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Abstract

Background Aquaporin-4 neuromyelitis optica spectrum disorder (AQP4-NMOSD) often coexists with other autoimmune
diseases (AIDs), whereas such comorbidities are less common in myelin oligodendrocyte glycoprotein antibody disease
(MOGAD). This study investigates the impact of additional AIDs on early relapse recovery and disability in patients with
AQP4-NMOSD and MOGAD.

Methods This retrospective study included patients aged > 16 years with AQP4-NMOSD (n=175) or MOGAD (n=221),
who were followed at a nationally commissioned Oxford service and categorized based on the presence of at least one AID.
Outcomes included recovery from the onset attack, visual recovery after the first optic neuritis (ON) attack (> 6 months post
attack), time to first relapse and time to death. Incomplete visual recovery was defined as visual acuity worse than LogMAR
0.1. Optical coherence tomography (OCT) assessed retinal nerve fiber layer thickness and ganglion cell-inner plexiform
layer volume in a subset.

Results In the AQP4-NMOSD cohort, 28% (n=49) had at least one AID, compared to 11.3% (n=25) in the MOGAD cohort
(»<0.001), with thyroid disease constituting the majority of these cases in both groups. In MOGAD, the median age of first
attack was significantly higher in the AID group (46 years; IQR: 35-56) than in the non-AID group (35 years; IQR: 28-47)
(p=0.004), a difference that was not observed in the AQP4-NMOSD cohort. In both the AQP4-NMOSD (n=175) and the
MOGAD (n=221) cohorts, age was a significant predictor of outcome in univariate analyses (AQP4-NMOSD: OR=0.96
per year, 95% CI: 0.94-0.98, p <0.001; MOGAD: OR =0.97 per year, 95% CI: 0.94-0.99, p=0.008). No significant differ-
ences were observed in clinical or visual recovery rates between AID and non-AID patients in either cohort. There were no
statistically significant differences observed between AID and non-AID cohorts for clinical or visual recovery outcomes.
Similarly, AID status did not influence time to relapse (AQP4-NMOSD: HR =1.0, 95% CI: 0.63-1.58, p=0.99; MOGAD:
HR=0.78, 95% CI: 0.40-1.52, p=0.47) or time to death (AQP4-NMOSD: HR=0.5, 95% CI: 0.18-1.36, p=0.28). OCT
analysis revealed no significant differences in retinal parameters between AID and non-AID groups in both cohorts.
Conclusions Additional autoimmune diseases are unlikely to significantly affect clinical or visual outcomes in early attacks
in patients with AQP4-NMOSD and MOGAD.

Keywords Comorbidities - Autoimmune disorders - Aquaporin-4 antibody neuromyelitis optica spectrum disorder - Myelin
oligodendrocyte glycoprotein antibody disease - Disability

Introduction

Aquaporin-4 neuromyelitis optica spectrum disorder
(NMOSD) is an autoimmune disorder of the central nerv-
ous system (CNS) that primarily targets astrocytes, lead-
ing to inflammation, demyelination [1, 2]. The majority
of NMOSD cases are associated with immunoglobulin G
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(MOGAD) represents a distinct pathology, targeting mye-
lin oligodendrocyte glycoprotein and primarily inducing
demyelination rather than astrocytic damage [1, 3]. Both
AQP4-NMOSD and MOGAD frequently manifest as
optic neuritis (ON), which can result in significant neu-
ronal damage and blindness. Recurrent relapses in both
diseases contribute significantly to disability, highlight-
ing the importance of identifying modifiable factors for
improving recovery [4]. Despite the similar severity dur-
ing acute attacks, AQP4-NMOSD attacks tend to recover
less well than those in MOGAD leading to more severe
disability [4, 5].

AQP4-NMOSD often coexists with various autoimmune
diseases (AID), particularly systemic conditions, such as
Sjogren’s syndrome and systemic lupus erythematosus, as
well as organ-specific autoimmune disorders like autoim-
mune thyroid disease and myasthenia gravis [6—14]. It is
observed that individuals with AQP4-NMOSD may have
other autoantibodies, even in the absence of a diagnosed
AID [13, 15-17]. In contrast, AID appear less common in
MOGAD, where the prevalence of autoimmunity is gen-
erally lower than in AQP4-NMOSD [18, 19]. However,
MOGAD can be rarely associated with anti-N-methyl-D-as-
partate-receptor (NMDAR) encephalitis [20]. Glial fibrillary
acidic protein (GFAP) is an intracellular antigen, and GFAP
antibodies has been reported in various conditions, includ-
ing AQP4-NMOSD. Given its lack of specificity and likely
role as a marker of immune activation, GFAP encephalitis
is considered a syndrome rather than a distinct autoimmune
disease.

Visual outcomes are critical in both AQP4-NMOSD and
MOGAD, yet the Expanded Disability Status Scale (EDSS)
does not accurately capture visual impairment [21]. To
address this limitation, dedicated visual acuity measure-
ments are supplemented by optical coherence tomography
(OCT) parameters, including peripapillary retinal nerve
fiber layer (pRNFL) and ganglion cell-inner plexiform layer
(GCIPL) thickness. In AQP4-NMOSD, acute ON shows
mild pRNFL swelling, followed by rapid GCIPL and RNFL
thinning [22-25]. MOGAD, however, often presents with
marked and intense pRNFL swelling in acute ON, frequently
accompanied by good visual recovery, typically due to
retrobulbar involvement, aiding in distinguishing it from
NMOSD and multiple sclerosis (MS) [26-28].

Although coexisting AID have been reported in a few
studies, they have not been specifically studied as an isolated
predictive factor for outcomes [29-31]. The purpose of this
study was to investigate how having one or more additional
autoimmune comorbidities affects clinical recovery from
the initial attack in AQP4-NMOSD and MOGAD, as well
as visual recovery and OCT parameters following the first
attack onset of ON, in a large national cohort.
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Methods
Study design and participants

AQP4-NMOSD [32] and MOGAD [33] patients seen in
the nationally commissioned NMOSD/MOGAD Oxford
service up to November 2023 were included, with anti-
body testing for both AQP4 and MOG conducted using
the Oxford live cell-based assays [34]. Patients were only
eligible if aged > 16 years to ensure appropriate age match-
ing, given the higher prevalence of MOGAD and the rar-
ity of AQP4-NMOSD in the pediatric cohort. The other
inclusion criteria were available data on clinical recovery
from the onset attack, visual acuity outcomes at least six
months post initial ON attack, and AID status. This clini-
cal cohort was assessed longitudinally by the same two
NMOSD expert consultants, and OCT was performed at a
single center using Spectralis machines (Heidelberg Engi-
neering, Heidelberg, Germany), data were extracted by
FC and SS. Written informed consent was obtained under
ethics reference 21/SC/0353, and data were prospectively
collected and retrospectively analyzed. Demographic data,
including age, ethnicity, and other potential risk factors
such as sex, and self-identified races as well as clinical
data, including attack phenotype, clinical recovery from
the onset attack and first optic neuritis attack, time to first
relapse and time to death, were recorded.

Clinical definitions and outcomes

The AID group, which comprises autoimmune conditions,
is detailed in Table 1. Immunotherapy medication use was
documented for all patients. In the AQP4-NMOSD cohort,
one patient with rheumatoid arthritis was on methotrexate,
and another with necrotizing myositis was on 20 mg of
prednisolone at the time of their first NMOSD attack. The
remaining patients in the AQP4-NMOSD cohort, as well
as all patients in the MOGAD cohort, were not receiving
any immunotherapy medication for AID.

The primary outcomes were (a) clinical recovery
from the onset attack, and (b) visual recovery following
the first ON attack. Clinical recovery was prospectively
assessed by one of the treating NMO consultants leading
the national service (IL or JP) and categorized as ‘com-
plete recovery’ (large improvement of functional deficit or
full recovery to baseline function) or ‘residual disability
(patients who did not meet the above definition for com-
plete recovery) at least 6 months after the onset attack.
‘Incomplete visual recovery’ was defined as a visual
acuity (VA) below LogMAR 0.1 (equivalent to Snellen
6/7.5) observed > 6 months after onset of an ON attack.
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Table 1 Details of autoimmune comorbidity in the two cohorts

MOGAD (25 AID) (27 occurrences)—(196 non-AID)

AQP4-NMOSD (49 AID) (63 occurrences)—(126 non-AID)

Organ-Specific AID (21 occurrences/ 19 patients):
Autoimmune thyroiditis (6 occurrences)

Psoriasis (2 occurrences)

Pernicious anemia (2 occurrences)

Crohn’s disease (2 occurrences)

Coeliac disease (2 occurrences)

Autoimmune encephalitis (NMDA) (1 occurrence)
Uveitis (including panuveitis, anterior uveitis, vitritis) (2 occurrences)
Graves’ disease (1 occurrence)

Inflammatory bowel disease (1 occurrence)

Vitiligo (1 occurrence)

Primary biliary cholangitis (1 occurrence)
Non-organ-specific AID (6 occurrences/ 6 patients):
Rheumatoid arthritis (4 occurrences)

Seronegative arthritis (1 occurrence)

Polymyalgia rheumatica (1 occurrence)

Organ-specific AID (34 occurrences/ 23 patients):
Autoimmune thyroiditis (18 occurrences)

Myasthenia gravis (non-thymoma AChR-positive) (7 occurrences)
Ulcerative colitis (1 occurrence)

Graves’ disease (3 occurrences)

Pernicious anemia (2 occurrences)

Inflammatory bowel disease (1 occurrence)

Vitiligo (1 occurrence)

Warm autoimmune hemolytic anemia (WAIHA) (1 occurrence)
Non-organ-specific AID (29 occurrences/ 26 patients):
Sjogren’s syndrome (5 occurrences)

Systemic lupus erythematosus (SLE) (8 occurrences)
Rheumatoid arthritis (7 occurrences)

Sarcoidosis (3 occurrences)

Mixed connective tissue disease (1 occurrence)

Behcet’s disease (1 occurrence)

Necrotizing myositis (1 occurrence)

Immune thrombocytopenic purpura (1 occurrence)
Antiphospholipid syndrome (1 occurrence)

MPO positive vasculitis (1 occurrence)

MOGAD myelin oligodendrocyte glycoprotein antibody-associated disease, AQP4-NMOSD aquaporin-4-positive antibody neuromyelitis optic

spectrum disorder, AID autoimmune disorders

Patients who had another attack within these 6 months
were excluded. For cases of simultaneous bilateral ON, the
eye that was worse >= 6 months post-ON was included in
the analysis. Patients with other ophthalmological pathol-
ogy leading to impaired visual acuity were excluded (n =3;
2 MOGAD, 1 AQP4-NMOSD) were excluded only from
the visual recovery from the first ON and OCT analyses
as assessed by an ophthalmological consultant working
within the NMO service. These patients were not excluded
from the rest of the study. The secondary outcome was
time to relapse and time to death.

Optical coherence tomography

A subgroup analysis included patients who underwent OCT
in Oxford at least 6 months following their first unilateral
ON episode, with no contralateral ON episodes occurring
during this period (AQP4-NMOSD: pRNFL, 25 ON/43 non-
ON eyes; GCIPL/TMYV, 21 ON/40 non-ON eyes. MOGAD:
pRNFL, 36 ON/44 non-ON eyes; GCIPL/TMYV, 33 ON/38
non-ON eyes.). All OCT scans were conducted at a single
center using the Spectralis SD-OCT (Heidelberg Engineer-
ing, Germany, software V.6.16.6_INT). The OCT param-
eters analyzed included global peripapillary retinal nerve
fiber layer (pRNFL) thickness, ganglion cell and inner
plexiform layer (GCIPL) volume, and total macular volume

(TMV). pRNFL thickness was measured using the Spectralis
protocol with a 12° mm diameter ring around the optic nerve
head. TMV was calculated through automated macular seg-
mentation based on grid diameters of 1, 3, and 6 mm, can-
tered on the fovea and mapped to the nine ETDRS grid sec-
tors. Scans were included only if they had a signal strength
above 20 dB, were free of artifacts or retinal cystoid changes,
met OSCAR-IB criteria [35, 36], and followed APOSTEL
2.0 reporting standards [37]. The exclusions were due to
poor-quality OCT scans that prevented accurate segmenta-
tion of the retinal layers.

Statistical analysis

Statistical analysis was performed in R (v4.3.1). Descrip-
tive statistics were calculated using ‘base’ with ‘dplyr’ and
‘tidyr’ for data manipulation. Group comparisons utilized
chi-square tests, with additional analyses by ¢ tests and
ANOVA from the ‘stats’ package. Significance was set at
p <0.05. Odds ratios with 95% confidence intervals were
used to express clinical and visual recovery outcomes. In
multivariate analyses, variables with univariate significance
at p<0.1 were considered, and AID status was retained in all
models regardless of significance. Only age was significantly
associated with visual recovery and was therefore included
as a covariate. To avoid overcrowding the models, additional
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univariate predictors, such as sex, baseline visual acuity,
OCT measures, and time to relapse, were excluded as they
did not show significant associations in univariate analyses.
Onset phenotype and race were not included as the former
was addressed separately in the ON subgroup analysis to
account for attack phenotype, and the latter has not been
shown to influence outcomes a priori. Time to relapse was
analyzed using Kaplan—-Meier survival curves (‘survival’
package). Differences were assessed with the log-rank test.
Linear mixed-effects models using ‘nlme’ evaluated AID
effects on OCT parameters, incorporating random effects.
This study was exploratory without sample size calculation
or multiple comparison adjustments.

Results

Autoimmune comorbidities in MOGAD
and AQP4-NMOSD

Demographic and clinical characteristics are provided in
Table 2 and Supplementary Tables 1, 2, and 3. A total of 396
patients were included (AQP4-NMOSD: n=175; MOGAD:
n=221).

In the AQP4-NMOSD cohort, 28% (n=49) had at least
one AID compared to 11.3% (n=25) in the MOGAD cohort
(A(1)=16.82, p<0.001). AIDs are listed in Table 1.

In the AQP4-NMOSD cohort, the most common AIDs
observed were autoimmune thyroiditis (n=18), followed
by systemic lupus erythematosus (n = 8), myasthenia gravis
(n="17), and rheumatoid arthritis (n="7), and Sjogren’s syn-
drome (n=35). There was no significant difference between
the AID and non-AID groups in terms of median age or sex
ratio. More details on the demographic and clinical charac-
teristics are provided according to AID categories as shown
in Table 1.

In the MOGAD cohort, the most common AID observed
was autoimmune thyroiditis (n = 6), followed by rheumatoid
arthritis (n=4). The median age of the first MOGAD attack
was 35 years (IQR: 28-49), and was significantly higher in
the AID group (46 years; IQR: 35-56) than in the non-AID
group (35 years; IQR: 28-47) (p =0.004). However, the pro-
portion of females did not significantly differ between the
AID group the non-AID group.

Among patients with AID, the timing of AID diagnosis
was known in 20 MOGAD patients and 48 AQP4-NMOSD
patients. Of those with known timing, 14 MOGAD patients
(70%) were diagnosed with AID before the first attack and 6
(30%) after disease onset. Similarly, in the AQP4-NMOSD
group, 34 patients (70.8%) were diagnosed with AID before
the first attack and 14 (29.2%) after the onset. The timing of
AID diagnosis was unknown for 5 MOGAD patients (20%)
and 1 AQP4-NMOSD patient (2%).
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Effect of AID on clinical recovery from onset attack

Clinical recovery rates from the onset attacks were similar in
those with AID and those without in both the MOGAD and
the AQP4-NMOSD cohorts. In the AQP4-NMOSD cohort
(n=175), complete recovery occurred in 46.9% (23/49) of
the AID group and in 39.7% (50/126) of the non-AID group
(OR=1.33,95% CI: 0.69-2.62, p=0.38). In the MOGAD
cohort, complete recovery occurred in 72% (18/25) of the
AID group and in 72.4% (142/196) in the non-AID group
(OR=0.98, 95% CI: 0.40-2.63, p=0.96) (Fig. 1; Table 3).

In both the MOGAD (n=221) and the AQP4-NMOSD
(n=175) cohorts, age was a significant predictor of outcome
in univariate analyses (MOGAD: OR=0.97 per year, 95%
CI: 0.94-0.99, p=0.008; AQP4-NMOSD: OR =0.96 per
year, 95% CI: 0.94-0.98, p <0.001). Therefore, age and AID
status were included in the multivariate analyses for both
cohorts. In these multivariate models, only age remained
significantly associated with recovery, while AID status was
not a significant predictor (Table 3).

To further refine the analysis, we conducted a subgroup
analysis excluding organ-specific AIDs (specifically thyroid
disorders), comparing outcomes between patients with no
AID and those with non-organ-specific AIDs. Despite the
limited sample size, no significant effect on clinical recov-
ery from the onset attack was observed (Supplementary
Table 4).

Effect of AID on visual disability

In the AQP4-NMOSD cohort, the rates of incomplete visual
recovery were higher than those observed in the MOGAD
cohort, but they remained consistent between the AID and
non-AID groups (55.6%, 15/49 vs. 64%, 32/126). Similarly,
in the MOGAD cohort, the rates of incomplete visual recov-
ery were comparable between the AID and the non-AID
groups (33.4%, 7125 vs. 22.6%, 33/196). The odds ratio (OR)
for complete (or near complete) visual recovery in AID ver-
sus non-AID was 1.42 (95% CI: 0.54-3.71, p=0.47) for
AQP4-NMOSD and 0.58 for MOGAD (95% CI: 0.22-1.64,
p=0.29) (Fig. 1; Table 3).

In the AQP4-NMOSD cohort, there was a trend toward
incomplete recovery with increasing age in the univariate
analysis (OR =0.97 per year, 95% CI: 0.93-1.0, p=0.08),
whereas in the MOGAD cohort, age was a significant pre-
dictor (OR =0.95 per year, 95% CI: 0.92-0.98, p=0.001).
Therefore, age was included in the multivariate analysis for
both cohorts. In the multivariate analyses, age remained
the only significant predictor of visual recovery in the
MOGAD cohort (OR =0.95 per year, 95% CI: 0.92-0.98,
p=0.002), whereas in the AQP4-NMOSD cohort, neither
age nor AID were significant predictors of poor outcomes
(Fig. 1; Table 3).
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Table 2 Demographics and clinical characteristics

MOGAD

AQP4-NMOSD

Total 221)  AID (25)

non-AID (196) P value

Total (175)  AID (49) non-AID (126) P value

Age at onset
(years)
median
(range)

Age at ON
event (years)
median
(range)

Female n (%)

Ethnicity
White
Asian
Black-Carib-
bean
Other/mixed
Unknown
Acute treatment
n (%)
Treatment
received
No treatment
received
Data not
available
Recovery from
onset attack
n (%)
Complete
recovery
Residual dis-
ability
Visual disabil-
ity n (%)*
Complete
recovery
Incomplete
recovery

35(28-49) 46 (35-56)

36 (28-48) 47 (36-59)

132 (59.7%) 19 (76.0%)

155 (70.1%) 17 (68%)
14 (63%)  3(12%)
5(2.3%) 1 (4%)

6Q2.7%)  0(0%)
41 (18.6%) 4 (16%)
179 (81.0%) 21 (84%)
41 (18.6%) 4 (16%)

1(0.5%) 0 (0%)

160 (72.4%) 18 (72%)**

61 (27.6%) 7 (28%)

127 (76.1%) 14 (66.7%)**

40 24.0%) 7 (33.4%)

35 (28-47)

35 (28-46)

113 (57.7%)

138 (70.4%)
11 (5.6%)
4(2%)

8 (4.1%)
32 (16.3%)

157 (80.1%)
37 (18.9%)

1 (0.5%)

142 (72.4%)

54 (27.6%)

113 (77.4%)

33 (22.6%)

0.004*

0.002*

48 (35-59) 49 (38-60) 47 (35-59) 0.31

44 (35-53) 43(35-57) 45 (35-51) 0.53

XA(1)=2.39,  145(83.3%) 44(89.8%) 101 (80.2%)  X*(1)=2.54,

p=0.12

p=0.11

93(53.1%) 31(63.3%)  62(492%) -
22 (12.6%) 5 (10.2%) 17 (13.5%)
36 (20.6%) 6(122%) 30 (23.8%)

10 (5.7%) 4 (8.2%) 8 (6.3%)
14 (8.0%) 3(6.1%) 9 (7.1%)

118 (67.4%) 32(653%) 86 (68.3%) -
32(183%) 11(224%) 21 (16.7%)

25(143%)  0(0%) 0 (0%)

X2(1)=0.00, 73 @1.7%) 23 (46.9%)** 50 (39.7%) X2(1)=0.495,

p=1 p=0.48
102 (58.3%) 26 (53.1%) 76 (60.3%)
X2(1)=0.65, 30 (38.9%) 12 (44.4%)** 18 (36%) X2(1)=0.23,
p=0.42 p=0.63

47 (61.1%)  15(55.6%) 32 (64%)

Data presented as median (range) or n (%). p values are from ANOVA analysis, and chi-square test as appropriate

MOGAD myelin oligodendrocyte glycoprotein antibody-associated disease, AQP4-NMOSD aquaporin-4-positive antibody neuromyelitis optic

spectrum disorder, AID autoimmune disorders

#Incomplete visual recovery” was defined as VA worse than LogMAR 0.1 (Snellen 6/7.5)> 6 months post-ON. The worse eye was analyzed in
bilateral cases. Patients with prior eye conditions or AD-related ocular pathology were excluded

The same analysis comparing patients non-AID to
those with non-organ-specific AIDs showed no change
in the results regarding visual disability (Supplementary

Table 4).

Effect of AID on time to first optic neuritis relapse

Figure 2 shows that no effect on time to relapse was seen
in those who had AID compared with those without in the
AQP4-NMOSD cohort (log-rank test HR 1.0 [95% CI:
0.63-1.58) p=0.99] nor the MOGAD cohort [HR 0.78 (95%
CI: 0.40-1.52) p=0.47].

@ Springer
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Aquaporin-4 neuromyelitis optica spectrum disorder; MOGAD: Mye-
lin oligodendrocyte glycoprotein antibody-associated disease; AID:
autoimmune disorders; ON: optic neuritis

Table 3 Multivariate model
of the effect of autoimmune
disorders status on recovery

MOGAD AQP4-NMOSD
OR 95%CI Pvalue OR 95%CI P value
Recovery from onset attack AID 098 04-2.63 096 1.33  0.69-2.62 0.38
Age (year) 0.97 0.94-0.99 0.008* 096 0.94-0.98 0.0004*
AID 1.36  0.51-4.17 0.56 1.5 0.73-3.00 0.26
Age (year) 097 0.94-099 0.007* 096 0.94-0.98 0.0003*
Recovery from first ON attack ~ AID 0.58 0.22-1.64 0.29 142 0.54-371 047
Age (year) 095 0.92-0.98 0.001* 097 0.93-1.0 0.08
AID 093 0.25-2.95 091 0.62 0.23-1.67 0.34
Age (year) 1.05 1.02-1.08 0.002* 1.03 1.0-1.07  0.06

The OR column represents odds ratio of incomplete recovery from onset attack and visual disability from

first optic neuritis attack

MOGAD myelin oligodendrocyte glycoprotein antibody-associated disease, AQP4-NMOSD aquaporin-
4-positive antibody neuromyelitis optic spectrum disorder, AID autoimmune disorders, ON optic neuritis

Effect of AID on time to death

In the AQP4-NMOSD cohort (N=175), patients with
AID (6/49, 12.2% mortality) had fewer deaths compared
to those without AID (29/126, 23.01% mortality). Time to
death did not differ between those with and without AID,
regardless of whether adjustments for age were made (HR
0.5,95% CI: 0.18-1.36, p=0.28) (Fig. 3). In the MOGAD
cohort (N=221), patients with AID (0/25, 0% mortality)
experienced no deaths, while those without AID (1/196,
0.51% mortality) had one death. Given the low number of
death events, a type II error cannot be excluded.
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OCT subgroup analysis

In the AQP4-NMOSD cohort, 25 eyes with ON and 43 eyes
without ON were included for pRNFL analysis, while 21
eyes with ON and 40 eyes without ON were included for
GCIPL and TMV analysis. In the MOGAD cohort, 36 eyes
with ON and 44 eyes without ON were included for pPRNFL
analysis, while 33 eyes with ON and 38 eyes without ON
were included for GCIPL and TMV analysis. Age, but not
sex, was included in the analysis as it was a significant pre-
dictor of outcome. A linear mixed-effects model, with age
included as a random factor, was used to evaluate the impact
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of AID status on pRNFL thickness, GCIPL volume, and
TMV > 6 months after the first ON attack.

In the AQP4-NMOSD cohort, AID status had no sig-
nificant effect on any of the OCT measurements. In the
MOGAD cohort, among eyes with no history of ON, a sig-
nificant difference in pRNFL thickness was observed based

AID status === non-AID === AID
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©
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Time to Relapse (Days)-AQP4-NMOSD

two groups (p=0.99 for AQP4-NMOSD and p=0.47 for MOGAD).
The shaded regions represent the 95% confidence intervals. MOGAD:
Myelin oligodendrocyte glycoprotein antibody-associated disease;
AQP4-NMOSD aquaporin-4-positive antibody neuromyelitis optic
spectrum disorder; AID: autoimmune disorders

on AID status. Eyes of patients with AID (n=7) had signifi-
cantly thinner pRNFL thickness (86.29 +16.03 pm) com-
pared to eyes of patients without AID (n=37) (96.00+11.80
pm; A= —-9.71 pm) (B= —13.1, SE=5.93, P=0.03). The
model explained 11% of the variance marginally (an =0.11)
and 45% conditionally (Rf =0.45) (Table 4 and Supplemen-
tary Table 5, Fig. 4). No significant differences were found
in GCIPL volume or TMYV, and no other OCT measurements
differed between patients with and without AID.

Discussion

Our large single-site study of nearly 400 AQP4-NMOSD and
MOGAD patients showed no adverse effect of coexisting
AID on recovery from the onset attack, first optic neuritis,
or time to first relapse. This included clinical and visual
assessment as well as OCT outcomes. Age however was a
poor prognostic marker of outcome.

Consistent with previous studies, we observed a higher
rate of AID in AQP4-NMOSD compared to MOGAD. The
rates and the types of AID in both groups were similar to
those reported in other studies. The prevalence of AID in
MOGAD appears comparable to that of the general popula-
tion (10.2%), whereas in AQP4-NMOSD, it is nearly three
times higher [18, 19, 38, 39].

There is limited literature in this field. Although one
study Lin et al. reported a higher relapse rate in the first
year in NMOSD with AID than those without [30], another
smaller study showed no difference in relapse rates over
three years in AQP4-NMOSD patients with and without
AID [29]. Another study of NMOSD patients rather than
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Table 4 Impact of autoimmune disorders status on OCT parameters in AQP4-NMOSD and MOGAD patients

With AD (no. of eyes) ~ Without AD (no. of eyes)  Absolute differ- B SE P value Rzmarg R
ence (pm, mean)
pRNFL thickness
Thickness (pm, mean + SD)
AQP4-NMOSD with ON  55.67+15.13 (9) 52.94+12.64 (16) 2.73 2.79 5.80 0.63 0.04 0.88
MOGAD with ON 73.00+13.67 (7) 69.97+12.30 (29) 3.03 1.44 6.05 0.81 0.12 0.89
GCIPL volume
Volume (mm3, mean + SD)
AQP4-NMOSD with ON  1.31+0.24 (7) 1.31+0.35 (14) 0.01 -0.015 0.14 092 0.16 0.90
MOGAD with ON 1.75+0.20 (5) 1.56+0.26 (28) 0.2 0.19 0.13 0.13 0.23 0.91
Total macular volume
Volume (mm3, mean + SD)
AQP4-NMOSD with ON  7.61+0.54 (7) 7.15+1.23 (15) 0.46 0.36 042 041 0.33 0.92
MOGAD with ON 8.50+0.36 (6) 8.09+0.62 (28) 0.41 0.51 0.29 0.09 0.15 0.9

All p values > 0.05, indicating non-significance

AQP4-NMOSD Aquaporin-4-positive neuromyelitis optica spectrum disorder, pRNFL peripapillary retinal nerve fiber layer, GCIPL ganglion
cell-inner plexiform layer, TMV total macular volume, SD standard deviation, ON optic neuritis, AD autoimmune disorders, B estimate, SE

standard errors, R? marginal (Rzmmg
explained by both the fixed and random factors

AQP4-NMOSD patients in a predominantly black popula-
tion noted that those with AID had higher poor predictive
factors, such as elevated baseline EDSS. However, both
AID-NMOSD and NMOSD-only groups showed EDSS
improvement after treatment, and although recovery was
somewhat less pronounced in the AID group, it was still
clinically meaningful. While the study did not adjust for
covariates, the findings suggested that AID itself was not an
independent predictor of poor outcome, indicating that over-
lapping AID may not substantially alter treatment response
in NMOSD. [31]. The effects of AID on AQP4-NMOSD
relapse recovery and in MOGAD as far as we are aware have
not been published. Findings in MS remain inconsistent,
with some studies indicating equivalent or slightly better
outcomes in MS patients with AID [40-42], while others
show worsened outcomes, particularly in radiological meas-
ures [43-45].

In summary, most of the previous studies suggest that the
presence of comorbid AID does not necessarily correlate
with worse long-term clinical outcomes in NMOSD patients.
Our results contribute to this understanding by demonstrat-
ing that while AID is prevalent in AQP4-NMOSD and to a
lesser extent in MOGAD, their presence does not adversely
affect early clinical or visual outcomes in either condition.

Several factors may explain this neutral effect. First,
AQP4-NMOSD and MOGAD are driven by specific autoan-
tibodies targeting astrocytes and oligodendrocytes, respec-
tively; therefore, their immune mechanisms and the subse-
quent clinical outcome may not be significantly influenced

@ Springer

) proportion of variance explained by the fixed factors alone; R* conditional (R, proportion of variance

by an additional AID. Second, a major portion of the AID
in this cohort is made up of thyroid disease and this is an
easily treatable condition usually with T4 replacement. Also,
patients with comorbid AID that significantly affect disabil-
ity often receive immunotherapy medication that may also
prevent attacks in AQP4-NMOSD or MOGAD, offsetting
potential negative impacts. Third, the lack of shared antigens
between these diseases and other AID likely does not results
in minimal cross-reactivity and additional immune-mediated
damage. It is also possible that patients with additional AID
have a lower threshold for clinical manifestation and those
without may have a higher threshold to trigger the clinical
onset.

This study presents several limitations that should be
considered when interpreting the findings. The samples
size, particularly within subgroups, was relatively small for
OCT analysis, which may reduce the statistical power to
detect significant associations and limit the generalizability
of the p-RNFL thickness findings in this subgroup. Addi-
tionally, visual acuity may be less sensitive than low con-
trast acuity in detecting deficits in optic neuritis; visual field
assessments were not performed; and there is an inherent
floor effect in OCT measurements, whereby patients with
MOGAD and AQP4-NMOSD may exhibit severely thinned
RNFL/GCIPL despite having contrasting visual acuity out-
comes. Moreover, because the study only included patients
aged > 16 years, the findings may not be representative of
pediatric MOGAD cases, where the disease is more preva-
lent than MS. Potential confounding variables related to
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Fig.4 Impact of autoimmune disorders status on OCT parameters
in AQP4-NMOSD and MOGAD Patients. A pRNFL thickness in
AQP4-NMOSD patients by autoimmune disorders status; B GCIPL
volume in AQP4-NMOSD patients by autoimmune disorders status;
C TMV in AQP4-NMOSD patients by autoimmune disorders sta-
tus; D pRNFL thickness in MOGAD patients by autoimmune disor-
ders status; E GCIPL volume in MOGAD patients by autoimmune
disorders status; F TMV in MOGAD patients by autoimmune disor-

AID, including treatment regimens, disease duration, and
severity, were not comprehensively collected or controlled
for in the analysis, which could influence the observed asso-
ciations. Furthermore, different autoimmune diseases may
confer distinct relapse or disability risks; although group-
ing all autoimmune diseases was necessary given the small
sample size, this may mask disease-specific effects. How-
ever, a subgroup analysis showed no difference when re-
analyzing those with non-organ-specific AID or excluding
thyroid AID patients. Additionally, patients with comorbid
AID that significantly affect disability often receive immu-
notherapy, which may also reduce or prevent disability from
AQP4-NMOSD or MOGAD attacks, potentially offsetting
any negative effects. That said, pre-disease-onset immuno-
therapy use was rare in this cohort, occurring in only two

ders status. pRNFL: peripapillary retinal nerve fiber layer; GCIPL:
ganglion cell-inner plexiform layer; TMV: total macular volume;
AQP4-NMOSD: aquaporin-4-positive neuromyelitis optica spectrum
disorder; MOGAD: myelin oligodendrocyte glycoprotein antibody
disease; ON: optic neuritis; AID: autoimmune disorders. AID"NON:
AD negative without optic neuritis; AID'NON: AD positive without
optic neuritis; AID"ON: AD negative with optic neuritis; AD*ON:
AD positive with optic neuritis; ns: not significant

AQP4-NMOSD patients and none with MOGAD. If the
effect of AID on outcomes was small, it is possible that we
were underpowered to detect it; however, the absence of haz-
ard ratios above 1 suggests this is unlikely. A key strength of
this study, however, is the homogeneity of the cohort, with
all patients assessed uniformly at a single center, thereby
eliminating site heterogeneity.

This large single study is the first to systematically exam-
ine the impact of autoimmune comorbid conditions on clini-
cal outcomes in AQP4-NMOSD and MOGAD, showing no
adverse effects not explainable by age on the early attacks.
Further prospective studies are needed to evaluate longer-
term outcomes, such as disability and relapse rates, within
non-organ-specific AID subgroups of AQP4-NMOSD and
MOGAD.
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tary material available at https://doi.org/10.1007/s00415-025-13180-3.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.
Access may be restricted to protect patient confidentiality or comply
with institutional data sharing agreements.

Declarations

Conflict of interest [SS] received the A.P. Mgller Grant to cover travel
and accommodation expenses for this study. [FC] received a Euro-
pean Treatment in Multiple Sclerosis clinical fellowship during the
completion of this work. [AF] received a travel grant from Alexion.
[FP] reports research grants and speaker honoraria from Bayer, Teva,
Genzyme, Merck, Novartis, MedImmune and is member of the steer-
ing committee of the OCTIMS study (Novartis), all unrelated to this
work. [NA] No COI regarding this work. [MIL] is funded by the NHS
(Myasthenia and Related Disorders Service and National Specialised
Commissioning Group for Neuromyelitis Optica, UK) and by the Uni-
versity of Oxford, UK. She has been awarded research grants from UK
associations for patients with myasthenia and with muscular disorders
(Myaware and Muscular Dystrophy UK, respectively) and the Uni-
versity of Oxford. She has received speaker honoraria or travel grants
from the Guthy-Jackson Charitable Foundation, argenx and UCB.
She serves on scientific or educational advisory boards for argenx,
Amgen and UCB. [RG] received support for scientific meetings and
courses and honoraria for advisory work from Bayer, Biogen, Merck,
Novartis, Jasen, MIAC, UCB. No COI regarding this work. [JP] has
received support for scientific meetings and honorariums for advisory
work From Merck Serono, Novartis, Chugai, Alexion, Roche, Medim-
mune, Amgen, Vitaccess, UCB, Mitsubishi, Amplo, Janssen. Grants
from Alexion, Argenx, Clene, Roche, Medimmune, Amplo biotech-
nology. Patent ref P37347WO and licence agreement Numares mul-
timarker MS diagnostics Shares in AstraZenica. Her group has been
awarded an ECTRIMS fellowship and a Sumaira Foundation grant to
start later this year. A Charcot fellow worked in Oxford 2019-2021.
She acknowledges partial funding to the trust by Highly specialised
services NHS England. She is on the medical advisory boards of the
Sumaira Foundation and MOG project charities, Is a member of the
Guthy Jackon Foundation Charity and is on the Board of the Euro-
pean Charcot Foundation and a member of MAGNIMS and the UK
NHSE IVIG Committee and chairman of the NHSE neuroimmunology
patient pathway and ECTRIMS Council member on the educational
committee since June 2023. Currently on the ABN advisory groups for
MS and neuroinflammation and recently on neuro-muscular diseases
advisory group.

Ethical approval Ethical approval was obtained under Oxfordshire
Research Ethics Committee Reference: 21/SC/0353.

Consent to participate Written informed consent to participate was
obtained.

Consent for publication Not applicable (see above ethical considera-
tion and consent to participate).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

@ Springer

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Cacciaguerra L, Flanagan EP (2024) Updates in NMOSD and
MOGAD diagnosis and treatment: a tale of two central nerv-
ous system autoimmune inflammatory disorders. Neurol Clin
42(1):77-114

2. Jarius S et al (2020) Neuromyelitis optica. Nat Rev Dis Prim
6(1):85

3. Marignier R et al (2021) Myelin-oligodendrocyte glycoprotein
antibody-associated disease. Lancet Neurol 20(9):762-772

4. Uzawa A et al (2024) NMOSD and MOGAD: an evolving dis-
ease spectrum. Nat Rev Neurol 20(10):602-619

5. Palace J et al (2019) Outcome prediction models in AQP4-
IgG positive neuromyelitis optica spectrum disorders. Brain
142(5):1310-1323

6. Gkaniatsou T et al (2020) Frequency of autoimmune disorders
and autoantibodies in European patients with neuromyelitis
optica spectrum disorders. Acta Neurol Belg 120(1):223-225

7. Pereira W et al (2017) Frequency of autoimmune disorders and
autoantibodies in patients with neuromyelitis optica. Acta Neu-
ropsychiatr 29(3):170-178

8. Shahmohammadi S et al (2019) Autoimmune diseases associ-
ated with neuromyelitis optica spectrum disorders: a literature
review. Mult Scler Relat Disord 27:350-363

9. Akaishi T et al (2023) Associations between neuromyelitis
optica spectrum disorder, Sjogren’s syndrome, and conditions
with electrolyte disturbances. J Neurol Sci 452:120742

10. Asgari N et al (2018) Aquaporin-4-autoimmunity in patients
with systemic lupus erythematosus: a predominantly popula-
tion-based study. Mult Scler 24(3):331-339

11. Leite MI et al (2012) Myasthenia gravis and neuromyelitis
optica spectrum disorder: a multicenter study of 16 patients.
Neurology 78(20):1601-1607

12. Wingerchuk DM, Weinshenker BG (2012) The emerging rela-
tionship between neuromyelitis optica and systemic rheumato-
logic autoimmune disease. Mult Scler 18(1):5-10

13. Jarius S et al (2011) Frequency and syndrome specificity of anti-
bodies to aquaporin-4 in neurological patients with rheumatic
disorders. Mult Scler 17(9):1067-1073

14. Jarius S et al (2012) Contrasting disease patterns in seropositive
and seronegative neuromyelitis optica: a multicentre study of
175 patients. J Neuroinflammation 9:14

15. Chen C et al (2016) Multiple autoantibodies and neuromy-
elitis optica spectrum disorders. NeurolmmunoModulation
23(3):151-156

16. Lin L et al (2022) Clinical significance of anti-SSA/Ro antibody
in neuromyelitis optica spectrum disorders. Mult Scler Relat
Disord 58:103494

17. Park JH et al (2015) Presence of anti-Ro/SSA antibody
may be associated with anti-aquaporin-4 antibody positiv-
ity in neuromyelitis optica spectrum disorder. J Neurol Sci
348(1-2):132-135

18. Kunchok A et al (2021) Coexisting systemic and organ-specific
autoimmunity in MOG-IgG1-associated disorders versus AQP4-
IgG+ NMOSD. Mult Scler 27(4):630-635

19. Molazadeh N et al (2022) Autoimmune diseases and can-
cers overlapping with myelin oligodendrocyte glycoprotein


https://doi.org/10.1007/s00415-025-13180-3
http://creativecommons.org/licenses/by/4.0/

Journal of Neurology

(2025) 272:453

Page110of 11 453

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

antibody-associated disease (MOGAD): a systematic review. Mult
Scler J Exp Transl Clin 8(4):20552173221128170

Berek K et al (2022) Anti-NMDA receptor encephalitis and MOG-
associated demyelination—a case report with long-term follow-up
and a systematic review. BMC Neurol 22(1):434

Kurtzke JF (1983) Rating neurologic impairment in multiple scle-
rosis. Neurology 33(11):1444-1444

Oertel FC et al (2023) Retinal changes after acute and late optic
neuritis in aquaporin-4 antibody seropositive NMOSD. J Neu-
roophthalmol 44:e554—e557

Akaishi T et al (2022) Follow-up of retinal thickness and optic
MRI after optic neuritis in anti-MOG antibody-associated dis-
ease and anti-AQP4 antibody-positive NMOSD. J Neurol Sci
437:120269

Oertel FC et al (2021) Retinal optical coherence tomography in
neuromyelitis optica. Neurol Neuroimmunol Neuroinflamm 8(6)
Oertel FC et al (2018) Retinal ganglion cell loss in neuromyeli-
tis optica: a longitudinal study. J Neurol Neurosurg Psychiatry
89(12):1259-1265

Oertel FC, Hastermann M, Paul F (2023) Delimiting MOGAD
as a disease entity using translational imaging. Front Neurol
14:1216477

Chen JJ et al (2022) OCT retinal nerve fiber layer thickness dif-
ferentiates acute optic neuritis from MOG antibody-associated
disease and multiple sclerosis: RNFL thickening in acute optic
neuritis from MOGAD vs MS. Mult Scler Relat Disord 58:103525
Oertel FC et al (2022) Longitudinal retinal changes in MOGAD.
Ann Neurol 92(3):476-485

Hsu JL et al (2024) Impact of comorbidities on relapsing rates of
neuromyelitis optica spectrum disorders: insights from a longitu-
dinal study in Taiwan. Mult Scler Relat Disord 87:105683

Lin J et al (2024) The relationship between neuromyelitis optica
spectrum disorder and autoimmune diseases. Front Immunol
15:1406409

Alvarez MR et al (2022) Predictors of overlapping autoimmune
disease in neuromyelitis optica spectrum disorder (NMOSD): a
retrospective analysis in two inner-city hospitals. J Neurol Sci
443:120460

Wingerchuk DM et al (2015) International consensus diagnostic
criteria for neuromyelitis optica spectrum disorders. Neurology
85(2):177-189

Authors and Affiliations

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Banwell B et al (2023) Diagnosis of myelin oligodendrocyte gly-
coprotein antibody-associated disease: International MOGAD
Panel proposed criteria. Lancet Neurol 22(3):268-282

Woodhall M et al (2022) Utility of live cell-based assays for auto-
immune neurology diagnostics. J Appl Lab Med 7(1):391-393
Tewarie P et al (2012) The OSCAR-IB consensus criteria for reti-
nal OCT quality assessment. PLoS ONE 7(4):e34823
Schippling S et al (2015) Quality control for retinal OCT in mul-
tiple sclerosis: validation of the OSCAR-IB criteria. Mult Scler
21(2):163-170

Aytulun A et al (2021) APOSTEL 2.0 recommendations for
reporting quantitative optical coherence tomography studies.
Neurology 97(2):68-79

Conrad N et al (2023) Incidence, prevalence, and co-occurrence
of autoimmune disorders over time and by age, sex, and socio-
economic status: a population-based cohort study of 22 million
individuals in the UK. Lancet 401(10391):1878-1890
Pekmezovic T et al (2024) Aquaporin4-IgG seropositivity sig-
nificantly increases the risk of comorbid autoimmune diseases
in NMOSD patients: population-based registry data. J Neurol
271:7525-7536

Sahraian MA, Owji M, Naser Moghadasi A (2016) Concomitant
multiple sclerosis and another autoimmune disease: does the clini-
cal course change? Clin Neurol Neurosurg 150:92-95
Fanouriakis A et al (2014) Coexistence of systemic lupus erythe-
matosus and multiple sclerosis: prevalence, clinical characteris-
tics, and natural history. Semin Arthritis Rheum 43(6):751-758
Zéphir H et al (2014) Milder multiple sclerosis course in patients
with concomitant inflammatory bowel disease. Mult Scler
20(8):1135-1139

Zivadinov R et al (2016) Autoimmune comorbidities are associ-
ated with brain injury in multiple sclerosis. AINR Am J Neurora-
diol 37(6):1010-1016

Lorefice L et al (2018) Autoimmune comorbidities in multiple
sclerosis: what is the influence on brain volumes? A case-control
MRI study. J Neurol 265(5):1096-1101

Barnett M et al (2021) Brain atrophy and lesion burden are associ-
ated with disability progression in a multiple sclerosis real-world
dataset using only T2-FLAIR: the NeuroSTREAM MSBase study.
Neuroimage Clin 32:102802

Sara Samadzadeh'?3* . Fiona Chan'® - Anna Francis' - Layana Sani' - Friedemann Paul* - Nasrin Asgari®> -
M. Isabel Leite'® - Ruth Geraldes'” - Jacqueline Palace’®

P4 Jacqueline Palace

jacqueline.palace @ndcn.ox.ac.uk

Nuffield Department of Clinical Neurosciences, University
of Oxford, Oxford, UK

Institute of Regional Health Research and, Institute
of Molecular Medicine, University of Southern Denmark,
Odense, Denmark

Department of Neurology, The Center for Neurological
Research, Slagelse Hospitals, Slagelse, Denmark

Experimental and Clinical Research Center, Charité—
Universitdtsmedizin Berlin, corporate member of Freie
Universitit Berlin and Humboldt-Universitit Zu Berlin,
Berlin, Germany

University of Sydney, Sydney, NSW, Australia

Department of Clinical Neurology, John Radcliffe Hospital,
Oxford University Hospitals Trust, Oxford, UK

Department of Neurology, Frimley Health NHS Foundation
Trust, Frimley, UK

@ Springer



	The impact of autoimmune comorbidities on the onset attack recovery in adults with AQP4-NMOSD and MOGAD
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and participants
	Clinical definitions and outcomes
	Optical coherence tomography
	Statistical analysis

	Results
	Autoimmune comorbidities in MOGAD and AQP4-NMOSD
	Effect of AID on clinical recovery from onset attack
	Effect of AID on visual disability
	Effect of AID on time to first optic neuritis relapse
	Effect of AID on time to death
	OCT subgroup analysis

	Discussion
	References


