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L

ike multiple sclerosis (MS), neuromyelitis optica
(NMO) is a demyelinating disease of the central nervous system, but it differs from MS in
important ways. NMO is a monophasic or relapsing-remitting disorder predominantly characterized by optic
neuritis and transverse myelitis.1 Although it may be
misdiagnosed as MS because of its overlapping clinical
symptoms of optic neuritis and transverse myelitis, it
can usually be distinguished from MS on the basis of
several features, including transverse myelitis presenting
with longitudinally extensive spinal cord lesions; a tendency to spare the brain, but when the brain is affected,
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the presence of magnetic resonance imaging (MRI)
lesions atypical for MS2; and frequent association with
seropositivity for NMO IgG (IgG antibody to aquaporin-4).3 It appears to overlap with the “opticospinal
MS” described in Asia, which is also characterized by
predominant involvement of the optic nerves and spinal
cord, although whether they represent the same entity is
somewhat controversial.3,4
In clinic-based studies, a relative excess of nonwhites
has been consistently recognized among patients with
NMO compared with MS,5,6 suggesting that the geographic distribution of NMO as measured by incidence
and prevalence may differ from that of MS. Despite
rapidly growing interest, the epidemiology of NMO
remains poorly characterized. We aimed to evaluate the
worldwide incidence and prevalence of NMO through a
systematic review.

Methods
Identification of Studies
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The search strategy for identifying studies of the
prevalence and incidence of NMO was developed by the
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Interest in neuromyelitis optica (NMO) has increased substantially over the last few years, but it is
not known whether NMO has the same geographic and temporal variations in disease risk as multiple
sclerosis (MS). We aimed to evaluate the worldwide incidence and prevalence of NMO through a
systematic review of published peer-reviewed studies. We performed a search of the English-language
literature using MEDLINE and EMBASE from January 1985 to March 2012. Search terms included
“neuromyelitis optica,” “Devic’s,” “opticospinal,” “incidence,” “prevalence,” and “epidemiology.”
We assessed study quality using a standardized instrument. A total of five studies met the inclusion
criteria. Three of the studies were from North America, and all studies were published between 2005
and 2012. All studies were of good quality, but only one study reported standardized rates, and subgroup-specific estimates were rarely reported. The incidence of NMO per 100,000 population ranged
from 0.053 to 0.40, while the prevalence per 100,000 population ranged from 0.52 to 4.4. Heterogeneity was high among the incidence (I 2 = 68.0%) and prevalence studies (I 2 = 94.0%). This review
highlights the limited knowledge regarding the epidemiology of NMO and the importance of obtaining
estimates standardized to common populations to enhance comparability of studies from different
jurisdictions. Future studies would also benefit from reporting age-, sex-, and race- or ethnicity-specific
estimates. Int J MS Care. 2013;15:113–118.
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Inclusion and Exclusion Criteria
To be eligible for this review, studies had to report
incidence or prevalence data, be population-based, and
include original data. We excluded data presented only
in posters, abstracts, or presentations, and genetic epidemiological studies evaluating the prevalence of NMO
in family members of affected persons. Two reviewers
(RAM, CG) independently screened each title and
abstract for relevance based on the inclusion criteria.
If relevance could not be confirmed on the basis of the
title and abstract, the reviewers screened the full text
of the article. Any articles identified by hand searches
of relevant articles or review articles were subjected to
the same inclusion and exclusion criteria and the same
screening process.

Data Extraction
One reviewer (CG) abstracted data using standardized fields, including study location, prevalence day,
sources used for case ascertainment, diagnostic criteria
used (including whether NMO IgG antibody status
was reported), how diagnostic criteria were assessed,
and the ethnic group for which data were collected. For
incidence and prevalence we recorded the crude and
standardized values (if available) for the population overall and by sex (if available). We also recorded incidence
or prevalence reported in ethnic subgroups. The data
extraction was verified by the second reviewer (RAM).

Quality Assessment
Both reviewers independently completed a quality
review for each study that met the study eligibility criteria. Quality of included studies was evaluated using a
quality assessment tool adapted from another systematic

review of incidence and prevalence.7 Each study was given
a quality score of up to 8 points, with 1 point allocated
for each affirmative answer to the following questions8:
1) Was the target population clearly described? 2) Were
cases ascertained either by survey of the entire population
or by probability sampling? 3) Was the response rate
above 70%? 4) Were the nonresponders clearly described?
5) Was the sample representative of the population? 6)
Were data-collection methods standardized? 7) Were
validated criteria used to assess the presence/absence of
disease? 8) Were the estimates of prevalence or incidence
given with confidence intervals? For studies based solely
on health administrative (health) data, reviewers were
asked to mark “yes” for questions 3, 4, 5, and 6; for studies that used multiple sources of ascertainment, reviewers
were asked to mark “not applicable” for questions 3 and
4, and quality was thus scored out of 6.7
Using a Microsoft Excel spreadsheet (Microsoft,
Redmond, WA),9 we tested heterogeneity across studies
using the I2 statistic, a statistic describing the proportion of variation in point estimates due to heterogeneity
between studies rather than to sampling error. An I2 of
less than 25% indicates low heterogeneity, while values
of 25% to 50% indicate moderate heterogeneity and values of greater than 50% indicate high heterogeneity.10,11

Results

The initial search resulted in 133 unique citations,
and 3 additional potentially relevant studies were identified by hand searches of the reference lists of relevant
papers and reviews (Figure 1). Four studies met the
inclusion criteria, of which three were from North
America.12-16 Data from one of the studies were reported
in two articles, which were treated as a single study.13,15
Some of the cases reported in those two articles had
already been reported in an earlier study, which was not
reviewed separately either.17 One additional study was
identified by repeating the search on August 1, 2012,18
for a final total of five studies. Studies were published
between 2005 and 2012 (Table 1).
The ascertainment of cases of NMO was similar in
all studies, generally using multiple data sources (Table
1). The criteria used to verify the diagnosis of NMO
changed over time. The first two studies used those
proposed by Wingerchuk in 1999,19 while the most
recent study used the 2006 Wingerchuk criteria,1 and
the fourth study used both. The diagnosis was confirmed based on chart review (n = 2), or chart review and
clinical assessment (n = 3). The two most recent studies
considered the presence of antibodies to aquaporin-4
as part of the diagnostic evaluation, consistent with the
relatively recent availability of this serologic test.3
Quality of the studies was similar (Table 2). Only
the most recent study was explicit as to whether the
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senior author (RAM), who has expertise in neurology
and clinical epidemiology. On March 19, 2012, the
medical literature was searched for the period between
January 1985 and the third week of March 2012 using
MEDLINE and the broad subject headings “neuromyelitis optica” or “opticospinal” or “Devic’s,” and studies of
incidence or prevalence or epidemiology. Using the same
strategy, we also searched EMBASE, because searches of
one database may provide incomplete results. Finally,
we searched the reference lists of all relevant articles and
of all review articles to identify additional potentially
relevant studies. We included studies that reported the
incidence or prevalence of NMO or both anywhere in
the world, published in English, from January 1, 1985,
to March 19, 2012. This time limit was chosen in part
because the introduction of MRI in or around 1985
substantially influenced the diagnosis of demyelinating
disorders and reliability of cases included in prevalence
and incidence studies. We repeated the search on August
1, 2012, and identified one additional study.

Identification

Systematic Review of NMO

0.38) to 1997–2002 (0.18; 0.04–0.32)
to 2002–2007 (0.20; 0.05–0.35).
Heterogeneity among the studies (I2)
was high at 68.0%; thus a meta-analysis was not performed.

Records identified through
MEDLINE (n = 132)
Additional records identified
through EMBASE (n= 1)

Prevalence
133 unique citations
evaluated for relevance

Included
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Eligibility

Screening

Four studies reported the prevalence of NMO (per 100,000 population).12,13,16,18 Similarly to the incidence
studies, the prevalence was lowest in
41 citations not relevant
Cuba at 0.52 (0.39–0.67) and highest
citations by title or
abstract review
in south Denmark at 4.4 (3.1–5.7). In
Cuba, the female:male prevalence ratio
86 citations that did not
92 review and original
meet eligibility criteria for
was 7.5:1,16 while in Wales it was 6:1
studies deemed relevant by
the review:
title and abstract or needed
and in Denmark it was 2.8:1.12 An ear11 review articles
full text to make
80 not prevalence
determination
lier publication from the French West
or incidence study
Indies,17 which included some of the
cases later reported in 2005 and 2007,
4 studies included in
indicated that all NMO cases were in
systematic review
(captured in 5 articles)
women. In Wales, all individuals with
+
1 study identified on
NMO were white; the female:male
repeat search August 1,
2012
ratio was 4.5:1 for NMO cases only
and 6:1 for NMO and NMO spectrum disorder cases.18 In Cuba, the
Figure 1. Systematic review of incidence and prevalence of
only region where age-specific prevaneuromyelitis optica, January 1, 1985–March 19, 2012
lence estimates were reported, the peak
prevalence was among people aged
assessments of potential cases were standardized, 40–49 years (1.22; 0.72–1.92).16 Heterogeneity among
although it is likely that some of the assessments were the studies (I2) was high at 94.0%; thus a meta-analysis
standardized in other studies. Only one study reported was not performed.
incidence or prevalence estimates that were standardized to a reference population.14 Further, only one study Discussion
The term neuromyelitis optica was first used in
formally reported age-, sex-, or ethnicity-specific preva16
1894
by Devic, although the first reported cases were
lence estimates.
described in 1870.20 After this initial description, the
Incidence
number of articles published on this disease remained
Three studies reported the unadjusted incidence of relatively small, with fewer than 10 per year until 2000.
NMO12,14,16; per 100,000 population it was highest In 2004, the first report of an antibody (NMO IgG)
in Denmark at 0.40 and lowest in Cuba at 0.053. In that distinguished NMO from MS was published.3
Denmark the population was predominantly white Following this, there was a sharp rise in the number of
(>99%).12 In Cuba, the population included whites publications related to NMO, with 203 identified using
of predominantly Spanish origin, blacks, and people a simple key word search for the first 8 months of 2012.
of mixed ancestry. Incidence was similar across ethnic Despite this rising interest, the epidemiology of NMO
groups, being 0.044 (0.030–0.062) among whites, remains poorly characterized.6 Between October 1972
0.799 (0.366–1.516) among blacks, and 0.075 (0.044– and October 1973, a national survey of demyelinating
0.118) among those of mixed ancestry. Within Cuba the disorders was conducted in Japan, which estimated the
incidence varied from 0.12 (0.0–0.4) in the province of prevalence of NMO to be 0.32 per 100,000 populaGranma to 1.76 (0.5–3.1) in Havana.16 No consistent tion.21 However, that study used a more limited defingeographic pattern was observed with respect to the ition of NMO than the studies in this review, and some
variation in incidence. In the French West Indies, in the cases of NMO may have been misclassified as opticoonly study that reported incidence rates over more than spinal MS. We uncovered only five subsequent populaone time period, the age- and sex-standardized incidence tion-based studies that reported the incidence or prevadid not change from the period 1992–1997 (0.22; 0.06– lence or both of NMO, covering only four geographic
3 additional potentially
relevant studies identified
by hand searching
references of relevant
papers and reviews
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1/5/2010

11/30/2004

7/1/1992–
6/30/2007

12/31/1999

1/1/1998–
12/31/2008

Regional database
Hospital records
Neurologists
Laboratory records

Hospital/clinic records
(neurologic, rehabilitation,
pediatric, ophthalmologic)
Physicians: neurologists,
general practitioners
Records from clinical trial
Database of Cuban Record
of MS
Patient associations
Media

Hospital/clinic
Neurologists
Ophthalmologists
General practitioners
Rehabilitation units
Patient association
Registry

Neurologists
Other physicians
Administrative databases
Physiotherapists

Hospital/clinic
Neurologists
Ophthalmologists
Administrative database

Case
ascertainment

20 (683,000)

18 (68,300)

42 (952,000)
36 NMO, 6
NMO spectrum
disorder
62% AQ4-positive

Wingerchuk 2006
(chart review)

14 (717,572)
11 NMO; 3
NMO spectrum
disorder

Wingerchuk–Mayo
58 (11,177,743)
Clinic 1999
NMO spectrum
disorder as defined by
recurrent longitudinally
extensive TM and
severe recurrent ON
(chart review,
neurologist
assessment, diagnostic
testing)

Wingerchuk–Mayo
Clinic 1999
or
Wingerchuk 2006
(clinical assessment,
chart review)

Wingerchuk–
Mayo Clinic 1999
(clinical assessment,
radiologist review)

Wingerchuk 2006
(chart review and
clinical assessment;
AQ4 positivity)

—

0.053
(0.04-0.068)

0.19
(0.15-0.23)

—

0.4 (0.3-0.54)

Crude
incidence
(95% CI)
/100,000

Abbreviations: AQ4, anti-aquaporin-4; CI, confidence interval; NMO, neuromyelitis optica; ON, optic neuritis; TM, transverse myelitis.
a
These articles reported the same cases; one study reported rates in which the denominator was calculated from other data and the other did not.
b
Martinique.
c
Guadeloupe.

Wales
South East

NORTH AMERICA
Martinique &
Guadeloupe

Cabre14
(2009)

Cossburn et
al.18
(2012)

NORTH AMERICA
Martinique &
Guadeloupe

Cabre et
al.13,15
(2005/2007)a

NORTH AMERICA
Cuba

EUROPE
Denmark (South)

Asgari et
al.12 (2011)

Prevalence
day/period

No. of cases
(population at
risk)
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CabreraGomez et
al.16
(2009)

Region
Subgroup

Study
(year)

Diagnostic
criteria
(established by)

Table 1. Prevalence and incidence studies of neuromyelitis optica

1.96
(1.22-2.97)
NMO and
NMO spectrum
disorder

0.52
(0.39-0.67)

—

2.3
(0.6-3.9)b
2.9
(1.1-4.7)c

4.4
(3.1-5.7)

Crude
prevalence
(95% CI)
/100,000

—

0.12
(0.050.25)

—

—

—

0.91
(0.68-1.2)

—

—

Crude prevalence
(95% CI)
/100,000
Males
Females
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Table 2. Quality assessment scores of neuromyelitis optica incidence and prevalence studies
Q1:
Target
population
described?

Q2:
Cases from
entire
population
or probability
sampling?

Q3:
Response
rate
>70%?

Q4:
Nonresponders
clearly
described?

Q5:
Sample
representative of
population?

Q6:
Data-collection
methods
standardized?

Q7:
Validated
criteria to
assess
disease?

Q8:
Were estimates
given with
confidence
intervals?

Asgari12
(2011)
Cabre13,15
(2005/2007)
Cabre14
(2009)

Yes

Yes

NA

NA

Yes

NC

Yes

Yes

5/6

Yes

Yes

NA

NA

Yes

NC

Yes

Yes

5/6

Yes

Yes

NA

NA

Yes

NC

Yes

Yes

5/6

CabreraGomez16
(2009)
Cossburn18
(2012)

Yes

Yes

NA

NA

Yes

NC

Yes

Yes

5/6

Yes

Yes

NA

NA

Yes

Yes

Yes

Yes

6/6

Study
(year)

Total
score/
denominator

areas. These studies suggest that the incidence of NMO
is very low, consistent with series suggesting that NMO
represents less than 1.5% of individuals with demyelinating disorders.22,23 Even in southern Denmark, with the
highest reported incidence, only 4 new cases would be
diagnosed per 1,000,000 people per year.12
The geographic variations in the incidence and prevalence of MS have been intensively studied, both between
regions and within small regions.24 In the absence of
estimates that used the same diagnostic criteria and that
were standardized to a common reference population,
such as the world population, or of age- and sex-specific
estimates, we cannot draw valid conclusions regarding
geographic variations in the incidence or prevalence of
NMO between regions. In Cuba, however, evidence
existed of variations in disease risk over small distances. This is consistent with findings for MS in several
regions, including Italy, Sweden, and Ireland.25-27
Evidence supports an increased risk of MS in certain
racial (white) and ethnic (Scandinavian and Scottish)
groups, and resistance among others, including African
Americans, Asians, and Maori.5,28,29 Clinic-based series
have suggested that the risk of NMO is higher among
nonwhites than whites.5 In Cuba, there was no difference in incidence of NMO by racial group. Further
population-based study is needed to firmly establish
whether race is associated with the risk of developing NMO, with the caveat that populations classified
according to race remain heterogeneous; ethnic and
socioeconomic factors relevant to the risk of NMO may
covary with race as well.30
All of the prevalence studies evaluated found that
women were affected more often than men, although
only one study reported sex-specific prevalence esti-

mates. This is consistent with observations from clinic-based series that have reported female:male ratios ranging from 1.2:1 to 8:1.22,31-33 Systematic reviews of the
incidence of MS suggest that the female:male ratio is rising over time,34 but data are inadequate to assess whether such changes are occurring in NMO. Development of
surveillance systems to evaluate such changes in NMO
would be valuable, because if present, they potentially
highlight changing environmental exposures, and are of
particular interest if they generate testable hypotheses.
Although the number of studies included was small,
this review highlights some important issues related to
NMO. Population-based epidemiological data are limited but are critical for health-system management, to
identify temporal trends in disease risk, and for generating testable etiologic hypotheses. Such studies will face
challenges. The diagnostic criteria for NMO continue
to change, and variant NMO spectrum disorders are
increasingly being identified.22 In the absence of specific
criteria for these variant disorders, they are unlikely to
be captured in incidence and prevalence studies and the
total burden of NMO spectrum disorders may be underestimated. Further, when new criteria are developed, the
inclusion of these new cases will make it difficult to dis-

PracticePoints
• The incidence and prevalence of neuromyelitis
optica are poorly studied worldwide.
• Future studies should ensure that estimates of
incidence and prevalence are standardized to
common populations.
• Future studies would also benefit from reporting
age-, sex-, and race- or ethnicity-specific estimates.
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Abbreviations: NA, not applicable; NC, not clear; NR, not reported.
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Table 3. Examples of registries for neuromyelitis optica
Registry name

Conditions of interest

Coverage

Guthy-Jackson Repository for Neuromyelitis Optica

NMO

United States

The Neuromyelitis Optica Clinical Consortium

NMO

United States (3 centers)

United Kingdom Neuromyelitis Optica Registry

NMO

United Kingdom (national)

Neuromyelitis optica patient registry

NMO

Germany

EDMUS–NMOADUMS: French cohort and biobank of Devic’s
neuromyelitis optica and related neurological disorders

MS, NMO

France (national)

Korean Multiple Sclerosis Registry

MS, related disorders

Korea (national)

Registry of Asia Pacific Inflammatory Demyelination

Demyelinating disorders

Asia-Pacific (multinational)

Abbreviations: MS, multiple sclerosis; NMO, neuromyelitis optica.
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tinguish true temporal trends in disease incidence from
changes in ascertainment. Future studies should clearly
report the criteria used and distinguish between NMO
variants to enhance comparability of estimates when
criteria change. Future studies should report results
standardized to the world population and provide subgroup-specific estimates. In jurisdictions where health
care is universal and publicly funded, administrative
(health claims) data may offer the opportunity to conduct such population-based studies on an ongoing basis
at relatively low cost as has been done in other chronic
diseases, including MS.35 In jurisdictions where such
data do not exist, rare-disease registries may be an option
(see Table 3 for examples),6 although complete ascertainment will be a challenge. o

