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Background: The relationship between serum low-density lipoprotein cholesterol (LDL-C) and the risk of relapse in neuromyelitis
optica spectrum disorder (NMOSD) remains uncertain. We aimed to examine the association between serum LDL-C level and relapse
in NMOSD patients.

Methods: We conducted an analysis of the prospective observational NMOSD cohort study with consecutive 184 hospitalized
NMOSD patients from department of neurology. Blood samples were collected to measure LDL-C level upon admission. Primary and
relapse were evaluated during hospitalization. The relationship between serum LDL-C level and relapse were analyzed by linear curve
fitting analyses. Crude and adjusted odds ratios (OR) of LDL-C for relapse with 95% confidence intervals were analyzed using
multiple logistic regression models. ROC curve analysis was used to identify the target lipid-lowering value of LDL-C and the
probability of relapse was evaluated by the Kaplan—Meier Plot.

Results: Over a mean disease course of 100+£87 days, 59.24% (n=109) participants developed relapse with higher LDL-C than the
primary group (n=75) (p<0.001). Adjusted smoothed plots suggested that there were linear relationships between serum LDL-C level
and relapse (p< 0.001). The OR (95% CI) between serum LDL-C level and relapse were 2.67 (1.76-4.04, p<0.001), and 2.38
(1.48-3.83, p<0.001) respectively in NMOSD patients before and after adjusting for potential confounders. The target LDL-C
lowering values were 2.795 mmol/L with potential benefits to prevent relapse in NMOSD.

Conclusion: In this sample of NMOSD patients, we found that the elevated serum LDL-C was independently and positively
associated with the relapse, and serum LDL-C should be well-controlled to prevent the relapse of NMOSD.
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Introduction

Neuromyelitis optica (NMO) is an antibody-mediated autoimmune inflammatory disease of the central nervous system
(CNS) characterized by optic neuritis (ON) and transverse myelitis (TM). The discovery of specific antibodies against
aquaporin-4 (AQP4-IgG) has broadened the clinical spectrum of the disease, then the 2015 International Panel for NMO
Diagnosis defined a unified diagnostic criteria for NMO spectrum disorder (NMOSD).! The disease has a high recurrence
and disability. Epidemiological researches have shown that the prevalence peaked in middle-aged adults with 60%
relapsed within 1 year and 90% relapsed within 3 years.® Most patients have a poor recovery with severe visual
impairment, limb dysfunction, and urinary dysfunction.* Therefore, identifying risk factors is important for preventing

disease recurrence.
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Currently, the risk factors and the underlying mechanism for relapse in NMOSD patients are not clear. Previous studies
have suggested that female, middle age, vaccination, infection, free thyroxine (FT4) level, positive serum AQP4-IgG, high
serum cholesterol and glycerol level may be related to relapse.”’ Dyslipidemia with high TG and low HDL-C may be
associated with disability and disease activity in NMOSD patients.® Meanwhile, TG level may be positively correlated with
poor recovery.” There is few research on the recurrence of NMOSD and cholesterol (CHO) metabolites. In clinical practice,
we found that the serum lipid level of recurrent NMOSD patients was higher than that of the initial ones, especially in low-
density lipoprotein cholesterol (LDL-C). While LDL-C is a critical component of the cellular plasma membrane and is
essential for normal neuronal function. Previous studies showed that LDL-C is involved in the oxidation of some CNS
inflammation diseases.'® Therefore, whether LDL-C plays a role in relapse of NMOSD need to be study.

Based on current evidence, it needs to be further investigated whether elevated LDL-C levels are an important risk
factor for relapse in patients with NMOSD. Considering that elevated LDL-C has the function of inflammatory mediators
in the central nervous system, we hypothesized that there is a correlation between LDL-C and risk of relapse in NMOSD
patients, and the specific risk linear curve is not yet clear. Thus, the purpose of this prospective observational study was
to assess the relationship between LDL-C level and relapse in NMOSD patients, further to detective a target value of
LDL-C lowering therapy and potential benefits to prevent relapse.

Subjects and Methods
Ethics

This study was performed according to the principles of the Declaration of Helsinki, and was approved by the ethics
committee of the Ren Ji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China. We obtained

informed consent from patients prior to sample collection.

Design

This was an analysis of the prospective observational NMOSD cohort study, and the NMOSD database has been
previously described in articles before."' ' Participants were scheduled for follow-up every 3 months. At each follow-
up visit, EDSS was measured, medication use, and possible endpoint events were documented by trained research staff
and physicians. Our present study was designed to explore the correlation between LDL-C level and relapse in NMOSD
patients. Consecutive patients were included from Ren Ji Hospital in China from January 2016 to May 2024, and
patients’ data were collected based on electronic medical records in hospital.

Study Subjects

Diagnosis Criteria

Patients were diagnosed of NMOSD according to the criteria defined by the 2015 International consensus diagnostic
criteria for NMOSD,' core clinical characteristics including the following: (1) Optic neuritis; (2) Acute myelitis; (3)
Area postrema syndrome: episode of otherwise unexplained hiccups or nausea and vomiting; (4) Acute brainstem
syndrome; (5) Symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical diencephalic
lesions on Magnetic Resonance Imaging (MRI); (6) Symptomatic cerebral syndrome with NMOSD-typical brain
lesions. There are two types of criteria: (1) NMOSD with AQP4-IgG:1) At least 1 core clinical characteristic; 2)
Positive test for AQP4-IgG using best available detection method (cell-based assay strongly recommended). (2)
NMOSD without AQP4-IgG or NMOSD with unknown AQP4-IgG status:1) at least 2 core clinical characteristics
occurring as a result of one or more clinical attacks and meeting all of the following requirements: a. at least 1 core
clinical characteristic must be optic neuritis, acute myelitis with longitudinally extensive transverse myelitis (LETM),
or area postrema syndrome; b. dissemination in space (2 or more different core clinical characteristics) c. fulfillment of
additional MRI requirements, as applicable; 2) negative tests for AQP4-IgG using best available detection method or
testing unavailable.
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First relapse was defined as the onset of patient-reported or objectively observed events and imaging lesion related to
new symptoms, and worsening original symptoms, with a duration of more than 24 hours, in the absence of other
recognized causes such as fever and infection.'*

Inclusion Criteria

This study includes patients with the following criteria: 1) diagnosis of NMOSD; 2) time from admission-to-lumber
puncture <24 hours; 3) Both cerebrospinal fluid protein (CSF) and serum samples were collected before administration of
any corticosteroids or other immunosuppressive therapy; and 4) integrity of clinical data (age, gender, inducing factors,
clinical symptom, and CSF data at baseline).

Exclusion Criteria

Exclusion of alternative diagnoses following: 1) patients diagnosed with cerebral infarction, hyperlipidemia, athero-
sclerotic plaque, continuous use of statin and other lipid-lowering treatment >4 weeks; 2) renal insufficiency or renal
failure; and 3) data were not available for review, including incomplete clinical and laboratory data.

Clinical and Laboratory Data

The data for demographic characters [sex, age, systolic blood pressure (SBP), body mass index (BMI)], onset season,
inducing factors (respiratory infection, gastrointestinal infection) and clinical features [disease duration, autoimmune
diseases (systemic lupus erythematosus, Sjogren’s syndrome, rheumatic arthritis and Hashimoto thyroiditis), expanded
disability status scale (EDSS) score, vision impaired, muscle weakness, numbness symptoms and muscular sphincter
dysfunction] were assessed after admission. The EDSS score, assessed within 24 hours after entry, was evaluated
independently by two neurologists who were certified for competency in EDSS scoring.

Fasting venous blood samples were collected upon admission and prior to drug administration, such as glucocorticoid
or lipid lowering drugs in the inpatient department. Blood specimens were collected using coagulation-promoting
vacuum tubes to detect the level of LDL-C, which were measured with commercially available quantitative test kit
obtained from Biotechnology Co., Ltd (Shanghai, China). Intra- and interassay coefficients of variation were 5% and
10%, respectively. The detection values ranged from 0.05 to 11.60 mmol/L for LDL-C. The LDL-C reference value in
our laboratory was <3.12 mmol/L. Due to the dynamic changes in LDL-C levels in NMOSD patients during disease
course, the LDL-C levels that closest to the patient’s disease status over time were included in study. Thus, the LDL-C
levels on first-time relapse in recurrent patients and those on the last follow-up time in non-relapse patients were used in
analysis.

Blood samples were also collected to measure serum data [high-density lipoprotein cholesterol (HDL-C), triglyceride
(TG), alanine transaminase (ALT), glucose, blood urine nitrogen (BUN), uric acid (UA), serum creatinine (SCR), blood
white blood cell (WBC), serum AQP4-IgG, and serum MOG-IgG]. Lumbar puncture examination was completed within
24 hours after admission, and cerebrospinal fluid was collected to detect CSF data [protein, albumin quotient (QALB),
IgG, IgG Index, oligoclonal band (OB)]. MRI enhancement was performed during hospitalization to observe lesion
distribution (optic nerve, spinal and brainstem). All the above determinations were performed in the hospital’s laboratory
by individuals blinded to the clinical data.

On admission, the treatment (glucocorticoid, IVIG, cyclophosphamide, azathioprine, plasma exchange, antihyperten-
sive drugs, antidiabetic drugs and lipid lowering drugs) were recorded. Some primary and relapse NMOSD patients have
previously been diagnosed with optic neuritis and myelitis, therefore, the above therapeutic drugs could be used and
should be included in this study. All data were documented by trained research staff and physicians.

Endpoint Events and Follow Up Time

The primary endpoint event of this study was the first relapse. The designed follow-up period is up to 18 months to
investigate the prevalence of first relapse according to literature related to course and prevalence of relapse.”” The
follow-up time (disease course) was defined as during the time of diagnosis as relapse or to the most recent follow-up if
no relapse occurred.
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Groups

In the baseline characteristics analysis, groups were organized by LDL-C level. Normal range of LDL-C level in both
male and female population were 0 to 3.12 mmol/L, thus included patients were categorized into normal (<3.12 mmol/L)
and high (>3.12 mmol/L) LDL-C level groups. NMOSD patients were also divided into primary group and relapse group
according to the recurrence of disease. In multivariate logistic regression for the effects of LDL-C level on relapse,
included patients were further subdivided into 3 tertiles (first, second, and third) based on serum LDL-C levels.
Seropositive AQP4-IgG was identified when its value was higher than 5.0 RSR U/mL. Thus, the included patients
were categorized into AQP4-IgG seropositive and seronegative groups.

Statistical Analysis

Baseline characteristics of participants are presented by LDL-C level. Categorical variables were presented as counts and
percentages and analyzed by Fisher’s exact test or the Chi-square test. Continuous variables were reported as mean +
standard deviation (SD) (normal distribution) and analyzed by the ¢ test, or reported as median and interquartile range
(partial distribution) and analyzed by the Mann—Whitney U-test. The association between serum LDL-C level and relapse
was assessed by linear curve fitting analyses (generalize additive models) and multivariate logistic regression analysis.
Baseline variables that were considered relevant to LDL-C and relapse or that showed a univariate relationship with
relapse were entered into a multivariate logistic regression model (p<0.2). Variables for inclusion were carefully chosen,
given the number of events available, to ensure parsimony of the final model. Both non-adjusted and multivariate
adjusted models were applied, and interaction and stratified analyses were conducted. Receiver operating characteristic
(ROC) curve analysis was used to identify the optimal cut-off value of LDL-C to distinguish relapse from primary
groups, further to detect a target value of LDL-C lowering in patients with NMOSD. The area under curve (AUC) was
calculated to summarize the diagnostic accuracy of each ROC curve. An AUC value <0.7 indicates a low diagnostic
accuracy, 0.7-0.9 indicates moderate accuracy, and >0.9 indicates a high accuracy. Risk of relapse related to LDL-C
grouped by target value was estimated by the Kaplan—Meier method and the difference of relapse was calculated by the
Log rank test. Statistical analyses were performed using Statistical Package of the Social Sciences Software version 25.0
(SPSS, Chicago, IL, USA) and R (version 3.4), and statistical graphics were generated using GraphPad PRISM 6 (Graph
Pad Software Inc., San Diego, CA, USA), setting the level of significance at a two-tailed p-value of <0.05.

Results

Baseline Characteristics

A total of 221 consecutive candidates were included for the study at the time of the final survey in May 2024. Among
these candidates, those who had met the exclusion criteria were excluded (n=28), those who had missing data related to
serum LDL-C, CSF data, and EDSS score were excluded from the eligible candidates for this study (n=8). An unreliable
value of serum LDL-C (<0.50 mmol/L) (n=1) was also excluded from the pool of eligible candidates for this study. As
a result, a total of 184 NMOSD patients with complete and valid data were eligible for this study. A flowchart of the
study is shown in Figure 1.

Among 184 study subjects, females accounted for 70.65% (n=130) and males for 29.35% (n=54). The age of the
enrolled subjects ranged from 13 to 81 years (female, 15-81 years; male, 13—75 years) with a mean age of 46.25+15.94
years (female, 46.77+15.59 years; male, 45.02+16.84 years). Among the included subjects, relapse patients accounted for
59.24% (n=109) and primary patients for 40.76% (n=75). The demographic and clinical parameters of participants are
presented in Table 1 and Supplement Table 1.

The LDL-C value of female ranged from 1.06-5.36 mmol/L with a mean LDL-C of 2.91+0.88 mmol/L, and that of
male ranged from 1.05-4.22 mmol/L with a mean LDL-C of 2.44+0.74 mmol/L. The mean (SD) of LDL-C levels in
primary and relapse groups were 2.40 + 0.77 mmol/L and 3.03 + 0.83 mmol/L, respectively, and the LDL-C level was

significantly higher in relapse group than that in primary group in all patients (p<0.001) (Figure 2A). Similar results were
observed in both female (3.12 £ 0.84 mmol/L vs 2.54 + 0.83 mmol/L, p<0.001), and male (2.75 = 0.75 mmol/L vs 2.16 £
0.62 mmol/L, p<0.001) (Figure 2B). Between the relapse and primary groups, there was significant difference in gender
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Figure | A flowchart of the study.

(76.15% female vs 62.67% female, p=0.048), disease duration [80 (112) vs 60 (60) days, p=0.002], gastrointestinal
infection (0.92% vs 6.67%,p=0.031), vision impaired (54.13% vs 38.67%, p=0.039), LDL-C (3.03 £ 0.83 mmol/L vs
2.40 £ 0.77 mmol/L, p<0.001), HDL-C (1.44 £ 0.39 mmol/L vs 1.30 + 0.44 mmol/L, p=0.027), ALT [23.00 (17.00) U/L
vs 19.00 (13.50) U/L, p=0.029], UA (0.30 + 0.11 mmol/L vs 0.26 + 0.09mmol/L, p=0.047), SCR (54.95 + 14.77 pmol/L
vs 59.69 £ 16.85 umol/L, p=0.045), and AQP4-IgG positive (57.80% vs 38.67%, p=0.011), but there was no significant
difference in age, SBP, BMI, onset season, inducing factors (respiratory infection), autoimmune diseases, EDSS score,
muscle weakness, numbness symptoms, muscular sphincter dysfunction, TG, glucose, BUN, WBC, MOG-IgG, CSF
data, imaging lesion distribution and treatment (all, p>0.05) (Supplement Table 1).

Table | Baseline Characteristics of Participants by LDL-C Level

Characteristics Normal LDL-C High LDL-C P value
Group (n=113) Group (n=71)
Demographic characters
Female (%) 72 (63.72) 58 (81.69) 0.009
Age (years) 45.60 £ 17.57 47.30 £ 12.98 0.484
SBP (mmHg) 112.74 £ 15.78 112.32 + 16.65 0.864
BMI (kg/m?) 21.72 £ 3.23 21.01 + 3.06 0.145
Disease course (days) 60 (66) 90 (108) 0.182
Onset season
Spring and winter (%) 58 (51.33) 35 (49.30) 0.788
Inducing factors
Respiratory infection (%) 19 (16.81) 16 (22.54) 0.336
Gastrointestinal infection (%) 5 (442 I (1.41) 0.408
(Continued)
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Table | (Continued).
Characteristics Normal LDL-C High LDL-C P value
Group (n=113) Group (n=71)
Clinical features
Autoimmune diseases (%) 47 (41.59) 26 (36.62) 0.502
EDSS score 4.85 £ 225 492 +2.13 0.837
Vision impaired (%) 47 (41.59) 41 (57.75) 0.033
Muscle weakness (%) 72 (63.72) 52 (73.24) 0.1801
Numbness symptoms (%) 78 (69.03) 56 (78.87) 0.144
Muscular sphincter dysfunction (%) 39 (34.51) 31 (43.66) 0.213
Laboratory data
LDL-C (mmol/L) 220 + 0.48 3.69 + 0.44 <0.001
LDL-C of female (mmol/L) 2.25 + 0.50 3.73 £ 045 <0.001
LDL-C of male (mmol/L) 2.11 £044 3.51 +£0.38 <0.001
HDL-C (mmol/L) 1.27 + 0.38 1.56 + 0.41 <0.001
TG (mmol/L) 1.28 + 0.59 1.29 + 0.60 0.880
ALT (U/L) 21.00 (14.00) 22.00 (18.00) 0.724
Glu (mmol/L) 541 £ 1.72 6.04 = 1.62 0.014
BUN (mmol/L) 525+ 1.62 521 + 1.68 0.890
UA (mmol/L) 0.29 £ 0.11 0.27 £ 0.10 0.195
SCR (umol/L) 58.10 = 16.75 54.96 = 13.99 0.190
Blood WBC (X|09/L) 8.60 + 2.55 729 299 0.213
AQP4-1gG positive (%) 54 (47.79) 38 (53.52) 0.449
MOG-IgG positive (%) 104 (92.04) 65 (91.55) 0.907
CSF data
Protein (g/L) 0.39 (0.24) 0.39 (0.21) 0.494
QALB (x I073) 6.27 (3.57) 6.54 (2.32) 0.436
1gG (mg/dL) 41.70 (43.62) 38.60 (27.37) 0.719
1gG index 0.55 £ 0.16 0.52 + 0.19 0.197
OB positive (%) 6 (7.23) 4 (7.27) 0.992
Imaging lesion
Optic nerve (%) 27 (23.89) 25 (35.21) 0.097
Spinal (%) 67 (59.29) 41 (57.75) 0.836
Brainstem (%) 15 (13.27) 2 (2.82) 0.017
Treatment
Glucocorticoid (%) 96 (84.96) 58 (81.69) 0.559
IVIG (%) 13 (11.50) 5 (7.04) 0.321
Cyclophosphamide (%) 7 (6.19) 6 (8.45) 0.561
Azathioprine (%) 9 (7.96) Il (15.49) 0.110
Plasma exchange (%) 18 (15.93) Il (15.49) 0.937
Antihypertensive drugs (%) 10 (8.85) 10 (14.08) 0.267
Antidiabetic drugs (%) 15 (13.27) 11 (15.49) 0.674
Lipid lowering drugs (%) 8 (7.08) 13 (18.31) 0.020
Endpoint events
Relapse of total (%) 53 (46.90) 56 (78.87) <0.001
Relapse of female (%) 37 (51.39) 46 (79.31) <0.001
Relapse of male (%) 16 (39.02) 10 (76.92) 0.017
Abbreviations: ALT, Alanine transaminase; AQP4, aquaporin-4; BMI, body mass index; BUN, blood urine nitrogen;
CSF, cerebrospinal fluid protein; EDSS, Expanded Disability Status Scale; HDL-C, High density lipoprotein choles-
terol; IgG, immunoglobulin G; IVIG, Intravenous immunoglobulin; LDL-C, Low-density lipoprotein cholesterol; OB,
Oligoclonal Bands; QALB, cerebrospinal fluid albumin / serum albumin ratio; SBP, systolic blood pressure; SCR,
serum creatinine; TG, Triglyceride; UA, uric acid; WBC, white blood cell.
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Figure 2 Association between serum LDL-C level and risk of relapse. (A) The LDL-C level was significantly higher in relapse group than that in primary group in all patients
(p<0.001). (B) Similar results were observed in both female and male (p<0.001 and p=0.003). (C) The prevalence of relapse showed grade increase according to the
increased LDL-C tertile’s levels in all patients (p<0.001). (D) The prevalence of relapse in the high LDL-C group was significantly higher than that in the normal LDL-C group
in all patients (p<0.001). (E) Linear relationships between the LDL-C level and relapse after adjusted for confounder factors. Solid lines represent the fitting curve and dotted
lines represent the corresponding 95% Cl. (F) Hierarchical analysis by sex also showed there are linear relationships between LDL-C level and relapse in women and men.
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Comeparison of Relapse According to the Serum LDL-C Level

This current analysis is to observe whether the prevalence of relapse increased with LDL-C levels. The mean LDL-C
levels were 1.85+0.39 mmol/L, 2.68+0.28 mmol/L, and 3.76+0.43 mmol/L in the first, second, and third LDL-C tertiles
for all patients (p<0.001). Prevalence of relapse showed grade increase according to the LDL-C tertile’s levels.
Prevalence of relapse were 25/184 (13.58%), 37/184 (20.10%), and 47/184 (25.54%) in the first, second, and third
LDL-C tertile in all patients. The prevalence of relapse in the third tertile was more than that in the first tertile in all
patients (25.54% vs 13.58%, p<0.001) (Figure 2C), in female patients (27.69% vs 14.61%, p=0.001), and in male patients
(22.22% vs 11.11%, p=0.012) (Supplement Table 2). Prevalence of relapse also showed statistically significant grade

increase in high LDL-C level group than that in the normal LDL-C level group according to the clinic value of LDL-C
(Figure 2D) (Supplement Table 3).

Linear Curve Fitting of the Relationship Between LDL-C Level and Relapse

This current analysis is to observe the linear relationship between LDL-C levels and probability of relapse. Adjusted
smoothed plots suggest that there were linear relationships between the LDL-C level and relapse after adjusting for sex,
age, onset season, gastrointestinal infection, vision impaired, HDL-C, ALT, UA, SCR, AQP4-IgG, and IVIG (Figure 2E).
Hierarchical analysis by sex also showed there are linear relationships between LDL-C level and relapse in women and
men (Figure 2F). Spearman's correlation coefficients (95%) for the relationship between LDL-C level and relapse was
0.317 (0.148-0.468, p< 0.001) in female, 0.305 (0.032—0.535, p=0.025) in male, and 0.352 (0.214-0.476, p< 0.001) in all
patients.

Association Between Serum LDL-C Level and Risk of Relapse

The current analysis is to evaluate the risk of LDL-C levels for relapse. Univariate analysis showed that sex, age, onset
season, gastrointestinal infection, vision impaired, HDL-C, ALT, UA, SCR, AQP4-IgG, and IVIG were regarded as
confounding factors related to relapse (p<0.2, Supplement Table 4). In multiple logistic regression analysis, the crude
odds ratios (OR) (95% CI) for the relationship between LDL-C level and relapse was 2.67 (1.76—4.04, p<0.001) in all
patients. When multivariate analysis was performed after adjusting for sex, age, onset season, gastrointestinal infection,
vision impaired, HDL-C, ALT, UA, SCR, AQP4-IgG, and IVIG, the OR (95% CI) was 2.38 (1.48-3.83, p<0.001) in all
patients, which showed that the association between LDL-C level and relapse was statistically significant in all patients.
After subdividing subjects according to the LDL-C tertile, the crude OR (95% CI) were 1.0 (reference), 1.94 (0.94-3.98,
p=0.071), and 4.80 (2.19-10.53, p<0.001), and 1.0 (reference), 1.50 (0.67-3.36, p=0.223), and 3.88 (1.55-9.72, p=0.003)
in all patients after adjusting for sex, age, onset season, gastrointestinal infection, vision impaired, HDL-C, ALT, UA,

SCR, AQP4-IgG, and IVIG, which showed that the statistical significance was maintained. The association between
LDL-C level and relapse was statistically significant in all patients after subdividing subjects according to the clinic value
of LDL-C (Table 2). Both sensitivity analysis and hierarchical analysis (according to sex, age, onset season, vision
impaired, HDL-C, ALT, UA, SCR, AQP4-IgG, and IVIG) also showed that the association between LDL-C level and
relapse was statistically significant (Figure 3) (Supplement Table 5 and 6).

ROC Curve of LDL-C Level to Identify Target Value of LDL-C Lowering Therapy

The current analysis is to calculate a target value of LDL-C lowering therapy. The ROC curve for the LDL-C level used
to identify the optimal cut-off value of LDL-C is presented in Table 3. In all patients, the cut-off value of LDL-C level
was 2.795 mmol/L, which gave a sensitivity of 57.80% and a specificity of 78.67%, as well as an area under the curve
(AUC) of 0.706 (95% CI: 0.631-0.783). These results suggest that the target value of 2.795 mmol/L has a good
performance in discriminating relapse from primary patients. After subdividing subjects according to the sex, the target
value of LDL-C level was 2.790 mmol/L in female and 2.695 mmol/L in male, also showed that both the AUC were
approach to 0.70 with a certain accuracy to discriminating relapse from primary patients. The ROC curves for the LDL-C
level to identify the optimal cut-off value of LDL-C by gender is showed in Figure 4.
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Table 2 Multivariate Logistic Regression for Effects of LDL-C on Relapse

Patients, N Model | (Unadjusted) Model 2 (Adjusted)
Incidence, n (%) OR (95% Cl) P N OR (95% CI) P

LDL-C (continuous) mmol/L, 184 109 (59.24) 2.67 (1.76,4.04) < 0.001 | 184 | 2.38 (1.48, 3.83) < 0.001

LDL-C (categorical)

Normal <3.12 mmol/L, 113 53 (46.90) 1.0 (reference) 113 1.0 (reference)

High 23.12 mmol/L, 71 56 (78.87) 423 (2.14,8.34) <0.001 | 71 | 3.92(1.97,7.83) < 0.001

LDL-C (categorical)

T 1 (1.05-2.31) mmol/L, 6l 25 (40.98) 1.0 (reference) 6l 1.0 (reference)

T 2 (2.32-3.21) mmol/L, 6l 37 (60.65) 1.94 (0.94, 3.98) 0.071 6l 1.50 (0.67, 3.36) 0.223

T 3 (3.23-5.36) mmol/L, 62 47 (75.81) 4.80 (2.19, 10.53) <0.001 | 62 3.88 (1.55, 9.72) 0.003

b for trend 2.54 (1.59, 4.06) < 0.001 2.26 (1.31, 3.90) 0.003

Notes: Model |: unadjusted, Model 2: adjusted for sex, age, onset season, gastrointestinal infection, vision impaired, HDL-C, ALT, UA, SCR,
AQP4-IgG, and IVIG.

Difference of Relapse Grouped by LDL-C Lowering Target Value
To valid the potential benefits of LDL-C lowering target value, prevalence of relapse was compared and probability of
relapse was evaluated by the Kaplan—Meier Plot between the high and low LDL-C patients grouped by target value.

Variable Size Events (%) OR (95%CI) P for interaction
Gender 0.320
Male 54 26 (48.15) 3.67 (1.42, 9.46) 0.007 —_—

Female 130 83 (63.85) 2.10 (1.25, 3.53) 0.005 —a—

Age 0.132
Age<45 84 48 (57.14) 3.67 (1.70, 7.89) 0.001 ——

Age>45 100 61 (61.00) 1.81 (1.01, 3.22) 0.044 —a—

Spring and winter 0.155
No 91 48 (52.75) 1.78 (0.97, 3.24) 0.061 —a—

Yes 93 61 (65.59) 3.43 (1.65, 7.15) 0.001 ——

Autoimmune diseases 0.323
No 111 65 (58.56) 2.03 (1.16, 3.55) 0.013 —a—

Yes 73 44 (60.27) 3.37 (1.40, 8.15) 0.006 e

EDSS 0.739
Score<5 95 50 (52.63) 2.25(1.16,4.37) 0.017 —a—

Score>5 89 59 (66.29) 2.63 (1.36, 5.09) 0.004 ——

Vision impaired 0.847
No 96 50 (52.08) 2.49 (1.28, 4.85) 0.007 —a—

Yes 88 59 (67.05) 2.28 (1.20,4.33) 0.011 ——

HDL 0.702
HDL<1.36 90 44 (48.89) 2.07 (1.03, 4.18) 0.042 —a—

HDL>1.36 94 65 (69.15) 2.38 (1.30, 4.35) 0.005 —a—

ALT 0.257
ALT<22 92 47 (51.09) 1.96 (1.09, 3.51) 0.024 —a—

ALT>22 92 62 (67.39) 3.25(1.62, 6.53) <0.001 —

UA 0.071
UA<0.27 91 48 (52.75) 3.51(1.75, 7.02) <0.001 —

UA>0.27 93 61 (65.59) 1.49 (0.78, 2.85) 0.224 H——

AQP4-1gG 0.374
Negative 92 46 (50.00) 2.91 (1.49, 5.65) 0.001 ——

Positive 92 63 (68.48) 1.91 (1.07, 3.42) 0.029 ——

IVIG 0.931
No 166 101 (60.84) 2.40 (1.45, 3.98) <0.001 ——

Yes 18 8 (44.44) 2.24 (0.53,9.55)0.274 ¢ &

Figure 3 Hierarchical analysis on relationship of LDL-C and relapse. Each stratification adjusted for all the factors (sex, age, onset season, gastrointestinal infection, vision
impaired, HDL-C, ALT, UA, SCR, AQP4-IgG, and IVIG) except the stratification factor itself.
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Table 3 ROC Analyses of LDL-C Level to Identify Target Value in LDL-C Lowering

Variable | Cut-off (Target value) AUC (95% CI) Sensitivity (%) | Specificity (%) | NPV (%) | PPV (%) | ACC (%)

Whole 2.795 0.706 (0.631, 0.783) 57.80 78.67 56.19 79.75 66.30
Female 2.790 0.690 (0.594, 0.787) 62.65 72.34 5231 80.00 66.15
Male 2.695 0.675 (0.531, 0.821) 46.15 85.71 75.00 63.16 66.67

Abbreviations: ACC, accuracy; AUC, area under curve; NPV, negative predictive value; PPV, positive predictive value; ROC, Receiver operating characteristic.

Prevalence of relapse were 46/105 (43.81%) and 63/79 (79.75%) in the low and high LDL-C groups by 2.795 mmol/L in
all patients (p<0.001). The prevalence of relapse by 2.790 mmol/L in female and 2.695 mol/L in male also showed
significantly difference respectively (p<0.001 and p=0.010) (Supplement Table 7). Kaplan—-Meier Plot showed the
probability of relapse was higher in high LDL-C level patients than those in low LDL-C level patients categorized by
target value, and the hazard ratio (HR) for relapse was 1.51 (95% CI=1.03-2.19, p= 0.027) overall (Figure 5).

Discussion

This study found a positive correlation between LDL-C level and relapse, and the prevalence of relapse was increased
with the graded LDL-C levels in NMOSD patients, furthermore, the association between LDL-C level and relapse was
independent after adjustment for confounding risk factors and hierarchical analysis. Therefore, these results demonstrated
that serum LDL-C should be well-controlled to prevent the relapse of NMOSD.

In physiological conditions, Lipids, especially lipoproteins, are components of the central neuron and is important for
neuronal function.'>"'® Brain cholesterol metabolism is produced mainly by astrocytes, which is the location that merged
with AQP4 cause the occurrence of NMOSD.'”'® LDL-C has the function of transporting human plasma cholesterol and
lipid substances cross the blood-brain barrier to participate in the synthesis of myelin oligodendrocytes, astrocytes, and
neuron membrane structures in the CNS.'>*° Peroxidation of lipid membrane and cholesterol metabolism have been
involved in the physiopathology of brain diseases, and neurotoxicity was proved to be related to increased brain lipid
peroxidation together with hypercholesterolemia.?! Clinical studies also have shown that the esterification of free
cholesterol is a feature of demyelination in white matter of brain and spinal cord.?* In 2013, Weinstock Guttman and
colleagues carried out a follow-up study, which found that high levels of LDL-C may predict the severity of demyelina-
tion in CNS, and its mechanism may be related to that the increased LDL-C promote the inflammatory activity.”> In
addition, cholesterol metabolites in the CNS can release into CSF, blood and urine. In 2017, Crick PJ and colleagues
found that elevated concentrations of 25-hydroxycholesterol in CSF suggests cholesterol metabolism of demyelination or

ROC curve
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Figure 4 ROC curve of LDL-C level to identify target value of lowering LDL-C. The target value of lipid lowering in NMOSD patients was determined by the optimal cut-off
value of LDL-C using ROC curves. These results suggest that the target LDL-C value of 2.795 mmol/L, 2.790 mmol/L, and 2.695 mmol/L have good performance in
discriminating relapse from primary patients in whole, female and male patients, respectively. An AUC value <0.7 indicates low diagnostic accuracy, 0.7-0.9 indicates
moderate accuracy, and >0.9 indicates high accuracy.
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Figure 5 Kaplan-Meier Plot of relapse grouped by target value of lowering LDL-C. Patients with high level of LDL-C exhibited significantly shorter time for relapse (median
survival = 98 days) than those with low LDL-C level (median survival = 180 days) (HR= 1.51, 95% CI=1.03-2.19, p= 0.027, Kaplan-Meier plot and Log rank test).

neuronal death.* Therefore, the damage of myelin phospholipids in CNS can be assessed by the level of LDL-C in
peripheral blood circulation. Thus, the role of serum LDL-C level in NMOSD patients is further investigated in our study.

Cholesterol levels are associated with the severity of NMO. Studies have found that the values of LDL-C, CHO, TG and
CHO/HDL-C in NMO patients were significantly higher than those in normal subjects.’ Furthermore, another study suggested
that serum apolipoprotein B (Apo B) level might indicate severer disability of NMO disease, while Apo B is the main
component of LDL-C so as to be a biomarker of LDL-C.* Latest study found that serum LDL was positively correlated with
neurological damage in NMOSD patients and might promote microglial activation and exacerbate myelin damage
in NMOSD.? It further indicates that LDL-C level may associate with the severity of NMO, which supports the results in
our study. Previous studies have revealed that there is a close relationship between dyslipidemia and CNS immune
inflammation. A retrospective study was performed in a large sample of 8983 patients from the North American Multiple
Sclerosis Research Council, which showed that dyslipidemia is associated with increased risk of disability progression in MS
patients.”’ Clinical studies revealed that serum lipid profile variables particularly LDL-C level is associated with inflammatory
MRI activity measures and worsening disability in CNS demyelinating disease.”> Low HDL-C and high TG is correlated with
disability and disease activity in NMOSD.® Animal studies have the same conclusion. A rat model study observed the elevated
levels of serum LDL-C and CHO concentration in the experimental autoimmune encephalomyelitis.”® The above study
supports the conclusion that the high level of LDL-C is closely related to the inflammation and demyelination disease of CNS.
Therefore, the high level of LDL-C may lead to the attack of NMOSD, which supports the results of our study.

The role of LDL-C in the relapse pathogenesis of NMOSD is unclear. The possible mechanism may be related to the
oxidative stress and inflammation response. Elevated serum LDL-C is associated with increased level of oxidized LDL,
which aggravates the reaction of oxidative stress and release of inflammatory mediators and cytokines in the peripheral
circulation, including monocyte chemotactic protein 1, interleukin 6, interleukin 10 and tumor necrosis factor o>’
High level of 27-hydroxycholesterol, which is the endogenous oxidized cholesterol in the blood circulation, could cause
blood-brain barrier damage, subsequently, LDL-C in the blood circulation invades the CNS through the blood-brain
barrier.* ** LDL-C would be oxidized under stress state in the CNS, as a proinflammatory factor, oxidized LDL-C could
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activate a variety of inflammatory mediators (iNOS, COX-2, IL-1, IL-6) and induce the expression of apoptosis genes
with result of neuronal damage.**>” The metabolic components of LDL-C and proinflammatory cytokines secreted by
immune cells play a neurotoxic role, and a large number of immune cells were gathered, this leads to astrocytes
damage."? It can also promote the production of 24-hydroxycholesterol and lipid peroxidation products, which circulation
aggravates nerve cell damage in CNS. 34

In addition, vascular comorbidity, such as hypercholesterolemia, is associated with disability progression of inflammatory
demyelinating disease.?” Studies also showed that statins treatment may be beneficial in MS and NMOSD,*' which supports
the results in our study. Statins inhibit ApoB (main component of LDL) and attenuate oxidation of cholesterol can reduce the
pathogenic effect of AQP4-IgG.** Attenuation of cholesterol results in displacement of AQP4 from lipid rafts to non-rafts
fraction of the membrane. Changes in the location of AQP4 on the membrane significantly reduced the complement dependent
cytotoxic effect of AQP4-IgG, which is related to the pathogenesis of NMOSD.* Therefore, the elevated serum LDL-C may
be associated with the risk of relapse in NMOSD patients. The theoretical target value for lipid-lowering management showed
in our study may be benefit to prevent the relapse in NMOSD patients. All above mechanism comes from studies of CNS
demyelination related diseases. Of course, the specific mechanism still needs to be further studied.

Several limitations should be considered in the interpretation of our results. First, this was a prospective observational
study, and although we did multiple logistic regression analysis, establishing a causal link needs further prospective
randomized lipid-lowering clinical trial study with a large sample. Second, the study analyzed Chinese NMOSD patients,
who belong to Asian people, and whether the relapse of NMOSD is related to the genes of Asian people needs further study. It
also needs more warrants investigation in other populations to confirm the generalizability of our results. Third, the retest
results of LDL-C during follow-up were not included in this study. Further investigation is needed.

Conclusions

In conclusion, this study demonstrates that elevated serum LDL-C was independently and positively associated with the
relapse in NMOSD patients. This study also provides a theoretical target value for lipid-lowering management in
NMOSD. Further studies are required a randomized controlled trial study with a large sample to identify the value of
LDL-C level in relapse in NMOSD patients.
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