Low body mass index can be
associated with the risk and
poor outcomes of neuromyelitis
optica with aquaporin-4
immunoglobulin G in women

INTRODUCTION

Neuromyelitis optica spectrum disorder
with aquaporin-4 immunoglobulin G
(NMOSD-AQP4) is an inflammatory
disease of the central nervous system
(CNS). Recent studies have demonstrated
that body mass index (BMI) can be asso-
ciated with the risk and/or outcomes
of diverse inflammatory diseases, such
as rheumatoid arthritis (RA), psoriasis,
Hashimoto’s thyroiditis and multiple scle-
rosis (MS). However, the clinical impli-
cation of BMI in NMOSD-AQP4 is still
unknown.

MATERIALS AND METHODS

Patients

Atotal of 157 patients with NMOSD-AQP4
who had their first episodes between 1982
and 2016, from six nationwide tertiary
referral hospitals, were finally included
(see figure 1 in the online Supplementary
file 1). Patients were tested for antiaqua-
porin-4 (AQP4) antibody using either the
fluorescence-activated cell sorting assay or
cell-based assay.! In the NMOSD-AQP4
group, BMI measured within 1 month of
the first symptom of NMOSD-AQP4 and
before any steroid treatment, immune
suppressant, or immune modifying treat-
ment (BMI ) and the lowest BMI
measured within 1year of the first symp-
toms of NMOSD-AQP4 (BMI,, ) were
obtained, respectively. BMI values less
than 18.5kg/m”> were classified as low
according to the WHO recommendation.
Demographic information, number and
location of attacks, results of the cere-
brospinal fluid examination and maximal
score of the Kurtzke Expanded Disability
Status Scale (EDSS) on disease onset were
assessed. Prognosis was evaluated in terms

of the time to a confirmed EDSS of 6
(EDSS6), functional system score of 4 for
visual function (VF4) and mortality.

Healthy controls and MS controls

A matched case—control study was
performed to evaluate the association
between BMI and risk for NMOSD-AQP4.
The controls were selected from the 96 146
participants included in the nationwide
population-based survey of the health
and nutritional status of Korea (Korean
National Health and Nutrition Examina-
tion Survey (KNHANES))* conducted in
1998, 2001, 2005 and 2007-2015. Four
controls were matched to each case based
on age, sex and year of BMI measurement
(within a maximum of 3 years). Seven-
ty-five patients with NMOSD-AQP4 who
have available BMI__ data were matched
after excluding those who were diagnosed
before 1995 (n=3) and those with missing
BMI information on diagnosis (n=79).
The BMI of the 300 controls and BMI__
of the 75 patients with NMOSD-AQP4
were finally included in the matched case—
control study.

Sixty-three patients who met the inter-
national panel criteria for MS from four
tertiary hospitals were included in the MS
control group. Demographic data and
clinical information, including BMI _
and BMI , . were obtained. Among
them, 33 had the BMI__ data and were
diagnosed since 1995.

The demographic data and clinical char-
acteristics of the NMOSD-AQP4 and MS
cohort are shown in table 1 in the online
Supplementary file 2.

naive

Statistical analysis

Conditional logistic regression anal-
ysis was performed using the matched
data of the BMI . = of individuals with
NMOSD-AQP4 and BMI of healthy
controls to evaluate the association of
BMI with the risk of NMOSD-AQP4. A
multivariable binary logistic regression
analysis was performed for comparing the
BMI of individuals with NMOSD-AQP4

on the onset of symptoms with that

of the MS controls. The association
between BMI and disability on the onset
of NMOSD-AQP4 was analysed using a
multivariable linear regression between
BMI _ and EDSS at nadir of the first
NMOSD-AQP4 attack.

The prognostic values of BMI in
patients with NMOSD-AQP4 were also
tested using univariable and multivariable
Cox proportional hazards regression with
Firth’s penalised likelihood bias-reduction
method because of low events and conver-
gence failures in the Cox regression. A P
value of <0.05 was considered statisti-
cally significant. Statistical analyses were
performed using SPSS software V.22.0 and
SAS V.9.2.

RESULTS

BMI and the risk for NMOSD-AQP4
Based on the conditional logistic regres-
sion analysis, a lower BMI was signifi-
cantly associated with the risk for
NMOSD-AQP4 among women (OR
1.17 per one unit decrease; 95% CI
1.06 to 1.28). However, no association
was observed between BMI and the risk
for NMOSD-AQP4 in men (OR 1.02
per one unit decrease; 95% CI 0.83 to
1.24; table 1). Sex and age were not
confounded with disease in case—control
matching data based on sex and age
(P=0.888 and P=0.4535, respectively; see
table 2 in the online Supplementary file
2).

Based on a multivariable binary logistic
regression analysis with age as covariates, a
lower BMI__ ~was significantly associated
with the risk of developing NMOSD-AQP4
compared with MS among women (OR
1.20 per one unit decrease; 95%CI 1.00
to 1.14, P=0.046; table 2). However, no
association was observed between BMI__ _
and NMOSD-AQP4 and MS in men. The
demographic data and clinical character-
istics of individuals with NMOSD-AQP4
and MS who have available BMI __ data
are shown in table 3 in the online Supple-
mentary file 2.

Table 1 The association of BMI with the risk and outcomes of NMOSD-AQP4

Women Men

NMOSD-AQP4* (n=64) Healthy controls (n=256) NMOSD-AQP4* (n=11) Healthy controls (n=44)
BMI, mean (SD), kg/m? 21.4(2.9) 23 (3.6) 23.4(2.7) 23.6 3.8)

BMI (kg/mz), one unit decrease
OR (95% Cl)
P value

1.17 (1.06 to 1.28)
0.001

1.02 (0.83 to 1.24)
0.865

*The BMI of NMOSD-AQP4 were BMI

naive’

BMI, body mass index; NMOSD-AQP4, neuromyelitis optica spectrum disorder with aquaporin-4 immunoglobulin G.

which is measured within 1 month of their disease onset and measured before the use of steroid treatment.
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Table 2 Binary logistic regression analysis of the risk factors for NMOSD-AQP4 compared with

MS

Women Men

OR* (95% Cl) P value OR* (95% Cl) P value
BMI .. one unit 1.20(1.00to 1.43)  0.046 0.8 (0.47 t0 1.28) 0.338
decrease
Age at onset 1 (reference) - 1 (reference) -
(ref: <20)
20-29 1.09 (0.22 t0 5.40)  0.135 0.05 (<0.001 to 4.50) 0.201
30-39 1.3(0.28 t0 6.05) 0.214 0.13(0.002 t0 4.37)  0.253
40-49 3.37(0.58 t0 19.63)  0.552 0.33 (0.002 to 31.18) 0.621
50- 15.67 (1.44 to 0.031 3.42 (0.057 to 0.558

171.12) 839.73)

*Binary logistic regression (reference: MS). Control variables included BMI, age at onset (categorised every
10years). BMI_ .. which is measured within 1 month of their disease onset and measured before the use of steroid

treatment.

BMI__ , body mass index is measured within 1 month of their disease onset and measured before the use of steroid

naive’

treatment; NMOSD-AQP4, neuromyelitis optica spectrum disorder with aquaporin-4 immunoglobulin G.

BMI and outcomes of NMOSD-AQP4

On the onset of NMOSD-AQP4, BMI__ _
was negatively correlated with nadir EDSS
in women with NMOSD-AQP4, although
no statistical significance was observed
(B=—0.463; P=0.065; see table 4 in the
online Supplementary file 2).

The Kaplan-Meier survival analysis
showed that alow BMI_ e (<18.5 kg/m?)
was a significant predictor of long-term
mortality in women with NMOSD-AQP4
(P=0.001 via log-rank test). However,
a low BMI . did not predict the prog-
nosis of women with NMOSD-AQP4
(see figure 2 in the online Supplementary
file 3). An analysis of the relationship
between BMI and prognosis in men with
NMOSD-AQP4 could not be performed
because of the limited number of partici-
pant (five with EDSS6, five with VF4 and
one mortality). The demographic data and
clinical characteristics of patients with
low BMI ., (<18.5 kg/m?*) and normal
BMI = (=185 kg/m?) are shown in
table 5 in the online Supplementary file 2.

Multivariable Cox proportional hazards
regression with age at onset of disease and
use of immunosuppressants and steroids
as covariates revealed that low BMI

min-1yr

was considered as a significant predictor

of long-term mortality in women with
NMOSD-AQP4 (table 3).

DISCUSSION

In the present study, a lower BMI was
associated with the risk for NMOSD
using matched data in women with
NMOSD-AQP4 and healthy controls.
Moreover, lower BMI was also associated
with the risk for NMOSD-AQP4 compared
with MS among women. Lastly, a low
BMI . ., was a predictor of mortality,
which is independent of age at onset, the
use of oral steroids or immunosuppres-
sants in women with NMOSD-AQP4. All
these findings suggested that a low BMI
could be a risk factor of NMOSD-AQP4
in women.

In numerous studies, the association
between BMI and the risk and/or outcomes
of diverse autoimmune diseases has been
reported. A low BMI in RA (rheumatoid
cachexia) has been consistently found to
be associated with high disease activities
and mortality.® Since NMOSD-AQP4
and systemic rheumatological disease can
share some susceptibilities to common
autoimmunity, the association between
low BMI and the onset and poor outcomes

of NMOSD-AQP4 is supported by the
previous studies on RA.

We hypothesized that one of the
following mechanisms may be respon-
sible. First, a low BMI could increase the
susceptibility to autoimmunity due to
the deregulated level of adipokines® or
sex hormones.® Second, some common
predisposing factors (per se, genetic or
environmental factors) could exist that
might affect both BMI and the patho-
genesis of NMOSD-AQP4. Lastly, low
BMI might be the prodromal symptoms
of NMOSD, rather than the cause of the
disease.

Furthermore, our results suggested
that BMI might play a different role in
NMOSD-AQP4 and MS since obesity
has been associated with an increased
risk of developing MS.® This difference
is most likely attributed to the distinct
pathogenesis, immunology and comorbid-
ities of these two diseases, despite some
minor phenotypical overlaps. Moreover,
as our study showed that among women
the risk of NMOSD-AQP4 compared to
MS increased with the lower BMI__ that
was measured before use of any steroid,
immune suppressants, or immune-modi-
fying treatment, this phenomenon semms
to be independent of the different treat-
ment between those two diseases.

In our study, the low BMI in the earlier
stage of disease (BMI,, , ) was a predictor
for mortality with a HR of 19.26 among
women in a multivariable analysis with
age of onset, use of steroid and immune
suppressant. This finding implies that BMI
in the earlier stage of the disease might
be a more potent predictive factor for
mortality than previously known ones (per
se, the age of onset or types of treatment).

Our study revealed that low BMI was
associated with the onset and outcomes
of NMOSD-AQP4 only in women. These
results might be attributable to sex-de-
pendent immune response (per se, the
distinct expression of the sex hormone-
binding globulin). Nevertheless, the
limited number of male patients with

Table 3 Multivariable Cox proportional hazards regression to determine predictors for the long-term mortality in women with NMOSD-AQP4

Women Total
HR (95% Cl) P value HR (95%Cl) P value
Death

Low BMImin_Wr (<18.5 kg/mz) 19.26 (1.73 to >99999) 0.013 8.50 (1.33 t0 98.59) 0.024
Age of onset 1.06 (0.97 to 175.06) 0.186 1.05(0.98 to 1.13) 0.148
Short-term use of oral steroid 1.08 (0.00 to 17.09) 0.955 1.09 (0.07 to 10.94) 0.942
Continuous use of oral steroid 6.89 (0.40 to >99999) 0.165 2.50 (0.23 to 19.94) 0.402
Use of immunosuppressant 0.83 (0.00 to 19.44) 0.889 0.86 (0.08 t0 16.27) 0.908

1

BMI, ... the lowest body mass index measured within 1 year of the first symptoms;NMOSD-AQP4, neuromyelitis optica spectrum disorder with aquaporin-4 immunoglobulin G.
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