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Abstract: Introduction: Neuromyelitis optica spectrum disorder (NMOSD) is a demyelinating inflammatory disease of The Central nervous
system. We aimed to investigate the association between low carbohydrate diet (LCD) and NMOSD odds. Method: Seventy NMOSD patients
with definite diagnosis and 164 hospital-based controls were enrolled in this case-control study. Dietary data was obtained using a validated
168-item food frequency questionnaire. To determine the LCD score, participants were stratified into 11 groups according to carbohydrate,
protein, fat, animal fat, animal protein, vegetable fat and vegetable protein intakes. Higher intake of protein and fat, and lower intake of
carbohydrate received a higher score between 0-10. Macronutrients scores were summed together and LCD scores calculated. The association
between LCD scores and likelihood of being assigned to NMOSD group was investigated using multiple regression models. Results: Total LCD
scores increased from the median of 21.00 in the first decile to 53.00 in the tenth decile of LCD score. After adjustment for confounding factors
including age, gender, BMI, energy intake, cigarette smoking and alcohol consumption, an inverse association was detected between LCD
scores and odds of NMOSD. The odds of suffering from NMOSD declined significantly about 78% (OR: 0.22; 95% Cl: 0.05-0.87) and 76% (OR:
0.24; 95% Cl: 0.06-0.93) in the fifth and sixth deciles of LCD score compared to the first decile. Conclusion: From the obtained results it can be
speculated that higher carbohydrate and lower protein and fat intakes may be associate with the increased odds of NMOSD. However, further
studies are needed to confirm these results.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an
infrequent neuro-inflammatory autoimmune disorder of
the central nervous system (CNS) that is characterized by
demyelination in optic nerves and spinal cord [1-3]. This
severe disabling disease leads to motor dysfunctions and
visual deficit [2, 4]. The mean age of NMOSD incidence is
reported as 36 years in Iran and it is more prevalent among
females with a female to male ratio of 1.2:1 to 8:1 that has
been reported in different studies [5, 6]. In 2019, the point
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prevalence of NMOSD in Tehran, the capital city of Iran
has been estimated at 1.31 per 100,000 subjects [7].

It seems that the pathogenesis of NMOSD refers to the
presence of immunoglobulin G autoantibodies (NMO-
IgG) in NMOSD patient serum and it’s binding to water
channel aquaporin-4 (AQP4) on astrocytes as target antigen
leads to inflammatory response and blood-brain barrier
impairment that induce destruction in neurons and oligo-
dendrocyte [2, 4, 8]. In addition, previous studies have
shown the considerable role of pro-inflammatory cytokines
in NMOSD pathogenesis. CNS and blood of NMOSD
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patients have increased levels of cytokines such as inter-
leukin (IL)-6, IL-2, IL-17, interferon-y (INF-y), Tumor
necrosis factor a (TNFa), T helper (Th)-17, and Th2-related
cytokines [9, 10].

A few studies have been published on the NMOSD risk
factors, so far. According to the results of these studies,
the possible modifiable risk factors for NMOSD are: low
physical activity level and past history of trauma in both
men and women, and intentional abortion and low body
mass index (BMI) just in women [6, 11]. Dietary factors
including low consumption of dairy, sea foods, egg, red
meat, chicken, fats, fruits, and vegetables in ages 13-18,
are also proposed as NMOSD risk factors [6]. Identification
of other probable risk factors, especially the modifiable
ones, might improve NMOSD management.

The effects of diet on the inflammatory status in the body
have been widely investigated [12-18]. Several studies have
outlined the inflammatory effects of high carbohydrate
consumption [12, 13, 17, 19] and conversely, the anti-
inflammatory property of low carbohydrate diet (LCD) by
reducing the levels of pro-inflammatory cytokines like
IL-1B, TNFa, and IL-6 [14-16].

A rising number of papers have suggested benefi-
cial effects of LCD on the prevention or control of differ-
ent diseases such as cardiometabolic disease, metabolic
syndrome, Alzheimer’s disease, Parkinson’s disease,
migraine, and autism spectrum disorder [20-24]. LCD is
the main treatment followed in children who are suffering
from drug resistant seizures [25-27].

According to neuro-inflammatory characteristic of
NMOSD and the pieces of evidence on anti-inflammatory
effects of LCD, this study was designed to investigate
whether high LCD score is associated with a lower likeli-
hood of being assigned to NMOSD group or not?

Method

Study participants

This case-control study was conducted at Sina hospital, a
referral center for NMOSD patients in Tehran, the capital
city of Iran during October 2017 to July 2018. Definite diag-
nosis of NMOSD were according to 2016 international con-
sensus criteria [28] and confirmed by neurologists.

Based on the NMOSD uncommon nature, all NMOSD
prevalence cases who referred to Sina hospital during the
study period were enrolled in the case group. From 137
admitted NMOSD patients, 18 cases were unavailable dur-
ing the study and 9 subjects were not interested in cooper-
ating in the study. Considering the exclusion criteria, 40
patients were excluded from the study for aged less than
18 years old, having chronic diseases, being pregnant or

Int J Vitam Nutr Res (2022), 92 (5-6), 321-330

lactating, or changing their diet after NMOSD diagnosis.
Finally, 70 NMOSD cases were included in the study.

One hundred sixty-four hospital-based controls were also
recruited in the study. Controls selected from patients who
attended in the hospital for a reason unrelated to NMOSD,
Multiple Sclerosis (MS) or any neurological disorders and
were eligible for inclusion if they had no past history of head
trauma, chronic diseases such as diabetes, cardiovascular
disease or hyperlipidemia, gastrointestinal disorder, hor-
monal dysfunction, chronic kidney disease, and chronic
liver disease. In addition, following any special diets such
as pregnancy or lactation regimens, weight loss regimens,
any kind of vegetarian diets, etc. were also considered as
exclusion criteria (Figure 1).

Protocol approval and patients’ consents

The method applied by the present study was approved at
the Institutional Review Board of National Institute for
Medical Research Development (IRB number: IR.
NIMAD.REC.1397.431.).

The study aims and protocols were explained for all par-
ticipants and informed consents were taken from all of
them before data collection.

Demographic and anthropometric
assessments

Data on age, sex, smoking and alcohol consumption were
collected through in-person interview in case and control
groups. Participants weights were measured using a Seca
digital scale (Seca, Hamburg, Germany) while they were
barefoot and only minimally clothed, and recorded with
an accuracy of 100 grams. Their heights were measured
using a tape measure barefoot, in standing and relaxed posi-
tion. Finally, BMIwas calculated as “weight in kg divided by
the square of the height in meters”.

Dietary assessments

Dietary data were obtained using a validated 168-item,
semi-quantitative food frequency questionnaire (FFQ)
[29, 30]. Participants were asked to report the average fre-
quency of each nutrition item consumption per day, week,
month, or year, as well as the average amount of each item
intake per consumption time based on the specific portion
size that was determined in FFQ for each item over the prior
year of study attendance. The macronutrient contents of
food items were calculated according to the USDA Food
Composition Databases (https://www.nal.usda.gov/ndb).
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Figure 1. Flow chart for the selection of study participants.

Calculating low carbohydrate diet scores

LCD scores were determined using the method presented
by Halton et al. in 2006 [31]. Study participants stratified
into 11 equal groups according to each macronutrient intake
including carbohydrate, total protein, total fat, animal fat,
animal protein, vegetable fat, and vegetable protein intakes
(Table 1). All seven items of the LCD score were used as a
percentage of energy. Individuals with the highest intake
of each nutrient (except carbohydrate) got 10 points in the
11" stratum, and participants in the next stratum got 9; thus,
according to this scoring criterion, scores decreased across
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Eligible participants

Case group: N= 70
Control group: N=164

stratums to individuals in the first stratum with the lowest
intake of each nutrient (except carbohydrate) who received
0. The criteria for scoring participants regarding carbohy-
drate intake was reversed, individuals in the lowest stratum
received 10 points and participants’ scores decreased
across stratum to individuals in the 11" stratum who got
0. In the end, to calculate the LCD score, we summed these
7 nutrient points for each person and scored participants
between 0-70. Therefore, those who had higher LCD scores
had more dietary attendance to a low carbohydrate diet
(having more fat and protein intakes and less carbohydrate
intake) and participants with lower LCD scores had less
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Table 1. The criteria for determining low carbohydrate diet scores

Scores Total carbohydrate Total protein Animal protein Vegetable protein Total fat Animal fat Vegetable fat
Percentage of energy
0 56.79-74.97 7.03-11.33 1.79-3.90 4.24-6.42 16.30-31.18 3.54-6.35 11.73-17.74
1 54.92-56.57 11.43-12.90 3.91-4.70 6.42-6.85 31.26-32.84 6.42-7.80 17.91-20.32
2 53.86-54.87 12.96-13.80 4.75-5.31 6.87-7.16 32.84-34.36 7.82-8.71 20.49-21.92
3 52.51-53.61 13.83-14.38 5.32-5.94 7.16-7.55 34.38-35.40 8.76-9.67 21.93-22.86
4 51.63-52.50 14.39-14.90 5.95-6.54 7.56-7.83 36.40-36.29 9.71-11.01  22.87-24.21
5 50.30-51.51 14.95-15.47 6.58-7.00 7.83-8.22 36.39-37.38 11.04-11.73  24.24-25.58
6 49.40-50.18 15.47-16.08 7.00-7.44 8.22-8.65 37.40-38.24 11.76-12.46  25.568-26.87
7 48.11-49.39 16.10-16.68 7.46-8.34 8.65-9.18 38.34-39.56 12.52-13.74  26.95-28.86
8 45.65-48.07 16.83-17.71 8.36-9.26 9.19-9.68 39.60-41.94 18.76-15.27  29.08-30.72
9 42.89-45.64 17.75-18.49 9.33-10.25 9.60-10.86 41.95-44.92 15.34-17.05 30.77-35.22
10 30.86-42.82 18.57-23.01 10.25-14.11 10.88-15.02 45.18-63.79 17.07-29.90 35.49-58.86

attendance to a low carbohydrate diet (having less fat and
protein intakes and more carbohydrate intake). The criteria
for scoring participants in each item of LCD scores is shown
in Table 1.

Statistical methods

The software used to analyze the data was Statistical Pack-
age for the Social Sciences (SPSS software), version 21
(Chicago: SPSS Inc. IBM Corp.). Participants were divided
into 10 deciles based on their LCD scores. Baseline charac-
teristics and dietary intakes of studied participants were
reported as mean + SD and compared through LCD score
deciles applying linear regression analysis. In the case of
categorical variables, the chi square test was used for mak-
ing comparisons through these deciles. The association
between LCD scores and odds of NMOSD was explored
in 3 multiple regression models. Model 1 was adjusted for
age (year, continuous) and gender (male, female, categori-
cal). Model 2 was additionally adjusted for daily energy
intake (kcal/d, continuous) and BMI (kg/m?, continuous).
Model 3 was further adjusted for cigarette smoking (yes,
no, categorical) and alcohol consumption (yes, no, categor-
ical). Odds ratios (OR) and 95% confidence intervals (CIs)
were calculated accordingly. In order to estimate the linear
trends across deciles of LCD scores, the median values of
each decile considered as a continuous variable. P-value
< 0.05 was considered statistically significant.

Results

A total of 70 NMOSD cases and 164 controls were involved
in this study by mean ages of 35.34 + 9.87 and 42.94 +15.31
years in case and control groups, respectively. Eighty-five
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percent of participants in the case group and 62.2% in the
control group were females.

Total LCD scores increased from the median of 21.00 in
the first decile of LCD score to 53.00 in the tenth one. Med-
ian of total carbohydrate intake decreased from 56.08 to
43.29 percent of energy, from the first to the tenth deciles
of LCD scores. Conversely, total protein and fat intakes
raised across LCD scores deciles by the median of 13.19 to
17.37 and 32.35 to 41.47 percent of energy, respectively.

Participants’ demographic and anthropometric data as
well as dietary data according to deciles of LCD score are
reported in Table 2. Total daily intakes of total fat, ani-
mal-based fat, plant-based fat, total protein, animal-based
protein, saturated fatty acids (SFAs), monounsaturated
fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs),
cholesterol, legumes, poultry, red and processed-meat,
total dairy, and low fat dairy had significant increasing
trends across the LCD score deciles, while participants in
higher deciles of LCD score had significantly lower daily
intakes of total carbohydrate, total grain, refined grain,
fiber, and fruits.

As it is presented in Table 3, there was an inverse associ-
ation between higher LCD score and lower odds of suffering
from NMOSD in all three models. By adjusting for age and
gender in first regression model, higher LCD scores had
79% (OR: 0.21; 95% CI: 0.05-0.83) statistically significant
decrease in NMOSD odds, in the fifth decile of LCD score vs
the first decile (p-trend 0.11). After further adjustment for
BMI and energy intake, fifth and sixth deciles of LCD scores
showed significant lower OR for NMOSD as follows: (OR:
0.22; 95% CI: 0.05-0.86) for the fifth decile and (OR:
0.24; 95% CI: 0.06-0.93) for the sixth decile (p-trend
0.10). In the fully adjusted model which was additionally
adjusted for cigarette smoking and alcohol consumption
quite similar results to second model were obtained. All
other deciles compared to the first reduced the NMOSD
OR quite drastically, but only the 5 and 6 deciles were
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Figure 2. The adjusted odds ratio (OR) and 95% confidence interval (95% Cl) for the odds of Neuromyelitis Optica Spectrum Disorder (NMOSD)

based on the deciles of Low Carbohydrate Diet (LCD) score.
significant due to smaller confidence intervals. The

obtained ORs and 95% CI of the third model are presented
in Figure 2.

Discussion

The obtained results highlighted thatreduced carbohydrate
intake from 57% of total energy in the first decile to ~ 50%
along with adequate consumption of protein ~ 15% and
moderate fat intake to ~ 37% in fifth and sixth deciles of
LCD scores could render NMOSD odds. About 25% of par-
ticipants in the control group had a LCD score in the range
of 5th and 6th deciles. All other deciles had decreased odds
of NMOSD vs. the first decile, but were not significant due
to the bigger confidence intervals. So, we cannot claim that
the reverse association between LCD and NMOSD odds
has a significant trend or the higher LCD score the greater
protective it become.

Int J Vitam Nutr Res (2022), 92 (5-6), 321-330

It should be noted that more than half of the protein and
about two third of the fat in these deciles came from plant
sources. Data analysis underlined that lower intake of total
carbohydrate in higher LCD score could be attributed to
lower consumption of refined grain not lower whole grain.

According to the best of our knowledge, the present study
is one of the first researches that assessed the association
between dietary factors and NMOSD odds in NMOSD
patients compared with controls. Until now, few studies
have been published on environmental risks of NMOSD
including nutritional factors. The results obtained from
the present study appear to corroborate the observations
of the Eskandarieh et al. study that NMOSD patients had
a significant lower consumption of animal proteins includ-
ing fish, chicken, meat, and dairy products compared to
the control group. They also found that NMOSD patients
had lower fat, fruit, and vegetable consumption [6].

For decades, it has been almost approved that a diet that
is composed of approximately 45-65% of total daily
energy intake of carbohydrate, 10-35% intake of protein

© 2020 Hogrefe



N. Rezaeimanesh et al., Low carbohydrate diet and NMOSD 327

e - o g and 20-35% intake of fat can be considered as a healthy diet
i S S o preventing the risk of several chronic disorders [32]. How-
ever, in recent years, some modifications have been made
ol 8 s = on these dietary guidelines. Especially, much attention
288, « 378 :" g~ has been paid on the association between reduced total car-
2@ g e g = g = 5 bohydrate content of diet (up to 45% of daily energy intake)
2 - 7 and health outcomes such as weight reduction, and attenu-
. ating the risk and/or improving cardiovascular disorders,
2. é 2 3 9 diabetes, nonalcoholic fatty liver disease, schizophrenia,
Begm* fa5i i tocommended that i LD, toral prbin 25 well 2
3 s S g )
= total fat intakes should be increased to moderate levels par-
s ] ticularly from plant based sources [35-37]. It has been sug-
2|s § e § 0 f . § gested that the effects of reduced carbohydrate on above
3|lsg T ogogox mentioned conditions might be mediated through a variety
° T e e e of mechanisms. These mechanisms seem to include
decreasing appetite, fatty acid synthesis and signaling of
- S s 3 5 mammalian target of rapamycin (nTOR) pathway; increas-
= E ¥ o o ST T ing Peroxisome proliferator-activated receptor (PPAR)-a
ale § o § O § O § and nuclear factor erythroid 2-related factor 2 (NRF-2) sig-
e I naling; and suppressing inflammatory markers which could
= L occur subsequent to lower blood glucose levels and
318 § = & .3 decreased signaling of insulin/insulin-like growth factor-1
sl8|ng” 83 SRR (IGF-1) as a result of reducing the dietary carbohydrate
57| 8 s s ¢S ‘ intake [36-38].
X S From the nutritional point of view in chronic inflamma-
g 5 5 ® o § tory disorders, some specific modifications in the diet
2183 8, o goyono g known as “dietary approaches to reduce inflammation”
£18|88 T o8°858 = have been implicated. In these approaches, a special
s e s = = é emphasis has been made on whole dietary habit changes
3 5 instead of individual food items. In this regard, the effect
slo § 2 N S . 3 ; of dietary inflammatory index (DII) have received a lot of
5|2T0 2 STETIT = attention in recent years. There is no study on the associa-
@ s|° S - S - S - S % tion between DII and NMOSD but a little number of inves-
S - LR tigations have noted the positive association between DII
é 3 - = = *E S and increased risk of MS as well as disability in MS patients
21 [8|ge 02022 By [39, 40].
2 § § é ® =S 2' 3 é 3 ﬁ 2 g é The anti-inflammatory effects of plant-based foods can
E S e e °3 £3 be explained through suppressing expression of a proin-
:% é = = flammatory markers including C-reactive protein (CRP),
® g S @ B &oLS Nuclear Factor-kappa Beta (NFkB), and other related fac-
§ % § $ o @ 8 2, S f‘ 3 j‘ % % % 2 tors [32]. Consumption of a diet containing low glycemic
3 8|8 °g°=°=2 £ f;”fgo E index/load food items, restriction of sugars and refined
s < - 5 § ;.:; = carbohydrates, and increasing the intake of nuts and
é s g ‘fng %0 seeds (sources of plant-based fat) are recommended in
z T|go w_gS 5 o |8 < %g these approaches [32]. Thus, the current results w_h1ch
2 § SgT T - = - E % g% revealed that a reduced carbohydrate intake concomitant
o < 8T 8T with a higher consumption of plant fats and proteins associ-
é . %% % % ated with lower likel%hood of suffering frqm NMOSD, fur-
o .9 E % € = € ther support the dietary recommendations to combat
© ¢ 8 5 932 inflammation.
E 3 % % 3 5 % § f% ;% g NF-kB and Activator protein 1 (AP-1) are two key
S 8 s é ;3 _28 =y ? & pro-inflammatory transcription factors involved in the
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induction of T-cells [41]. The up regulation of these two fac-
tors has been reported in multiple sclerosis [18] and
NMOSD. High fat, high carbohydrate, and hyper caloric
diets activate NF-kB and AP-1, and consequently cause
the overexpression of pro-inflammatory factors such as
TNF-alpha, IFN-y, IL-1B, IL-2, 6, 18, hs-CRP, Receptor acti-
vator of nuclear factor kappa-B ligand (RANKL), Reactive
oxygen species (ROS), Matrix metallopeptidase (MMP)-9,
prostaglandins, lukotereiens, and adhesion molecules. As
a result, extracellular matrix degeneration, inflammation,
oxidative stress, and angiogenesis might be enhanced.
Moreover, NF-kB is a protagonist of nuclear factor
erythroid 2-related factor 2 (Nrf2), which is one of the main
activators of cytoprotective genes. Conversely, NRF2
upregulation decreases NF-kB activation. Calorie restric-
tion, omega-3 fatty acids, a-Linolenic acid (ALA), and
butyrate (produced by gram positive gut bacteria as a
result of metabolizing amino acids like tryptophan) activate
NRF2 [41].

Moreover, in recent years, the gut-brain-axis (GBA) has
received special attention. Gut dysbiosis affects many
metabolic pathways and inflammatory processes. A high
sugar/high fat diet triggers gut dysbiosis leading to elicit
inflammation and consequent epithelium permeabiliza-
tion, endotoxemia, and systemic low grade inflammation
[41]. Chronic systemic inflammation begins and/or ampli-
fies CNS inflammation [41].

Furthermore, when following low carbohydrate dietary
recommendations, several dietary allergen sources con-
taining gluten and processed food items might be elimi-
nated or restricted from an individual’s diet. Thus, an
LCD could eventually lead to lower intakes of usual dietary
allergens including artificial food additives, oral colors, and
gluten [38]. On the other hand, it has been suggested that
high intakes of these allergens might result in aggregating
the risk of autoimmune conditions such as MS [38, 41,
42]. Meanwhile, the results of this study which demon-
strated lower odds of NMOSD - as an autoimmune disorder
- among participants with higher LCD scores would likely
confirm this hypothesis.

Regarding the studies exploring the relationship between
adiet and a demyelinating disease with inflammatory etiol-
ogy, MS, it has been almost highlighted that a healthy diet-
ary intervention might lead to improvements in MS related
inflammation and physical symptoms including depres-
sion, fatigue, cognitive impairment, swallowing difficulties,
impairments in mobility, and disability [43, 44]. Dietary
factors that have been indicated to play a protective role
in MS are as follows: unsaturated fatty acids, fibers, dietary
items with anti-oxidant effects as well as treatment of defi-
ciency or low serum levels of vitamins [41, 44]. It has also
been demonstrated that increasing the intake of PUFAs
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and unrefined carbohydrate sources instead of refined
carbohydrate could result in improving some of MS associ-
ated complications such as fatigue and weakness or reduce
the risk of developing MS. Adequate consumption of pro-
teins should also be considered in these patients [41, 44~
46]. These findings are somewhat in accordance with the
results obtained from the present research work. In addi-
tion, decreasing NMOSD odds following a diet with a higher
proportion of fat and protein intakes, both from plant
sources (as was found in this study), can be in line with
the results of studies on patients with MS which indicated
that higher intakes of plant based fat sources compared to
animal sources might decrease the risk of this disabling
disorder [41, 44-46]. In the same vein, the results of the
Nurses’ Health Study on 80920 and 94511 women from
phase Iand I, showed thatlow ALA intakes increase MSrisk
[47]. Another 7-months of trial on 34 Relapsing-remitting
MS (RRMS) and 10 Primary-Progressive MS (PPMS)
patients, demonstrated that the Mediterranean diet with/
without dietary supplement (Inc.: fish oil, ALA, resveratrol,
and multivitamin complex) ameliorates systemic inflam-
mation (evaluated by Matrix metallopeptidase 9-MMP-9
serum level) [48]. The results share similarities with the
results obtained from the present study. Like the Mediter-
ranean diet, in the present study, 23-26 percent of energy
in the 5™ and 6™ deciles came from plant sources which
mainly consisted of Omega-3 and Omega-6 PUFAs.

In addition, amelioration of inflammation within a high-
fat diet (HFD) subsequent to substituting saturated fats -
which are mainly found in animal sources - with MUFAs
or PUFAs - that are certainly found in plant sources - has
also been reported. It has been suggested that this effect
can be attributed to the reduction of NLRP3 signaling, mod-
ulation of adenosine monophosphate-activated protein
kinase (AMPK) signaling, and improvement of insulin sen-
sitivity [37, 49]. In addition, it has been put forward that
generation of reactive oxygen species (ROS) might be atten-
uated following a ketogenic or LCD [38]. Although the anti-
inflammatory effects of LCD have been proposed in several
studies, studies on demyelinating diseases have barley
focused on this type of diet.

Another remarkable finding of the current study was the
importance of an adequate protein intake. At first view, it
seems to be in contrast with previous findings. However,
in the 5™ and 6™ deciles, 15-16% of total energy intakes
came from proteins, that is in the range of dietary reference
intakes for protein which is 10-35% of total energy for adults
[32]. An adequate protein intake is critical for preserving gut
function and microbial balance [50]. As an example, dietary
tryptophan up-regulated Nrf2 gene expression in grass carp
[50]. Moreover, it was shown that gram positive gut bacteria
metabolized amino acids and produced short chain fatty
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acids (acetate, butyrate, and propionate) which exerted
Immunomodulatory properties in different studies. Fur-
thermore, polyamines inhibited the inflammation by sup-
pressing the secretion of TNF-a and IL-1 and IL-6 [50].

Strengths and limitations

We are from the first studies that assessed the dietary mod-
ifying factors of NMOSD and despite the uncommon char-
acteristic of NMOSD we collected appropriate NMOSD
cases. Our research had also some limitations. We did not
assess the anthropometric measurement, dietary or inflam-
matory associated biomarkers in the serum samples of the
studied subjects. This study has the recall bias limitation
which is the nature of case-control studies. Nevertheless,
we believe that our findings could be a starting point for
the future studies exploring the etiology, risk, and protec-
tive factors of NMOSD.

Conclusion

The current results demonstrated that lowering LCD score
can be a modifiable factor for decreasing NMOSD odds.
This study could lend support to previous findings in the lit-
erature which showed protective effects of a diet with
reduced content of carbohydrate and moderate levels of
plant-based fats and proteins on inflammatory diseases.
However, further well-designed clinical trials and longitu-
dinal studies with a larger number of participants are
required to confirm the effects of a diet on NMOSD.
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