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Abstract
Background  Neuromyelitis optica spectrum disorders (NMOSD) are autoimmune neurological diseases of the central nerv-
ous system, which are characterized by the presence of serum anti-aquaporin-4 autoantibodies (AQP4-IgG). An association 
between Sjögren syndrome (SjS) and AQP4-IgG-positive NMOSD has been proposed, but the rate of coexistence has not 
been determined.
Methods  In this study, 4,447 patients suspected of having NMOSD with acute neurological episodes were evaluated for the 
positivity of serum AQP4-IgG, serum SS-A/Ro antibody, and the presence of SjS-related symptoms (dry eye, dry mouth).
Results  Of the 4,447 patients, 1,651 were positive for serum AQP4-IgG, and the remaining 2,796 were negative. A sig-
nificantly higher proportion of AQP4-IgG-positive patients were positive for serum anti-SSA/Ro antibody (26.3 vs. 4.5%; 
p < 0.0001) and anti-SSB/La antibody (7.2 vs. 1.2%; p < 0.0001) and had dry eye (9.1 vs .4.9%; p < 0.0001) and dry mouth 
symptoms (8.9 vs. 3.7%; p < 0.0001). More than 80% of the patients with SjS with acute neurological events such as myeli-
tis or optic neuritis were AQP4-IgG positive. AQ4-IgG-positive patients with comorbid SjS showed a higher female rate 
(97.1 vs. 89.0%; p = 0.0062), a higher positivity rate for oligoclonal bands (15.4 vs. 7.5%; p = 0.029), and a higher relapse 
frequency (p = 0.027) than AQP4-IgG-positive patients without comorbid SjS.
Conclusions  The prevalence of SjS is higher among AQP4-IgG-positive than AQP4-IgG-negative patients, with the potential 
prevalence of 10–20% at the diagnosis of AQP4-IgG-positive NMOSD. Comorbid SjS is more prevalent in females, and it 
has a higher relapse frequency among AQP4-IgG-positive patients.

Keywords  Anti-aquaporin-4 antibodies · Anti-SSA/Ro antibody · Comorbidity · Neuromyelitis optica spectrum disorders · 
Sjögren syndrome

Introduction

Neuromyelitis optica spectrum disorders (NMOSDs) are 
autoimmune neurological diseases characterized by the pres-
ence of serum anti-aquaporin-4 autoantibodies (AQP4-IgG) 
that predominantly binds around the blood–brain barrier 
and supposedly to primarily disturb the functions of astro-
cytes in the central nervous system (CNS) [13, 19–21, 40]. 
Most patients with AQP4-IgG-positive NMOSD experience 
repeated clinical episodes based on CNS lesions, represented 
by optic neuritis (ON), acute myelitis, and area postrema 
syndrome (APS), often with incomplete recovery [1, 24, 
32]. Because the progression of neurological disturbance in 
AQP4-IgG-positive NMOSD occurs almost exclusively dur-
ing clinical attacks [4, 26, 41, 42], long-term administration 
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of immunosuppressants for relapse prevention to avoid irre-
versible neurological sequelae is critical [14, 37].

The exact mechanism underlying the clinical manifes-
tations of AQP4-IgG-positive NMOSD has not been fully 
elucidated yet. Several possible risk factors and triggers of 
attacks have been reported in several articles recently [2, 
11]. Among the suggested risks and triggers are comorbid 
autoimmune diseases such as Sjögren syndrome (SjS) [6, 8, 
25, 43]. SjS is an autoimmune systemic disease character-
ized by the presence of serum anti-SSA/Ro antibody and 
dry eye and dry mouth symptoms [31, 33]. More than 90% 
of patients with SjS are females; the disease is usually seen 
in middle-aged post-menopausal females [39], but the age 
of onset varies widely [7, 27]. SjS is a very common auto-
immune disease with an estimated prevalence of approxi-
mately 0.5% to 1.0% of the general population [38]. Patients 
with SjS often have co-existing autoimmune diseases (e.g., 
rheumatoid arthritis, systemic lupus erythematosus, Hashi-
moto thyroiditis, scleroderma) or hematologic diseases (e.g., 
malignant lymphoma). Traditionally, the disease has been 
considered to be characterized by exocrine dysfunction 
based on glandular damage with lymphatic infiltration, but 
more recent studies have suggested that there is a discrep-
ancy between lymphocytic infiltration and the level of secre-
tory dysfunction [28]. Moreover, the disease is known to 
present with several extra-glandular manifestations, includ-
ing central nervous system disturbances.

An elevated frequency of coexisting SjS among the 
patients with AQP4-IgG-positive NMOSD has been pro-
posed [26], and such coexisting non-organ-specific auto-
immunity was supposed to independently present distinct 
clinical manifestations based on a different pathomechanism 
[25]. Meanwhile, until now, the exact clinical impact of 
comorbid SjS on the manifestations of AQP4-IgG-positive 
NMOSD or the exact rate of coexistence of these two dis-
eases has not yet been determined. In this study, we enrolled 
a large number of subjects with neurological conditions with 
possible inflammatory involvement and compared the rates 
of comorbid SjS in those with and without serum AQP4-
IgG. We further evaluated the clinical impact of comorbid 
SjS on the severity and relapse frequency of AQP4-IgG-
positive NMOSD.

Methods

Patients

In this study, we enrolled a total of 4,447 patients (1,208 
males and 3,239 females) with neurological symptoms sus-
pected to be MS or other related demyelinating diseases 
(e.g., optic neuritis, acute myelitis) who were evaluated for 
the positivity of serum AQP4-IgG. The means and standard 

deviations (SDs) of the ages of onset and the ages at AQP4-
IgG titration of the enrolled patients were 41.2 ± 17.1 years 
and 46.2 ± 16.7 years, respectively. The serum samples were 
sent to our laboratory for testing AQP4-IgG from around the 
country from 2006 to 2012. Some clinical and laboratory 
data, which included questionnaire responses on SjS-related 
autoantibodies and symptoms, were sent to us with the sera.

Collected information

Serum AQP4-IgG positivity was assessed using the cell-
based assay method in all the enrolled 4,447 patients, as 
previously reported [29, 35, 36]. In addition, the following 
data were collected during AQP4-IgG evaluation: age, sex, 
previous times of neurological episodes, details of the neu-
rological episodes, presence and locations of brain lesions 
on brain MRI, the latest Expanded Disability Status Scale 
(EDSS) scores for the acute to subacute phases, positivity 
of oligoclonal bands (OCB) in the cerebrospinal fluid, posi-
tivity of serum anti-SSA/Ro antibody, positivity of serum 
anti-SSB/La antibody, presence of dry eye symptoms, and 
presence of dry mouth symptoms.

Statistical analyses

Comparisons of qualitative data, such as the prevalence of 
serum antibody and clinical symptoms, of the two groups 
were performed using the chi-squared test. Comparisons 
of quantitative data, such as age or the EDSS score, of 
the two groups were performed using the Student’s t test 
or Mann–Whitney U test based on the patterns of distri-
bution of the evaluated variables. p values less than 0.05 
were regarded as statistically significant in this study. The 
statistical analyses were performed using IBM SPSS Sta-
tistics version 22 (IBM Corp., USA) or MATLAB R2015a 
(MathWorks, USA).

Results

Demographic and clinical data by AQP4‑IgG 
positivity

Of the 4,447 enrolled patients, 1,651 patients (37.1%; 95% 
confidence interval [CI] 35.7. 38.6%) were positive for 
serum AQP4-IgG, and the remaining 2,796 patients (62.9%; 
95% CI 61.4. 64.3%) were negative. The demographic and 
clinical data for the positivity of serum AQP4-IgG are listed 
in Table 1. Patients with serum AQP4-IgG were more likely 
to be female and have an older onset, longer disease duration 
with more clinical episodes, and more severe neurological 
disturbances than those without serum AQP4-IgG. Given 
the SjS-related variables, the prevalence of anti-SSA/Ro 
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antibody positivity, anti-SSB/La antibody positivity, dry 
eye symptoms, and dry mouth symptoms were significantly 
higher in AQP4-IgG-positive than in AQP4-IgG-negative 
patients (p < 0.0001 for all variables). Consequently, the 
number of cases of suspected comorbid SjS with serum 
anti-SSA/Ro antibody and at least one SjS-related clinical 
symptom was significantly higher in the AQP4-IgG-positive 
than in the AQP4-IgG-negative patients (p < 0.0001). The 
estimated 95% CI of the anti-SSA/Ro antibody positivity 
of the AQP4-IgG-positive cases was 23.9. 29.0%, which 
was higher than that of the AQP4-IgG-negative cases with 
neurological conditions (3.6. 5.5%). For reference, the esti-
mated range of anti-SSA/Ro antibody positivity among the 
AQP4-IgG-negative cases in this study was slightly higher 

than what was previously reported in the normal population 
(i.e., less than 2–3%) [30].

Demographic and clinical data stratified 
by comorbid SjS

The demographic and clinical data of the enrolled patients 
(irrespective of the eventual results of AQP4-IgG positivity) 
were stratified by comorbid SjS (Table 2). More than 95% of 
patients with suspected comorbid SjS were females, which 
was significantly higher than that of those without comorbid 
SjS. The age of onset and the latest EDSS score for the acute 
phase were also significantly higher in those with comor-
bid SjS. The positivity rate of serum AQP4-IgG was higher 

Table 1   Demographic and clinical data stratified by AQP4-IgG positivity

AQP4-IgG anti-aquaporin-4 antibodies, EDSS Expanded Disability Status Scale, OCB oligoclonal bands
a Median and interquartile range (i.e., 25–75 percentile range)

AQP4-IgG ( +) (n = 1,651) AQP4-IgG (−) (n = 2,796) p values

Male: Female 173 (10.5%): 1,478 (89.5%) 1,035 (37.0%): 1,761 (63.0%)  < 0.0001
Age at clinical onset 46.1 ± 15.9 years 38.3 ± 17.2 years  < 0.0001
Age at titration 52.6 ± 14.9 years 42.5 ± 16.5 years  < 0.0001
Disease duration at titrationa 3 (1–10) years 1 (1–6) years  < 0.0001
EDSS at titration (acute phase)a 5.0 (3.0–7.5) 2.5 (1.0–4.5)  < 0.0001
OCB positivity (Pos: Neg) 70 (8.8%): 728 (91.2%) 310 (23.9%): 989 (76.1%)  < 0.0001
Previous times of neurological episodesa 2 (1–5) 1 (1–3)  < 0.0001
(optic neuritisa) (1 [0–2]) (0 [0–1])  < 0.0001
(acute myelitisa) (1[1–3]) (1[1–2])  < 0.0001
Anti-SSA/Ro antibody (positive: negative) 300 (26.3%): 839 (73.7%) 83 (4.5%): 1,777 (95.5%)  < 0.0001
Anti-SSB/La antibody (positive: negative) 80 (7.2%): 1,033 (92.8%) 21 (1.2%): 1,785 (98.8%)  < 0.0001
Dry eye (Yes: No) 140 (9.1%): 1,399 (90.9%) 128 (4.9%): 2,503 (95.1%)  < 0.0001
Dry mouth (Yes: No) 136 (8.9%): 1,384 (91.1%) 95 (3.7%): 2,492 (96.3%)  < 0.0001
SjS suspected (Yes: No) 105 (9.2%): 1,034 (90.8%) 27 (1.5%): 1,833 (98.5%)  < 0.0001

Table 2   Cohort data stratified by the comorbidity of Sjögren syndrome

AQP4-IgG anti-aquaporin-4 antibodies, EDSS Expanded Disability Status Scale, OCB oligoclonal bands, ON optic neuritis, SjS Sjögren syn-
drome
a Median and interquartile range (i.e., 25–75 percentile range)

With suspected SjS (n = 132) Without SjS (n = 2,867) p values

Male: Female 3 (2.3%): 129 (97.7%) 801 (27.9%): 2,066 (72.1%)  < 0.0001
Age at clinical onset 47.4 ± 15.9 41.5 ± 16.7  < 0.0001
Age at titration 52.7 ± 14.2 46.5 ± 16.2  < 0.0001
Disease duration at titrationa 2.0 (1.0–7.0) 2.0 (1.0–7.0) 0.649
EDSS at titration (acute phase)a 5.0 (2.5–7.5) 3.0 (2.0–6.0)  < 0.0001
OCB positivity (Pos: Neg) 13 (16.5%): 66 (83.5%) 286 (17.6%): 1,335 (82.4%) 0.787
Previous times of neurological episodesa 2 (1–4) 2 (1–4) 0.151
AQP4-IgG (Pos: Neg)
 Total 105 (79.5%): 27 (20.5%) 1,034 (36.1%): 1,833 (63.9%)  < 0.0001
 Among those with myelitis 83 (86.5%): 13 (13.5%) 513 (47.9%): 557 (52.1%)  < 0.0001
 Among those with ON 50 (89.3%): 6 (10.7%) 826 (42.4%): 1,123 (57.6%)  < 0.0001
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among those with comorbid SjS than among those without 
comorbid SjS (79.5 vs. 36.1%, p < 0.0001). The QP4-IgG-
positivity rate of those with episodes of myelitis was also 
higher among those with comorbid SjS than those without 
comorbid SjS (86.5 vs. 47.9%, p < 0.0001). The rate of ON 
episodes was higher in those with SjS than in those without 
SjS (89.3 vs. 42.4%, p < 0.0001).

Effect of comorbid Sjögren syndrome 
on the manifestation of NMOSD

Of the 1,651 patients with serum AQP4-IgG, 1,139 patients 
had complete clinical information on serum anti-SSA/Ro 
antibody and dry eye and dry mouth symptoms. Those with 
serum anti-SSA/Ro antibody and at least one of the dry eye 
and dry mouth symptoms were suspected of having SjS. As 
a result, 105 (9.2%) of the 1,139 patients with AQP4-IgG 
had suspected comorbid SjS; the remaining 1,034 (90.8%) 
had no suspected comorbid SjS. The demographic and clini-
cal data based on the presence of suspected comorbid SjS 
are listed in Table 3. The female predominance was higher 
among those with suspected comorbid SjS, with a compa-
rable rate for the general population of patients with SjS, 
irrespective of NMOSD. Moreover, the rate of OCB posi-
tivity was slightly higher in those with suspected SjS (15.4 
vs. 7.5%, p = 0.0293). Other variables related to the severity 
and clinical manifestations of NMOSD were not different in 
patients with suspected comorbid SjS and those without SjS 
on univariate analysis. To visually assess the relationship 
between attack frequency and the presence of comorbid SjS, 
scatter plots and approximation lines depicting the presence 
of comorbid SjS are shown in Fig. 1. The attack frequency 
was irrespective of the presence of comorbid SjS during the 
early disease stages, but the frequency gradually increased 

for more than 5 years after the disease onset. Analysis of 
covariance (ANCOVA) for the AQP4-positive patients with 
disease duration of 5–20 years, after setting the disease dura-
tion as a covariate and the presence of comorbid SjS as the 
fixed factor, showed an increase in the attack frequency in 
NMOSD with comorbid SjS (p = 0.0270).

Discussion

In this study, the demographic backgrounds of patients with 
SjS and those with AQP4-IgG-positive NMOSD were simi-
lar. The female rates were 90–95% and the onset ages were 
mostly above 40 years of age for both diseases. The preva-
lence of comorbid SjS was higher in those with AQP4-IgG 
than in those without AQP4-IgG. These suggest that these 
two diseases have common mechanisms or share susceptibil-
ity factors for disease expression during their early stages. 
Moreover, this study demonstrated that the attack frequency 
in patients with AQP4-IgG-positive NMOSD increased with 
comorbid SjS. These suggest that the two diseases have 
common underlying mechanisms or susceptibility factors. 
Meanwhile, this study failed to show an increase in the lat-
est EDSS scores in NMOSD patients with comorbid SjS 
compared with NMOSD patients without comorbid SjS, 
possibly because the collected EDSS scores were the latest 
during the acute or subacute phase. In NMOSD, the peak 
EDSS score during the acute phase is worse than the subse-
quent EDSS score in a later chronic phase after steroid pulse 
therapy. If the subsequent EDSS scores in the chronic phase 
were followed, those of the patients with comorbid SjS may 
have been worse than those of the patients without comorbid 
SjS. Consequently, the results were not sufficient to encour-
age the potentiation of treatments for relapse prevention in 

Table 3   AQP4-IgG-positive 
patient data stratified by 
the comorbidity of Sjögren 
syndrome

AQP4-IgG anti-aquaporin-4 antibodies, EDSS Expanded Disability Status Scale, OCB oligoclonal bands, 
SjS Sjögren syndrome
a Median and interquartile range (i.e., 25–75 percentile range)

AQP4-IgG-positive with 
suspected SjS (n = 105)

AQP4-IgG-positive with-
out SjS (n = 1,034)

p values

Male: Female 3 (2.9%): 102 (97.1%) 114 (11.0%): 920 (89.0%) 0.0062
Age at clinical onset 47.7 ± 16.7 years 46.3 ± 15.8 years 0.416
Age at titration 53.2 ± 14.3 years 52.8 ± 14.9 years 0.810
Disease duration at titrationa 2 (1–7) years 3 (1–10) years 0.182
EDSS at titration (acute phase)a 5.0 (3.0–7.5) 5.0 (2.5–7.5) 0.315
OCB positivity (Pos: Neg) 10 (15.4%): 55 (84.6%) 44 (7.5%): 541 (92.5%) 0.0293
Cerebral lesions (Pos: Neg) 8 (38.1%): 13 (61.9%) 54 (26.6%): 149 (73.4%) 0.306
Brainstem lesions (Pos: Neg) 8 (38.1%): 13 (61.9%) 88 (43.3%): 115 (56.7%) 0.818
Previous times of neurological episodesa 2 (1–5) 3 (1–5) 0.426
(Optic neuritisa) (1 [0–2]) (1 [0–2]) 0.458
(Acute myelitisa) (1[1–2]) (1[1–3]) 0.150
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patients with NMOSD suspected of having comorbid SjS. 
Further longitudinal cohort studies will be needed to con-
clude on the necessity for strengthening relapse prevention 
treatments in NMOSD patients with comorbid SjS.

The severity and relapse rates of SjS and AQP4-IgG-pos-
itive NMOSD exacerbate during the period after delivery 
[12, 17, 18]. This implies that these diseases have mecha-
nisms related to bodily fluid dynamics or serum estrogen lev-
els. Previous reports have demonstrated that lower estrogen 
levels are associated with the exacerbation of SjS [15]. Addi-
tionally, an animal model of AQP4-IgG-positive NMOSD 
showed lower serum levels of estrogen [10, 34]. Further-
more, chloride imbalance between the serum and cerebro-
spinal fluid was observed during the acute phase of ON in 
AQP4-IgG-positive NMOSD [3, 5]. Considering these, the 
pathogenesis of NMOSD is considered to be multifactorial, 
involving several environmental or acquired (e.g., infections, 
changes in bodily hydrodynamics, childbirth) and hormonal 
factors. Similarly, the mechanism of SjS is also thought to 
be multifactorial, involving genetic, environmental, or hor-
monal predisposing factors [23, 28]. The multistep process 
elicits proportional, functional, and morphological changes 
in lymphocytes with persistent abnormal immune responses. 
These changes eventually cause lymphocytic infiltration 
(i.e., T cells, B cells, and dendritic cells) in the exocrine 
glands and the formation of ectopic lymphoid structures 
with germinal centers in non-lymphoid organs that may par-
tially contribute to the perpetuation of abnormal immune 
responses in target organs [16, 22]. These immune cell infil-
trations and ectopic lymphoid structures are also observed 

in patients with NMOSD [9, 21]. In total, both diseases may 
have partially similar pathophysiological mechanisms that 
subsequently cause the initiation and perpetuation of abnor-
mal immune cell responses. This may account for the similar 
demographic backgrounds and the high rate of comorbidity 
of SjS and AQP4-IgG-positive NMOSD.

There are some limitations to this study. Almost all the 
enrolled subjects were of Asian ethnicity. As a result, the 
observed high rates of comorbidity of these two diseases 
may not be generalizable to Caucasian and African-Amer-
ican populations. Another limitation is that the diagnosis 
of SjS was not based on the latest diagnostic criteria by the 
2016 American College of Rheumatology/European League 
Against Rheumatism (ACR-EULAR) [31]. Schirmer’s test 
and the measurement of salivary flow with or without sali-
vary gland biopsy were used to correctly diagnose patients 
with SjS. However, based on the observed higher rates of 
anti-SSA/Ro antibody positivity and dry eye/mouth symp-
toms in AQP4-IgG-positive than in AQP4-IgG-negative 
patients, a higher rate of comorbidity of SjS and AQP4-
IgG-positive NMOSD than the expected comorbidity rate 
by chance is undoubted.

In conclusion, the rate of comorbidity of SjS and AQP4-
IgG-positive NMOSD was estimated to be 10–20% at the 
diagnosis of NMOSD, which was higher than that expected 
by chance. More than 80% of patients with SjS who present 
with acute neurological episodes involving the central nerv-
ous system are positive for serum AQP4-IgG. The comor-
bidity of SjS and AQP4-IgG-positive NMOSD is more fre-
quent in females, and it is associated with a higher relapse 

Fig. 1   Correlation between 
disease duration and NMOSD 
attack times stratified by the 
suspected coexistence of 
Sjögren syndrome. The attack 
frequency was not significantly 
affected by comorbid SjS during 
the early disease stages, but 
it gradually increased during 
later disease stages. NMOSD: 
neuromyelitis optica spectrum 
disorder; SjS: Sjögren syndrome
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frequency. AQP4-IgG-positive NMOSD and SjS share some 
susceptibility factors that result in more severe clinical mani-
festations when they coexist.

Compliance with ethical standards 

Conflicts of interest  None.

Ethics approval  This study was approved by the Institutional Review 
Board of the Tohoku University School of Medicine. Written informed 
consent was obtained from all enrolled patients and was performed in 
accordance with the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments.

References

	 1.	 Akaishi T, Nakashima I, Takahashi T, Abe M, Ishii T, Aoki M 
(2020) Neuromyelitis optica spectrum disorders with unevenly 
clustered attack occurrence. Neurol Neuroimmunol Neuroinflamm 
7:e640

	 2.	 Akaishi T, Takahashi T, Fujihara K, Misu T, Abe M, Ishii T, Aoki 
M, Nakashima I (2020) Risk factors of attacks in neuromyelitis 
optica spectrum disorders. J Neuroimmunol 343:577236

	 3.	 Akaishi T, Takahashi T, Himori N, Takeshita T, Nakazawa T, 
Aoki M, Nakashima I (2018) Chloride imbalance is involved in 
the pathogenesis of optic neuritis in neuromyelitis optica. J Neu-
roimmunol 320:98–100

	 4.	 Akaishi T, Takahashi T, Misu T, Abe M, Ishii T, Fujimori J, Aoki 
M, Fujihara K, Nakashima I (2020) Progressive patterns of neu-
rological disability in multiple sclerosis and neuromyelitis optica 
spectrum disorders. Sci Rep 10:13890

	 5.	 Akaishi T, Takahashi T, Nakashima I (2018) Chloride imbal-
ance between serum and CSF in the acute phase of neuromyelitis 
optica. J Neuroimmunol 315:45–49

	 6.	 Birnbaum J, Atri NM, Baer AN, Cimbro R, Montagne J, Casciola-
Rosen L (2017) Relationship between neuromyelitis optica spec-
trum disorder and Sjögrenʼs syndrome: central nervous system 
extraglandular disease or unrelated, co-occurring autoimmunity? 
Arthritis Care Res 69:1069–1075

	 7.	 Botsios C, Furlan A, Ostuni P, Sfriso P, Andretta M, Ometto F, 
Raffeiner B, Todesco S, Punzi L (2011) Elderly onset of primary 
Sjögrenʼs syndrome: clinical manifestations, serological features 
and oral/ocular diagnostic tests. Comparison with adult and young 
onset of the disease in a cohort of 336 Italian patients. Joint Bone 
Spine 78:171–174

	 8.	 Carvalho DC, Tironi TS, Freitas DS, Kleinpaul R, Talim NC, 
Lana-Peixoto MA (2014) Sjögren syndrome and neuromyelitis 
optica spectrum disorder co-exist in a common autoimmune 
milieu. Arq Neuropsiquiatr 72:619–624

	 9.	 Chan KH, Lee R, Lau KK, Loong F (2017) Orbital ectopic lym-
phoid follicles with germinal centers in aquaporin-4-IgG-positive 
neuromyelitis optica spectrum disorders. Front Immunol 8:1947

	10.	 Davoudi V, Keyhanian K, Bove RM, Chitnis T (2016) Immunol-
ogy of neuromyelitis optica during pregnancy. Neurol Neuroim-
munol Neuroinflamm 3:e288

	11.	 Eskandarieh S, Nedjat S, Abdollahpour I, Azimi AR, Moghadasi 
AN, Asgari N, Sahraian MA (2018) Environmental risk factors 
in neuromyelitis optica spectrum disorder: a case-control study. 
Acta Neurol Belg 118:277–287

	12.	 Gupta S, Gupta N (2017) Sjögren Syndrome and pregnancy: a 
literature review. Perm J 21:16–047

	13.	 Hinson SR, Roemer SF, Lucchinetti CF, Fryer JP, Kryzer TJ, 
Chamberlain JL, Howe CL, Pittock SJ, Lennon VA (2008) Aqua-
porin-4-binding autoantibodies in patients with neuromyelitis 
optica impair glutamate transport by down-regulating EAAT2. J 
Exp Med 205:2473–2481

	14.	 Huda S, Whittam D, Bhojak M, Chamberlain J, Noonan C, Jacob 
A (2019) Neuromyelitis optica spectrum disorders. Clin Med 
19:169–176

	15.	 Ishimaru N, Saegusa K, Yanagi K, Haneji N, Saito I, Hayashi Y 
(1999) Estrogen deficiency accelerates autoimmune exocrinopathy 
in murine Sjögrenʼs syndrome through fas-mediated apoptosis. 
Am J Pathol 155:173–181

	16.	 Jonsson MV, Skarstein K, Jonsson R, Brun JG (2007) Serologi-
cal implications of germinal center-like structures in primary 
Sjögrenʼs syndrome. J Rheumatol 34:2044–2049

	17.	 Kim W, Kim SH, Nakashima I, Takai Y, Fujihara K, Leite MI, 
Kitley J, Palace J, Santos E, Coutinho E, Silva AM, Kim BJ, Kim 
BJ, Ahn SW, Kim HJ (2012) Influence of pregnancy on neuromy-
elitis optica spectrum disorder. Neurology 78:1264–1267

	18.	 Klawiter EC, Bove R, Elsone L, Alvarez E, Borisow N, Cortez M, 
Mateen F, Mealy MA, Sorum J, Mutch K, Tobyne SM, Ruprecht 
K, Buckle G, Levy M, Wingerchuk D, Paul F, Cross AH, Jacobs 
A, Chitnis T, Weinshenker B (2017) High risk of postpartum 
relapses in neuromyelitis optica spectrum disorder. Neurology 
89:2238–2244

	19.	 Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR 
(2005) IgG marker of optic-spinal multiple sclerosis binds to the 
aquaporin-4 water channel. J Exp Med 202:473–477

	20.	 Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti 
CF, Fujihara K, Nakashima I, Weinshenker BG (2004) A serum 
autoantibody marker of neuromyelitis optica: distinction from 
multiple sclerosis. Lancet 364:2106–2112

	21.	 Lucchinetti CF, Guo Y, Popescu BF, Fujihara K, Itoyama Y, Misu 
T (2014) The pathology of an autoimmune astrocytopathy: lessons 
learned from neuromyelitis optica. Brain Pathol 24:83–97

	22.	 Nagata Y, Inoue H, Yamada K, Higashiyama H, Mishima K, Kizu 
Y, Takeda I, Mizuno F, Hayashi Y, Saito I (2004) Activation of 
Epstein-Barr virus by saliva from Sjogren’s syndrome patients. 
Immunology 111:223–229

	23.	 Nair JJ, Singh TP (2017) Sjogrenʼs syndrome: review of the aetiol-
ogy, pathophysiology & potential therapeutic interventions. J Clin 
Exp Dent 9:e584–e589

	24.	 Palace J, Lin DY, Zeng D, Majed M, Elsone L, Hamid S, Messina 
S, Misu T, Sagen J, Whittam D, Takai Y, Leite MI, Weinshenker 
B, Cabre P, Jacob A, Nakashima I, Fujihara K, Pittock SJ (2019) 
Outcome prediction models in AQP4-IgG positive neuromyelitis 
optica spectrum disorders. Brain 142:1310–1323

	25.	 Pittock SJ, Lennon VA, de Seze J, Vermersch P, Homburger HA, 
Wingerchuk DM, Lucchinetti CF, Zéphir H, Moder K, Weinshen-
ker BG (2008) Neuromyelitis optica and non organ-specific auto-
immunity. Arch Neurol 65:78–83

	26.	 Pittock SJ, Lucchinetti CF (2016) Neuromyelitis optica and the 
evolving spectrum of autoimmune aquaporin-4 channelopathies: 
a decade later. Ann N Y Acad Sci 1366:20–39

	27.	 Ramos-Casals M, Cervera R, Font J, García-Carrasco M, Espinosa 
G, Reino S, Pallarés L, Ingelmo M (1998) Young onset of primary 
Sjögren’s syndrome: clinical and immunological characteristics. 
Lupus 7:202–206

	28.	 Sandhya P, Kurien BT, Danda D, Scofield RH (2017) Update 
on pathogenesis of Sjogrenʼs syndrome. Curr Rheumatol Rev 
13:5–22

	29.	 Sato DK, Nakashima I, Takahashi T, Misu T, Waters P, Kuroda 
H, Nishiyama S, Suzuki C, Takai Y, Fujihara K, Itoyama Y, Aoki 
M (2013) Aquaporin-4 antibody-positive cases beyond current 
diagnostic criteria for NMO spectrum disorders. Neurology 
80:2210–2216



1944	 Journal of Neurology (2021) 268:1938–1944

1 3

	30.	 Satoh M, Chan EK, Ho LA, Rose KM, Parks CG, Cohn RD, Jusko 
TA, Walker NJ, Germolec DR, Whitt IZ, Crockett PW, Pauley BA, 
Chan JY, Ross SJ, Birnbaum LS, Zeldin DC, Miller FW (2012) 
Prevalence and sociodemographic correlates of antinuclear anti-
bodies in the United States. Arthritis Rheum 64:2319–2327

	31.	 Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, 
Lietman TM, Rasmussen A, Scofield H, Vitali C, Bowman SJ, 
Mariette X (2017) 2016 American College of Rheumatology/
European League against rheumatism classification criteria for 
primary Sjögrenʼs syndrome: a consensus and data-driven meth-
odology involving three international patient cohorts. Arthr Rheu-
matol 69:35–45

	32.	 Shosha E, Dubey D, Palace J, Nakashima I, Jacob A, Fujihara K, 
Takahashi T, Whittam D, Leite MI, Misu T, Yoshiki T, Messina 
S, Elsone L, Majed M, Flanagan E, Gadoth A, Huebert C, Sagen 
J, Greenberg BM, Levy M, Banerjee A, Weinshenker B, Pittock SJ 
(2018) Area postrema syndrome: Frequency, criteria, and severity 
in AQP4-IgG-positive NMOSD. Neurology 91:e1642–e1651

	33.	 Stefanski AL, Tomiak C, Pleyer U, Dietrich T, Burmester GR, 
Dörner T (2017) The diagnosis and treatment of Sjögrenʼs syn-
drome. Deutsches Arzteblatt Int 114:354–361

	34.	 Sun XL, Ding JH, Fan Y, Zhang J, Gao L, Hu G (2007) Aquaporin 
4 regulates the effects of ovarian hormones on monoamine neuro-
transmission. Biochem Biophys Res Commun 353:457–462

	35.	 Takahashi T, Fujihara K, Nakashima I, Misu T, Miyazawa I, Naka-
mura M, Watanabe S, Ishii N, Itoyama Y (2006) Establishment 
of a new sensitive assay for anti-human aquaporin-4 antibody in 
neuromyelitis optica. Tohoku J Exp Med 210:307–313

	36.	 Takahashi T, Fujihara K, Nakashima I, Misu T, Miyazawa I, 
Nakamura M, Watanabe S, Shiga Y, Kanaoka C, Fujimori J, 

Sato S, Itoyama Y (2007) Anti-aquaporin-4 antibody is involved 
in the pathogenesis of NMO: a study on antibody titre. Brain 
130:1235–1243

	37.	 Trebst C, Jarius S, Berthele A, Paul F, Schippling S, Wildemann 
B, Borisow N, Kleiter I, Aktas O, Kümpfel T (2014) Update on 
the diagnosis and treatment of neuromyelitis optica: recommen-
dations of the Neuromyelitis Optica Study Group (NEMOS). J 
Neurol 261:1–16

	38.	 Tzioufas AG, Vlachoyiannopoulos PG (2012) Sjogrenʼs syn-
drome: an update on clinical, basic and diagnostic therapeutic 
aspects. J Autoimmun 39:1–3

	39.	 Voigt A, Esfandiary L, Nguyen CQ (2015) Sexual dimorphism in 
an animal model of Sjögren’s syndrome: a potential role for Th17 
cells. Biology Open 4:1410–1419

	40.	 Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, 
Chitnis T, de Seze J, Fujihara K, Greenberg B, Jacob A, Jarius S, 
Lana-Peixoto M, Levy M, Simon JH, Tenembaum S, Traboulsee 
AL, Waters P, Wellik KE, Weinshenker BG (2015) International 
consensus diagnostic criteria for neuromyelitis optica spectrum 
disorders. Neurology 85:177–189

	41.	 Wingerchuk DM, Hogancamp WF, O’Brien PC, Weinshenker 
BG (1999) The clinical course of neuromyelitis optica (Devicʼs 
syndrome). Neurology 53:1107–1114

	42.	 Zekeridou A, Lennon VA (2015) Aquaporin-4 autoimmunity. 
Neurol Neuroimmunol Neuroinflamm 2:e110

	43.	 Zhang B, Zhong Y, Wang Y, Dai Y, Qiu W, Zhang L, Li H, Lu Z 
(2014) Neuromyelitis optica spectrum disorders without and with 
autoimmune diseases. BMC Neurol 14:162


	Impact of comorbid Sjögren syndrome in anti-aquaporin-4 antibody-positive neuromyelitis optica spectrum disorders
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Collected information
	Statistical analyses

	Results
	Demographic and clinical data by AQP4-IgG positivity
	Demographic and clinical data stratified by comorbid SjS
	Effect of comorbid Sjögren syndrome on the manifestation of NMOSD

	Discussion
	References




