
Page 1/18

Optic neuritis at the nexus of peripheral
autoimmunity and central nervous system
demyelination: a nationwide cohort study
Wei-Sheng Lin  (  wshenq@yahoo.com.tw )

Taipei Veterans General Hospital https://orcid.org/0000-0002-9016-2067
Ho-Min Chen 

National Taiwan University
Chih-Chao Yang 

National Taiwan University Hospital
Ta-Ching Chen 

National Taiwan University Hospital
Jou-Wei Lin 

National Taiwan University Hospital Yun Lin Branch
Wang-Tso Lee 

National Taiwan University Hospital

Research

Keywords: Optic neuritis, Multiple sclerosis, Neuromyelitis optica, Autoimmunity, Demyelination,
Comorbidity

Posted Date: February 25th, 2020

DOI: https://doi.org/10.21203/rs.2.24450/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.24450/v1
mailto:wshenq@yahoo.com.tw
https://orcid.org/0000-0002-9016-2067
https://doi.org/10.21203/rs.2.24450/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Background Long-term course of optic neuritis is heterogeneous and varies across populations. We aim
to investigate immune-related determinants that predict conversion of optic neuritis (ON) to multiple
sclerosis (MS) or neuromyelitis optica (NMO) in a nationwide cohort. Methods We conducted the
population-based cohort study using data from Taiwan’s National Health Insurance Research Database.
Incident ON cases during 2003~2014 were followed until the end of 2015. Pediatric and adult sub-
cohorts were examined separately. The associations between immune-related comorbidities or treatment
and outcomes were analyzed using Cox proportional hazards models. Results A total of 11923 adult and
1365 pediatric ON patients were enrolled. The rates of conversion to MS were 2.7% for adult and 3.1% for
pediatric ON with median follow-up duration of 6.3 and 7.3 years respectively, while 1.2% of pediatric and
adult ON evolved to NMO. Comorbid systemic lupus erythematosus was associated with increased risks
of subsequent development of MS in adult (adjusted hazard ratio [aHR], 2.80; 95% CI, 1.04-7.49) and
pediatric ON patients (aHR, 21.65; 95% CI, 1.29-363.4). Adult ON patients were at increased risks of NMO
if comorbid with myasthenia gravis (aHR, 9.13; 95% CI, 1.20-69.45) or Sjogren’s syndrome (aHR, 4.71; 95%
CI, 1.74-12.76). Conclusion ON could be the sentinel event linking several peripheral autoimmune
comorbidities to distinct forms of central nervous system demyelination. The clinical context in which ON
occurs should be taken into account in the care and counseling of these patients.

Introduction
Optic neuritis (ON) often represents the harbinger of several neuroimmune disorders of central nervous
system, most notably multiple sclerosis (MS) and neuromyelitis optica (NMO) [1, 2]. Previous studies
reported variable rates of conversion to MS after ON, ranging from 8.3–75% (7-40.6% in pediatric ON) [1,
3–8]. The disparity between studies could be attributed to case de�nition, ethnic background, source of
patient population (community versus hospital-based), follow-up duration, and secular trend. In a
landmark study of the natural history of ON spanning more than 50 years, the rate of conversion to MS
proved to be a function of time and remained increasing beyond 30 years after ON [1]. Nevertheless, a
signi�cant fraction of ON patients remain event free for prolonged periods, underscoring the clinical
heterogeneity of this condition. On the other hand, the interval between initial and second relapses in
patients with NMO is generally shorter compared to that in MS. Therefore, it is anticipated that when ON
signi�es the initial event of NMO, the next clinical neuroimmune attack will happen sooner. However, this
issue has seldom been speci�cally examined [9]. Furthermore, a common caveat in previous studies is
the mixing-up of MS and NMO, in which NMO was viewed as a subset of MS [7, 10]. With the recognition
that NMO and MS are clinically and immunologically distinct entities, it is prudent to study their
relationships with ON respectively.

The standard treatment for ON, intravenous methylprednisolone, has been established on the basis of the
Optic Neuritis Treatment Trial, which showed that high-dose methylprednisolone treatment was
associated with accelerated visual recovery and delayed onset of MS [11, 12]. Steroid treatment is
believed to improve visual outcome in NMO-associated ON [13–15], whereas the relationship of steroid
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treatment and subsequent development of NMO remains to be clari�ed. Interferon beta agents have been
used in selected ON patients to delay the progression to clinically de�nite MS [16], yet they may be
potentially detrimental for NMO [17]. The differential treatment responses suggest that the
immunological mechanisms of ON that later evolves to NMO could be distinct from that of MS-
associated ON. Therefore, differentiation between various subtypes of ON are therapeutically relevant
[14].

With these questions in mind, we conduct this nationwide population-based cohort study to better
understand the long-term course of ON in Taiwan and the associated risk factors in relation to MS and
NMO.

Methods
Data Source

This retrospective study used data retrieved from the Taiwan National Health Insurance (NHI) Research
Database (see Supplementary Methods, Additional File 1). The study protocol was approved by the
National Taiwan University Hospital Research Ethics Committee (201904028RINC), and the need for
informed consent was waived.

Study Population and Selection Criteria

From the source population, all incident cases of ON between January 1, 2003 and December 31, 2014
were identi�ed. A diagnosis of ON was de�ned as being documented with the following International
Classi�cation of Diseases, 9th Revision, Clinical Modi�cation (ICD-9-CM) codes: 377.3x (optic neuritis)
but exclude 377.33 (nutritional optic neuropathy) and 377.34 (toxic optic neuritis). We considered the
diagnosis of incident ON to be valid if (1) ON was reported at least 3 times in the records of outpatient
visits or once during hospitalization within a 3-month interval, and (2) ON was not diagnosed between
January 1, 2001 and December 31, 2002. The initial date of diagnosis of ON was de�ned as the index
date. Subjects were then excluded if they had received the diagnostic codes of NMO (ICD-9-CM: 341.0) or
MS (ICD-9-CM: 340) between January 1, 2001 and the index date. Pediatric ON has been distinguished
from ON in adults in terms of clinical manifestations and rate of conversion to MS [13, 15]. Therefore, the
pediatric (0–19 years) and adult (20 years and above) sub-cohorts were examined separately.

Exposures

Comorbidities, with an emphasis on immune-mediated diseases, were identi�ed using respective ICD-9-
CM codes (Supplementary Table 1, Additional File 1). Treatment with systemic steroid was identi�ed
using Anatomical Therapeutic Chemical (ATC) codes (H02AB and H02B), and it was strati�ed to examine
whether there were dose-response relationships between systemic steroid use after ON and subsequent
risk of MS or NMO. To ensure the robustness of the results, the strati�cation was implemented in three
different ways: (1) cumulative de�ned daily dose (DDD), strati�ed into quartile; (2) duration of systemic
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steroid use, strati�ed into 1–6 days, 7–14 days, and 15 days and above; (3) methylprednisolone use or
not. Subjects not treated with systemic steroid after ON were used as the reference.

Study Outcomes and Follow-up

The study outcomes were MS and NMO, respectively. The diagnosis of MS and NMO were considered to
be valid if they were reported in at least 3 outpatient visits within 2 years or once during hospital
admission with the respective diagnostic codes. When a patient met both the criteria for MS and NMO,
the diagnosis later made and preserved was adopted; otherwise NMO was assigned if both diagnoses
were kept. All patients were monitored from the index date until the earliest occurrence of MS or NMO
(de�ned as the event date), death, withdrawal from NHI, or the end of the study (December 31, 2015),
whichever came �rst.

Statistical Analysis

The cumulative incidences for various clinical outcomes by study groups among the overall population
were plotted using Fine and Gray’s subdistribution method to estimate cumulative incidence function [18].
The Cox proportional-hazards regression model was used to investigate if comorbidities and treatment
could be associated with subsequent development of MS or NMO, with adjustment for other potential
confounders. A substantial fraction of subsequent MS is expected to be diagnosed within three months
after the index date (i.e., the initial date of ON diagnosis) [19]. These subjects were excluded in Cox
regression models in order to focus on patients presumably having clinically isolated ON, and to evaluate
the longer-term predictive utility of demographic and clinical variables. The �nal model included age, sex,
timing of diagnosis, comorbidities, systemic steroid use at baseline (de�ned as prescription of systemic
steroid in the 3 months preceding the index date), and systemic steroid use after ON (de�ned as
prescription of systemic steroid within one month after the index date). The relative risk of conversion to
MS or NMO was expressed as a hazard ratio (HR) and 95% con�dence interval (CI). Statistical tests were
two-sided, and a P value of less than 0.05 was considered statistically signi�cant. Statistical analyses
were performed using SAS 9.4 (SAS Institute, Inc., Cary, North Carolina).

Data Availability

This study was based on datasets from Taiwan’s NHI Research Database. Taiwan’s Ministry of Health
and Welfare owns the database and reviews application for data use for research purposes. All aggregate
data and summary statistics in this study are presented in the article or uploaded as supplementary
information.

Results
A total of 13837 incident ON cases were identi�ed during 2003~2014. The crude annual incidence rate
ranged between 4.43 (in 2012) and 5.89 (in 2005) per 100000 persons. Among the 13837 incident cases,
549 had the diagnosis of MS or NMO prior to ON and were hence excluded from the cohort analysis. The
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cohort (n=13288) consisted of 11923 (89.7%) adult cases, as well as 1365 (10.3%) cases under age 20.
The mean (SD) age was 51 (16.8) and 13 (4.5) years for adult and pediatric ON, and 49.8% and 50.0%
were male, respectively. Details of the demographic and clinical characteristics of the cohort, including
comorbidities and treatment, were presented in Table 1.

The follow-up data were presented in Table 2. The median (interquartile range, IQR) follow-up duration
was 76 (40,114) and 87 (51,124) months for adult and pediatric ON, respectively. MS occurred in 321
(2.7%) adults and 42 (3.1%) pediatric patients with ON. Among them, 179 (1.5%) and 21 (1.5%) cases
were diagnosed within 90 days following the index date. After excluding MS cases diagnosed within 90
days following ON, the median (IQR) duration between ON and MS diagnosis was 17 (6,31) and 26
(12,45) months for adult and pediatric patients, respectively. NMO occurred in 146 (1.2%) adults and 16
(1.2%) pediatric patients with ON, with 65 (0.5%) and 8 (0.6%) cases diagnosed within 90 days following
the index date, respectively. After excluding NMO cases diagnosed within 90 days following ON, the
median (IQR) duration between ON and NMO diagnosis was 16 (8,31) and 14 (6,29) months for adult and
pediatric patients, respectively. The cumulative incidences of MS and NMO in pediatric and adult sub-
cohorts were presented in Figure 1 and Supplementary Figure (in Additional File 1).

The Cox regression analysis (Table 3) revealed that systemic steroid use at baseline and male sex were
associated with decreased risks of conversion to MS in adult ON patients. The aHR (95% CI) for steroid
use at baseline and male sex were 0.62 (0.38-1.00) and 0.33 (0.23-0.49), respectively. Systemic steroid
use after ON and comorbid systemic lupus erythematosus (SLE) were associated with increased risks of
conversion to MS in adult ON patients. The aHR (95% CI) for comorbid SLE were 2.80 (1.04-7.49). The
aHR (95% CI) for systemic steroid use after ON, from lowest to highest quartiles, were 1.06 (0.43-2.65),
3.13 (1.64-6.00), 7.38 (4.34-12.54), 8.22 (4.88-13.86). Different strategies of strati�cation, based on either
cumulative drug day of systemic steroid use or whether methylprednisolone was used, yielded similar
results with dose-response relationships (Supplementary Table 2, Additional File 1), attesting to the
robustness of this �nding. No signi�cant interaction between systemic steroid use at baseline and after
ON was found with regard to subsequent development of MS (see footnotes of Table 3 and
Supplementary Table 2 in Additional File 1). Therefore, this interaction term was not incorporated into the
�nal model.

Regarding conversion of adult ON to NMO, similar analysis showed that male sex was associated with a
much decreased risk (aHR, 0.16; 95% CI, 0.08-0.32) (Table 3). Comorbid myasthenia gravis (MG) and
Sjogren syndrome were associated with increased risks of conversion of adult ON to NMO, with aHR (95%
CI) being 9.13 (1.20-69.45) and 4.71 (1.74-12.76), respectively. Systemic steroid use after ON was
associated with an increased risk of conversion to NMO in adult ON patients, with the aHR (95% CI) from
lowest to highest quartiles being 0.95 (0.20-4.58), 5.12 (1.93-13.54), 11.09 (4.81-25.59), 14.16 (6.23-
32.18). Different strategies of strati�cation again yielded similar results with dose-response relationships,
and replicated the signi�cant �ndings described above (Supplementary Table 2, Additional File 1). No
signi�cant interaction between systemic steroid use at baseline and after ON was found with regard to
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subsequent development of NMO (see footnotes of Table 3 and Supplementary Table 2 in Additional File
1). Therefore, this interaction term was not incorporated into the �nal model.

Regarding pediatric ON, Cox regression analysis (Table 4, and Supplementary Table 3 in Additional File 1)
revealed that male sex was associated with much decreased risks of MS (aHR, 0.15; 95% CI, 0.04-0.52)
and NMO (aHR, 0.10; 95% CI, 0.01-0.83). Higher cumulative dosage of steroid use after ON was
associated with an increased risk of conversion to MS, with the aHR (95% CI) of the third and the highest
quartiles being 13.28 (3.56-49.54) and 6.91 (1.42-33.69), respectively. Comorbid SLE was also associated
with an increased risk of conversion to MS in pediatric patients with ON (aHR, 21.65; 95% CI, 1.29-363.4).
 

Discussion
To our knowledge, this is the �rst large-scale cohort studies of ON in Asia. In this retrospective cohort of
11923 adult and 1365 pediatric ON patients with a median follow-up duration of 6.3 and 7.3 years
respectively, MS occurred in 2.7% of adults and 3.1% of pediatric patients, and NMO occurred in 1.2% of
adult and 1.2% of pediatric patients with ON. The incidence of ON in our study was comparable to other
populations [1, 19], while the rate of conversion to MS was much lower compared with that reported from
Caucasian populations. Together these �ndings were consistent with the low incidence rate of MS in
Taiwan [20].

Although Sjogren syndrome and MG were uncommon (< 2% each) in ON patients in our study, they were
signi�cantly associated with subsequent development of NMO in adult patients with ON. Indeed, the
association of Sjogren syndrome and NMO has been established [21, 22]. Coexistence of MG and NMO
was also recognized to be more than chance, and MG usually preceded NMO [23]. Our study corroborates
these observations by providing population-level evidence of the associations. To date, cancer was the
only comorbidity formally listed as one of the “red �ag” features in patients with ON [14, 24]. Together
with prior knowledge, our �ndings suggest that comorbid Sjogren syndrome or MG are also worth
consideration as red �ags that prompt further investigations such as aquaporin-4 serostatus in these
patients. On the other hand, although SLE is also a common comorbidity of NMO, we found that it is
associated with an increased risk of MS, rather than NMO, in both pediatric and adult ON. Another study
in Taiwan revealed that female �rst-degree relatives of SLE patients are at higher risk for MS [25]. Shared
genetic predisposition (such as HLA-DRB1*1501) may partly account for the association between SLE
and MS [26, 27], whereas their coexistence was rarely reported [28]. SLE per se may also present with ON
[6, 29], which is considered mechanistically different from MS-associated ON. Therefore, ON in patients
with SLE could be either a manifestation of lupus or the forme fruste of MS. Nevertheless, the double
dissociation of autoimmune comorbidity patterns between MS-associated and NMO-associated ON
strongly hints at distinct immunological mechanisms underlying these two types of ON. The role of
immune-related comorbidities, in combination with brain MRI and serum and CSF biomarkers [30–32],
could be further explored in research concerning predictive modeling and risk-adapted management of
ON patients [4].
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Despite that high-dose methylprednisolone has been established as the standard treatment for ON,
variations in real-world practice continue to be noted [33]. This also appeared to be the case in our
population, in which more than 20% of ON patients were given only corticosteroids other than
methylprednisolone (Table 1). Our pharmacoepidemiological analysis showed that systemic steroid use
after ON was associated with an increased risk of conversion to MS and NMO in a dose-dependent
manner in adult population. At �rst sight this suggests that systemic steroid treatment for ON is
detrimental in the long term, yet this interpretation incurs the risk of reverse causation, and it apparently
contradicts existing knowledge [12]. The more plausible explanation is that prescription of systemic
steroid re�ects the judgment of clinicians about the immune-mediated nature of ON in the particular
patient, presumably based on clinical or paraclinical features. The association of immunomodulatory
medication with subsequent MS was also observed in other retrospective studies of pediatric and adult
ON [4, 7], which could be similarly explicated.

It is intriguing to note that use of systemic steroid during the 3 months preceding ON was associated with
a modestly decreased risk of MS in adults. This phenomenon has not been reported, and the reason is
open to speculation. One possibility is that ON developing in the immunological milieu sculpted by
corticosteroid has a different pathogenesis, or MS-associated ON might have been more readily
ameliorated by the fortuitous use of systemic steroid. More research is needed to clarify this issue.

Previous studies showed that pediatric ON has been distinguished from ON in adults in terms of sex ratio,
laterality, associated diseases and rate of conversion to MS [13, 15]. We found that female patients in this
population was associated with much increased risks of MS and NMO. Besides, comorbid SLE and higher
cumulative dosage of systemic steroid use after ON were independently associated with increased risks
of conversion of pediatric ON to MS. All of these �ndings were qualitatively similar to that in adults. In
contrary to general notion, the rate of conversion to MS or NMO in pediatric ON was not lower than that in
adults in our study. This could be partly accounted for by the age cutoff (20 years) used here, since
adolescent ON may be more akin to adult as opposed to prepubertal ON [34], while they were included in
the pediatric group in our study. On the other hand, if the prepubertal ON is speci�cally examined,
analytical results would be less robust given the much smaller sample size.

The strength of this study lies in its national representativeness and unprecedented size of the cohort,
making statistical modeling feasible. Although the �ndings are not directly generalizable to other
populations, the clinical relevance herein deserves further research, as discussed above. Several
limitations of this study should be considered. First, the diagnosis of individual case cannot be
ascertained given the nature of datasets and the policy of the database provider. Second, although the
temporal scale (spanning 15 years, median follow-up duration 6–7 years) is acceptable, it is insu�cient
to capture all cases of MS because some patients could run a more indolent course [1]. Third, certain
features of ON, such as laterality and ophthalmologic �ndings, were associated with differential risks of
MS or NMO [24, 35], and these features could affect clinicians’ decision regarding steroid use. In other
words, they were the potential sources of confounding-by-indication. However, these information were not
available for this study. Similarly, relevant serologic data and neuroimaging �ndings were also
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unavailable. Therefore, caution should be exercised in the interpretation of treatment effects with regard
to subsequent risks of MS or NMO. Fourth, recurrent ON is associated with an increased likelihood of
developing MS or NMO in children and adults [1, 31, 35, 36]. However, we were unable to address this
issue because previous diagnosis code was often retained in subsequent visits in our electronic health
information systems, making differentiation between inactive and relapsing ON di�cult. Fifth, the
awareness of NMO as a distinct clinical entity was relatively recent, and NMO could be underdiagnosed in
the earlier years of our study period. Therefore, the association of timing of ON diagnosis with
subsequent development of NMO in adults (Table 3) was likely artifactual.

Conclusions
This nationwide cohort study showed that the rate of conversion to MS was much lower in Taiwanese ON
patients compared with that in Caucasian populations. Adult ON patients with comorbid MG or Sjogren’s
syndrome were at increased risks of NMO, while those with comorbid SLE were associated with an
increased risk of MS. Physicians’ discretion to prescribe systemic steroid for ON patients matched quite
well with future probability of MS or NMO. Collectively, our �ndings suggest that ON could represent the
converging point of different immunopathogenetic pathways, and the immune context in which ON
develops may provide hints that could be helpful in risk strati�cation, therapeutic decision making, and
prognostication for these patients.

Abbreviations
aHR, adjusted hazard ratio; ATC, Anatomical Therapeutic Chemical; CI, con�dence interval; DDD, de�ned
daily dose; ICD-9-CM, International Classi�cation of Diseases, 9th Revision, Clinical Modi�cation; IQR,
interquartile range; MG, myasthenia gravis; MS, multiple sclerosis; NHI, National Health Insurance; NMO,
neuromyelitis optica; ON, optic neuritis; SLE, systemic lupus erythematosus.
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Tables

Table 1. Demographic and clinical features of incident optic neuritis patients in 2003-2014
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Age 0-19

(N=1,365)

Age 20 above

 (N=11,923)

Male sex (%) 683 (50.0) 5933 (49.8)

Mean of age, years (SD) 13.0 (4.5) 51.0 (16.8)

Comorbidity, No. (%)    

Allergic rhinitis 160 (11.7) 742 (6.2)

Asthma 67 (4.9) 447 (3.7)

Atopic dermatitis 22 (1.6) 89 (0.7)

Thyrotoxicosis  3 (0.2) 405 (3.4)

Diabetes mellitus 11 (0.8) 1859 (15.6)

Myasthenia gravis 3 (0.2) 28 (0.2)

Regional enteritis 5 (0.4) 28 (0.2)

Ulcerative enterocolitis 0 4 (0.0)

Systemic lupus erythematosus 12 (0.9) 107 (0.9)

Systemic sclerosis 0 8 (0.1)

Sjogren syndrome 0 128 (1.1)

Dermatomyositis 0 9 (0.1)

Rheumatoid arthritis 0 100 (0.8)

Polymyositis 0 4 (0.0)

Malignancy 39 (2.9) 780 (6.5)

Steroid use at baselinea (%) 266 (19.5) 2792 (23.4)

Steroid use within 1 month after index date (%)    

Drug type     

methylprednisolone 493 (36.1) 3379 (28.3)

oral only 280 (20.5) 3037 (25.5)

no use 592 (43.4) 5507 (46.2)

Cumulative drug day of steroids    

Mean (SD) 15.3 (9.1) 15.7 (9.2)

Median (Q1,Q3) 14 (7,23) 14 (7,24)

1-6 days 177 (13.0) 1364 (11.4)

7-14 days 224 (16.4) 1952 (16.4)

15 and above days 372 (27.3) 3100 (26.0)

no use 592 (43.4) 5507 (46.2)

Cumulative DDD of steroids    

Mean(SD) 158.7 (150.0) 138.1 (133.4)

Median (Q1,Q3) 139 (44,223) 104 (28,220)

<Q1 199 (14.5) 1751 (14.7)
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Age 0-19

(N=1,365)

Age 20 above

 (N=11,923)

Q1-Q2 190 (13.9) 1511 (12.7)

Q2-Q3 194 (14.2) 1582 (13.3)

>=Q3 190 (13.9) 1572 (13.2)

no use 592 (43.4) 5507 (46.2)

  Abbreviation: DDD, defined daily dose.
a steroid use during the three months preceding the index date.

Table 2. Follow-up of study patients with incident optic neuritis

 
Age 0-19

(N=1,365)

Age 20 and above

 (N=11,923)

Variable   No. (%) No. (%)

Follow-up time, months Mean (SD) 86.2 (42.3) 77.2 (42.6)

Median (Q1,Q3) 87 (51,124) 76 (40,114)

Death No. (%) 46 (3.4) 1811 (15.2)

MS as endpoint censor 1277 (93.6) 9807 (82.3)

death 46 (3.4) 1795 (15.1)

event 42 (3.1) 321 (2.7)

MS within 90 days after index date No. (%) 21 (1.5) 179 (1.5)

Lag time of MS, months (excluding MS within 90 days after index date) Mean (SD) 29.1 (22.6) 23.8 (24.0)

Median (Q1,Q3) 26 (12,45) 17 (6,31)

NMO as endpoint censor 1303 (95.5) 9976 (83.7)

death 46 (3.4) 1801 (15.1)

event 16 (1.2) 146 (1.2)

NMO within 90 days after index date No. (%) 8 (0.6) 65 (0.5)

Lag time of NMO, months (excluding NMO within 90 days after index date) Mean (SD) 18.6 (15.9) 23.2 (22.3)

Median (Q1,Q3) 14 (6,29) 16 (8,31)

Abbreviations: MS, multiple sclerosis; NMO, neuromyelitis optica.

Table 3. Adjusted hazard ratio of incidence of NMO and MS for patients with age >=20
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  MS NMO

  aHR 95% CI  P value aHR 95% CI  P value

Steroid use at baselinea,b 0.62 0.38-1.00 0.05 0.90 0.50-1.61 0.72

Cumulative DDD of steroid used within 1 month after index datea,b     < .001     <.001

No use ref     ref    

<Q1 1.06 0.43-2.65   0.95 0.20-4.58  

Q1-Q2 3.13 1.64-6.00   5.12 1.93-13.54  

Q2-Q3 7.38 4.34-12.54   11.09 4.81-25.59  

>=Q3 8.22 4.88-13.86   14.16 6.23-32.18  

Male vs. female  0.33 0.23-0.49 < .001 0.16 0.08-0.32 < .001

Age 0.97 0.96-0.98 < .001 0.98 0.96-1.00 0.009

Allergic rhinitis 1.04 0.49-2.17 0.92 0.74 0.26-2.16 0.59

Asthma 1.96 0.83-4.65 0.13 1.77 0.54-5.87 0.35

Atopic dermatitis 0.95 0.13-6.90 0.96 0.00 - >.99

Thyrotoxicosis 0.00 - 0.97 0.29 0.04-2.09 0.22

Diabetes mellitus 0.64 0.29-1.41 0.27 0.45 0.14-1.50 0.19

Myasthenia gravis 0.00 - 0.99 9.13 1.20-69.45 0.03

Systemic lupus erythematosus 2.80 1.04-7.49 0.04 1.12 0.30-4.21 0.87

Sjogren syndrome 0.35 0.04-3.00 0.34 4.71 1.74-12.76 0.002

Rheumatoid arthritis 1.77 0.22-14.39 0.59 0.00 - 0.99

all types of cancer 0.52 0.13-2.11 0.36 0.00 - 0.98

Diagnosis of ON     0.37     0.005

2003-2005 ref ref

2006-2010 0.89 0.61-1.30   1.64 0.86-3.13

2011-2015 0.71 0.44-1.14   2.84 1.46-5.50

Abbreviations: MS, multiple sclerosis; NMO, neuromyelitis optica; DDD, defined daily dose; ON, optic neuritis.
a If we add the interaction term of steroid use at baseline and use within 1 month after index date in the model of MS analysis,

the P value of interaction 

term is 0.2710.
b If we add the interaction term of steroid use at baseline and use within 1 month after index date in the model of NMO analysis,

the P value of interaction 

term is 0.6847.
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Table 4. Adjusted hazard ratio of incidence of NMO and MS for patients with age 0-19

  MS NMO

  aHR 95% CI  P value aHR 95% CI  P value

Steroid use at baseline 0.09 0.01-1.25 0.07 1.80 0.34-9.38 0.49

Cumulative DDD of steroid used within 1 month after index date     < .001     0.69

No use ref     ref    

<Q1 0.83 0.08-8.80   1.34 0.12-15.16  

Q1-Q2 3.97 0.79-20.01   3.65 0.49-27.17  

Q2-Q3 13.28 3.56-49.54   1.38 0.12-15.42  

>=Q3 6.91 1.42-33.69   3.16 0.42-23.91  

Male vs. female  0.15 0.04-0.52 0.003 0.10 0.01-0.83 0.03

Age 0.99 0.89-1.11 0.91 1.28 1.00-1.64 0.05

Allergic rhinitis 0.74 0.15-3.73 0.72 2.58 0.29-22.75 0.39

Asthma 1.54 0.17-14.13 0.70 0 - >.99

Systemic lupus erythematosus 21.65 1.29-363.4 0.03 0 - >.99

Diagnosis of ON     0.37     0.76

2003-2005 ref   ref

2006-2010 0.97 0.38-2.50   1.86 0.33-10.55  

2011-2015 0.34 0.07-1.64   1.23 0.17-9.13  

Abbreviations: MS, multiple sclerosis; NMO, neuromyelitis optica; DDD, defined daily dose; ON, optic neuritis.

Figures
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Figure 1

Cumulative incidence rate of NMO and MS. (A) age 0-19 (B) age 20 and above.
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