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Abstract

Background Aquaporin-4 (AQP4) antibody-associated neuromyelitis optica spectrum disorder (NMOSD) is an antibody-
mediated inflammatory disease of the central nervous system. We have undertaken a systematic review and meta-analysis
to ascertain the sex ratio and mean age of onset for AQP4 antibody associated NMOSD. We have also explored factors that
impact on these demographic data.

Methods A systematic search of databases was conducted according to the PRISMA guidelines. Articles reporting sex dis-
tribution and age of onset for AQP4 antibody-associated NMSOD were reviewed. An initially inclusive approach involving
exploration with regression meta-analysis was followed by an analysis of just AQP4 antibody positive cases.

Results A total of 528 articles were screened to yield 89 articles covering 19,415 individuals from 88 population samples.
The female:male sex ratio was significantly influenced by the proportion of AQP4 antibody positive cases in the samples
studied (p <0.001). For AQP4 antibody-positive cases the overall estimate of the sex ratio was 8.89 (95% CI 7.78-10.15). For
paediatric populations the estimate was 5.68 (95% CI 4.01-8.03) and for late-onset cases, it was 5.48 (95% CI 4.10-7.33). The
mean age of onset was significantly associated with the mean life expectancy of the population sampled (p < 0.001). The mean
age of onset for AQP4 antibody-positive cases in long-lived populations was 41.7 years versus 33.3 years in the remainder.
Conclusions The female:male sex ratio and the mean age of onset of AQP4 antibody-associated NMOSD are significantly
higher than MS. The sex ratio increases with the proportion of cases that are positive for AQP4 antibodies and the mean age
of onset increases with population life expectancy.
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Introduction occurs [1]. Serum antibodies to AQP4, a water channel

found in high density on the foot processes of astrocytes at

Aquaporin-4 (AQP4) antibody-associated neuromyelitis
optica spectrum disorder (NMOSD) is an antibody-medi-
ated autoimmune astrocytopathy that typically manifests as
symptoms arising from inflammatory attacks of the optic
nerves, diencephalon, periaqueductal grey matter, and spinal
cord [1]. Involvement of the area postrema, periependymal
brainstem, hypothalamus, and cerebral hemispheres also
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the blood-brain barrier, appear to be pathogenic [2]. With-
out treatment, the condition is associated with significant
morbidity and mortality [3].

Little is known about the aetiology of NMOSD, but stud-
ies suggest that genetic and environmental factors for MS are
not shared by AQP4 antibody-associated NMOSD [4-6].
Epidemiological studies are an essential step in gaining clues
to aetiology [7]. Recent systematic reviews of the worldwide
distribution of NMOSD have indicated that the condition
appears to occur in people of all ethnic backgrounds, but
that prevalence is highest in Black Africans (ninefold), and
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is higher in South-East Asians (threefold), when compared
to populations with European Ancestry [8].

Prior studies have indicated that the sex ratio
(female:male) is higher in NMOSD than for MS, but some
variability of results has been noted [9]. This has been attrib-
uted to possible geographical variability or differing diag-
nostic criteria [10]. Several studies have also noted a differ-
ent sex ratio in paediatric and late onset (typically defined as
an onset age of 50 years or higher) [11, 12]. The age of onset
in NMOSD has been noted to be higher than in MS [10]. The
diagnostic criteria for NMOSD have changed over the past
25 years [1, 13—-15] and the emergence of other antibody-
mediated demyelinating diseases of the CNS, that have an
overlapping clinical picture, such as myelin oligodendrocyte
glycoprotein antibody-associated disease (MOGAD) [16]
which has a female:male sex ratio approaching 1.0 and mean
age of onset similar to or possibly younger than MS [17],
has complicated the task of defining seronegative NMOSD.

Here we have undertaken a systematic review and meta-
analysis of studies reporting on the sex and age of onset
distribution for NMOSD. The aim of the study was to define
the sex and age of onset distribution around the world and
explore potential associations with ethnicity and population
structure. We have initially undertaken a more inclusive
approach using various diagnostic criteria to provide a wider
geographical range of surveys, before conducting a more
focused analysis of studies looking at only AQP4 antibody
positive cases. We would emphasise that all included studies
were surveying what at the time was thought to be AQP4
antibody-associated NMOSD although it is now recognised
that the earlier criteria are likely to have included a hetero-
geneous group of diagnoses including MOGAD and MS. We
hypothesised that in AQP4 antibody associated NMOSD: (1)
the proportion of females would be higher than is seen in
multiple sclerosis (MS); (2) the proportion of females would
be the same in different populations; and (3) the mean age
of onset would be different in different parts of the world
depending upon mean life expectancy and ethnicity.

Methods
Literature search

Two independent searches of Medline, Embase and PubMed
databases using the following search strings: (1) (“neuro-
myelitis optica” OR “NMO” OR “NMOSD” OR “Devic’s
disease” AND “sex”); and (2) (“neuromyelitis optica” OR
“NMO” OR “NMOSD” OR “Devic’s disease” AND “age
of onset” OR “age at onset”) restricted to articles in Eng-
lish and published from 1 January 1999 to 17 July 2023

were undertaken. Articles were screened based on title and
abstract looking for articles reporting on epidemiological
studies of people with NMOSD assumed to be related to
AQP4 antibodies. Full text articles were reviewed according
to the following criteria. Inclusion criteria were: popula-
tion-based or clinic-based surveys; incidence, prevalence,
cross-sectional, cohort or case—control studies; diagnosis of
AQP4 antibody related NMO or NMOSD as determined by
the relevant diagnostic criteria of the time; and reporting
data on sex or age of onset in any format. Exclusion crite-
ria were: article not in English; selected population (e.g. on
treatment); lack of raw or summary data; data subsequently
updated; earlier more comprehensive study; review article;
not NMOSD population; and case reports. Studies look-
ing at whole population data and specific age groups (e.g.
paediatric or late onset) were analysed separately for sex
distribution. Age-specific groups were not included in the
age-of-onset analysis.

Data extraction

The following data were extracted: first author; year of
publication; prevalence year or last year of data collection;
geographical location; study design (prevalence study or
case series); setting; recruitment source (population-based
or clinic-based); age cut-offs for paediatric and late-onset
cohorts; ethnicity; diagnostic criteria used; AQP4 assay
used; proportion of AQP4 antibody positive cases (of all
cases not just those tested); size of study population; number
of females and males (as assigned at birth); mean or median
age of onset (years) with standard deviation, quartiles or
range; and reason for exclusion (if excluded). Where age of
onset distribution data was provided this was tabulated into
decade age ranges. Mean life expectancy has been used as a
simple measure of population age distribution, with a lower
mean life expectancy indicating a downshifted, population
age distribution profile (fewer people living to an older age)
[18]. Thus, a lower mean life expectancy indicates that a
smaller proportion of the population will have survived to
acquire any given disease at an older age, thereby resulting
in a lower mean age of onset for that disease. Mean life
expectancy for females in the country of study in 2019 from
the World Health Organisation website was used [19]. For
multinational studies, life expectancy for the country with
the largest proportion of cases was used.

Study quality was assessed using the Joanna Briggs Insti-
tute (JBI) critical appraisal checklist for prevalence studies
[20]. For the initial analysis, all studies were included, but
studies assessed as “No” or “Unclear” for any item on the JBI
prevalence checklist (except estimation of response rates)
were removed as part of sensitivity analyses. Estimation of
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response rates was deemed to be of less importance in the
current context, as compared to a prevalence study. Review
of studies and quality assessment were conducted by two
researchers, any discrepancies were resolved by a third. This
study used only previously published summary data and
therefore institutional ethics review and participant consent
was not required.

Statistical analysis

Where the age of onset data were presented as median and
range or quartiles, appropriate methods were used to esti-
mate the mean and standard deviation [21]. The sex ratio is
reported as the female:male ratio. Meta-regression analysis
was performed using the Comprehensive Meta-analysis v3
(Biostat® Inc., Englewood, NJ, US) statistical package [22].
The proportion of AQP4 antibody positive cases (>90%
or <90%), life expectancy (< 80 years or > 80 years), mean
age of onset (> 35 years or <35 years) and geographical
location were included as covariates as appropriate. Zero
counts for the sex distribution data were adjusted by the
addition of 1 to both the number of males and females [23].
The natural log scale was used for sex ratio Forest plots.
Fixed effects or random effects models were used as appro-
priate for the observed heterogeneity using /> and Tau?® [24].
The risk of bias was assessed using Funnel Plots and Egg-
er’s test [25]. Sensitivity analyses restricted to studies using
cell-based assays for AQP4 antibodies were undertaken and
p <0.05 was considered significant. Age standardisation [26]
was applied to the age of onset distribution data using the
population distribution for each country in the year of study
from the Population Pyramid website [27].

Results
Literature search

From a total of 562 potential articles, 88 articles were
included (64 whole population/adult studies [3, 28-90],
13 paediatric studies [11, 91-102] and 11 late onset stud-
ies [12, 103-112]) as shown in Fig. 1. Two of the whole
population studies reported on two separate subpopulations
which were analysed separately [50, 74]. Three studies had
relevant updates or prior studies that provided additional rel-
evant information regarding AQP4 antibody positive cases
and were therefore included [113-115]. Thus, there were a
total of 91 articles covering 89 separate populations. Study
quality varied. Few studies included an estimate of the num-
ber of missed cases [28, 37, 86, 113]. Some studies lacked
details about the sampling process, particularly in relation
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to the timing of the data collection and the type of AQP4
assay used. A summary of all included studies reviewed,
together with a summary of the critical appraisal, is given
in Supplementary Table S1. Excluded studies and reasons
for exclusion are listed in Supplementary Table S2 [8, 9,
116-161]. There were nine studies that provided age of onset
distribution data (Supplementary Table S3) [29, 36, 37, 39,
43,47, 72, 82, 87] with one providing data for three separate
years of onset data [87].

Sex distribution
Whole population studies

Meta-analysis for whole population studies (N=19,415)
grouped by geographical region (Supplementary Fig. S1)
gave an overall sex ratio of 4.70 (95% CI 4.33-5.11). Super-
ficially, this analysis suggests that the female:male sex ratio
in Europe and East Asia may be higher, and may be lower in
the Indian Subcontinent. However, there was considerable
heterogeneity (I =61%). Meta-regression analysis including
the proportion of AQP4 antibody-positive cases and geo-
graphical location (N=6,917) revealed a significant residual
heterogeneity and that the sex ratio was significantly influ-
enced by the proportion of AQP4 antibody-positive cases
(Supplementary Table S4) but not by geographical location.
The diagnostic criteria used had no effect once the propor-
tion of AQP4 antibody cases was taken into account (data
not shown). A higher proportion of AQP4 antibody posi-
tive cases was associated with a higher sex ratio (p <0.001)
and this is illustrated in a bubble chart (Fig. 2). Funnel plot
(Supplementary Fig. S2A) and Egger’s test (p=0.21) indi-
cated no publication bias. When analysis was restricted to
studies with only AQP4 antibody-positive cases (Fig. 3), I*
was reduced to 0% indicative of very low residual heteroge-
neity (p=0.53) and gave a female:male ratio of 8.89 (95%
CI7.78-10.15) equivalent to 90% being female. Sensitivity
analyses, restricted to studies using a cell-based assay (sex
ratio=_8.87 [95% CI 7.14-11.03]) or restricting to the 13
studies meeting all JBI critical appraisal domains (except
for response rate) in AQP4 antibody positive cases (sex
ratio=38.50 [95% CI 7.01-10.31]) did not significantly affect
this finding.

Paediatric and late-onset studies
Data for all studies is given in Supplementary Fig. S3.

Because of the above-noted effects of AQP4 antibody sta-
tus on sex distribution, only data for seropositive cases
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Fig. 1 PRISMA flow chart of
outcomes from literature review. [
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— Non-English (n = 3)
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i= (n=91)

were analysed (five paediatric and six late-onset studies).
The overall estimate for the sex ratio in paediatric studies
(N=203) was 5.68 (95% CI 4.01-8.03). These confidence
intervals overlap with those of the whole population studies
(Fig. 4a). The sex ratio in late-onset cases (N=193) was
5.48 (95% CI 4.10-7.33) as shown in Fig. 4b. Funnel plots
(Supplementary Fig. S4) did not suggest any significant pub-
lication bias.

Age of onset
Mean age of onset and standard deviation data were either

available or could be calculated for 54 populations cover-
ing a total of 6240 cases. The outcome of meta-regression

analysis is given in Supplementary Table S5 and indicates
that the mean age of onset was significantly influenced by
population life expectancy (p <0.001) and proportion of
AQP4 antibody positive cases (p=0.019), but not geo-
graphical region. These results are illustrated in Fig. 5 and
Supplementary Fig. S5. Meta regression analysis restricted
to only AQP4 antibody positive populations, stratified by
mean female, life expectancy is illustrated in Fig. 6 and sum-
marised in Supplementary Table S6. This analysis showed
that the overall mean age of onset was 38.3 years (95% CI
35.9-40.8) and the age of onset ranged from 2 to 86 years.
However, an I* of 93% and Tau?® of 32.6 indicated a signifi-
cant degree of heterogeneity (p <0.00001). The mean age
of onset for countries where the life expectancy of females
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Fig.2 Bubble plot of sex ratio 25
for NMOSD studies plot-
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was 80 or more years was 41.7 (95% CI 39.1-44.3) and for
those where life expectancy was < 80 years was 33.5 (95%
CI 30.1-36.8), a difference that was statistically significant
(p<0.001). Sensitivity analysis restricting studies meeting
all JBI critical appraisal criteria in regions with live expec-
tancy was 80 years or more gave the same result (42.0 years
[95% CI 38.3-45.6]). The effect of life expectancy on the
mean age of onset within AQP4 antibody positive popula-
tions is shown in Supplementary Fig. S6 (p <0.001). Funnel
plots (Supplementary Fig. S2B) and Egger’s test (p =0.678)
did not suggest any publication bias.

There were nine studies that provided age of onset data
per decade of life [29, 36, 37, 39, 43, 47, 72, 82, 87] with
one study giving incidence data for three separate years of
data collection [87] which were included as three separate
cohorts (Supplementary Table S6). A summation of these
data are provided in Fig. 7 (N=12,599). The commonest
age of onset was 40—49 years and the age of onset profile
was flatter and broader than that seen in MS. Similar to MS,
and contrary to MOGAD [16], AQP4 antibody associated
NMOSD appears to be relatively uncommon below the age
of 10 years. Unlike MS, small numbers of cases continue to
occur into the eighth and ninth decades. The double peak of
age of onset seen in MS [162] and MOGAD [163] was not
evident for AQP4 antibody associated NMOSD. Adjustment
of age of onset distribution to a flat age structure (Supple-
mentary Fig. S7A) provides an indication of the relative risk
of acquiring AQP4 antibody-associated NMOSD in each
decade and suggests that the age range 50-59 may represent
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the period of greatest risk. Data restricted to AQP4 antibody
positive cases only (N=106) are again presented in Supple-
mentary Fig. S7B and is similar to the larger dataset.

Discussion

This review and meta-analysis have shown that both the sex
ratio and mean age of onset for AQP4 antibody-associated
NMOSD are significantly influenced by the proportion of
seropositive cases and population age profile. The effect
of seropositive proportion on age of onset could be due to
lower titres of antibody earlier in the disease course (i.e.
at a younger age). There was a linear relationship between
the sex ratio (plotted on the log scale) and the proportion
of AQP4 antibody-positive cases (p <0.001). Studies with
lower proportions of AQP4 antibody-positive cases were
associated with a lower sex ratio. It is harder to explain the
effect of seropositive proportion on the sex ratio, where the
sex ratio for false negative cases would be expected to be
the same as seropositives. This finding suggests the acci-
dental inclusion of cases with a diagnosis other than AQP4
antibody-associated NMOSD in these cohorts. This is likely
to be a heterogenous group and might include MS, which
has a lower female:male sex ratio (typically 2.73) [164],
MOGAD (sex ratio typically 1.00) [17] or other yet-to-be-
defined demyelinating disorders, as well as seronegative
NMOSD. These findings are in line with prior studies of
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Study [Ref]) Sex Ratio  [95%CI) Fem Mal Weight

Bizzoco et al., 2009 [38] « 538 [0.84, 34.60] 7 0 05%

Cossburn etal., 2012 [32) 4.00 [1.11,14.36) 8 2 1.1%

Jarius etal., 2012 [114) 10.42 [6.05,17.93) 125 12 6.0%

Aboul-Enein et al., 2013 [28) 6.89 [3.72,12.77) 62 9 47%

Jiao etal., 2013 (S8) 9.00 [546,1484) 1268 14 7.1%

Kitley et al., 2014 (4] 9.00 [240,3379) 18 2 1.0%

Sepulveda et al,, 2016 [80) 13.80 [7.58,25.14) 138 10 49%

van Peltet al,, 2016 [88) 583 [2.75, 12.36) 35 6 3.1%

Bukhari et al., 2020 [113) 871 [430,1765) 61 7 36%

Papp et al., 2021a [74] 10.00 [5.35, 18.69) 90 9 45%

Papp et al., 2021b [74) 7.75 [306,1962) 31 4 21%

Santos et al., 2021 (3] 7.75 [399,1375) 68 9 46%

Tarhan et al., 2022 (886) 514 [2.58, 10.25) 3B 7 37%

White/European/Caucasian 8.33 (6.86, 10.12) 550 63 46.9%

P=0%, X'=9.46, df =12, p=0.66

Adoni et al., 2010 [29) 8.00 [2.14,29.86) 16 2 1.0%

Del Negro et al., 2017 [45] 11.50 [3.03,4369] 23 2 1.0%

South/Central American 9.57 [3.75,2443) 139 18 2.0%
P=0%, X*=0.14, df =1, p=0.70

Ceccarellietal., 2020 (40) 6.00 [0.9S, 37.80) S 0 05%

Shosha et al., 2020 (82] 944 [5.05, 17.65) 8 9 45%

Kishk et al., 2021 [63] 483 [230,10.16) 29 6 32%

Middle Eastern/African 7.07 [4.45, 11.24) 91 17 8.3%
P=0%, X*=1.86, df =2, p=0.39

Barhate etal., 2014 (33) 825 [3.25,20.97) 3 4 20%

Netravathi et al., 2019 [70) 8.18 [4.68, 14.38) 90 1" 56%

Joshi et al., 2022 (60) 767 [2.62,22.44) 23 3 3.2%

South Asian/Indian Subcontinent — = 8.1 (5.22,12.58) 123 1§ 8.3%

P’=0%, X*=0.01, df =2, p=0.99

Nagaishi et al., 2011 [115) _— 10.68 (8.12,14.05) 502 47 235%
Kim et al., 2012 [62) 10.78 [5.76,20.18) 97 9 45%
Yin etal., 2015 [90) 944 [5.05, 17.65) 8 9 45%
Hor et al,, 2018 [S5) » 15.00 [224,10041) 14 0 05%
Espintuet al,, 2019 [48) 7.00 [1.10,44.61) T 1 0.5%
South East Asian -~ 10.50 [8.35,13.21] 330 37 33.6%
P=0%, X*=0.45, df =4, p=0.98
Overall (Fixed Effects Model) o 8.89 [7.78,10.15]) 1233 150 100.0%
I'=0%, X*=15.21, df =25, p=0.94
1 10 100
Sex Ratio (Female:Male)
Key White/E uropean/Caucasian South/Central American Middle Eastern/African | South Asian/indian Subcontinent - E ast Asian

Fig.3 Forest plot of sex ratio, sub-grouped by geographical region for studies only including AQP4 antibody positive cases. Fixed effects model.
Plotted on log scale. Colour coding of geographical regions is indicated by the key. CI=confidence interval; Fem =female; Mal =male

AQP4 antibody-associated NMOSD that have shown a lower
female:male sex ratio and younger age of onset in seronega-
tive cases when compared to seropositive cases [63, 113,
114].

The effect of population profile on the mean age of onset
is also interesting. Populations with age distributions skewed
towards younger ages will inevitably have a younger age of
onset for any condition where onset spans the full range of
ages, such as NMOSD (2-86 years). Mean life expectancy
is a simple measure of population distribution [165] and
showed a persistent effect on mean age of onset even when
restricted to AQP4 antibody-positive cases with a regression
coefficient of 0.8 (p <0.001).

Taking these factors into account the female:male sex
ratio in NMOSD was 8.89 (95% CI 7.78-10.15) when
restricted to AQP4 antibody positive cases. This is signifi-
cantly higher than the 2.73 (95% CI 2.37-3.09) figure for
contemporaneous cohorts of MS [164], as the confidence
intervals do not overlap. The female:male predominance for
NMOSD is similar to that seen for systemic lupus erythema-
tosus (SLE) 7:1 [166] and Sjogren’s syndrome 14:1 [167],
two conditions that have been noted to co-exist in people
with NMSOD [168]. This suggests a common pathophysiol-
ogy or aetiology in which female sex is particularly impor-
tant. It has been postulated that oestrogen may be of primary
importance with a trial of an oestrogen receptor antagonist
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A Study [Ref)

McKeon etal., 2008 (98]
Camera et al., 2022 [92)

Martins et al., 2022 [97] «
Paolilo et al., 2020 [99)
Zhou et al., 2019 [102]

Overall (Fixed Effects Model)
1=6%, X*=4.27, df =4, p=0.37

1 10

Study [Ref]

Collongues et al., 2014 [105)
Lavandier et al., 2019 [107]

.

Sepulveda et al., 2019 [111)
Delgado-Garcia et al., 2020 [106]
Mao et al., 2015 [108)

Seok etal., 2017 [110) =

Overall (Fixed Effects Model)
1*=0%, X*=3.35, df =5, p=0.65

Sex Ratio  [95%CI) Fem Mal Weight
729 [3.61,14.70] 51 7 24.4%
717 [3.36, 15.26] 43 6 21.0%
5.00 10.81. 30.991 5 1 3.6%
— . @@ 415 [2.51,6.86] 54 13 47.7%
22.00 [3.23,149.88) 22 1 3.3%
—~l— 568 14.01,803] 175 28 100.0%

100

Sex Ratio (Female:Male)

Sex Ratio  [95%CI) Fem Mal Weight
8.20 [3.56, 18.88] 41 5 122%
4.00 [0.66, 24.36] 4 1 26%
e 4.00 12.37.6.74] 48 12 312%
—_— 538 [3.21,9.00) 7 0 319%
6.50 [2.58, 16.36] 26 4 9.9%
8.00 [3.48, 18.39] 40 5 122%
i 548 1410.7.331 166 27 100.0%

100

1 10

Sex Ratio (Female:Male)

Key White/E uropean/Caucasian South/Central American

Middle E astern/African

South Asian/indian Subcontinent . E ast Asian

Fig.4 Forest plots of sex ratio in paediatric (A) and late-onset (B) AQP4 antibody positive cases of NMOSD. Inverse variance method with
fixed effects models. Colour coding of geographical regions is indicated by the key. CI=confidence interval

being of some benefit in SLE [166]. The sex ratio in AQP4
antibody-positive paediatric (5.69 [95% CI 3.45-9.38]) and
late onset studies (5.48 [ 95% CI 4.10-7.33) were lower sug-
gesting that the sex distribution of AQP4 antibody-associ-
ated NMOSD at the extremes of age may be different. One
possible explanation for this may be an oestrogen effect dur-
ing reproductive years increasing the risk of autoimmune
disease in women [169].

The age of onset for AQP4 antibody-associated NMOSD
ranged from 2 to 86 years and had a mean of 41.7 years
(95% CI 38.5-43.8) when only AQP4 antibody-positive
cases from longer-lived populations were considered. This
is significantly higher (by almost 10 years) than the figure of
32 years for MS [164], although the latter may be increas-
ing [170]. The distribution of age of onset across more than
12,000 cases shows a flatter profile than MS, with the com-
monest age of onset being 40-49 years, with a quarter of
cases occurring in this decade. The decade of greatest risk
per head of population was 50-59 years. The age profile for
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AQP4 antibody-associated NMOSD also includes approxi-
mately 20% of cases that occur in the seventh, eighth, and
ninth decades. This contrasts with MS where age of onset
greater than 60 years is rare (< 1%) [171, 172]. The flatter
age of onset profile for AQP4 antibody-associated NMOSD
is consistent with a triggering event that is relatively rare
in the general population and shares similarities with Guil-
lain—Barré syndrome [173]. The linear increase in incidence
with age up to a peak around the fifth decade and then dec-
rement in frequency at higher ages is consistent with either
a latent period following exposure effect or genetic factors,
where genetic load is associated with a younger age of onset
[174].

This meta-analysis confirms that the female:male sex
ratio for AQP4 antibody-associated NMOSD is significantly
higher than that seen in MS (8.9:1 vs. 2.7:1). The mean age
of onset in AQP4 antibody-associated NMOSD is approxi-
mately 10 years higher than is seen in MS or MOGAD. As
with MS the number of cases of AQP4 antibody-associated
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NMOSD occurring before the age of 10 is relatively low
[175], and contrasts with the distribution of MOGAD which
has a distinct peak in childhood [176]. Finally, the peak age
of risk per head of population may be 50-59 years for AQP4
antibody-associated NMOSD.

The strengths of this study were that a systematic
approach, using published checklists, duplicate review, and
standardised quality assessment tools, was used to under-
take the literature search and record the data. The analysis
was comprehensive and explored potential confounding
factors with an initially inclusive approach, but ultimately
more restrictive analysis focused on more homogeneous
populations. The final results are robust with narrow con-
fidence intervals and low heterogeneity when the analy-
sis was restricted to seropositive cohorts in longer-lived
populations. The potential weaknesses are that individual
patient-level data were not generally available and some

data (e.g. proportion of AQP4 antibody-positive cases)
was not stated for every study. The collection of individ-
ual-level data should be considered in future analyses. Life
expectancy is an unsophisticated measure of population
distribution and unusual patterns of mortality age distribu-
tions could have an impact (e.g. high childhood mortality)
[165]. Individual level data for the age of onset would
permit a stratified analysis based on the population dis-
tribution for the region surveyed in each study, allowing
calculation of age-specific, incidence rates [26].

This study provides a comprehensive update on the sex
distribution and age of onset profile for AQP4 antibody-
associated NMOSD that can be used as a benchmark for
future comparative studies. The fact that studies using less
stringent diagnostic criteria (seronegative cases) gave sig-
nificantly different estimates of both sex ratio and mean
age of onset points to phenotypic heterogeneity. We would
recommend that future studies of AQP4 antibody-associ-
ated NMOSD report only on AQP4 antibody-positive cases
or that data for seropositive cases be reported separately.
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