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Purpose: Our study aimed to explore the correlation between Sjögren syndrome, 
sociodemographic factors, comorbid conditions, and optic neuritis.

Methods: This retrospective, nationwide, population-based, matched case–
control investigation involved 33,190 individuals diagnosed with optic neuritis, 
identified using the International Classification of Diseases, Ninth Revision, 
Clinical Modification codes 377.30 for optic neuritis or 377.32 for retrobulbar 
neuritis. Patient data were extracted from the Taiwan National Health Insurance 
Research Database. Demographic characteristics, the presence of Sjögren 
syndrome, and pre-existing comorbid conditions were analyzed using univariate 
logistic regression. Continuous variables were assessed with a paired t-test. 
Adjusted logistic regression was employed to compare the prognosis odds ratio 
(OR) of patients with optic neuritis to controls.

Results: After adjusting for confounding variables, individuals with Sjögren 
syndrome exhibited a significantly higher likelihood of developing optic neuritis 
compared to controls (adjusted OR, 9.79; 95% confidence interval [CI], 7.28–
12.98; p  <  0.0001). Other conditions associated with increased odds of optic 
neuritis included rheumatoid arthritis, ankylosing spondylitis, multiple sclerosis, 
systemic lupus erythematosus, and granulomatous vasculitis (adjusted OR: 1.57, 
95% CI: 1.33–1.86; adjusted OR: 2.02, 95% CI: 1.65–2.48; adjusted OR: 140.77, 
95% CI: 35.02–565.85; adjusted OR: 2.38, 95% CI: 1.71–3.30; adjusted OR: 
18.28, 95% CI: 2.21–151.45, respectively), as well as systemic infections such as 
human herpes viral infection and tuberculosis infection (adjusted OR: 1.50, 95% 
CI: 1.35–1.66; adjusted OR: 4.60, 95% CI: 3.81–5.56, respectively).

Discussion: Our findings strongly support the existence of an association 
between Sjögren syndrome, rheumatoid arthritis, ankylosing spondylitis, 
multiple sclerosis, systemic lupus erythematosus, granulomatous vasculitis, 
human herpes viral infection, tuberculosis, and optic neuritis.
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1 Introduction

Optic neuritis, an inflammatory condition, demyelinates the optic 
nerve in one or both eyes and causes acute or subacute vision loss (1). 
Previously, our understanding of optic neuritis was based on the Optic 
Neuritis Treatment Trial (ONTT) and its results affected optic neuritis 
treatment worldwide (2, 3). Optic neuritis was categorized into typical 
type, i.e., idiopathic or multiple sclerosis related and with a good visual 
prognosis, and atypical type, i.e., not associated with multiple sclerosis 
and requiring corticosteroids for visual recovery. Recently, because of 
the discovery of the auto antibodies immunoglobulin G to 
aquaporin-4 and myelin oligodendrocyte glycoprotein, the importance 
of optic neuritis in neuromyelitis optica spectrum disorder and myelin 
oligodendrocyte glycoprotein antibody disease has become more 
prominent (1, 4, 5).

Although the pathophysiology of optic neuritis remains unclear, 
it is considered an immune-mediated disease (6) and could be a risk 
factor or the first clinical manifestation of autoimmune disease 
following systemic involvement (7). People may have a greater 
propensity for optic neuritis if they have underlying autoimmune 
diseases, including Sjögren syndrome (8, 9, 10), rheumatoid arthritis 
(8, 11), ankylosing spondylitis (7, 11, 12), multiple sclerosis  
(10, 13–15), systemic lupus erythematosus (7, 16, 17), and 
granulomatous vasculitis (10, 18–20). Moreover, some systemic 
infections, such as human herpes (21–24) and tuberculosis 10, 12, 25), 
with the ability to induce autoimmune reactions, may trigger optic 
neuritis attacks.

The cause and management of optic neuritis may vary according 
to the geographical location, ethnic background, and treatment 
availability, worldwide. Our aim was to elucidate the association 
between Sjögren syndrome, sociodemographic factors, various 
comorbid conditions (e.g., systemic infections, systemic autoimmune 
diseases, and optic neuritis) based on National Health Insurance 
database of Taiwan, containing records for >33,000 patients with 
optic neuritis.

2 Materials and methods

2.1 Database

Our cohort study utilized data from the National Health Insurance 
Research Database (NHIRD) in Taiwan, provided by the National 
Health Research Institutes (NHRI). The NHIRD includes encrypted 
patient identification numbers, demographic information (age, sex, 
residential area), and details on admission and discharge dates. It 
incorporates the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) codes, covering 
procedures, diagnoses, prescription items, and associated costs funded 
by the NHRI. Approval exemption from the Institutional Review 
Board of the Chi Mei Medical Center was obtained.

2.2 Selection of patients and variables

This population-based case-controlled study enrolled a newly 
diagnosed optic neuritis group and a matched non-optic neuritis 
control group. Data were collected from January 1, 2001, to December 
31, 2013. Figure 1 depicts the study’s flowchart. In the initial stage, 
33,218 patients who received a diagnosis of optic neuritis (ICD-9-CM 
codes 377.30 for unspecified optic neuritis and 377.32 for retrobulbar 
neuritis) were considered for inclusion. After excluding individuals 
with unknown sex, missing demographic information, or those 
diagnosed with optic neuritis prior to January 1, 2001, a total of 33,190 
patients were ultimately enrolled, and their data were extracted from 
the NHIRD.

For every individual diagnosed with optic neuritis, we randomly 
selected a control participant (an individual without optic neuritis) 
from the Longitudinal Health Insurance Database 2000. This specific 
database is a subset of the NHIRD, encompassing comprehensive 
claims data for one million beneficiaries throughout the year 2000. At 
the outset, we incorporated 584,003 individuals who had documented 
at least one visit to the ophthalmologist and lacked a prior diagnosis 
of optic neuritis before the index date from the pool of one million 
subjects in the LHID 2000, after excluding patients with missing sex 
or demographic data. The controls (n = 33,190) were matched to the 
optic neuritis patients based on age (±30 days), gender, and the index 
date, defined as the first day of the optic neuritis diagnosis. Controls 
were excluded if they had a diagnosis of optic neuritis before the 
specified index date. To assess the medical comorbidities associated 
with optic neuritis, we gathered data on various comorbid conditions, 
including systemic autoimmune diseases such as Sjögren’s syndrome 
(ICD-9-CM code 710.2), rheumatoid arthritis (ICD-9-CM code 714), 
ankylosing spondylitis (ICD-9-CM code 720), multiple sclerosis 
(ICD-9-CM code 340), systemic lupus erythematosus (ICD-9-CM 
codes 710.0 and 695.4), granulomatous vasculitis (sarcoidosis [ICD-
9-CM code 135], and Wegener’s granulomatosis [ICD-9-CM code 
446.4]), and systemic infectious conditions, including human herpes 
viral infection (varicella [ICD-9-CM codes 052.0–052.9], herpes 
zoster [ICD-9-CM codes 053–053.9], herpes simplex [ICD-9-CM 
codes 054–054.9 and 771.2], Epstein Barr virus [ICD-9-CM code 075], 
and cytomegaloviral disease [ICD-9-CM code 078.5]). Additionally, 
tuberculosis (ICD-9-CM code 010–018) and syphilis (ICD-9-CM 
codes 090–097) were included. Identification of these comorbidities 
relied on the presence of an ICD-9-CM code recorded within 1 year 
before the index date, confirmed through three or more ambulatory 
care claims or inpatient admittance.

2.3 Statistical analysis

All statistical analyses were conducted utilizing SAS 9.4 for 
Windows, developed by SAS Institute, Inc., located in Cary, NC, 
United States. Demographic characteristics such as age group, sex, 
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income, geographic region, residential city status, and occupation 
were analyzed using McNemar’s test. For continuous variables, a 
paired t-test was employed. Furthermore, the comparison of comorbid 
conditions between patients with optic neuritis and controls utilized 
McNemar’s test. Odds ratios (ORs) were computed through univariate 
logistic regression analyses, and a multivariable logistic regression 
model, based on age, sex, and the index date, was employed to 
calculate adjusted ORs for various comorbidities associated with a 
diagnosis of optic neuritis. The independent variables considered in 
the analyses encompassed sociodemographic factors (income, 
geographic region, residential city status, and occupation) and all 
aforementioned medical conditions of interest. The level of 
significance for all analyses was set at p < 0.05.

3 Results

3.1 Demographic data

3.1.1 Sociodemographic factors
After excluding ineligible patients, our analysis focused on 33,190 

individuals diagnosed with optic neuritis, alongside an equal number 

of age and sex-matched controls who utilized medical care services 
covered by the NHRI from 2001 to 2013. The mean age of both 
patients with optic neuritis and controls was 50.13 years, with a 
standard deviation of 15.75 (see Table 1). Within the cohort of 33,190 
optic neuritis patients, 14,143 (42.61%) were male, while 19,047 
(57.39%) were female.

Significant differences emerged in the income distribution 
between patients with optic neuritis and controls (p < 0.0001). The 
predominant income bracket for patients with optic neuritis was 
below 30,000 New Taiwan dollars (NT$), constituting 58.97% of the 
cohort (19,573 individuals). Geographic distribution also displayed a 
notable dissimilarity between the two groups (p < 0.0001). Northern 
Taiwan emerged as the most common region of residence for those 
diagnosed with optic neuritis, accounting for 44.48% of cases 
(n = 14,762). Examining urban–rural disparities, a substantial majority 
of patients with optic neuritis resided in metropolis cities (n = 24,024; 
72.38%), a statistically significant difference when compared to those 
in rural areas (n = 6,448; 19.43%) and satellite cities (n = 2,718; 8.19%). 
Occupational classification further underscored distinctions in 
patients with optic neuritis. Notably, more than half of the 33,190 
patients with optic neuritis held positions as public servants, including 
military, civil, or teaching staff (n = 17,157; 51.69%).

FIGURE 1

Flowchart outlining the enrollment process for patients with optic neuritis and the control patients.
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TABLE 1 Baseline socio-demographic factors and comorbid conditions of optic neuritis patients and age-and sex-matched control participants.

Optic neuritis N =  33,190 Comparison N =  33,190 p-value

Socio-demographic factors n (%) n (%)

Age (years; mean ± SD) 50.13 ± 15.75 50.13 ± 15.75 1.0000a

Age (years)

<25 1,801 (5.43) 1,801 (5.43) 1.0000b

25–34 4,105 (12.37) 4,105 (12.37)

35–44 5,945 (17.91) 5,945 (17.91)

45–54 8,118 (24.46) 8,118 (24.46)

55–64 6,825 (20.56) 6,825 (20.56)

≥65 6,396 (19.27) 6,396 (19.27)

Sex

Male 14,143 (42.61) 14,143 (42.61) 1.0000b

Female 19,047 (57.39) 19,047 (57.39)

Income <0.0001b

<NT$ 30,000 19,573 (58.97) 20,031 (60.35)

NT$ 30,000–60,000 11,073 (33.36) 10,567 (31.84)

NT$ 60,000–90,000 2,009 (6.05) 1,971 (5.94)

NT$ 90,000–120,000 280 (0.84) 337 (1.02)

>NT$ 120,000 255 (0.77) 284 (0.86)

Geographical region of Taiwan <0.0001b

Northern 14,762 (44.48) 16,699 (50.31)

Central 6,492 (19.56) 6,343 (19.11)

Southern 11,169 (33.65) 9,239 (27.84)

Eastern 767 (2.31) 909 (2.74)

Residential city status <0.0001b

Metropolis 24,024 (72.38) 23,592 (71.08)

Satellite 2,718 (8.19) 2,256 (6.80)

Rural 6,448 (19.43) 7,342 (22.12)

Occupation <0.0001b

Public servant 17,157 (51.69) 17,418 (52.48)

Farmer 3,930 (11.84) 4,320 (13.02)

Fisherman 841 (2.53) 663 (2.00)

Others 11,262 (33.93) 10,789 (32.51)

Comorbid conditions

Autoimmune disease

Sjögren syndrome 593 (1.79) 55 (0.17) <0.0001b

Rheumatoid arthritis 445 (1.34) 234 (0.71) <0.0001b

Ankylosing spondylitis 313 (0.94) 142 (0.43) <0.0001b

Multiple sclerosis 299 (0.90) 2 (0.01) <0.0001b

Systemic lupus erythematosus 173 (0.52) 51 (0.15) <0.0001b

Granulomatous vasculitis 18 (0.05) 1 (0.00) <0.0001b

Systemic infection

Herpes infection 987 (2.97) 619 (1.87) <0.0001b

Tuberculosis 636 (1.92) 138 (0.42) <0.0001b

Syphilis 40 (0.12) 26 (0.08) 0.0847

aPaired t-test.
bMcNemar’s test.NT$, New Taiwan dollars; SD, standard deviation.
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3.1.2 Comorbid conditions
The patients with optic neuritis exhibited a significantly higher 

prevalence of autoimmune diseases, such as Sjögren syndrome 
(n = 593; 1.79%; p < 0.0001), rheumatoid arthritis (n = 445; 1.34%; 
p < 0.0001), ankylosing spondylitis (n = 313; 0.94%; p < 0.0001), 
multiple sclerosis (n = 299; 0.90%; p < 0.0001), systemic lupus 
erythematosus (n = 173; 0.52%; p < 0.0001), and granulomatous 
vasculitis (n = 18; 0.05%; p < 0.0001) between the patients with optic 
neuritis and the controls. There was a significantly higher prevalence 
of systemic infections in patients with optic neuritis, including human 
herpes viral infections (n = 987; 2.97%; p < 0.0001), tuberculosis 
(n = 636; 1.92%; p < 0.0001), and syphilis (n = 40; 0.12%; p < 0.0001) 
compared to that in controls (Table 1).

3.2 Associated risk factors

3.2.1 Sociodemographic factors
We employed univariate logistic regression analyses and a 

multiple logistic regression model, adjusting for age, sex, 
sociodemographic factors, and comorbidities, to examine the 
sociodemographic factors—specifically income, geographic region, 
residential city status, and occupation—of patients with optic neuritis 
and controls. The results are presented in Table 2.

Patients with monthly incomes ranging from NT$ 30,000–60,000 
and 60,000–90,000 exhibited increased odds of developing optic 
neuritis compared to those with an income <NT$ 30,000, even after 
adjusting for other confounding factors. Concerning geographic 
location, patients residing in Central or Southern Taiwan 
demonstrated a significantly higher prevalence of optic neuritis 
compared to those in Eastern Taiwan. This geographic difference 
remained a significant risk factor following a conditional logistic 
regression analysis. Examining residential city status, patients living 
in a satellite city exhibited a significantly higher prevalence of optic 
neuritis relative to those in a metropolis city, even after conducting a 
conditional logistic regression analysis. Occupationally, individuals 
engaged in fishing faced a significant risk of developing optic neuritis, 
an independent risk factor even after considering other confounders, 
as indicated in Table 2.

3.2.2 Comorbid conditions
We conducted both univariate and multiple logistic regression 

analyses to explore several potential comorbidities, as detailed in 
Table 2. Patients with autoimmune diseases, such as Sjögren syndrome, 
rheumatoid arthritis, ankylosing spondylitis, multiple scleritis, 
systemic lupus erythematosus, and granulomatous vasculitis, 
exhibited significantly higher odds ratios (ORs) for receiving an optic 
neuritis diagnosis (OR: 10.96, 95% CI: 8.30–14.49, p < 0.0001; OR: 
1.92, 95% CI: 1.64–2.25, p < 0.0001; OR: 2.21, 95% CI: 1.81–2.70, 
p < 0.0001; OR: 149.50, 95% CI: 32.22–600.54, p < 0.0001; OR: 3.39, 
95% CI: 2.48–4.64, p < 0.0001; OR: 18.00, 95% CI: 2.40–134.83, 
p = 0.0049, respectively). These associations remained significant even 
after conducting conditional logistic regression (adjusted OR: 9.79, 
95% CI: 7.38–12.98, p < 0.0001; adjusted OR: 1.57, 95% CI: 1.33–1.86, 
p < 0.0001; adjusted OR: 2.02, 95% CI: 1.65–2.48, p < 0.0001; adjusted 
OR: 140.77, 95% CI: 35.02–565.85, p < 0.0001; adjusted OR: 2.38, 95% 
CI: 1.71–3.30, p < 0.0001; adjusted OR: 18.28, 95% CI: 2.21–151.45, 
p = 0.0071, respectively).

Patients with systemic infections, including human herpes viral 
infection and tuberculosis, also had significantly increased odds of an 
optic neuritis diagnosis both before (OR: 1.61, 95% CI: 1.45–1.78, 
p < 0.0001; OR: 4.72, 95% CI: 3.91–5.68, p < 0.0001, respectively) and 
after adjustment for other confounders (adjusted OR: 1.50, 95% CI: 
1.35–1.66, p < 0.0001; adjusted OR: 4.60, 95% CI: 3.81–5.56, p < 0.0001, 
respectively).

We have added the forest plot for Table 2 to illustrate the ORs and 
adjusted ORs of various socio-demographic factors and comorbid 
conditions associated with optic neuritis (Figure 2).

4 Discussion

To the best of our knowledge, this study stands as the most 
extensive nationwide, population-based, case–controlled investigation 
assessing the relationship between sociodemographic factors, 
prevalent comorbid conditions, and optic neuritis. Our analyses found 
that optic neuritis was more common in female individuals, with a 
57.39% predominance. In addition, some comorbid conditions 
significantly influenced the odds of developing optic neuritis. In 
comparison, patients who had a systemic autoimmune disease, or 
were in a systemic infectious state had significantly higher odds of 
developing optic neuritis. Interestingly, patients with Sjögren 
syndrome had considerably higher odds of developing optic neuritis 
compared to those who did not have the syndrome (adjusted OR: 9.79, 
95% CI: 7.38–12.98, p < 0.0001).

Of the 33,190 patients with optic neuritis, the average age at optic 
neuritis diagnosis was 50.13 years (SD: 15.75), in accordance with a 
previous Taiwanese retrospective cohort study (7). However, this 
finding was inconsistent with the ONTT, which reported that optic 
neuritis affects patients at a young age (mean age: 31.8 years) (26, 27). 
The exclusion of participants with bilateral optic neuritis in the ONTT 
may play a role in the aforementioned inconsistency. The variation in 
age observed between our findings and previous reports could 
be attributed to several potential factors. Racial diversity, variances in 
geographic distribution, environmental influences, and disparities in 
medical insurance systems—including differences in medical 
information, resources, and accessibility—may collectively contribute 
to the differences in the age distribution of optic neuritis diagnoses.

The patients with optic neuritis demonstrated a female 
preponderance (57.39%) in the current study, which was consistent 
with previously reported female predominance (10, 26–28). 
We speculate that the reason of higher prevalence of optic neuritis in 
women may be related to sex-dependent susceptibility to autoimmune 
diseases, which is an important etiology of optic neuritis development 
(7, 10). Whether sex hormones are involved in the pathophysiology of 
optic neuritis requires further investigation.

Upon considering sociodemographic factors beyond age and sex, 
we observed a notably lower OR for optic neuritis among individuals 
residing in Eastern Taiwan compared to those in Southern and 
Central Taiwan, particularly in rural areas when contrasted with 
metropolis cities. The reduced incidence of optic neuritis diagnoses 
in Eastern Taiwan and rural settings within our study may reflect 
challenges such as limited access to medical care, reluctance to seek 
ophthalmological consultations, and a shortage of neuro-
ophthalmology specialists for the diagnosis and management of 
optic neuritis. These challenges may be  more pronounced in 
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comparison to other regions in Taiwan and different residential city 
statuses. Additionally, individuals with an income range of 
NT$30,000–90,000 exhibited significantly higher odds of developing 
optic neuritis. The optic neuritis activity or risk is affected by various 
socioeconomic factors, including income, educational level, and 
living conditions. Individuals with higher income levels may possess 
greater knowledge and awareness of optic nerve disorders, leading 
them to promptly and proactively seek assistance when encountering 
ophthalmic issues. Consequently, socioeconomic status may impact 
the timely initiation of therapy and follow-up for patients managing 
optic neuritis.

In the present study, patients diagnosed with Sjögren syndrome 
exhibited a notably elevated OR for the development of optic neuritis 
(adjusted OR: 7.97, 95% CI: 7.38–12.98, p < 0.0001). Sjögren syndrome, 
a prevalent autoimmune disease, is characterized by chronic 
inflammation mediated through autoantibody production and 
lymphocytic infiltration (29). This immune-mediated systemic 
inflammatory condition is characterized by autoimmune 
exocrinopathy, mainly affecting the salivary and lacrimal glands 
leading to xerostomia and xerophthalmia (29). Our study identified 
Sjögren syndrome as a prominent independent risk factor for the 
formation of optic neuritis. This association has been previously 

TABLE 2 Odds ratios and adjusted odds ratios of various socio-demographic factors and comorbid conditions for optic neuritis.

Odds ratioa (95% CI) p-value Adjusted odds ratiob (95% CI) p-value

Socio-demographic factors

Income

<NT$ 30,000 1.00 1.00

NT$ 30,000–60,000 1.08 (1.04–1.12) <0.0001 1.14 (1.10–1.19) <0.0001

NT$ 60,000–90,000 1.05 (0.98–1.13) 0.1358 1.14 (1.06–1.22) 0.0004

NT$ 90,000–120,000 0.86 (0.74–1.01) 0.0695 0.96 (0.82–1.14) 0.6644

>NT$ 120,000 0.93 (0.78–1.10) 0.4006 1.07 (0.90–1.28) 0.4294

Geographical region of Taiwan

Northern 1.05 (0.95–1.15) 0.3875 0.90 (0.81–1.00) 0.0499

Central 1.22 (1.10–1.35) 0.0002 1.13 (1.01–1.26) 0.0299

Southern 1.43 (1.30–1.58) <0.0001 1.28 (1.15–1.43) <0.0001

Eastern 1.00 1.00

Residential city status

Metropolis 1.00 1.00

Satellite 1.18 (1.12–1.25) <0.0001 1.29 (1.21–1.37) <0.0001

Rural 0.86 (0.83–0.89) <0.0001 0.76 (0.73–0.79) <0.0001

Occupation

Public servant 0.94 (0.91–0.98) 0.0014 0.93 (0.89–0.96) 0.0001

Farmer 0.86 (0.81–0.91) <0.0001 0.84 (0.80–0.89) <0.0001

Fisherman 1.22 (1.10–1.35) 0.0003 1.16 (1.04–1.30) 0.0063

Others 1.00 1.00

Comorbid conditions

Autoimmune disease

Sjögren syndrome 10.96 (8.30–14.49) <0.0001 9.79 (7.38–12.98) <0.0001

Rheumatoid arthritis 1.92 (1.64–2.25) <0.0001 1.57 (1.33–1.86) <0.0001

Ankylosing spondylitis 2.21 (1.81–2.70) <0.0001 2.02 (1.65–2.48) <0.0001

Multiple sclerosis 149.50 (32.22–600.54) <0.0001 140.77 (35.02–565.85) <0.0001

Systemic lupus erythematosus 3.39 (2.48–4.64) <0.0001 2.38 (1.71–3.30) <0.0001

Granulomatous vasculitis 18.00 (2.40–134.83) 0.0049 18.28 (2.21–151.45) 0.0071

Systemic infection

Herpes infection 1.61 (1.45–1.78) <0.0001 1.50 (1.35–1.66) <0.0001

Tuberculosis 4.72 (3.91–5.68) <0.0001 4.60 (3.81–5.56) <0.0001

Syphilis 1.54 (0.94–2.52) 0.0873 1.51 (0.92–2.49) 0.1068

aOdds ratios were obtained from univariate logistic regression analyses.
bAdjusted odds ratio were calculated from a multivariable logistic regression model that was conditioned on age-group, sex, and the year of index date.CI, confidence interval; NT$, New 
Taiwan dollars.
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reported in several studies (8, 9, 10). Akpek et  al. conducted a 
longitudinal cohort study including 163 patients with definitively 
diagnosed primary Sjögren syndrome and reported that three patients 
developed optic neuritis (2%) (9). Another retrospective matched 
cohort study, which was conducted by Tasanee et al., included 2,893 
patients with optic neuritis. The authors reported that patients with 
optic neuritis had a significantly higher hazard of incident Sjögren 
syndrome (hazard ratio [HR]: 3.48, 95% CI: 1.38–8.76) (10). 
Interestingly, optic neuritis may present even in the absence of typical 
sicca symptoms initially in patients with Sjögren syndrome (30). 
Nitescu et al. advocated the routine screening of anti SSA and SSB in 
patients with optic neuritis (31). A timely referral for systemic 
workups with a close collaboration between ophthalmologists and 
rheumatologists is important to reduce delays in the diagnosis and 
improve the quality of life of patients with Sjögren syndrome.

Although rheumatoid arthritis following optic neuritis did not 
reach statistical significance (adjusted HR: 1.06, 95% CI: 0.66–1.69) in 
a previous cohort study (7), we found that rheumatoid arthritis plays 
a role in optic neuritis development. Patients with rheumatoid arthritis 
had a significantly higher OR for optic neuritis development (adjusted 
OR: 1.57, 95% CI: 1.33–1.86, p < 0.0001). An association between 
patients with rheumatoid arthritis and optic neuritis has been sparsely 
reported previously. Yokoyama et al. presented a case with an acute 
onset of optic neuritis after a long period of etanercept use for 
rheumatoid arthritis, and reported that demyelination could develop 
long after anti-tumor necrosis factor agents (11). Li et al. conducted a 
clinical study to assess frequency of autoantibodies of connective 
tissue diseases in patients with optic neuritis, and found that recurrent 
optic neuritis is often associated with rheumatoid factor, a serological 
marker of rheumatoid arthritis (8).

With respect to other immune-mediated systemic inflammatory 
conditions, we found that patients with ankylosing spondylitis had a 
significantly higher OR for optic neuritis development (adjusted 
OR: 2.02, 95% CI: 1.65–2.48, p < 0.0001) (7, 11, 12). Ankylosing 
spondylitis, a chronic inflammatory rheumatic disorder, is well known 
in relation to acute anterior uveitis which is the most common 
ophthalmologic involvement of ankylosing spondylitis. The 
association between optic neuritis and ankylosing spondylitis is rarely 
mentioned and reported by some reports only (7, 11, 12). Ma et al. 
analyzed 1,847 patients with optic neuritis and 7,388 controls and 
found that ankylosing spondylitis was an independent risk factor of 
optic neuritis (adjusted HR: 2.86, 95% CI: 1.54–5.31) (7). Optic 
neuritis may be initial presentation of ankylosing spondylitis (32), or 
concurrent with active ankylosing spondylitis (33, 34). These studies 
hypothesized the association based on the underlying link between 
HLA-B27 and optic neuritis.

We found that, compared to the control group, patients with 
multiple sclerosis had a significantly higher risk of developing optic 
neuritis (adjusted OR: 140.77, 95% CI: 35.02–565.85, p < 0.0001). This 
finding concurred with the results of previous studies (10, 13–15). 
Tasanee et  al., reported that patients with optic neuritis had 
significantly higher odds of prior multiple sclerosis (OR: 98.22, 95% 
CI: 65.40–147.52) in their case–control study, and had a significantly 
higher hazard of multiple sclerosis (HR: 284.97, 95% CI: 167.85–
483.81) in their cohort study (10). Multiple sclerosis, a central nervous 
system neurodegenerative and demyelinating disease, is influenced by 
autoimmune, genetic or environmental factors, and ocular 
involvement is ubiquitously marked by the presence of optic neuritis 
(35–37). Optic neuritis is frequent in the evolution of multiple 
sclerosis as up to 70% of patients with multiple sclerosis reportedly 

FIGURE 2

Forest plot depicting the odds ratios (ORs) and adjusted ORs related to diverse socio-demographic factors and comorbid conditions linked with optic 
neuritis.
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have an acute episode of optic neuritis during their course (35). The 
association is based on various pathophysiological mechanisms, such 
as demyelination, inflammation, or axonal degeneration (13, 35). It is 
important to diagnose optic neuritis in multiple sclerosis so that 
treatment can be  started promptly and possibly reduce the 
visual impairment.

In accordance with previous reports, systemic lupus 
erythematosus is another significant risk factor for optic neuritis 
(adjusted OR: 2.38, 95% CI: 1.71–3.30, p < 0.0001) (7, 16). Systemic 
lupus erythematosus is a chronic multisystem autoimmune disease 
and as many as one-third of systemic lupus erythematosus patients 
experience ophthalmic symptoms. Optic neuritis is a relatively rare 
manifestation of systemic lupus erythematosus, and is caused by an 
ischemic process that may result in subsequent demyelination (17). 
Lin et  al. found that systemic lupus erythematosus-related optic 
neuritis often has severe visual impairment and needs early 
administration of corticosteroids (16). Ophthalmologists who care for 
patients suffering from systemic lupus erythematosus should 
differentiate systemic lupus erythematosus-related optic neuritis from 
idiopathic optic neuritis, as early diagnosis and prompt treatment are 
crucial for restoring visual function in these patients (16).

Granulomatous vasculitis including sarcoidosis and Wegener’s 
granulomatosis was also found to be an independent risk factor for 
optic neuritis after adjusting for other confounders (adjusted OR: 
18.28, 95% CI: 2.21–151.45, p = 0.0071). This finding is consistent with 
results of several previous studies which reports the association 
between optic neuritis and Wegener’s granulomatosis (10, 18–20), or 
sarcoidosis (38, 39). Sarcoidosis is a chronic multisystemic 
inflammatory disease that commonly affects the visual and 
neurological systems: the most common neuro-ophthalmic 
manifestation is optic neuropathy. Optic neuritis has been considered 
as the most common manifestation of neuro-sarcoidosis ranging from 
30 to 70% in a previous report (40). Sarcoid-related optic neuritis is 
an important differential diagnosis in typical demyelinating optic 
neuritis associated with multiple sclerosis and atypical optic neuritis, 
especially in the younger age group (39).

In the current study, approximately 5% of optic neuritis 
diagnoses were associated with systemic infectious state, such as 
human herpes virus infection and tuberculosis. Patients with human 
herpes virus infection (adjusted OR: 1.50, 95% CI: 1.35–1.66, 
p < 0.0001) and tuberculosis (adjusted OR: 4.60, 95% CI: 3.81–5.56, 
p < 0.0001) had a significantly higher OR for optic neuritis 
development. A recent human herpes viral infection may increase 
the risk of optic neuritis formation. Our finding is in accordance 
with several reports, whose results point out the potential role of 
human herpes viruses infection in optic neuritis and suggest the 
various herpes viruses as triggering agents of autoimmunity (21–24). 
In addition to human herpes virus infection, tuberculosis also plays 
a role in optic neuritis development. An association between patients 
with optic neuritis and tuberculosis has been reported by several 
studies and suggested that pulmonary tuberculosis-related 
neuromyelitis optica is caused by an immune response to 
tuberculosis infection (10, 12, 25).

Our study had several strengths. Firstly, it stands as the largest 
investigation to date, focusing on the association between Sjögren 
syndrome and optic neuritis. The risk of selection bias from referral 
centers was mitigated, given that the data were sourced from a 
nationwide and population-based dataset. Moreover, the study 

eliminated recall bias by relying on electronically recorded data in the 
NHIRD database rather than patient self-reporting. Utilizing 13 years 
of longitudinal data, the case-control study thoroughly examined 
various sociodemographic factors, systemic autoimmune diseases, 
and systemic infectious states in both patients with optic neuritis and 
controls. The study ensured the reliability of results by appropriately 
adjusting for confounding factors when calculating odds ratios (ORs) 
in patients with optic neuritis.

However, certain limitations should be  acknowledged. Firstly, 
optic neuritis and comorbid disorders were diagnosed solely based on 
ICD-9-CM codes, potentially leading to disease misclassification. 
Furthermore, the study could not confirm the presence of optic 
neuritis in the patient group or its absence in the control group due to 
the lack of access to clinical records. Future research should address 
these limitations by incorporating sociodemographic and 
pathophysiologic factors, clinical information, and questionnaires. 
Lastly, the medical history could only be traced back to 1996, making 
it impossible to confirm whether controls had been diagnosed with 
optic neuritis before January 1996.

In summary, our study revealed that residing in Eastern Taiwan 
and rural areas was associated with a reduced risk of optic neuritis. 
Interestingly, patients with optic neuritis in Taiwan did not seem to 
face employment or income limitations due to the disease. After 
accounting for sociodemographic factors and potential comorbidities, 
our findings highlighted significantly higher risks of developing optic 
neuritis in patients with Sjögren syndrome, rheumatoid arthritis, 
ankylosing spondylitis, multiple sclerosis, systemic lupus 
erythematosus, granulomatous vasculitis, human herpes viral 
infection, and tuberculosis.
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