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ABSTRACT
Objectives Population- based studies estimating the 
incidence of neuromyelitis optica spectrum disorders 
(NMOSDs) in Asia are limited, and the relationship between 
latitude and incidence has been scarcely investigated. We 
aimed to estimate the incidence of NMOSDs in Chinese 
adults and explore their relationship to latitude.
Design Cohort study based on data from the Urban 
Employee Basic Medical Insurance in China.
Participants 177 million people were followed from 2016 
to 2017 in 20 provinces.
Primary outcome measures The incidence rate was 
estimated by Poisson distribution and reported as age- 
adjusted and sex- adjusted rates using the standard 
population.
Results There were 1313 incident NMOSD cases, with 
an overall incidence of 0.41 (95% CIs: 0.39 to 0.43) per 
100 000 person- years. The incidence in females was 
higher, with a female- to- male IRR of 4.52. The incidence 
increased with age, peaking at 55–64 years in females 
and 65–74 years in males and then decreasing thereafter. 
The female- to- male IRRs were higher in those <55 years. 
The association between latitude and incidence was not 
statistically significant.
Conclusions The incidence of NMOSD in Chinese adults 
was 0.41 per 100 000 person- years. There is no latitude 
gradient observed. Sex and age influence the risk of 
NMOSD, suggesting the role of genetic, hormonal and 
other related factors in the pathophysiology.

INTRODUCTION
Neuromyelitis optica spectrum disorder 
(NMOSD) is considered a rare antibody- 
mediated autoimmune central nervous system 
disorder associated with poor prognosis and 
a high risk of relapse.1 Aquaporin- 4 immu-
noglobulin G (AQP4- IgG) is highly specific 
for clinically diagnosed NMO and targets 
a component of the dystroglycan protein 
complex located in astrocytic foot processes 
at the blood–brain barrier.2 NMOSD occurs in 
individuals of all ethnicities around the world, 
with a reported prevalence of 0.7 to 10 per 
100 000,3–12 and the incidence is estimated to 
be 0.037–0.73 per 100 000 person- years.11–14 

It has been reported that NMOSD is more 
common in the Asian population than in the 
Caucasian population,11 12 15 16 which reflects 
distinct risks among ethnicities. Although 
a growing number of epidemiologic studies 
on NMOSD have been reported in recent 
years, most of them were conducted in Cauca-
sians.17 In Asia, population- based epidemi-
ological studies, especially studies exploring 
incidence estimates for NMOSD, are still 
limited.5 7 8 16 18

A latitude gradient for multiple sclerosis 
(MS) has been widely reported in previous 
epidemiological studies, possibly related to 
low sun exposure and low serum levels of 
vitamin D, resulting in an immunomodu-
latory effect.19 NMOSD is an autoimmune 
disease that was once considered a variant 
of MS, and the risk of NMOSD may also be 
related to latitude. Because of limited sample 
sizes due to the low incidence rate, to our 
knowledge, only three recent studies have 
tried to explore the latitude gradient in the 
risk of NMOSD.8 11 18 China, with a vast terri-
tory, is an ideal setting to study potential differ-
ences in the incidence of NMOSD associated 
with differences in latitude. Hence, in this 
study, we aimed to estimate the incidence of 

Strengths and limitations of this study

 ► Based on a relatively large sample, the study esti-
mated the incidence of neuromyelitis optica spec-
trum disorders in Chinese adults with a homogenous 
genetic background.

 ► The incidence between sexes in different age stra-
ta was compared and the latitude gradients were 
explored.

 ► The separate incidences for seronegative and se-
ropositive cases cannot be estimated because of 
limited data.

 ► Increasing the observational period could result in 
more exact estimates.
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NMOSD in the Chinese population based on a large data 
source, describe the sex- specific and age- specific aspects, 
and further investigate the relationship between the inci-
dence and latitude, providing information regarding the 
epidemiology of NMOSD in Asia and helping to create 
insights into the susceptibility and pathophysiology of 
NMOSD.

METHODS
Study design and data source
This study was conducted in China. The incidence of 
NMOSD was estimated based on a retrospective cohort 
design using a nationwide medical insurance claim data-
base referred to as Urban Employee Basic Medical Insur-
ance (UEBMI).

The UEBMI is one of three basic medical insur-
ance programmes in China. All current and retired 
employees in government, state- owned enterprises, 
non- government organisations and private entities 
are obligated to enrol in UEBMI. Accordingly, the 
UEBMI database keeps track of all the medical claim 
records, including inpatients and outpatients, for the 
UEBMI beneficiaries. According to the data from the 
Ministry of Human Resources and Social Security in 
China, about 295 million adults enrolled in the UEBMI 
programme, accounting for more than one- fifth of the 
total Chinese population.20 For the UEBMI participants, 
every diagnosis that occurs in all the ranked hospitals, 
including the primary, secondary and tertiary hospitals, 
is recorded. As all the hospitals are centralised to the 
UEBMI system, for the UEBMI database, a diagnosis is 
recorded once an enrollee is diagnosed with a disease, 
irrespective of the physical position of diagnosing and 
treatment, which makes the UEBMI database containing 
the most complete medical records for the population. 
The details of the UEBMI database are described else-
where, and it is useful for epidemiological studies.21 
Generally, the UEBMI database is a centralised health 
information system that records each billable medical 
service, including information on disease diagnosis 
and the cost of treatment. The database is standardised 
under the regulation of the National Healthcare Secu-
rity Administration of China according to the National 
Health Statistics Management Rule.22

The data from 1 January 2013 to 31 December 2017 
were extracted and used in this study. Eleven provinces 
(Jilin, Hebei, Tianjin, Beijing, Ningxia, Tibet, Shaanxi, 
Guizhou, Jiangxi, Fujian and Shanghai) were excluded 
due to the absence of diagnosis information or reporting 
policy exemptions. Ultimately, anonymised patient- level 
data of 20 provinces were used. Based on the database, 
a retrospective cohort including 177 million employees 
followed from 2016 to 2017 was created, with large 
coverage of the whole UEBMI population. The mean 
age of the cohort population is 42.8 years and 52% are 
males.

Case definition
The diagnosis for NMOSD in hospitals was according to 
the 2015 International Panel for Neuromyelitis Optica 
Diagnosis criteria.1 AQP4 antibody test and MRI were 
detected when necessary. The incident cases were identi-
fied as the patients with newly diagnosed NMOSD in 2016 
and 2017 according to the following criteria: (1) diag-
nosed according to the 10th revision of the International 
Statistical Classification of Diseases and Related Health 
Problems G36.001/G36.951 codes or diagnosed with 
‘neuromyelitis optica’, ‘NMO’, ‘neuromyelitis optica spec-
trum disorder’, ‘NMOSD’ or ‘Devic’s disease’; (2) diag-
nosed between 1 January 2016 and 31 December 2017; 
(3) no diagnoses of NMO or NMOSD from 1 January 2013 
to 31 December 2015, which means the dataset between 
2013 and 2015 was used as the wash- out period; and (4) 
complete information on birth date, sex and race. In this 
study, only 0.03% of the records were deleted because of 
incomplete information. A total of 1813 NMOSD cases 
in 2016 and 2017 were identified, with 1313 newly diag-
nosed cases and 700 previously diagnosed cases between 
2013 and 2015. There were 84.1% (1104 cases) and 15.9% 
(209 cases) of the newly diagnosed cases treated as inpa-
tients and outpatients, respectively.

Estimation of incidence
The population at risk for the incidence estimates was 
determined by the number of UEBMI beneficiaries from 
2016 to 2017 (approximately 177 million). Because of 
the extremely low incidence of NMOSD, the pre- existing 
cases (n=700) of NMOSD in the 3- year wash- out period 
(2013–2015) were not excluded from the population at 
risk. The incidence rate was calculated with the number 
of newly diagnosed NMOSD cases between 2016 and 2017 
as the numerator and the number of person- years at risk 
from 2016 through 2017 as the denominator. Age- specific 
and sex- specific incidence rates were also calculated. 
As the cohort in our study lived in 20 provinces located 
from 20° to 46° north of the Earth’s equatorial plane, 
it provided an excellent chance to explore the latitude 
distribution of the incidence of NMOSD. Therefore, the 
whole cohort was divided into five subgroups according 
to their latitude of residence (20°, 25°, 30°, 35° and 40°), 
and the incidence rates in each subgroup were calculated.

Statistical analysis
The incidence and the 95% CIs were estimated using a 
Poisson distribution. The age--adjusted and sex- adjusted 
rates were reported using residents in the sixth demo-
graphic census in 2010 in China as the standard popula-
tion. The incidence rates were calculated and described as 
the number of incident cases per 100 000 person- years. In 
addition, the total population was stratified by race, age, 
sex and latitude, and incidence rates were calculated in 
each stratified group separately. The incidence rate ratio 
(IRR) and the 95% CIs were also reported. Estimations 
among only the Chinese Han people were also performed 
to reflect a more homogeneous population. Quantitative 

 on A
ugust 10, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-048942 on 31 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


3Wu Y, et al. BMJ Open 2022;12:e048942. doi:10.1136/bmjopen-2021-048942

Open access

variables are described as the mean±SD, and categorical 
variables are described as numbers (percentages). Pear-
son’s χ2 test was used to test the differences in incidences 
between groups. The Pearson correlation coefficient was 
calculated to measure the linear correlation between the 
incidence of NMOSD in different provinces and their lati-
tudes. The χ2 test for trend in proportion was further used 
to test the trend of incidences in five latitudinal groups. 
Values of p <0.05 were considered statistically significant. 
The median annual medical cost for each patient was also 
presented. Analyses were performed using R (V.3.6.0). 
The Chinese and world map data were obtained using 
package ‘maptools’ and ‘rnaturalearth’ in R, respectively, 
and all the figures were plotted by package ‘ggplot2’.

Patient and public involvement
No patient involved.

RESULTS
Among 177 229 403 UEBMI beneficiaries, 1313 newly 
diagnosed NMOSD cases were identified from 2016 to 
2017, with 348 909 063 observed person- years (table 1). 
Most of the patients were Han Chinese, accounting for 
86.2% of the patients (n=1133). Most of the patients were 
female (n=1031, 78.5%). The mean age at onset was 47.6 
years (19 years–89 years, SD: 13.7 years). The mean onset 
age among female patients (mean: 47.0 years, SD: 13.4 
years) was younger than that among male patients (mean: 
49.7 years, SD: 14.7 years), and the differences between 
the two sexes were statistically significant (p=0.004).

The overall incidence rate was 0.41 (95% CI: 0.39 to 
0.43) per 100 000 person- years (table 1). The incidence 

in the Han population was lower than that in other popu-
lations (IRR: 0.83, 95% CI: 0.73, 0.96, table 1).

The incidence rate in females was significantly higher 
than that in males (females: 0.68, 95% CI: 0.63 to 0.72; 
males: 0.15, 95% CI: 0.13 to 0.17, per 100 000 person- 
years; p<0.001), with a female- to- male IRR of 4.52 (95% 
CI: 4.39 to 4.65). When including only the Han race, the 
incidence rate in females was 0.66 (95% CI: 0.62 to 0.70) 
per 100 000 person- years, which was also significantly 
higher than that in males (0.15, 95% CI: 0.13 to 0.17, 
per 100 000 person- years, p<0.001) (online supplemental 
table 1).

The incidence rates in different age groups are shown 
in table 1. The incidence rate was the lowest in those aged 
between 18 and 34 years (0.21, 95% CI: 0.19 to 0.24, per 
100 000 person- years). As age increased, the incidence 
rate increased, with the highest rate in those between 55 
and 64 years old (0.67, 95% CI: 0.58 to 0.76, per 100 000 
person- years), and then the incidence decreased in older 
groups (the solid line in figure 1, online supplemental 
table 1). Similar patterns were seen for age- specific 
incidences in both sexes (dash- dotted and dotted lines 
in figure 1, online supplemental table 1). However, the 
highest rate in females was observed in the group aged 
between 55 and 64 years (1.09, 95% CI: 0.93 to 1.26, per 
100 000 person- years), while the highest rate among males 
was in the group aged between 65 and 74 years (0.28, 95% 
CI: 0.20 to 0.39, per 100 000 person- years). The female- 
to- male IRRs were 4.68 (95% CI: 4.38 to 4.99), 5.05 (95% 
CI: 4.75 to 5.35), 5.24 (95% CI: 4.98 to 5.49), 4.26 (95% 
CI: 3.96 to 4.56), 3.34 (95% CI: 2.94 to 3.74) and 3.02 
(95% CI: 2.40 to 3.64) for those aged 18–34, 35–44, 

Table 1 Incidence of NMOSD in China, 2016–2017

Number of cases Person- years

Incidence
(95% CI, per 100 000 
person- years) IRR (95% CI)

Overall 1313 348 909 063 0.41 (0.39 to 0.43) –

Race

  Han 1133 304 312 130 0.40 (0.38 to 0.42) 0.83 (0.73 to 0.96)

  Other 180 44 596 933 0.48 (0.41 to 0.57) Ref

Sex

  Female 1031 156 344 490 0.68 (0.63 to 0.72) 4.52 (4.39 to 4.65)

  Male 282 192 564 573 0.15 (0.13 to 0.17) Ref

Age, years

  18–34 260 129 539 892 0.21 (0.19 to 0.24) Ref

  35–44 288 75 659 647 0.39 (0.35 to 0.44) 1.86 (1.69 to 2.02)

  45–54 373 70 676 121 0.56 (0.50 to 0.62) 2.65 (2.49 to 2.80)

  55–64 234 37 988 761 0.67 (0.58 to 0.76) 3.15 (2.97 to 3.33)

  65–74 114 20 836 156 0.61 (0.50 to 0.73) 2.89 (2.66 to 3.11)

  75+ 44 14 208 486 0.37 (0.26 to 0.50) 1.73 (1.40 to 2.06)

IRR, incidence rate ratio; NMOSD, neuromyelitis optica spectrum disorder.
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45–54, 55–64, 64–74 and over 75 years, respectively; these 
values were higher in individuals younger than 55 years 
old (bars in figure 1, online supplemental table 1).

When including only the Han participants, the inci-
dence rates in different age groups ranged from 0.20 to 
0.60 per 100 000 person- years, with female- to- male IRRs 
ranging from 3.05 to 5.20, and the highest incidence rates 
in females and males were still in the 55–64 and 65–74 
year age groups, respectively (online supplemental table 
1).

No significant correlation was detected between the 
incidence rates in cities in 20 provinces and latitude 
(R=0.03, p=0.896, figure 2). The incidence rates in cities 
located 20°, 25°, 30°, 35° and 40° north of Earth’s equa-
torial plane were 0.53 (95% CI: 0.46 to 0.61), 0.41 (95% 
CI: 0.33 to 0.50), 0.40 (95% CI: 0.36 to 0.43), 0.54 (95% 
CI: 0.46 to 0.62) and 0.30 (95% CI: 0.26 to 0.35) per 
100 000 person- years, respectively. There were no signif-
icant trends in incidence rates according to latitude in 
the total sample (figure 3, P- trend=0.874) or in the two 
sex subgroups (online supplemental table 2) (female: P- 
trend=0.825, male: P- trend=0.953). When including only 
Han individuals, the results did not change substantially 
(online supplemental table 2 and figure 1).

Figure 1 Age- specific and sex- specific incidence and 
female- to- male IRR in different age groups. Bar: IRRs of 
females to males; lines: incidence rate; dash- dotted line: 
incidence rate in females; dotted line: incidence rate in males; 
solid line: incidence rate in overall residents. IRR, incidence 
rate ratio.

Figure 2 Incidence rates of neuromyelitis optica spectrum disorder in 20 provinces in China. The geospatial vector data were 
downloaded from http://wwwdiva-gisorg/gdata. The shapefiles were read using the ‘maptools’ package first, then the map was 
drawn using the ‘ggplot2’ package in R (V.3.6.0).
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For each patient, the median annual total medical cost 
was 13 225 RMB Yuan, most of which was reimbursed by 
the UEBMI programme remaining a median annual cost 
of 2787 RMB Yuan paid by each patient.

DISCUSSION
Based on a large cohort including 177 million people 
followed for 2 years, we identified 1313 newly diagnosed 
NMOSD cases, and the incidence of NMOSD in Chinese 
adults was estimated as 0.41 per 100 000 person- years. 
Although the literature indicated that NMOSD is more 
common in the Asian population, there was only one 
recent epidemiological study (Tian et al 2020)18 in China 
presenting an incidence of 0.347 per 100 000 person- years 
in adults. Despite differences that exist in study design, 
our study and Tian’s study reached similar conclusions. 
Under the supervision of the Chinese National Health 
Commission, the diagnostic procedure on NMOSD was 
the same across hospitals. The newly diagnosed NMOSD 
cases partially overlap between Tian’s study and our study, 
that Tian’s study included inpatient records of residents 
from all tertiary hospitals in 31 provinces, while this study 
included inpatient and outpatient records of UEBMI 
beneficiaries from all ranked hospitals in 20 provinces. 
According to our data, most newly diagnosed patients with 
NMOSD were treated as inpatients (1104 cases, 84.1%). 
Including records of outpatients (209 cases, 15.9%) may 
partially explain the slightly higher incidence estimation 
in our study.

Most previous studies investigating the incidence rate of 
NMOSD were conducted among Caucasians.3 4 9–11 13 23 As 
table 2 and online supplemental figure 2 show, the inci-
dence rates (per 100 000 person- years) of NMOSD were 
reported to be 0.037 in Australia and New Zealand,11 0.063 
in Catalonia (Spain),4 0.07 in Olmsted County (USA),23 
0.07 in Denmark10 and 0.132 in Hungary,9 which were 
much lower than the incidence reported in our study. 
However, the incidence (per 100 000 person- years) was 
0.73 in Martinique (90% of the population was black)23 

and 0.73 in Korea;7 which were higher than the incidence 
in our results. Although differences in the study designs 
may contribute partly, the distinct results between studies 
may mostly be due to interethnic differences in the risk of 
NMOSD, such as the differences in genetic background, 
infectious exposure, and other risk factors.7

Similar to other reports (table 2), the predominance 
in females was also observed in our study. The incidence 
rate (per 100 000 person- years) was 0.68 in females 
compared with 0.15 in males. The female- to- male ratios 
varied in previous reports,4 6 7 10 16 23 24 with the highest 
ratio observed in Malaysia (10.6),16 and the lowest ratio 
observed in Mangalore, South India (1.2).24 The female- 
to- male ratios reported in most previous studies were 
calculated by the number of cases. In our study, we 
reported a female- to- male IRR of 4.52 (95% CI: 4.39 to 
4.65), which compared the risks between the two sexes 
based on standard time frames and allowed for a better 
understanding of the relative risks of NMOSD between 
sexes. The reasons for sex differences in NMOSD may be 
similar to the reasons for sex differences in other auto-
immune diseases, as there was a general female predom-
inance in autoimmune diseases, such as systemic lupus 
erythematosus, MS and autoimmune thyroid disease, 
though there are exceptions.25 Immunocompetence 
and immune reactivity differ according to sexes, and 
hormonal factors, genetic susceptibility, epigenetics 
and environmental factors have been suggested to be 
involved.25 26 Recent studies also reported different clin-
ical features27 and outcomes28 of NMOSD between sexes. 
Therefore, in studies concentrating on mechanisms of 
NMOSD, sex should be a main focus.

Due to a limited number of cases, few studies have 
assessed the incidence of NMOSD by age strata. Based on 
more than 1000 NMOSD cases, our results showed that the 
incidence increased with increasing age, with a peak in the 
55–64- year- old group, and decreased thereafter. This was 
similar to a report from Japan.8 Interestingly, our results 
showed that this increase- then- decrease pattern was more 
pronounced in females, with a peak incidence in the 
55–64 age group, while the incidence in males increased 
modestly until individuals reach an age between 65 and 
74, which led to the highest female- to- male IRR among 
individuals 45–54 years old and a sustained decrease in 
IRR thereafter. Similarly, a recent study reported that 
the female- to- male ratio was pronounced at reproductive 
ages.29 For females, substantial hormone changes occur 
during the menopausal period,30 which may influence 
the immune status and increase the susceptibility to auto-
immune disease.31 32 The hormonal factors together with 
other genetic and environmental factors may contribute 
to the higher level of female- to- male IRRs for NMOSD in 
individuals under 55 years old.

Vitamin D is involved in nearly all important biological 
functions related to autoimmune demyelinating disease.33 
A high prevalence of vitamin D deficiency among 
patients with NMOSD and MS has been reported.19 As 
sun avoidance is one of the factors related to vitamin D 

Figure 3 Incidence rates of NMOSD in areas with different 
latitudes. The bars show the incidence rate estimates in each 
latitude subgroup, and the vertical lines show the 95% CIs 
of incidence rates. NMOSD, neuromyelitis optica spectrum 
disorder.
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deficiency, robust latitudinal gradients in prevalence34 
and incidence35 for MS have been reported, with higher 
risks associated with higher latitudes. As an autoimmune 
disease once considered a variant of MS, NMOSD was 
hypothesised to exhibit a latitude gradient similar to that 
associated with MS; however, mainly due to limited cases 
of this rare disease, epidemiological studies reporting 
latitudinal gradients in NMOSD are limited, and whether 
there is an association between latitude and the risk of 
NMOSD is still unclear. One study reported a higher prev-
alence of NMOSD in Southern Japan than in Northern 
Japan,8 and another study reported a reverse relationship 
between latitude and prevalence in Australia and New 
Zealand.11 In our study, the cohort was enrolled from 
20 provinces located from 20° to 46° latitude, providing 
an opportunity to test the hypothesis, but the results did 
not show significant associations between latitude and 
the incidence of NMOSD. This result was similar to Tian 
et al’s study.18 According to the results (figure 3), there 
may be trends towards lower incidence at higher lati-
tudes, except for the high incidence from 35° to 40°. The 
high incidences in this region were mainly attributed to 
three provinces (Qinghai, Gansu and Shanxi, figure 2). 
A sightly higher percentage of UEBMI beneficiaries were 
minority races in the three provinces (18.6% vs 12.6%). 
According to our results, the incidence in minority races 
were higher than that in Han people (0.48 vs 0.40 per 
100 000 person- years). However, in the sensitivity anal-
ysis when only keeping Han people, a similar latitude 
pattern (online supplemental table 2) and similar high 
incidences in the three provinces were observed (online 
supplemental figure 1). The number of hospitals or 
neurologists per capita in these three provinces is consis-
tent with the average in China. In Tian’s study, similar 
higher incidences were observed in Qinghai and Shanxi 
provinces.18 We do not have a clear answer to explain the 
high incidences there. As small increases in the number 
of incident cases will cause significant changes in the rate 
of a rare disease, the results need to be verified with a 
longer observational period with larger numerators. We 
further labelled the latitude degree for the study regions 
in previous studies (table 2, online supplemental figure 2), 
but still, no latitude gradients were shown among studies. 
Nevertheless, we cannot exclude the possibility of latitude 
gradients in the risk of NMOSD. Our study may be under-
powered, and the heterogeneity between studies led to 
uncertainty. Broad collaborations are needed to further 
explore latitude gradients for a better understanding of 
NMOSD. On the other hand, the latitude gradient was 
assumed to be related to vitamin D deficiency and then 
associated with the risk of MS. Vitamin D may be involved 
in different biological mechanisms in NMOSD than in 
MS, which also needs further exploration.

There were limitations in this study. First, because of 
limited data availability, we could not obtain informa-
tion on the antibody status to estimate the incidences for 
seronegative and seropositive cases separately. Further 
studies are needed to explore the age, sex and latitude 

distributions for different subclinical types. Second, the 
2- year time frame in this study was chosen to optimise the 
number of cases, and commercial assays for AQP4- IgG 
have been widely used since 2015 in most areas of China. 
There is a possibility of underdiagnosis before 2015. As 
the incident cases in the study were newly diagnosed cases 
other than new- onset cases, the uneven availability of 
the AQP4 antibody test during the wash- out period may 
lead to an overestimation of the incidence. Increasing 
the observational period could result in more exact esti-
mates. Third, the latitude analysed in this study reflected 
the locations where the person enrolled in the UEBMI 
programme. For the majority of UEBMI beneficiaries, 
the places where they enrolled in the UEBMI programme 
are the same as the locations they are working and living. 
However, we cannot exclude the possibility that the loca-
tion where a patient developed NMOSD was different from 
his address. Forth, the study population was composed 
of employees enrolled in UEBMI who may have different 
characteristics from those not included. Also, data from 
11 provinces were not included. We found similar age 
and sex distribution between the excluded and included 
provinces, but a higher gross domestic product in the 
included provinces (online supplemental table 3). The 
extrapolation of the results should be done with caution. 
Despite these limitations, in this study, most people in 
the cohort were Chinese Han, providing a homogenous 
genetic background in the estimations. The relatively 
large sample size makes it possible to compare the inci-
dence between sexes, estimate the female- to- male IRRs 
in different age strata and explore the latitude gradients. 
The results were helpful in providing insights into the 
pathophysiology of NMOSD.

In conclusion, the incidence of NMOSD in the Chinese 
adults was 0.41 per 100 000 person- years, which is higher 
than that among Caucasians. The incidence of NMOSD 
varies by age and sex strata. Genetic, hormonal and other 
related factors may play roles in the pathophysiology of 
NMOSD. There is no latitude gradient observed. The 
results provide information on the epidemiological 
profiles of NMOSD in Asia and help to provide insights 
into NMOSD susceptibility to better understand the 
condition.
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Supplementary Table 1 The age and sex‐specific incidence of NMOSD in China, 2016‐2017 

  N 

Incidence 

(95% CI, per 100,000 

person‐years) 

Female 

 

Male 

Female‐to‐male IRR† 

(95% CI) N 

Incidence 

(95% CI, per 100,000 

person‐years) 

N 

Incidence 

(95% CI, per 100,000 

person‐years) 

Overall  1,313  0.41 (0.39, 0.43)  1,031  0.68 (0.63, 0.72)    282  0.15 (0.13, 0.17)  4.52 (4.39, 4.65) 

Age                 

18‐34  260  0.21 (0.19, 0.24)  207  0.35 (0.31, 0.40)    53  0.08 (0.06, 0.10)  4.68 (4.38, 4.99) 

35‐44  288  0.39 (0.35, 0.44)  235  0.66 (0.58, 0.76)    53  0.13 (0.10, 0.17)  5.05 (4.75, 5.35) 

45‐54  373  0.56 (0.50, 0.62)  302  0.95 (0.85, 1.07)    71  0.18 (0.14, 0.23)  5.24 (4.98, 5.49) 

55‐64  234  0.67 (0.58, 0.76)  179  1.09 (0.93, 1.26)    55  0.26 (0.19, 0.33)  4.26 (3.96, 4.56) 

65‐74  114  0.61 (0.50, 0.73)  79  0.94 (0.74, 1.17)    35  0.28 (0.20, 0.39)  3.34 (2.94, 3.74) 

75+  44  0.37 (0.26, 0.50)  29  0.52 (0.35, 0.75)    15  0.17 (0.10, 0.29)  3.02 (2.40, 3.64) 

Han race  1,133  0.4 (0.38, 0.42)  889  0.66 (0.62, 0.70)    244  0.15 (0.13, 0.17)  4.51 (4.36, 4.65) 
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Age                 

18‐34  206  0.20 (0.17, 0.23)  167  0.34 (0.29, 0.39)    39  0.07 (0.05, 0.09)  5.20 (4.85, 5.55) 

35‐44  246  0.39 (0.34, 0.44)  200  0.65 (0.56, 0.75)    46  0.13 (0.10, 0.17)  4.99 (4.67, 5.31) 

45‐54  330  0.55 (0.50, 0.62)  266  0.94 (0.83, 1.06)    64  0.18 (0.14, 0.24)  5.09 (4.81, 5.36) 

55‐64  206  0.64 (0.56, 0.74)  158  1.05 (0.89, 1.23)    48  0.25 (0.18, 0.33)  4.25 (3.92, 4.57) 

65‐74  103  0.60 (0.49, 0.73)  70  0.91 (0.71, 1.14)    33  0.29 (0.20, 0.41)  3.08 (2.66, 3.49) 

75+  42  0.38 (0.27, 0.52)  28  0.54 (0.36, 0.79)    14  0.18 (0.10, 0.30)  3.05 (2.41, 3.69) 

†  IRR: incidence rate ratio. 
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Supplementary Table 2 Incidence of NMOSD in areas with different latitude 

  N 

Incidence 

(95% CI, per 100,000 

person‐years) 

Female    Male 

Female‐to‐male IRR† 

(95% CI) N 

Incidence 

(95% CI, per 100,000 

person‐years) 

N 

Incidence 

(95% CI, per 100,000 

person‐years) 

Overall  1,313  0.41 (0.39, 0.43)  1,031  0.68 (0.63, 0.72)    282  0.15 (0.13, 0.17)  4.52 (4.39, 4.65) 

Latitude                 

20‐  280  0.53 (0.46, 0.61)  225  0.93 (0.79, 1.08)    55  0.15 (0.11, 0.20)  6.31 (5.98, 6.64) 

25‐  107  0.41 (0.33, 0.50)  89  0.71 (0.57, 0.88)    18  0.11 (0.07, 0.18)  6.29 (5.77, 6.81) 

30‐  536  0.40 (0.36, 0.43)  402  0.62 (0.56, 0.69)    134  0.18 (0.15, 0.21)  3.51 (3.31, 3.71) 

35‐  213  0.54 (0.46, 0.62)  162  0.89 (0.75, 1.04)    51  0.20 (0.15, 0.26)  4.48 (4.16, 4.81) 

40‐  177  0.30 (0.26, 0.35)  153  0.54 (0.45, 0.64)    24  0.07 (0.05, 0.11)  7.32 (6.87, 7.77) 

P‐trend    0.874    0.825      0.953   

Han race  1,133  0.40 (0.38, 0.42)  889  0.66 (0.62, 0.70)    244  0.15 (0.13, 0.17)  4.51 (4.36, 4.65) 
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Latitude                 

20‐  207  0.51 (0.43, 0.60)  172  0.91 (0.76, 1.08)    35  0.12 (0.08, 0.17)  7.67 (7.26, 8.07) 

25‐  96  0.41 (0.33, 0.50)  79  0.70 (0.55, 0.87)    17  0.12 (0.07, 0.19)  5.86 (5.33, 6.40) 

30‐  486  0.39 (0.36, 0.43)  365  0.62 (0.55, 0.68)    121  0.17 (0.14, 0.21)  3.54 (3.34, 3.75) 

35‐  185  0.54 (0.46, 0.63)  137  0.88 (0.73, 1.05)    48  0.22 (0.16, 0.29)  4.04 (3.70, 4.37) 

40‐  159  0.31 (0.26, 0.36)  136  0.54 (0.45, 0.65)    23  0.08 (0.05, 0.12)  6.93 (6.47, 7.40) 

P‐trend    0.897    0.836      0.987   

†  IRR: incidence rate ratio. 
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Supplementary Table 3 The comparison of basic characteristics between included and excluded provinces 

Characteristic  Included provinces (n=20)  Excluded provinces (n=11) 

Age, n (million, %)     

18‐44  464.0 (57.4)  144.37 (59.2) 

45‐64  249.7 (30.9)  74.6 (30.6) 

≥65  94.1 (11.6)  24.8 (10.2) 

Sex, n (million, %)     

Male    407.6 (50.5)  123.8 (50.8) 

Female  400.3 (49.5)  120.0 (49.2) 

GDP, billion RMB Yuan     

Mean (SD)  2893.4 (1100.8)  1830.8 (1015.6) 

Note: 2010 national census data and 2016 GDP data in China was used. 
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Supplementary Figure 1 Incidence rates of NMOSD in 20 provinces in China (only keeping Han people) 

The geospatial vector data was downloaded from http://www.diva‐gis.org/gdata. The shapefiles were read using the “maptools” package first, 

then the map was drawn using the “ggplot2” package in R (version 3.6.0). 
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Supplementary Figure 2 Incidence rates of NMOSD in different countries 
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