. This is consistent with the findings of another study on
NMOSD patients from 25 provinces of China, which revealed
that NMOSD worsened both the physical and emotional health
of patients but is inconsistent with the findings of a study of
North American NMOSD patients, which reported NMOSD as
having a strong negative impact on patients’ physical health but
not on patients’ emotional well-being (14, 15). These findings
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indicate that different regions and corresponding social cultures
may result in a different ability to cope with the pressure and
problems brought about by the physical disabilities caused by
NMOSD. Traditional Chinese culture advocates introversion and
reserved expression of health-related concerns, which leads a
certain number of Chinese people to be unaccustomed to talk
about the distress caused by disease, thus these patients tend to
gain less outside support (39).

Moreover, in our study, 63.4 and 43.1% of patients reported
participating in few or no social activities and being out of
work because of the disease. These results were similar with
the findings of other studies involving patients from China, the
Middle East, and North America, suggesting that patients with
NMOSD across different ethnicities and regions are often faced
with unemployment and reduced participation in social activities
(14, 15, 40). Further, the inability to work and participation in
few or no social activities, rather than physical impairment or
discomfort symptoms (i.e., visual impairment, walking difficulty,
pain, and fatigue) was directly associated with having negative
emotions. These findings are somewhat different from previous
reports. In those studies, the inability to work and the financial
burdens, as well as physical impairments (i.e., pain, fatigue,
and sexual function impairment) had negatively impacted the
emotional health of patients (12). The finding in our study
could be attributed to several reasons: (1) The results of this
study were obtained from patient-reported data rather than
through a systematic scale for symptoms and emotional health
evaluation applied by others; (2) Geographical specificity: The
economy of Hebei Province in China is underdeveloped, with
the capita disposable income per person in 2018 being 23,446
CNY ($3,620 USD) (41). In our study, economic factors were also
one of the main concerns of patients in this region with regard
to both treatment and disease. Therefore, the reduced income
caused by unemployment and the overall economic burden
were more likely to cause patients to have negative emotions.
Moreover, people in North China are more evidently affected
by traditional Chinese culture. Many patients are unwilling
to talk publicly about the discomfort and negative emotions
caused by the disease. The above consideration affects patients’
social activities and significantly reduces the social support
they may have received. Therefore, this finding demonstrates
that enhancing socioeconomic support networks and facilitating
active employment is an effective strategy for coping with
health-related challenges and negative emotions for patients with
NMOSD in North China.

This study still has several limitations: First, due to the rarity
of NMOSD, the number of patients enrolled in the present
survey was limited. Second, most of the data were reported
by the patients or their families, and no systematic scale for
fatigue, pain, emotional health, and quality of life assessment was
applied, which may lead to certain recall bias and impede the
objective quantification of results. With that said, this patient-
reported information enabled our study to directly reflect patient
perspectives on NMOSD. The conclusions of our study should
be considered with caution, and further studies with larger
accounts of patients, employing systematic scales for fatigue,

pain, emotional health, and quality of life assessments are needed
to confirm the findings of our study.

CONCLUSIONS

Our study reported patient perspectives on NMOSD in North
China, and demonstrated that the inability to work as well
as participating in few or no social activities is directly
associated with patients experiencing negative emotions. This
finding provides novel insight into potentially modifiable aspects
for helping patients to deal with their negative emotions,
including enhancing family and social support and facilitating
active employment.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Research Ethics committee of the Second Hospital
of Hebei Medical University. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

ZJ contributed with conception, design, acquisition, analysis and
interpretation of data, statistical analysis, drafting, and revision
of the manuscript. XD and SS contributed with analysis and
interpretation of data and revision of the manuscript. RG and
LZ contributed with revision of the manuscript. JL and BL
contributed with study supervisor. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was supported by the 2020 Hebei Medical Science
Research Project Plan of China (Grant No. 20200040) and
the National Natural Science Foundation of China (Grant
No. 81873759).

ACKNOWLEDGMENTS

The authors were grateful to Professor Xu Yan from Peking
Union Medical College Hospital for providing the 2018 Chinese
MS patient survival report and the questionnaire, and the authors
also thank to the Neuroimmunology Group of the Second
Hospital of Hebei Medical University for clinical supports.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.737564/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org 9 September 2021 | Volume 12 | Article 737564

https://www.frontiersin.org/articles/10.3389/fneur.2021.737564/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Jia et al. Patient Perspectives on NMOSD

REFERENCES

1. Jasiak-Zatonska M, Kalinowska-Lyszczarz A, Michalak S, Kozubski W.

The immunology of neuromyelitis optica-current knowledge, clinical

implications, controversies and future perspectives. Int J Mol Sci. (2016)

17:273. doi: 10.3390/ijms17030273

2. Waters PJ, Pittock SJ, Bennett JL, Jarius S, Weinshenker BG,Wingerchuk DM.

Evaluation of aquaporin-4 antibody assays. Clin Exp Neuroimmunol. (2014)

5:290–303. doi: 10.1111/cen3.12107

3. Papp V, Magyari M, Aktas O, Berger T, Broadley SA, Cabre P, et al.

Worldwide incidence and prevalence of neuromyelitis optica: a systematic

review. Neurology. (2021) 96:59–77. doi: 10.1212/WNL.0000000000011153

4. Tian D-C, Li Z, Yuan M, Zhang C, Gu H, Wang Y, et al. Incidence of

neuromyelitis optica spectrum disorder (NMOSD) in China: a national

population-based study. Lancet Regional Health Western Pacific. (2020)

2:100021. doi: 10.1016/j.lanwpc.2020.100021

5. Ochi H, Fujihara K. Demyelinating diseases in Asia. Curr Opin Neurol. (2016)

29:222–8. doi: 10.1097/WCO.0000000000000328

6. Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF,

Fujihara K, et al. A serum autoantibody marker of neuromyelitis

optica: distinction from multiple sclerosis. Lancet. (2004) 364:2106–

12. doi: 10.1016/S0140-6736(04)17551-X

7. Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR. IgG marker of

optic-spinal multiple sclerosis binds to the aquaporin-4 water channel. J Exp

Med. (2005) 202:473–7. doi: 10.1084/jem.20050304

8. Pittock SJ, Lucchinetti CF. Neuromyelitis optica and the evolving spectrum of

autoimmune aquaporin-4 channelopathies: a decade later. Ann N Y Acad Sci.

(2016) 1366:20–39. doi: 10.1111/nyas.12794

9. Kessler RA, Mealy MA, Jimenez-Arango JA, Quan C, Paul F, Lopez R, et al.

Anti-aquaporin-4 titer is not predictive of disease course in neuromyelitis

optica spectrum disorder: a multicenter cohort study.Mult Scler Relat Disord.

(2017) 17:198–201. doi: 10.1016/j.msard.2017.08.005

10. Jarius S, Wildemann B, Paul F. Neuromyelitis optica: clinical features,

immunopathogenesis and treatment. Clin Exp Immunol. (2014) 176:149–

64. doi: 10.1111/cei.12271

11. Mutch K, Methley A, Moore P, Jacob A. Life on hold: the experience

of living with neuromyelitis optica. Disabil Rehabil. (2014) 36:1100–

7. doi: 10.3109/09638288.2013.833301

12. Barzegar M, Badihian S, Mirmosayyeb O, Ashtari F, Jamadi M, Emami S,

et al. Comparative study of quality of life, anxiety, depression, and fatigue

among patients with neuromyelitis optica spectrum disorder and multiple

sclerosis: the first report from Iran. Mult Scler Relat Disord. (2018) 22:161–

5. doi: 10.1016/j.msard.2018.04.009

13. Sellner J, Boggild M, Clanet M, Hintzen RQ, Illes Z, Montalban X, et al.

EFNS guidelines on diagnosis and management of neuromyelitis optica. Eur J

Neurol. (2010) 17:1019–32. doi: 10.1111/j.1468-1331.2010.03066.x

14. Huang W, ZhangBao J, Chang X, Wang L, Zhao C, Lu J, et al. Neuromyelitis

optica spectrum disorder in China: quality of life and medical care experience.

Mult Scler Relat Disord. (2020) 46:102542. doi: 10.1016/j.msard.2020.102542

15. Beekman J, Keisler A, Pedraza O, Haramura M, Gianella-Borradori

A, Katz E, et al. Neuromyelitis optica spectrum disorder: patient

experience and quality of life. Neurol Neuroimmunol Neuroinflamm.

(2019) 6:e580. doi: 10.1212/NXI.0000000000000580

16. Fernandez VC, Alonso N, Melamud L, Villa AM. Psychiatric

comorbidities and suicidality among patients with neuromyelitis optica

spectrum disorders in Argentina. Mult Scler Relat Disord. (2018)

19:40–3. doi: 10.1016/j.msard.2017.11.002

17. Du Q, Shi Z, Chen H, Zhang Y,Wang J, Qiu Y, et al. Mortality of neuromyelitis

optica spectrum disorders in a Chinese population. Ann Clin Transl Neurol.

(2021) 2021:51404. doi: 10.1002/acn3.51404

18. Liu J, Mori M, Zimmermann H, Brandt A, Havla J, Tanaka S, et al.

Anti-MOG antibody-associated disorders: differences in clinical profiles and

prognosis in Japan and Germany. J Neurol Neurosurg Psychiatry. (2020)

2020:324422. doi: 10.1136/jnnp-2020-324422

19. Kitley J, Waters P, Woodhall M, Leite MI, Murchison A, George J, et al.

Neuromyelitis optica spectrum disorders with aquaporin-4 and myelin-

oligodendrocyte glycoprotein antibodies: a comparative study. J Am Med

Assoc Neurol. (2014) 71:276–83. doi: 10.1001/jamaneurol.2013.5857

20. Bukhari W, Clarke L, O’Gorman C, Khalilidehkordi E, Arnett S, Prain KM,

et al. The clinical profile of NMOSD in Australia and New Zealand. J Neurol.

(2020) 267:1431–43. doi: 10.1007/s00415-020-09716-4

21. Jarius S, Ruprecht K, Wildemann B, Kuempfel T, Ringelstein M, Geis C, et al.

Contrasting disease patterns in seropositive and seronegative neuromyelitis

optica: a multicentre study of 175 patients. J Neuroinflammation. (2012)

9:14. doi: 10.1186/1742-2094-9-14

22. Zhou R, Zeng Q, Yang H, Xu Y, Tan G, Liu H, et al. Status of

immunotherapy acceptance in chinese patients with multiple sclerosis:

analysis of multiple sclerosis patient survival report 2018. Front Neurol. (2021)

12:651511. doi: 10.3389/fneur.2021.651511

23. Papais-Alvarenga RM, Vasconcelos CC, Carra A, de Castillo IS,

Florentin S, Diaz de Bedoya FH, et al. Central nervous system

idiopathic inflammatory demyelinating disorders in South Americans:

a descriptive, multicenter, cross-sectional study. PLoS ONE. (2015)

10:e0127757. doi: 10.1371/journal.pone.0127757

24. Kitley J, Leite MI, Nakashima I, Waters P, McNeillis B, Brown

R, et al. Prognostic factors and disease course in aquaporin-

4 antibody-positive patients with neuromyelitis optica spectrum

disorder from the United Kingdom and Japan. Brain. (2012)

135:1834–49. doi: 10.1093/brain/aws109

25. Houzen H, Kondo K, Niino M, Horiuchi K, Takahashi T,

Nakashima I, et al. Prevalence and clinical features of neuromyelitis

optica spectrum disorders in northern Japan. Neurology. (2017)

89:1995–2001. doi: 10.1212/WNL.0000000000004611

26. Eskandarieh S, Nedjat S, Azimi AR, Moghadasi AN, Sahraian MA.

Neuromyelitis optica spectrum disorders in Iran. Mult Scler Relat Disord.

(2017) 18:209–12. doi: 10.1016/j.msard.2017.10.007

27. Rivera VM, Hamuy F, Rivas V, Gracia F, Rojas JI, Bichuetti DB, et al. Status of

the neuromyelitis optica spectrum disorder in Latin America.Mult Scler Relat

Disord. (2021) 53:103083. doi: 10.1016/j.msard.2021.103083

28. Borisow N, Kleiter I, Gahlen A, Fischer K, Wernecke KD, Pache F, et al.

Influence of female sex and fertile age on neuromyelitis optica spectrum

disorders. Mult Scler. (2017) 23:1092–103. doi: 10.1177/13524585166

71203

29. Sepulveda M, Delgado-Garcia G, Blanco Y, Sola-Valls N, Martinez-Lapiscina

EH, Armangue T, et al. Late-onset neuromyelitis optica spectrum disorder: the

importance of autoantibody serostatus.Neurol Neuroimmunol Neuroinflamm.

(2019) 6:607. doi: 10.1212/NXI.0000000000000607

30. Mao Z, Yin J, Zhong X, Zhao Z, Qiu W, Lu Z, et al. Late-onset

neuromyelitis optica spectrum disorder in AQP4-seropositivepatients in a

Chinese population. BMC Neurol. (2015) 15:160. doi: 10.1186/s12883-015-

0417-y

31. Palace J, Lin DY, Zeng D, Majed M, Elsone L, Hamid S, et al. Outcome

prediction models in AQP4-IgG positive neuromyelitis optica spectrum

disorders. Brain. (2019) 142:1310–23. doi: 10.1093/brain/awz054

32. Nikolich-Zugich J. The aging immune system: challenges for the 21st century.

Semin Immunol. (2012) 24:301–2. doi: 10.1016/j.smim.2012.09.001

33. Shi Z, Du Q, Chen H, Zhang Y, Qiu Y, Zhao Z, et al. Effects

of immunotherapies and prognostic predictors in neuromyelitis optica

spectrum disorder: a prospective cohort study. J Neurol. (2020) 267:913–

24. doi: 10.1007/s00415-019-09649-7

34. Abboud H, Petrak A, Mealy M, Sasidharan S, Siddique L, Levy

M. Treatment of acute relapses in neuromyelitis optica: steroids

alone versus steroids plus plasma exchange. Mult Scler. (2016)

22:185–92. doi: 10.1177/1352458515581438

35. Asseyer S, Masuda H, Mori M, Bellmann-Strobl J, Ruprecht K,

Siebert N, et al. AQP4-IgG autoimmunity in Japan and Germany:

differences in clinical profiles and prognosis in seropositive neuromyelitis

optica spectrum disorders. Mult Scler J Exp Transl Clin. (2021)

7:20552173211006862. doi: 10.1177/20552173211006862

36. Kim SH, Mealy MA, Levy M, Schmidt F, Ruprecht K, Paul F, et al. Racial

differences in neuromyelitis optica spectrum disorder. Neurology. (2018)

91:e2089–99. doi: 10.1212/WNL.0000000000006574

37. Eaneff S, Wang V, Hanger M, Levy M, Mealy MA, Brandt AU, et al. Patient

perspectives on neuromyelitis optica spectrum disorders: data from the

PatientsLikeMe online community. Mult Scler Relat Disord. (2017) 17:116–

22. doi: 10.1016/j.msard.2017.07.014

Frontiers in Neurology | www.frontiersin.org 10 September 2021 | Volume 12 | Article 737564

https://doi.org/10.3390/ijms17030273
https://doi.org/10.1111/cen3.12107
https://doi.org/10.1212/WNL.0000000000011153
https://doi.org/10.1016/j.lanwpc.2020.100021
https://doi.org/10.1097/WCO.0000000000000328
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1084/jem.20050304
https://doi.org/10.1111/nyas.12794
https://doi.org/10.1016/j.msard.2017.08.005
https://doi.org/10.1111/cei.12271
https://doi.org/10.3109/09638288.2013.833301
https://doi.org/10.1016/j.msard.2018.04.009
https://doi.org/10.1111/j.1468-1331.2010.03066.x
https://doi.org/10.1016/j.msard.2020.102542
https://doi.org/10.1212/NXI.0000000000000580
https://doi.org/10.1016/j.msard.2017.11.002
https://doi.org/10.1002/acn3.51404
https://doi.org/10.1136/jnnp-2020-324422
https://doi.org/10.1001/jamaneurol.2013.5857
https://doi.org/10.1007/s00415-020-09716-4
https://doi.org/10.1186/1742-2094-9-14
https://doi.org/10.3389/fneur.2021.651511
https://doi.org/10.1371/journal.pone.0127757
https://doi.org/10.1093/brain/aws109
https://doi.org/10.1212/WNL.0000000000004611
https://doi.org/10.1016/j.msard.2017.10.007
https://doi.org/10.1016/j.msard.2021.103083
https://doi.org/10.1177/1352458516671203
https://doi.org/10.1212/NXI.0000000000000607
https://doi.org/10.1186/s12883-015-0417-y
https://doi.org/10.1093/brain/awz054
https://doi.org/10.1016/j.smim.2012.09.001
https://doi.org/10.1007/s00415-019-09649-7
https://doi.org/10.1177/1352458515581438
https://doi.org/10.1177/20552173211006862
https://doi.org/10.1212/WNL.0000000000006574
https://doi.org/10.1016/j.msard.2017.07.014
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Jia et al. Patient Perspectives on NMOSD

38. Kanamori Y, Nakashima I, Takai Y, Nishiyama S, Kuroda H, Takahashi T,

et al. Pain in neuromyelitis optica and its effect on quality of life: a cross-

sectional study. Neurology. (2011) 77:652–8. doi: 10.1212/WNL.0b013e31822

9e694

39. Chen AW, Kazanjian A, Wong H. Why do Chinese Canadians not

consult mental health services: health status, language or culture?

Transcult Psychiatry. (2009) 46:623–41. doi: 10.1177/13634615093

51374

40. Rafiee F, Tarjoman T, Moghadasi AN, Sahraian MA, Azimi

A, Rezaeimanesh N, et al. Stressful life events, socioeconomic

status, and the risk of neuromyelitis optica spectrum disorder: a

population-based case-control study. Mult Scler Relat Disord. (2020)

46:102544. doi: 10.1016/j.msard.2020.102544

41. Wang Z, Liang L, Sun Z, Wang X. Spatiotemporal differentiation

and the factors influencing urbanization and ecological environment

synergistic effects within the Beijing-Tianjin-Hebei urban agglomeration.

J Environ Manage. (2019) 243:227–39. doi: 10.1016/j.jenvman.2019.

04.088

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Jia, Dong, Song, Guo, Zhang, Liu and Li. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 11 September 2021 | Volume 12 | Article 737564

https://doi.org/10.1212/WNL.0b013e318229e694
https://doi.org/10.1177/1363461509351374
https://doi.org/10.1016/j.msard.2020.102544
https://doi.org/10.1016/j.jenvman.2019.04.088
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Physical, Emotional, Medical, and Socioeconomic Status of Patients With NMOSD: A Cross-Sectional Survey of 123 Cases From a Single Center in North China
	Introduction
	Methods
	Study Design
	Participants
	Survey Items
	Statistical Analyses

	Results
	Demographics and Clinical Characteristics
	Treatment
	Socioeconomic and Emotional Conditions

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


