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ARTICLE INFO ABSTRACT

Keywords: Background: Multiple sclerosis (MS) is a chronic inflammatory demyelinating disorder of the central nervous
Multiple sclerosis system. It is an autoimmune disease of multifactorial etiology, linked to a variety of genetic and well-defined
Vitamin B12

environmental factors. It typically affects more women than men and more frequently affects adults aged
20-45 years. Besides, vitamin B12 deficiency and obesity are associated with exacerbating central nervous
system inflammation and a higher clinical disability.

Objective: The study aims to determine the association of the vitamin B12 serum concentration with the Body
Mass Index BMI, thyroid-stimulating hormone serum levels and MS clinical features in Saudi MS patients.
Methods and results: This is a retrospective cohort study, and data were collected from the MS database at the King
Fahad Medical City Multiple Sclerosis Clinic, from December 2015 to December 2019. Data were entered and
analyzed using the Statistical Package for Social Sciences (SPSS ver. 20, Chicago, IL, USA). Cobalamin, also
known as vitamin B12, has a reference concentration that ranges from 138 to 652 Pmol/L in adults. The patient’s
BMI was calculated by dividing the weight (in kilograms) by the square of the height (in square meters),
expressed in kg/m?.

Data for 169 MS subjects were collected. A total 83 of them, with a mean age of 36.2 + 9.57 years, had vitamin
B12 results. Of all patients, 16.6% had vitamin B12 deficiency (<138 pmol/L) and 9.52% of them were over-
weight, BMI kg/m? = (25-29.9). The mean vitamin B12 level in all MS subjects was 240 + 117 pmol/L.
Moreover, 58.33% of the MS patients had high BMIs (BMI >25). However, no significant correlation was found
between vitamin B12 deficiency neither with the BMI nor TSH concentration in MS cases (r = 0.03, p = 0.64), (r
= 0.00, P = 0.9) respectively.

Conclusion: These findings revealed no association between serum vitamin B12 concentration and TSH, BMI in
MS clinical parameters, however, further studies are required to validate these results.

Body mass index

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating
disorder of the central nervous system (CNS). MS is the most common
cause of disability among young people [1,2]. The prevalence and
incidence of this pathology are increasing in both developing and
developed countries [3]. MS is an autoimmune disease of multifactorial
etiology linked to genetic and environmental factors like specific ul-
traviolet B (UVB) exposure, obesity, smoking, vitamin D deficiency, and

Epstein-Barr virus (EBV) infection [4] (see Tables 3 and 4).

Vitamin D insufficiency is linked to the risk of several autoimmune
disorders and gastrointestinal diseases. It has been reported that serum
vitamin D is significantly decreased in chronic autoimmune atrophic
gastritis (CAAG) patients [4]. In addition, a significantly lower con-
centration of vitamin D is observed in the serum of alcoholic cirrhotic
patients compared with non-alcoholic cirrhotic patients, suggesting that
vitamin D deficiency may be linked to an alcohol use state [5]. However,
the relation between low vitamin D levels and multiple sclerosis is not
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fully elucidated.

Obesity is another important risk factor for developing autoimmune
disease [38], and it has also been linked to MS patients [39]. However,
studies are not very consistent toward BMI and obesity with MS. For
example, a remarkable reduction in the mean BMI was reported in the
overall MS patients’ group during the MS course compared to the
healthy group [6]. In contrast, a recent study found a contrary to what
was described before, BMI does not show any significant difference
between patients with MS and healthy controls [7].

MS is mainly characterized by multi-centric demyelination and
inflammation; however, as the disease progresses, gliosis and axonal
injury roles increase [8]. MS occurs mainly in adults aged 20-45 years,
and females are more predisposed to the condition than men [9]. Initial
clinical results in patients with MS are sensory abnormalities, and the
most classic symptoms are paresthesia, dysesthesia, diplopia, ataxia,
vertigo, and bladder disturbances such as urinary retention [10].

MS is classified based on the disease course into four main types;
relapsing-remitting MS (RRMS), which is the most common type, ac-
counts for about 85% of MS cases, and is characterized by exacerbations
of symptoms, relapses, and periods of remission [10]. The second
category is secondary progressive MS (SPMS), in which the disease
course worsens with or without remission. The third one, primary pro-
gressive MS (PPMS), occurs in approximately 10% of the cases. It is
symptoms consistently progress from the beginning; there may be oc-
casional plateaus, but there are neither relapses nor remissions. The last
one, which is rare, occurring in less than 5% of patients, is the
progressive-relapsing MS (PRMS). It develops from the beginning, with
neurological symptoms steadily worsening with the disease progression,
without any remission [10].

Vitamin B12 is a water-soluble vitamin that acts as a cofactor in DNA
synthesis, thus contributing to cell metabolism in the human body [11].
This vitamin is also essential for the normal function of the nervous
system [12,13].

There are different reasons for vitamin B12 deficiency, such as
inadequate intake of animal protein in vegetarians and malabsorption
that results in inadequate extraction of cobalamin from food, insufficient
generation of intrinsic factor generation such as in terminal ileum dis-
orders, instances of pernicious anemia, and competition for cobalamins
that could be caused by intestinal worms and blind loop syndrome [14].

The diagnosis of the deficiency is based on the serum concentration
of vitamin B12 < 138 pmol/L (175 pg/mL) in adults [13]. Vitamin B12 is
particularly essential in the normal function of the nervous system via it
is role in the synthesis of myelin [13]. Its deficiency results in the
dysfunctional production of myelin sheath due to the introduction of
non-physiological fatty acids into neuronal lipids [15], and the defective
methylation of myelin basic protein (MBP), a vital part of CNS myelin
[16,17]. In addition, vitamin B12 deficiency is associated with increase
tumor necrosis factor TNFa, modulates cytokines activity [18]. This
might exacerbate current MS condition by worsening demyelination and
the inflammatory processes and preventing remyelination [12] MS has
recently been linked with obesity, as a study found that obesity is
associated with exacerbation of central inflammation and higher clinical
disability [19].

According to a study published in 2020, the TSH receptor plays an
essential role in regulating body weight. The study findings suggest that
elevation of TSH levels may be an indicator for obesity, particularly
abdominal obesity during puberty [20]. Thus, elevated TSH levels that
come from hormonal imbalances in the body can lead to many other
weight-related disorders. Another study reported elevated TSH levels
are linked with MS patients with myelitis [21], suggest that TSH level
and obesity might contribute to the disease progression. Also previously
reported that obese people are more risk for vitamin B12 deficiency
[19].Therefore, the present study investigated the association between
vitamin B12 level TSH and BMI in MS patients.
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2. Materials and methods

All are replacing remitting multiple sclerosis patients who attended
the MS clinic from April 2016 to September 2019 were recruited
retrospectively (n = 169). The inclusion criteria are; adult patients with
(RRMS) multiple sclerosis; diagnosed according to McDonald criteria at
a single center, King Fahad Medical City (KFMC), including both gen-
ders. The exclusion criteria are; patients with combined neurological
disorders and lacking vitamin B12, the expanded disability status scale
(EDSS), or thyroid stimulating hormone (TSH) concentration. Thus, 86
patients were excluded from the study who lacked these tests. In addi-
tion, patients’ medical records were obtained, including; demographic
data, age of onset, disease duration, height, weight, BMI, EDSS, and TSH
levels.

This study was approved by the institutional review boards (IRBs) at
King Fahad Medical City (KFMC). IRB number is 19-3560, IRB regis-
tration number with PHRP/NIH/USA = FWA00018774.

2.1. Vitamin B12 and serum thyroid stimulating hormone

Serum B12 and thyroid-stimulating hormone concentrations were
determined by retrospective review of medical records. In cases where
more than one concentration was available, the initial concentration
was used. The standard reference range for B12 concentrations in our
laboratory is 138-652 pg/mL. The standard reference range for thyroid-
stimulating hormone concentrations in our laboratory is 0.35-4.5 mlU/
L. The TSH and B12 levels were measured by electrochemiluminescent
immunoassay (Roche Diagnostics, Indianapolis, IN, USA).

2.2. Statistical analysis

SPSS software was used to perform statistical analysis. Accord-
ing to the BMI, patients were classified as underweight when BMI
<18.5 kg/m?, healthy weight when BMI ranged from 18.50 to 24.9
kg/m?, overweight when BMI ranged from 25 to 29.9 kg/m?, and
obese when BMI >30 kg/m2. Vitamin B12 level was defined as
deficient when its serum concertation was <138 pmol/L and as
non-deficient when its serum concertation was >138 pmol/L.
Continuous variables were presented using means and standard
deviations (SD) and using percentages and frequencies for cate-
gorical variables. The Chi-Square test was used to determine the
association between vitamin B12 levels, which was graded cate-
gorically (i.e., High, normal, low), and BMI. Pearson’s correlation
coefficients were used to measure the correlations,and stepwise
linear multiple regression analyses were used to assess the relationship
between vitamin B12 levels and independent variables. Values of P <
0.05 were considered statistically significant.

3. Results and discussion
3.1. Multiple sclerosis cases characteristics

Data from 83 relapsing-remitting MS patients (59 females and 27
males, aged from 18 to 61 years, mean 36.2 + 9.57 years) were collected
retrospectively from the KFMC medical records. The age of onset of the
disease ranged from 19.4 to 36.9 years, with a mean value of 28.2 +
8.76 years. The duration of the disease after the first diagnosis to the
date data was obtained is 2.88-13 years, with a mean value of 8 + 5.12
years. Information on the demographic data including age, disease
duration, BMI, serum vitamin B12 concentration, and TSH levels are
shown in (Table 1) (see Table 2).

The serum vitamin B12 levels were normal in 83.1% of the patients
and low (<138) in 16.6% of them. There was no significant difference in
the vitamin B12 level between genders (P = 0.28) (Fig. 1). Furthermore,
only 38.6% of the subjects had normal BM1, while 2.38% were under-
weight (BMI <18.5 kg/m?), 33.7% were overweight (BMI ranging from
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Table 1
Demographic characteristics of the patients.
Total
Number 83
Gender 59 F/24 M (71%F/28.9% M)
Age (years) Mean, SD 36.2 + 9.57
Disease duration (years) 8 +£5.12

Mean, SD
B12 status <138 pmol/L (%), Deficient
Non-Deficient >138
BMI (kg/m?) (%)

Normal range
Overweight 28/83 (33.7%)
Obese 21/83 (25.3%)
TSH normal range (%) 74/83 (89.2%)
Low level > 0.35 mlU/L (%) 2/83 (2.4%)
High TSH < 4.9 mlU/L (%) 7/83 (8.4%)
EDSS (Normal) 54/83 (65.1%)
Minimal disability 10/83 (11.9%)
Moderate disability 7/83 (8.3%)
Sever disability 12/83 (14.3%)

14/83 (16.8)
69/83 (83.1%)
32/83 (38.6%)

Abbreviations: M, male; F, female, TSH, thyroid stimulating hormone, EDSS
expanded disability status scale. Data are expressed as percentages and mean =+
standard deviation.

Table 2
Gender-wise comparison of all parameters of multiple sclerosis patients.
Parameters Mean + SD Mean + SD Mean + SD P-
Total (N = 83) Females (N = 59) Males (N = 24) Value
Age 36.2 £ 9.57 36.6 £ 10.66 3487 £ 6 0.45
Age at 28.2 £ 8.76 28.59 + 9.67 27.29 + 6.3 0.54
onset
Duration 8 +5.12 8 +5.27 7.58 + 4.4 0.7
BMI (kg/ 26.7 £ 5.45 26.2 £5.12 27.95 + 6.1 0.22
m?)
B12 pmol/L 240.28 + 117 247.6 + 128.7 222 + 82.2 0.28
EDSS 1.89 + 2.425 1.95+ 23 1.75+ 2.5 0.73
TSH mlU/L 2.19 £ 1.479 235+ 1.6 1.79 + 0.92 0.11
Table 3

Comparison of the parameters of MS patients according to their B12 level.

Parameters Mean =+ SD Non-deficient Mean + SD Deficient (N P-
(N =69) =14) Value
Age 36.6 + 9.7 33.3+84 0.24
Age at onset 28.7+£9 25.7 £7.6 0.26
Duration 7.9+52 7.57 £ 3.9 0.79
BMI (kg/ 27.9 £ 8.5 29.2 +8.28 0.59
m?)
EDSS 1.73 £ 1.1 1.64 +1.15 0.77
TSH mlU/L 1.23 + 0.6 1+0 0.16
Table 4

Correlation analysis of the parameters and bl2 level and linear regression
analysis of MS patients.

p-value Pearson Correlation Regression analysis ~ p-value
Age 0.7 0.04 0.002 0.7
Age at onset 0.24 0.13 0.17 0.24
Duration 0.168 —-0.15 0.023 0.16
BMI (kg/m?) 0.64 —0.05 0.03 0.6
EDSS 0.68 0.45 0.002 0.68
TSH mlU/L 0.9 0.013 0.00 0.9

25 to 29.9 kg/mz) and 25.3% were obese (BMI >30 kg/mz) (Fig. 2).
However, there were no significant correlations between vitamin B12
levels and BMI in Saudi’s MS patients (r = 0.03 p = 0.64).

Moreover, in this study, serum vitamin B12 level was found not to
correlate significantly with serum thyroid stimulating hormone
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Fig. 2. The Prevalence of vitamin 12 deficiency among MS patients.

concentration TSH (r = 0.00, P = 0.9) with no significant difference in
TSH levels between males and females (P = 0.11). In addition, it was
found that 65.5% of MS patients had normal EDSS, with no significant
correlation with vitamin B12 levels (r = 0.002, P = 0.68). Furthermore,
no significant association was found between the serum vitamin B12
level and the age, at onset of the disease, disease duration, and gender (P
> 0.05).

4. Discussion

Multiple sclerosis (MS) is one of the most common neurological
diseases, usually characterized by the breakdown of myelin and cell
death in the brain and spinal cord [2]. The exact etiology of MS is un-
known; however, studies have presented several theories, including
autoimmune responses, environmental toxins, infectious agents, genetic
predispositions, nutritional deficiencies, or excesses [4,5].

The current study found that only 16.6% of MS patients have a
vitamin B12 deficiency, and 84.3% are normal. These findings did not
find any association between serum vitamin B12 concentration and MS
patient’s age, disease age of onset, duration, and EDSS.

Acquired and hereditary vitamin B12 deficiencies are well known to
cause demyelination in the CNS [22,23], explaining the link between
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vitamin B12 and MS. In addition. It was also demonstrated in an
experimental study on a wild-type male mouse exhibit that a decrease in
dietary vitamin B12 causes neuronal neurodegeneration and dysfunc-
tion [24,25]. A previous study in Saudi also reported only a 30%
decrease in vitamin B12 levels (<200 pg/mL)[26].

In contrast, a case-control study on MS patients reported a significant
negative relationship between EDSS and serum vitamin B12 levels also,
patients with a low vitamin B12 and abnormal MRI brain atrophic
showed impaired cognitive functions of visuospatial abilities, language,
and executive functions [27]. However, a study carried out in 2012
reported no relationship between serum vitamin B12 levels and EDSS
scores and age of disease onset [28].

In addition, vitamin B12 deficiency is one of the causes of high serum
homocysteine, which has been found to play a significant role in the
pathogenesis of neurodegenerative diseases [29].

The associations between MS and homocysteine (Hcy), vitamin B12,
and folate blood levels are increasingly controversial. Several meta-
analysis studies suggested that Hcy might be linked to the pathogen-
esis of the disease. However, a study reported no significant differences
between MS patients and healthy controls for vitamin B12 and folate
[30,31]. A further study revealed that MS patients had lower vitamin
B12 levels, while serum Hcy was elevated in MS patients [32]. A Chinese
study reported increased Hcy levels in MS patients and decreased
Vitamin B12 and Hcy during relapses which may be associated with
disease pathogenesis [33]. Thus, the inconsistency of previous studies on
the association between folate status, Vitamin B12, and Hey with MS has
remained unclear and needs further studies.

Many studies tested the efficiency of vitamin B12 as a treatment
combined with lofepramine and r-phenylalanine on MS subjects. One of
them was a randomized placebo-controlled exploratory study that
showed a 2-point improvement on the disability scale [34]. Another
randomized placebo-controlled double-blind study found that this
combination effectively relieved MS symptoms [35]. On the other hand,
a study on MS patients with the chronic progressive form of the disease
reported that no significant change in disability status was demonstrated
after starting a massive dose of vitamin B12 over six months [36].

Furthermore, the current study found that 58.33% of the MS patients
had high BMIs (BMI >25). However, no significant correlation between
vitamin B12 levels with the serum TSH levels and BMI were reported.
Although the relationship between obesity and the risk of MS varies
among different populations, some studies have reported that the mean
BMI was reduced in the overall MS patients’ group during the MS course
compared to the healthy group [5]. In addition, a recent meta-analysis
found that BMI did not show any significant differences between pa-
tients with MS and healthy controls [6]. It has been reported that obesity
might deform absorption and indirectly cause genetic damage to
vitamin B12 metabolism. Furthermore, dietary constituents have been
shown to have multiple effects on the immune system, myelination,
neuronal repair, and neuroprotection, which all together could affect MS
risk and suggest pathophysiological pathways [6]. Thus, obesity and
high BMI might be risk factors for vitamin B12 deficiency [7].

On the other hand, thyroid hormones (THs) were reported to play an
essential role in the development of oligodendrocytes and are involved
in the re-myelination process of EAE [37]. A study found that TSH levels
were significantly lower in patients with MS. However, low TSH levels
did not correlate with MS’ duration and EDSS. Another study reported
that the TSH level was not significantly correlated with vitamin B12 in
patients with MS [37].

There are several limitations to the current study. First, the study
lacked a healthy control group to compare vitamin B12 and BMI vari-
ables. Another limitation to this study is that no folate, Hcy levels, and
supplementation were reported. Hey or folate measurement may have
played a role in the results. Study limitations also included small size,
varying treatments, and lack of MRI data of the patients, which might
provide additional information. Therefore, further investigations are
necessary to replicate this finding and explore the clinical factors
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underpinnings of the plausibility of vitamin B12 and the risk of MS.
5. Conclusions

Although the association between vitamin B12 deficiency and MS
had been found in several previous articles, this study has shown that the
majority of patients with MS had normal levels of vitamin B12. Addi-
tionally, vitamin B12 showed no correlations with the MS clinical fea-
tures such as disease duration, age of onset, and EDSS, neither BMI nor
TSH. Therefore, further studies with more sensitive measures such as
total homocysteine or folate concentrations are needed to confirm the
results.
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