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Abstract

Neuromyelitis optica spectrum disorder (NMOSD) has unknown risk factors. The aim of this study was to identify the envi-
ronmental risk factors for NMOSD. A case—control study was conducted in Tehran from 2015 to 2016 among 100 patients
with NMOSD. Sex-matched healthy controls (n = 400) were selected through random digit dialing (RDD). Logistic regres-
sion was used to estimate unadjusted and adjusted ORs (odds ratio) at 95% confidence intervals (CI) via SPSS. Compared
with the control population, in NMOSD patients, the adjusted OR for low dairy consumption per week was (OR = 18.09;
95% C16.91, 47.37), following low sea food intake (OR = 13.91; 95% CI 6.13, 31.57) and low fruit and vegetable consump-
tion (OR = 6.23; 95% CI 3.07, 12.62). The lower heavy physical activity (OR: 16.11, 95% CI 7.03, 36.91) among patients
had risen the risk of NMOSD. A past history of head trauma was considered a risk for NMOSD (OR: 8.39, 95% CI 4.97,
14.16). The association between NMOSD and intentional abortion only among females (OR: 7.42, 95% CI 2.81, 19.55) was
detected. This study indicates significant associations between dietary habits, life style, history of head trauma and intentional
abortion in female and the later diagnosis of NMOSD.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an
autoimmune inflammatory disorder of the central nervous
system [1, 2]. Environmental factors have been consistently
observed in multiple sclerosis (MS) operating between ages
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13 and 18, while the effect of these factors on NMOSD risk
has not identified [3]. The nutritional habits, smoking, expo-
sure to infectious diseases, lack of sunlight, life style and
hormonal factors are the most reported risk factors involved
in the MS etiology [3, 4].

Unlike MS, NMOSD is more prevalent among Asians
than Caucasians and expected to be a multifaceted illness
with a significant non-genetic factor [5, 6].

Environmental factors may be important in determining
NMOSD risk. Environmental exposures might occur long
before the NMOSD becomes clinically evident, as suggested
by the wide range in onset age.

The present study was set to discover the potential risk
factors associated with dietary habit, smoking, environmen-
tal exposures, history of infection and autoimmune diseases,
life style and hormonal factors among females in a large
sample of people with NMOSD [3].
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Methods
Study population and Case definition

A case—control study was conducted in Tehran, Iran. This
study was performed among patients with a definite diagno-
sis of NMOSD based on the international 2015 consensus
criteria [7] at Sina Hospital, a tertiary care referral center
to evaluate the possible risk factors for NMOSD incidence.
The diagnosis of NMOSD was confirmed by neurologists.
Clinical records and from all prevalent patients in this refer-
ral center were included from August 1, 2015 to September
21, 2016 through getting access to either paper or electronic
based files [8].

Control definition

Controls were provided from all 15- to 50-year-old resi-
dents of 22 municipality zones of Tehran (total population
approximately 5.11 million). The controls matched on sex
and were from the same source of patient’s population. The
controls had no history of any neurological disorder [4].
They were randomly selected through random digit dialing
(RDD) using a standard RDD protocol [9].

In brief, from 4457 randomly created numbers, 2856
were inactive or non-residential numbers. Totally 1510
(94.3%) contactable households had an eligible person, and
91 (5.7%) had no eligible subject. To select a subject from
all eligible people in one household, the Kish method was
used [10].

Data collection protocol

The same questionnaire was applied for both patients and
controls. Exposure to risk factors was determined prior to
disease onset in NMOSD patients and in a parallel time
period in controls.

Measurement

A structured questionnaire was designed in the MS research
center of Tehran University of Medical Sciences to meas-
ure the main epidemiological variables, associated with the
individual level. The NMOSD risk factors were considered
according to the questionnaire designed for multinational
case—control studies of environmental risk factors for mul-
tiple sclerosis (EnvIMS-Q) [11].

EnvIMS-Q contains six sections describing the most
important environmental exposures including demographic
data, subjective social status (rated via a visual ladder
with 10 stairs (from poorest to richest), diet habits during
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13-19 years of age, life style including duration of ciga-
rette smoking (number of years), alcohol and drug abuse
for a minimum of 6 months and no less than once per week,
passive smoking (whether the person lived with a regularly
smoking person and if yes, how many years), light and
heavy physical activities (regularity; per week with average
duration (min), sun exposure during 13—19 years of age (h/
day), medical history of diseases diagnosed by a physician
(a self-reported question) [12], and hormonal factors and
delivery among females such as regular menstruation, use
of oral contraceptive pill (OCP) and its duration, age at first
delivery, abortion history and its type, and breast feeding to
children for at least 2 months [4, 12]. The content validity
and reliability of the translated questionnaire were approved
[13].

Besides, several questions were added based on ethnicity,
history of type-1 diabetes in first-degree relatives, history
of head trauma (leading to loss of consciousness, vomiting,
or bleeding), and having water-pipe smoking at least once
per week for a minimum of 6 months. Detailed information
on length (years) and amount (average frequency per week)
was also obtained [4].

Protocol approval and patient consents

The main study objectives were fully explained to both study
groups at the start of individual interview.

To excluding recall bias, the opportunity to remind and
receiving information assist from relatives and physician for
respond was given and informed consents were taken from
all participants.

The study protocol was approved by the institutional
review boards (IRB) at ethics committee of Tehran univer-
sity of medical sciences (ref. no. IRTUMSREC13941195).

Statistical methods

Logistic regression was used to estimate unadjusted and
adjusted odds ratio (OR) at 95% confidence intervals (CI)
via SPSS 23. A large number of variables were examined to
explore whether they are confounding or causally related to
outcomes including age, education level, marital status, sub-
jective social status, and mother/father’s ethnic group. The
selection bias is remediated through appropriate analytical
methods [14]. P values < 0.05 were considered significant
based on two-tailed tests. Means, medians, and baseline
characteristics of subjects were estimated. The Chi square
test was used to analyze the association among variables.
Equal percentiles on cases defined groups with respect to
diet habit and life style with roughly the same number of
observations done via the visual binning procedure.
Multiplicative interaction was measured by including
a product term in the logistic model as an independent
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variable. Synergy Index (SI) was applied to discover any
additive interaction, as authorized adjustment for confound-
ers [15]. Finally based on multiple comparisons considera-
tion, P values < 0.002 were considered significant.

Results
Study population characteristics

A total of 100 patients with NMOSD and 400 healthy
controls participated in the survey. We checked presence
of aquaporin-4 immunoglobulin G (AQP4-IgG) status of
patients and results were positive for 44 (46.8%) and nega-
tive for 50 (53.2%) patients.

The response rates among patients and healthy control
were 99.0 and 62%, respectively.

The characteristics of patients in comparison to healthy
controls are shown in Table 1.

The average female-to-male ratio for NMOSD patients
was 5.25:1.

A significant difference was seen with respect to age and
father and mother’s ethnicity (P value < 0.05).

Weekly diet habits and monthly supplementary
consumption

Table 2 shows the potential risk factors for NMOSD for
the association between different types of dietary subgroup
consumption during 13-19 years of age. Compared with
the control population, in NMOSD patients, the adjusted
OR for low dairy consumption per week was (OR = 18.09;
95% CI 6.91, 47.37), following low sea food intake
(OR = 13.91; 95% CI 6.13, 31.57), low number of egg
consumption (OR = 9.39; 95% CI 4.03, 21.86), low red
meat consumption (OR = 3.07; 95% CI 1.68, 5.62), low
chicken consumption (OR = 4.05; 95% CI 1.59, 10.35),
low fat consumption (OR = 3.01; 95% CI 1.64, 5.49)
and low fruit and vegetable consumption (OR = 6.23;
95% CI 3.07, 12.62). Lower consumption of multivita-
mins (OR = 5.49; 95% CI 1.90, 15.85), iron (OR = 7.64;
95% CI2.98, 16.61) and Vitamin B12 and Vitamin C (P
value < 0.03) was associated with an increased risk of
NMOSD (Table 2).

Table 1 Baseline characteristics

Variables NMO cases, Controls, N = 400 (%) P value
of 100 NMO cases and 400 N =100 (%)
general controls
Female gender 84 (84.0) 340 (85.0) 0.78
Age (years), mean (SD) 35.83 (9.72) 33.67 (8.37) 0.02
Marital status 0.29
Single (including divorce and widow) 39 (39.0) 133 (33.3)
Married 61 (61.0) 266 (66.7)
Highest level of education (years old) 0.72
Illiterate or primary school (7-11) 5(5.0) 16 (4.0)
Guidance school (12-14) 11(11.0) 28 (7.0)
High school (15-18) 37 (37.0) 157 (39.3)
Associate’s or Bachelor’s degree 38 (38.0) 161 (40.3)
Master’s degree and higher 9 (9.0) 38 (9.5)
Mother’s ethnic group 0.04
Persian 50 (50.0) 211 (52.8)
Azeri 34 (34.0) 120 (30.0)
Lor 10 (10.0) 18 (4.5)
Others (Mazani, Gilak, Arab, Kurd, Baloch) 6 (6.0) 51 (12.8)
Father’s ethnic group 0.03
Persian 51(51.0) 203 (50.8)
Azeri 29 (29.0) 133 (33.3)
Lor 12 (12.0) 18 (4.5)
Others (Mazani, Gilak, Arab, Kurd, Baloch) 8 (8.0) 46 (11.5)
SSS? in adolescence, mean (SD) 5.09 (1.92) 5.42(1.97) 0.50

Attainable scores for SSS were 1-10 (richest—poorest, respectively)

#Subjective social status
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Table 2 Diet habits during 1319 years of age per week

Variables NMO N =100 (%) Controls N=400 (%) Crude OR (95% CI) Adjusted® OR (95% CI) P value
Dairy consumption (Yogurt, milk, cheese)

Low (50-525 g) 58 (58.0) 108 (27.02) 17.07 (6.63-43.96) 18.09 (6.91-47.37) < 0.001
Moderate (526-1082 g) 37 (37.0) 130 (32.07) 9.05 (3.45-23.69) 9.89 (3.71-26.36) 0.001
High (> 1082 g) 5(5.0) 159 (40.1) Reference Reference -

Sea food (canned tuna, fish, shrimp)

Low (0-37.50 g) 67 (67.0) 66 (23.6) 14.97 (6.77-33.08) 13.91 (6.13-31.57) < 0.001
Moderate (37.50-225.0g) 25 (25.0) 96 (34.3) 3.84 (1.65-8.90) 4.05 (1.71-9.58) <0.01
High (> 225.0 g) 8 (8.0) 118 (42.1) Reference Reference -

Egg (number)

Low (0-2) 66 (66.0) 125 (31.3) 8.82 (3.89-20.01) 9.39 (4.03-21.86) < 0.001
Moderate (3-4) 27 (27.0) 158 (39.5) 2.85 (1.20-6.78) 2.96 (1.21-7.22) 0.01
High (> 4) 7(7.0) 117 (29.3) Reference Reference -

Red meat

Low (0-180 g) 56 (56.0) 166 (41.5) 2.53 (1.34-4.77) 3.07 (1.68-5.62) < 0.001
Moderate (181-360 g) 30 (30.0) 129 (32.3) 1.74 (0.87-3.45) 2.33 (1.17-4.63) 0.015
High (> 360 g) 14 (14.0) 105 (26.3) Reference Reference -
Chicken

Low (0-225 g) 41 (41.4) 134 (34.4) 4.182 (1.70-10.28) 4.05 (1.59-10.35) 0.003
Moderate (226-450 g) 52 (52.5) 173 (44.5) 4.108 (1.69-9.95) 4.11 (1.64-10.28) 0.003
High (> 450 g) 6(6.1) 82 (21.1) Reference Reference -
Fruit/vegetables

Low (0-740 g) 53 (53.0) 117 (29.5) 5.43 (2.77-10.64) 6.23 (3.07-12.62) < 0.001
Moderate (741-1320 g) 35(35.0) 136 (34.3) 3.08 (1.53-6.19) Reference  3.23 (1.56-6.66) <0.01
High (> 1320 g) 12 (12.0) 144 (36.3) Reference -

Fat (pasteurized/local/vegetable butter and cream)

Low (0-57.50 g) 47 (47.0) 119 (30.2) 2.84 (1.59-5.06) 3.01 (1.64-5.49) < 0.001
Moderate (58-158 g) 32(32.0) 131 (33.2) 1.75 (0.95-3.22) 1.93 (1.02-3.68) 0.04
High (> 158 g) 20 (20.0) 144 (36.5) Reference Reference -
Monthly supplementary consumption (no/yes)

Fish oil 3(3.0) 25(6.3) 2.16 (0.64-7.32) 2.03 (0.59-7.01) 0.3
Multivitamin 4 (4.0 73 (18.3) 5.37 (1.91-15.08) 5.49 (1.90-15.85) 0.002
Calcium 5(5.0) 48 (12.0) 2.59 (1.00-6.70) 2.55(0.91-7.10) 0.1
Iron 6 (6.0) 108 (27.1) 5.83 (2.48-13.71) 7.64 (2.98-16.61) < 0.001
Folic acid 12 (12.0) 71 (17.8) 1.58 (0.82-3.05) 1.55 (0.76-3.15) 0.2

B 12 5(5.0) 52 (13.0) 2.84 (1.10-7.32) 2.78 (1.05-7.36) 0.03
Vitamin ¢ 7(7.0) 80 (20.1) 3.33 (1.48-7.46) 3.80 (1.63-8.87) 0.002
Vitamin D 4(4.0) 26 (6.5) 1.67 (0.57-4.90) 2.18 (0.67-7.07) 0.2

Adjusted for age (using dummy variables for each of the 10-year age categories)

g gram

#Adjusted for age, sex, and father and mother’s ethnicity

Bold values indicate significant results than other odds ratio and 95% confidence interval

Life style

Table 3 demonstrates increased NMOSD odds among pas-
sive smokers (OR = 1.79; 95% CI 1.12, 2.85) and who
had water-pipe smoking (OR = 2.39; 95% CI 1.33, 4.29).

@ Springer

The alcohol consumption at least once for 6 mounts had

an OR of 2.11 (95% CI 1.08, 4.11) for whiskey intake and
(OR =2.32;95% CI 1.21, 4.43) for wine intake.

Physical activity per week at 13—19 years of age was

low for patients in comparison with the controls (P
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Table 3 Life style (tobacco and water-pipe, alcohol, drug abuse, physical activity, and sun exposure)

Variables NMO cases Controls N = 100 (%) Crude OR (95% CI) Adjusted® OR (95% CI) P value
N =100 (%)
Cigarette smoking (1 per day for over 6 months)
Yes 16 (16.0) 38 (9.5) 1.81 (0.95-3.40) 1.92 (0.93-3.97) 0.8
No 84 (84.0) 362 (90.5) Reference Reference -
Cigarette smoking—duration (years)
<10 9(9.0) 18 (4.5) 2.10 (0.91-4.84) 2.10 (0.85-5.15) 0.1
> 10 5(5.0) 20 (5.0) 362 (90.5) 1.05 (0.38-2.88) 1.01 (0.32-3.17) 1
Never 86 (86.0) Reference Reference -
Passive smoking
Ever 54 (54.0) 160 (40.0) 1.76 (1.13-2.73) 1.79 (1.12-2.85) 0.01
Never 46 (46.0) 240 (60.0) Reference Reference -
Passive smoking—duration
< 10 (years) 5(5.0) 20 (5.0) 1.38 (0.49-3.86) 1.23 (0.42-3.59) 0.7
10-20 21(21.0) 58 (14.5) 1.99 (1.10-3.60) 2.05 (1.10-3.81) 0.02
> 20 (years) 28 (28.0) 68 (17.0) 254 (63.5) 2.27 (1.32-3.90) 2.46 (1.37-4.40) 0.002
Never 46 (46.0) Reference Reference -
Water-pipe smoking
Ever 27 (27.0) 60 (15.0) 2.09 (1.24-3.52) 2.39 (1.33-4.29) 0.003
Never 73 (73.0) 340 (75.0) Reference Reference -
Water-pipe smoking duration (years)
<5 12 (12.0) 24 (6.0) 2.33 (1.11-4.88) 2.90 (1.31-6.40) < 0.008
>5 15 (15.0) 35(8.8) 2.00 (1.03-3.85) 2.16 (1.02-4.53) 0.04
Never 73 (73.0) 341 (85.3) Reference Reference
Opioid (at least once for over 6 months)
Yes 6 (6.0) 9(2.3) 2.77 (0.96-7.98) 2.83 (0.83-9.65) 0.1
No 94 (94.0) 391 (97.8) Reference Reference
Cannabis (at least once for over 6 months)
Yes 1(1.0) 5(1.3) 0.79 (0.09-6.90) 0.68 (0.06-6.74) 0.7
No 99 (99.0) 395 (98.7) Reference Reference
Stimulants (at least once for over 6 months)
Yes 1(1.0) 4(1.0) 1.00 (0.11-9.04) 0.67 (0.06-6.97) 0.7
No 99 (99.0) 396 (99.0) Reference Reference
Hallucinogen (at least once for over 6 months)
Yes 1(1.0) 2 (0.5) 2.01 (0.18-22.39) 1.51 (0.12-19.04) 0.7
No 99 (99.0) 398 (99.5) Reference Reference
Whisky/vodka intake (at least one time for 6 months)
Yes 19 (19.0) 41 (10.3) 2.05 (1.13-3.72) 2.11 (1.08-4.11) 0.02
No 81 (81.0) 359 (89.7) Reference Reference
Beer intake (at least one time for 6 months)
Yes 14 (14.0) 44 (11.0) 1.31 (0.69-2.51) 1.37 (0.67-2.77) 0.4
No 86 (86.0) 356 (89.0) Reference Reference
Wine intake (at least one time for 6 months)
Yes 20 (20.0) 40 (10.0) 2.25 (1.29-4.05) 2.32 (1.21-4.43) 0.01
No 80 (80.0) 360 (90.0) Reference Reference
Light physical activity weekly in minutes (13—19 years old age)
Low (0-75) 53 (53.0) 122 (30.7) 5.76 (2.88-11.52) 6.32 (3.08-12.95) < 0.001
Moderate (76-195) 36 (36.0) 130 (32.7) 3.67 (1.79-7.51) 3.95 (1.89-8.28) < 0.001
High (> 195) 11 (11.0) 146 (36.7) Reference Reference
Heavy physical activity weekly in minutes (13—-19 years old age)
Low (0) 71 (71.7) 103 (25.8) 10.75 (5.30 21.81) 16.11 (7.03-36.91) < 0.001
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Table 3 (continued)

Variables NMO cases Controls N = 100 (%) Crude OR (95% CI) Adjusted® OR (95% CI) P value
N =100 (%)

Moderate (10-90) 18 (18.2) 141 (35.3) 1.99 (0.89-4.45) 2.60 (1.06-6.35) 0.03
High (> 90) 10 (10.1) 156 (39.0) Reference Reference

Sun exposure per week in hour (13-19 years old age)
Low (0-1.5) 78 (78.0) 111 (27.9) 14.40 (6.04-34.35) 17.97 (7.11-45.40) < 0.001
Moderate (1.6-4) 16 (16.0) 164 (41.2) 2.00 (0.76-5.26) 1.85 (0.67-5.08) 0.2
High (> 4) 6 (6.0) 123 (30.9) Reference Reference

Sun exposure per week in hour (> 20 years old age)
Low (0-0.78) 52 (53.7) 113 (28.3) 8.16 (3.72-17.89) 10.83 (4.40-25.47) < 0.001
Moderate (0.79-2) 37 (38.1) 144 (36.1) 4.56 (2.05-10.13) 5.21 (2.27-11.94) < 0.001
High (> 2) 8(8.2) 142 (36.6) Reference Reference

Adjusted for age (using dummy variables for each of the 10-year age categories)

?Adjusted for age, sex, and father and mother’s ethnicity

Bold values indicate significant results than other odds ratio and 95% confidence interval

value < 0.001). Both lower light physical activity (OR:
6.32,95% CI 3.08, 12.95) and lower heavy physical activ-
ity (OR 16.11, 95% CI 7.03, 36.91) was associated with
an increased risk of NMOSD.

An association between low sunlight exposure at
13-19 years of age and an increased risk of NMOSD (OR:
17.97,95% CI17.11, 45.40, P < 0.001) was observed.

Medical history

History of ever had infectious mononucleosis (OR: 79.35,
95% CI 8.83, 712.75), depression (OR: 2.99, 95% CI 1.81,
4.94), cardiovascular diseases (OR: 28.06, 95% CI 2.87,
274.40), and kidney failure (OR: 5.48, 95% CI 7.03, 36.91)
before NMOSD incidence, demonstrated significant differ-
ences between the two groups.

A past history of head trauma appeared as a risk of
NMOSD (OR: 8.39, 95% CI1 4.97, 14.16).

A strong family aggregation of type-1 diabetes in sib-
lings and mother (OR: 12.63, 95% CI 2.91, 54.84) and
(OR:7.61,95% CI13.49, 16.59) was observed, respectively
(Table 4).

Hormonal factors and delivery among females

The association between history of irregular menstruation
and NMOSD (OR: 3.92,95% C12.29, 6.71), oral contracep-
tive pill usage (OR: 2.11, 95% CI 1.21, 3.66), first delivery
lower than 24 years of age (OR: 2.18, 95% CI 1.17, 4.07),
and intentional abortion among females with positive his-
tory of abortion (OR: 7.42, 95% CI 2.81, 19.55) detected
(Table 5).

@ Springer

Discussion

Regardless of quick increasing awareness in NMOSD stud-
ies, there is no information in risk factors on this topic in the
literature [2]. This study contributed to the body of knowl-
edge regarding the epidemiological risk factor assessment
of NMOSD on a large sample size. The data indicated that
the risk of NMOSD is significantly higher among younger
age groups and females.

NMO-IgG is very specific test for NMOSD [16]. Our
subjects seemed to have similar NMO-IgG status to Cau-
casians with lower frequency of serum positivity (46.80%).
The seropositivity rate for NMO-IgG was higher in southeast
Wales and northern Japan [17, 18].

Overall, 22 risk factors were studied with respect to their
association with the diseases, including autoimmune and
infection diseases, severe head traumatic events, and type-1
diabetes among first-degree relatives. Only seven risk factors
including depression, migraine, infectious mononucleosis,
cardiovascular disease, kidney failure, and positive history
of type-1 diabetes among the siblings and mother were sup-
ported by evidence with potent epidemiological credibility
regarding medical history of subjects.

The mean age of disease onset (35.83 years old) among
the study patients was the same as the existing reports from
southern Denmark [19] and it was lower when compared to
southeast Wales’s report [17].

Age and mother/father’s ethnicity had significant asso-
ciation with NMOSD. A frequency difference was detected
between various ethnic groups living in Tehran [20].

A detailed examination of low dairy and sea food con-
sumption showed an 18- and 13.9-fold increased risk of
NMOSD. A comprehensive study revealed that low milk
consumption and dairy products can lead to MS development
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Table 4 Medical history

Variables NMO cases Controls N = 400 (%) Crude OR (95% CI) Adjusted” OR (95% CI) P value
N =100 (%)
Measles
Yes 33 (33.0) 134 (33.8) 0.96 (0.60-1.53) 0.79 (0.47-1.30) 0.4
No 67 (67.0) 262 (66.2) Reference Reference -
Rubella
Yes 18 (18.0) 51(12.8) 1.49 (0.82-2.69) 1.46 (0.79-2.68) 0.2
No 82 (82.0) 347 (87.2) Reference Reference -
Mumps
Yes 39 (39.0) 114 (28.7) 1.58 (1.00-2.50) 1.49 (0.92-2.41) 1
No 61 (61.0) 283 (71.3) Reference Reference
Hepatitis B
Yes 1(1.0) 10 (2.5) 0.39 (0.05-3.10) 0.30 (0.03-2.57) 0.3
No 99 (99.0) 389 (97.5) Reference Reference -
Chickenpox
Yes 69 (69.0) 279 (70.1) 0.94 (0.59-1.52) 1.09 (0.66-1.80) 0.7
No 31 (31.0) 119 (29.9) Reference Reference
Depression
Yes 43 (43.0) 82 (20.6) 2.91 (1.83-4.64) 2.99 (1.81-4.94) < 0.001
No 57 (57.0) 317 (79.4) Reference Reference
Migraine
Yes 23 (23.0) 55 (13.8) 1.86 (1.08-3.22) 1.86 (1.04-3.32) 0.03
No 77 (77.0) 344 (86.2) Reference Reference
Infectious mononucleosis
Yes 16 (16.0) 1(0.3) 75.81 (9.91- 579.50) 79.35 (8.83-712.75) < 0.001
No 84 (84.0) 398 (99.7) Reference Reference
Lupus
Yes 1(1.0) 1(0.3) 0.22 (0.01-3.17) 4.32 (0.26-73.93) 0.3
No 99 (99.0) 398 (99.6) Reference Reference
Rheumatoid arthritis
Yes 12 (12.0) 24 (6.0) 2.13 (1.02-4.42) 1.93 (0.89-4.15) 0.1
No 88 (88.0) 375 (94.0) Reference Reference
Hypothyroid
Yes 18 (18.0) 58 (14.5) 1.29 (0.72-2.30) 1.40 (0.75-2.61) 0.3
No 82 (82.0) 341 (85.5) Reference Reference
Hyperthyroid
Yes 6 (6.0) 19 (4.8) 1.27 (0.496-3.28) 1.28 (0.48-3.36) 0.6
No 94 (94.0) 380 (98.2) Reference Reference
Cardiovascular disease
Yes 5(5.0) 1(0.3) 20.94 (2.41-181.39) 28.06 (2.87-274.40) < 0.003
No 95 (95.0) 398 (99.7) Reference Reference
Ulcerative colitis
Yes 3(3.0) 2 (0.5) 6.13 (1.01-37.24) 3.93 (0.57-27.18) 0.2
No 97 (97.0) 397 (99.5) Reference Reference
Type-1 diabetes
Yes 3(3.0) 6 (1.5) 2.02 (0.49-8.24) 2.30 (0.53-9.82) 0.3
No 97 (97.0) 393 (98.5) Reference Reference
Kidney failure
Yes 16 (16.0) 15(3.8) 4.87 (2.32-10.25) 5.48 (2.47-12.17) < 0.001
No 84 (84.0) 384 (96.2) Reference Reference
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Table 4 (continued)

Variables NMO cases Controls N = 400 (%) Crude OR (95% CI) Adjusted® OR (95% CI) P value
N =100 (%)

Head trauma
Yes 54 (54.0) 53 (13.3) 7.68 (4.71-12.52) 8.39 (4.97-14.16) < 0.001
No 46 (46.0) 347 (86.7) Reference Reference

Type-1 diabetes in first-degree relatives
Yes, in father 7(7.0) 23 (5.8) 1.62 (0.67-3.94) 1.55 (0.62-3.88) 0.3
Yes, in mother 19 (19.0) 15 (3.8) 6.76 (3.27-13.98) 7.61 (3.49-16.59) < 0.001
Yes, in sibling 7(7.0) 3(0.8) 12.46 (3.14-49.43) 12.63 (2.91-54.84) <0.01
No 67 (67.0) 358 (89.6) Reference Reference -

#Adjusted for age, sex, and father and mother’s ethnicity. Adjusted for age (using dummy variables for each of the 10-year age categories

Bold values indicate significant results than other odds ratio and 95% confidence interval

Table 5 Hormonal factors and delivery among females

Variables NMO cases Controls N = 340 (%) Crude OR (95% CI) Adjusted® OR (95% CI) P value
N =84 (%)

Regular menstruation
Yes 41 (48.8) 252 (75.0) Reference Reference < 0.001
No 43 (51.2) 84 (25.0) 3.14 (1.92-5.15) 3.92 (2.29-6.71)

Ever use OCP
Yes 60 (72.3) 178 (52.7) 2.34 (1.38-3.96) 2.11 (1.21-3.66) 0.008
No 23 (27.7) 160 (47.3) Reference Reference

OCP duration use
< 1 year 39 (65.0) 116 (65.2) Reference Reference 0.7
1-3 years 10 (16.7) 27 (15.2) 1.10 (0.48-2.47) 1.20 (0.51-2.79) 0.7
> 4 years 11 (18.3) 35 (19.7) 0.93 (0.43-2.01) 0.85 (0.36-2.01)

IUI-IVF
Yes 5(8.6) 24 (7.1) 1.23 (0.45-3.37) 1.14 (0.39-3.29) 0.8
No 53 (91.4) 314 (92.9) Reference Reference

Age at first delivery
14-23 years old 43 (67.2) 106 (49.5) 2.08 (1.16-3.75) 2.18 (1.174.07) 0.1
24-39 years old 21 (32.8) 108 (50.5) Reference Reference

Abortion history
Yes 21 (35.6) 69 (20.4) 2.15 (1.18-3.90) 1.39 (0.73-2.64) 0.3
No 38 (64.4) 269 (79.6) Reference Reference

Type of abortion
Intentional 11(52.4) 23 (34.8) 9.32 (3.88-22.41) 7.42 (2.81-19.55) < 0.001
Unintentional 10 (47.6) 43 (65.2) Reference Reference

Breastfed (over 2 months)
Yes 39 (79.6) 182 (55.0) 1.98 (1.06-3.68) 1.31 (0.66-2.56) 0.4
No 10 (20.4) 149 (45.0) Reference Reference

Adjusted for age (using dummy variables for each of the 10-year age categories)

OCP oral contraceptive pill, JUI-1VF artificial insemination/in vitro fertilization

#Adjusted for age, and father and mother’s ethnicity

Bold values indicate significant results than other odds ratio and 95% confidence interval

@ Springer



Acta Neurologica Belgica (2018) 118:277-287

285

[21], especially, the reduction of milk consumption during
adolescent growth [22].

Also, in other food groups, lower consumption of eggs
per week, low fruit or vegetable intake), eating chicken less
than 450 g, red meat consumption lower than 360 g, and fat
consumption less than 150 g per week during adolescence
may increase the risk of NMOSD.

Studies have indicated that low-fat dairy products, fish,
and vegetable diet are inversely related to the risk of MS
[22]. It was further indicated in the study that the use of sup-
plements such as iron, multivitamin, vitamin C and B12 may
be protective of later NMOSD. Interestingly, recent studies
suggest that high serum vitamin D, as an immunomodulator,
may decrease the risk of MS [23].

The consequences of urbanized lifestyle including
changes in dietary habits, smoking, alcohol intake, and lack
of physical activity and sun exposure have been identified
as potential risk factors for MS [24]. Multivariate regression
models demonstrate that particular life style habits especially
low physical activity and sun exposure during adolescence
are associated with an increased risk of MS [25].

The present study for the first time examined the associa-
tion between smoking and NMOSD. However, it was previ-
ously found that water-pipe smoking and passive smoking
were associated with MS [4]. Strengthening these data, a
strong association was observed between passive smok-
ing and water-pipe smoking duration with an increase in
NMOSD rate.

The results verified that those who had a history of pas-
sive smoking over 10 years had odds of over twofold higher
risk than those who had history of passive smoking less than
10 years.

Water-pipe smoking is emerging globally as a health
problem, mostly among the young population in the west
Asian countries. There was an association between alco-
hol consumption and risk of developing NMOSD [26]. It
seems that the amount of ethanol in some high alcoholic
beverages like wine and whisky/vodka can increase the risk
of NMOSD incidence at least two folds compared to low
alcohol beverages such as bear.

Overall, unhealthy life style could play an important role
in increasing chronic diseases and urbanization, moderni-
zation, and mechanical life could influence life style [27].
These factors cause lower physical activity and a decrease
in sunlight exposure.

Low weekly sun exposure and physical activity dur-
ing adolescence also received accuracy as risk factors for
NMOSD. A similar effect has previously been seen in MS
[28].

The present scale defining the weekly amount of light
physical activity less than 195 min and no heavy physical
activity can increase the risk of NMOSD diseases like MS.
In summary, higher amounts of heavy physical activity

during adolescence were found to be reversely associated
with the risk of NMOSD; the same result was true for MS
across different European countries [28].

Several studies show that a low degree of exposure to
sunlight is associated with a higher risk of MS [29]. The
UV radiation has immunomodulatory effects, enhancing
the control of T-cell function [29]. The results indicated
that in a tropical country, there is a strong association
between low sunlight exposure and the risk to develop
NMOSD.

Several marks of evidence associated with the risk of
developing MS as a result of childhood infection such as
measles and rubella and life time diseases such as migraine,
thyroiditis, rheumatoid arthritis, and type-1 diabetes [21].

A history of infectious mononucleosis was a strong risk
factor as for MS, cardiovascular diseases with 28-fold, and
severe head trauma with 8.30-fold also had strong associa-
tion with an increased risk of NMOSD. The female majority
in autoimmune connective tissue disorders raises an instant
question; whether the hormonal factors have any effect on
increasing NMOSD risk.

A positive history of infection disease and comorbidity
profile highlights the importance of environmental risk fac-
tors in MS pathogenesis [25, 30].

Great changes have been observed in women’s lifestyle
over the last decades. Hormonal replacement therapy, later
childbirth, using OCP, and abortion are potential lifestyle
factors that may be related to the recent change of MNOSD
epidemiology [25]. According to the results, un-regular
menstruation can increase 3.92-fold risk of NMOSD fol-
lowing the increase of twofold risk among females who had
history of OCP practice. Young age at the first delivery can
increase the risk of NMOSD up to twofold in comparison
to ages over 23. The intentional abortion history had strong
association with the increasing risk of NMOSD. However,
a current assessment of a Canadian population-based cohort
did neither detect an association of maternal nor paternal age
with risk for MS [31].

In confirmation of our results, several studies consistently
report an increased risk of MS in association with emphasiz-
ing the role of environmental factors such as rapid changes
in dietary habits, western lifestyle and past history of dis-
eases [3, 4, 30] but unlike MS, smoking was not a risk factor
for NMOSD [32].

We are the first to examine the environmental risk factors
of NMOSD and collected large sample size for improving
the statistical power of study. This study has a limitation as
recall bias which is an inherent characteristic of case—control
studies.

The importance of risk factors in NMOSD pathogenesis
and role of lifestyle changes in the prevention of NMOSD
were susceptibility confirmed. Additional future epide-
miologic studies are recommended to improve exposure
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assessment and to define these risk factor for NMOSD more
precisely.

Conclusion

Low and moderate dairy, sea food, egg, chicken, fruit/veg-
etable consumption, and low meat and fat consumption per
week during adolescence and lack of monthly supplementary
consumption such as multivitamin, iron, B12, and vitamin
¢ during adolescence were identified as novel risk factors
for NMOSD. The water-pipe smoking, history of lifetime
passive smoking, and alcohol consumption are associated
with NMOSD.

In summary, low physical activity and sun exposure per
week during adolescence are strongly related with increasing
NMOSD occurrences. Having positive history of depres-
sion, migraine, infectious mononucleosis, cardiovascular
diseases, kidney failure, head trauma, and type-1 diabetes
in first-degree relatives are considerably correlated with an
increase in NMOSD.

In females, the history of irregular menstruation, use of
OCP, and first delivery less than 24 years of age were among
the risk factors for NMOSD.
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