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Abstract

Background

Autoimmune thyroid diseases (AITD) are the most prevalent or-
gan-specific autoimmune disorders. Vitamin B12 plays an important
role in the proper functioning of the immune system. The aim of this
study was therefore to investigate the correlation between vitamin B12

deficiency and AITD.

Methods and Materials

A total of 306 patients (aged 18-65 years, mean — 37.6 + 11.3 years)
and comprising 87 males and 219 females) were studied retrospectively

(observational study).

Patients were divided into groups: with and without vitamin B12
deficiency, and with and without AITD. Differences between groups
were evaluated by Fisher’s exact test for qualitative variables and by
Student’s t-test for quantitative variables. Correlations for quintitative
factors were determined by the Pearson correlation coefficient and for
qualitative factors be Spearman correlation analysis. The sensitivity and
specificity of vitamin B12 deficiency for AITD were calculated by ROC

analysis.
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Results

The vitamin B12 level was significantly lower in patients with
AITD (and 200.70 + 108.84) compared to controls (393.41 + 150.78 p <
0.0001)

Patients with vitamin B12 deficiency were characterized by signif-
icantly higher mean values of anti-TPO ( 236.60 + 455.74) compared to
controls (39.51 + 165.57 p < 0.0001).

Vitamin B12 levels were inversely correlated with anti-TPO levels
(r=-0.233, p < 0.001). Roc analysis of vitamin B12 as a diagnostic test
for AITD gave the area under curve as 0.881(95%CI: 0.839-0.924), a sen-

sitivity of — 0.947 a specificity of — 0.768,and a cut off value of — 178.9.

Conclusions

The vitamin B12 level correlates significantly with AITD.
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List of abbreviations

Thyroid peroxidase antibodies — anti-TPO
Autoimmune disorder — ADS
Autoimmune thyroid disease — AITD

Free thyroxin- FT4

Thyrotropin Hormone — TSH

B12 Vitamin — B12

Anti thyroglobulin antibodies — anti-TG
Vitamin D Receptor — VDR

Graves Disease — GD

Hashimoto Tthyroiditis — HT

Vitamin D3 — 25(0OH)D3



Relevance of the research problem

The percentage of autoimmune diseases is constantly increasing in
the world, as well as the growth of vitamin B12 deficiency. Various
types of studies have been conducted on the mentioned issue around
the world, the sources of which are used in our discussion. While the
world’s interest in autoimmune diseases and vitamin B12 deficiency
continues, more in-depth and large-scale studies are still needed to in-
corporate evidence-based formulation into guidelines and recommen-
dations. This type of research was conducted for the first time among
the Caucasian population. In the design of the study, all the criteria that
could lead to vitamin B12 deficiency were taken into account (unlike
other studies, diabetes and metformin therapy were considered as caus-
es of vitamin B12 deficiency) in order to exclude errors. Since a positive
correlation between vitamin B12 deficiency and autoimmune thyroid
disease was revealed, this correlation has a high practical value, as pa-
tients with autoimmune thyroid diseases should be screened for vitamin
B12, although the research has limitations., Since a positive correlation
between vitamin B12 deficiency and autoimmune thyroid disease was
revealed, this correlation has a high practical value, as patients with
autoimmune thyroid diseases should be screened for vitamin B12, al-

though the research has limitations.
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Our research hypothesis was: vitamin B12 deficiency shows a posi-

tive correlation in patients with thyroid autoimmune diseases.

Study objective: To investigate the correlation between vitamin

B12 deficiency and AITD.

Research objective: to study the prevalence of autoimmune thyroid

disorders in individuals with vitamin B12 deficiency.

Conclusions:

Vitamin B12 levels are significantly associated with the presence of
autoimmune thyroiditis.

Vitamin B12 concentration should be determined in patients with
autoimmune thyroiditis, as this diagnostic test has high sensitivity and
specificity.

Provision(s) brought to defense:

1. Thelevel of vitamin B12 in the blood serum is associated with the

etiopathogenesis (one of them) of autoimmune thyroid diseases.

2. Vitamin B12 deficiency is positively correlated with autoimmune

thyroid disease.

3. The level of vitamin D in blood serum does not show a reliable

correlation with the genesis of autoimmune thyroid diseases.
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Review of scientific literature

The discovery of vitamin B12, the elucidation of its role in metab-
olism lasted for about 100 years and was divided into two phases, for

which two Nobel Prizes were awarded at different times.

In the 19th century, Minot and Murphy received the Nobel Prize
for an important discovery in the treatment of pernicious anemia. These
researchers were not the first to believe that nutrient deficiencies were
the cause of pernicious anemia, but they found that the condition im-

proved with a special diet that contained large amounts of liver.

After much research, scientist Castle discovered the protein intrin-
sic factor, which was deficient in pernicious anemia. Years later, the
mentioned internal factor was found — glycoprotein, which binds to vi-
tamin B12 and forms a complex, after which vitamin B12 is absorbed in
the small intestine. The vitamin was isolated by two groups, crystallized
and described in Dorothy Hodgkin’s laboratory, for which she received
the Nobel Prize in 1964.

In later years, its association with neuropathy leading to paralysis
and death was discovered, and postmortem analysis showed demyeli-
nation of the spinal cord in patients with vitamin B12 deficiency. Cur-
rently, vitamin B12 remains a subject of intense research in medicine.

In the 1850s, English doctor Thomas Addison described a lethal form
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of anemia (pernicious anemia), which was supposed to be related to the

pathology in the stomach wall.

The history of vitamin B12 begins in the middle of the 19th cen-
tury, when the disease — pernicious anemia was described. In 1934,
doctors George Maicott and William Parry Morph received the Nobel
Prize for discovering the healing properties of vitamin B12, and it was
not until 12 years later that it was introduced into use. Vitamin B12 is
water-soluble and effective in small doses, known as the “red vitamin”
and cyanocobalamin, the only vitamin that contains the essential min-
eral element (cobalt). It exists in the following forms: oxycobalamin,
methylcobalamin, adenosine cobalamin, all of these forms are intercon-

vertible measured in micrograms.

Cobalamin has the most complex chemical structure compared to
other vitamins. There are two variants of the chemical compound of
vitamin B12: cyanocobalamin and hydroxycobalamin. It dissolves well
in water, practically does not disintegrate as a result of long-term heat

treatment.

Vitamin B12 is stored in the liver, a small amount of vitamin B12 is
synthesized by the microflora of the liver. Daily Requirement for Vitamin
B12: The recommended daily intake for adults is about 3 micrograms.

Useful properties of vitamin B12: the main benefit of cobalamin

is participation in the synthesis of erythrocytes, it is necessary in the
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process of cell division, participates in the functioning of blood vessels,
the gastrointestinal system and the immune system, and it also has an

irreplaceable function in the formation of the nervous system.

It reduces irritability, helps the nervous system to function proper-
ly. Enhances appetite, increases energy, increases ability to concentrate,
helps memory and maintain balance. For women, vitamin B12 is useful

during premenstrual and menstrual periods.

Vitamin B12 is also referred to as cyanocobalamin. Vitamin B12
is synthesized only in certain bacteria. Vitamin B12 is found in animal
foods (for example, meat, milk, eggs, fish), plant foods are not consid-
ered a major source of vitamin B12. However, foods such as algae or

blue-green algae (cyanobacteria) contain large amounts of vitamin B12.

The absorption of vitamin B12 occurs gradually in the body. Vita-
min B12 released from food first binds to haptocorin (vitamin B12 bind-
ing protein of saliva). When the haptocorin B12 compound is proteolyt-
ically digested in the stomach by pancreatic proteases in the duodenum,
the secreted B12 binds to the gastric vitamin B12-binding protein in
the proximal small intestine. In a healthy person, 50% of vitamin B12

is absorbed.

The epidemiology of vitamin B12 deficiency varies by etiology. In
the general population, some studies have shown that about 1% to 2%

of patients with anemia are due to B12 deficiency. Other studies have
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shown that among patients with clinical cryocytosis (defined as MCV >
100), 18% to 20% are due to B12 deficiency. Vitamin B12 deficiency is

more common in the elderly, regardless of the underlying cause

Vitamin B12 deficiency has 3 main etiologies: Autoimmune — per-
nicious anemia is an autoimmune condition in which antibodies are
produced against the protein intrinsic factor (which is required for vi-
tamin B12 absorption), malabsorption: parietal cells in the stomach pro-
duce intrinsic factor, thus any patient with a history of gastric bypass

surgery Vitamin B12 deficiency may develop.

In patients with any damage to the terminal ileum, for example,
surgical resection due to Crohn’s disease, B12 absorption is delayed and
B12 deficiency develops. as well as other lesions of the small intestine,
such as Celiac disease and also some infections can cause B12 deficien-
cy as well as nutritional deficiency: Vitamin B12 is stored in the liver,
however, patients who have followed a strict vegan diet for about three

years can develop B12 deficiency.

The clinical picture of vitamin B12 deficiency mainly includes neu-
rological and hematological manifestations. Hematologic manifestations
include macrocytosis and megaloblastic anemia, which may be associat-
ed with the following disorders: pancytopenia, glossitis, gastrointestinal

dysfunction, psychosis, or neurological disorders.
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Neurological signs and symptoms can take many forms, including
peripheral neuropathy, which generally manifests as paresthesia, optic
neuropathy, and psychiatric disorders such as chronic fatigue syndrome,

psychosis, mood disorders, or depressive symptoms.

A lack of vitamin B12 can lead to intestinal dysfunction, which
manifests itself as moderate constipation or diarrhea, and loss of rectal
or bladder control can also develop. A deficiency can impair the immune

system’s response and can also cause a decrease in bone mineral density.

Vitamin B12 deficiency is a common condition in which clinical
manifestations may range from non-specific clinical symptoms to par-
ticularly severe neurological or hematological manifestations. Although
vitamin B12 deficiency is classically due to pernicious anemia, most cas-
es of vitamin B12 deficiency are now due to cobalamin malabsorption.
Since delayed diagnosis can lead to serious complications, including spi-
nal cord degeneration and pancytopenia, vitamin B12 deficiency should
be diagnosed and managed early to avoid complications.

Vitamin B12 (cobalamin) deficiency is a common cause of macro-
cytic anemia and is implicated in a spectrum of neuropsychiatric dis-
orders. The role of B12 deficiency in hyperhomocysteinemia and the

promotion of atherosclerosis is only now being studied.

Diagnosis of vitamin B12 deficiency is usually based on measure-

ment of serum vitamin B12 levels; However, about 50 percent of pa-
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tients with subclinical disease have normal B12 levels. A more sensitive
screening method for vitamin B12 deficiency is to measure serum meth-
ylmalonic acid and homocysteine levels, which increase at the onset of
vitamin B12 deficiency. The use of the Schilling test to detect pernicious
anemia has largely been replaced by serological testing for parietal cell

and intrinsic factor antibodies.

Introduction Over the past decade, and especially in recent years,
there has been a dramatic increase in interest also in vitamin D in the

biomedical world.

Vitamin D is one of the oldest hormones, and most plants and ani-
mals that are exposed to sunlight have the ability to produce vitamin D.
Vitamin D is critically important for growth and development, as well

as maintaining healthy bones from birth to death.

The steroid hormone vitamin D is required for normal calcium and
phosphorus metabolism and therefore contributes significantly to the
health of the musculoskeletal system. According to recent data, low lev-
els of vitamin D are associated with: malignant diseases, cardiovascular

diseases, autoimmune diseases and an increase in infections.

Adequate levels of vitamin D are maintained through photosyn-
thesis in the skin and through oral intake. According to some estimates,

one billion people worldwide are vitamin D deficient or deficient.
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Vitamin D is a sunlight vitamin that has been formed on Earth for
over 500 million years. During exposure to sunlight, 7-dehydrocholes-
terol in the skin absorbs UV B radiation and is converted to previtamin

D3, which in turn isomerizes to vitamin D3.

Previtamin D3 and vitamin D3 also absorb UV B radiation and are
converted to a variety of photoproducts, some of which have unique bi-
ological properties. Sun-induced vitamin D synthesis is greatly affected
by season, time of day, latitude, altitude, air pollution, skin pigmenta-

tion, use of sunscreen, exposure to glass and plastic, and aging.

Vitamin D is sequentially metabolized in the liver and kidneys to
25-hydroxyvitamin D, which is the major circulating form, and 1,25-di-
hydroxyvitamin D, which is the biologically active form, respectively.
1,25-dihydroxyvitamin D plays an important role in regulating calcium
and phosphate metabolism to maintain metabolic functions and skeletal

health.

It is now widely recognized that vitamin D deficiency is a health
problem that affects not only musculoskeletal health, but also a wide
range of acute and chronic diseases. However, there remains cynicism
about the lack of randomized controlled trials supporting association

studies of non-skeletal health benefits of vitamin D.

The steroid hormone vitamin D is required for normal calcium and

phosphorus metabolism and therefore contributes significantly to the
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health of the musculoskeletal system. Recent data have linked low lev-
els of vitamin D to a wide range of diseases, including cancer, cardiovas-

cular disease, autoimmune diseases, and infections.

Adequate levels of vitamin D are maintained through its skin pho-
tosynthesis and oral intake. According to some estimates, one billion
people worldwide are vitamin D deficient or deficient. A number of
factors affect the photosynthesis and bioavailability of vitamin D and

contribute to the risk of impaired vitamin D status.

These factors include variation in sun exposure with latitude, sea-
son, time of day, atmospheric components, clothing, sunscreen use, and
skin pigmentation, as well as age, obesity, and the incidence of several

chronic diseases.

It is now clear that vitamin D has an important role in addition
to its classical effects on calcium and bone homeostasis. Since the vita-
min D receptor is expressed on immune cells (B cells, T cells, and anti-
gen-presenting cells) and these immune cells can synthesize the active
metabolite of vitamin D, vitamin D has the ability to act in an autocrine

manner.

In the local immunological environment. Vitamin D can modu-
late innate and adaptive immune responses. Vitamin D deficiency is as-
sociated with increased autoimmunity and increased susceptibility to

infection. Since immune cells in autoimmune diseases respond to the
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ameliorative effects of vitamin D, the beneficial effects of supplement-
ing vitamin D deficiency in individuals with autoimmune disease may

extend beyond effects on bone and calcium homeostasis.

Since the registry of autoimmune diseases is constantly growing in

the world, the interest of medicine in the immune system does not stop.

A century ago, the immune system was identified as a protective
factor in the fight against infectious diseases. Current definitions and
textbook information are based on early observations, where the im-
mune system is usually presented as a defense mechanism. Protecting
one’s own body is only one manifestation of the overall function of the
immune system in maintaining tissue homeostasis. In fact, the immune
system is an integral part of fundamental physiological processes such
as development, reproduction, and wound healing, and the close rela-
tionship between the immune system and other body systems such as
metabolism, the central nervous system, and the cardiovascular system
is also evident. With the widening range of research areas, the effects
of the immune system are beginning to be recognized in various fields

of medicine.

Vitamin B12 plays an important role in the proper functioning of
the immune system. Methionine synthase, which uses methylcobalamin
as a cofactor, is essential for the synthesis of purines and pyrimidines in

all cells, including immune cells. A number of studies (both in humans
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and animal models) have noted the role of vitamin B12 in the body’s
immune response. During vitamin B12 deficiency, the number of lym-

phocytes is reduced and the ability of NK cells to work is complicated.

A complex, integrated immune system is known to require many
specific micronutrients, including vitamins A, D, C, E, B6 and B12,
folate, zinc, iron, copper and selenium, which play important, often
synergistic, roles. at all stages of the immune response. Specifically, B vi-

tamins participate in the process of immune regulation of the intestine.

For example, with lymphocyte migration into the gut, vitamin B6
and folate are essential for T cell regulation in the small intestine, and
gut microbes use vitamin B12 as a cofactor, so B12 supports gut barrier

function.

Epidemiological data have confirmed the continuous increase of
autoimmune diseases during the last decades. There are many publi-
cations describing the incidence/prevalence of individual autoimmune
diseases, however, data from long-term studies are scarce incidence of
diseases per year in %, growth indicators, to analyze the differential

increase in countries, to determine geo-epidemiological trends.

Methods: To conduct a systematic review to determine the inci-
dence and prevalence of autoimmune diseases. 30 studies conducted
over the last 30 years were identified using the Medline, Google and

Cochrane Library databases. There is an increase in the incidence of
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various autoimmune diseases depending on the country, but overall,

there is an increase in autoimmune diseases worldwide every year.

Autoimmune diseases represent a family of at least 80 diseases that
share a common pathogenesis: an immune-mediated attack on one’s
own organs. About 20 million Americans suffer from autoimmune dis-
eases — mostly women. The incidence of autoimmune diseases is con-

stantly increasing in industrialized countries.

The treatment of autoimmune diseases has improved significantly
in the second half of the 20® century but has been delayed because the
disease often progresses before a clinical diagnosis is made. Research in
the 21st century has focused on using systems biology tools. Disorders
of the immune system cause abnormally low activity of the immune
system or, on the contrary, an increase in activity. During high activity
of the immune system, the body attacks its own body and damages its
own tissues (autoimmune diseases). Immunodeficiency diseases reduce

the body’s ability to fight pathogens.

In response to an unknown activity, the immune system may be-
gin producing antibodies that instead of fighting infections, attack the
body’s own tissues — autoimmune diseases. Their treatment generally

focuses on reducing the activity of the immune system.

Autoimmune diseases of the thyroid gland are the first among the

autoimmune diseases. The risk of developing other autoimmune diseas-
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es, especially type 1 diabetes, increases during infection. It is not known
whether autoimmune thyroid diseases follow the same pattern.The in-
cidence of autoimmune thyroid disease is higher now than in previous
decades, although studies are so variable in design, patient population,
disease definition, and laboratory methods that it is impossible to know
how real the difference is. Further studies are needed to evaluate chang-

es in the nature and diagnostic criteria of autoimmune thyroid disease.

Among the organ-specific autoimmune diseases (ADS), the most
common is autoimmune thyroid disease (AITD), which affects 2-5% of
the population, with a large gender variation (eg, women 5-15%, men
1-5%). AITD includes Graves’ disease (GD) and Hashimoto’s thyroiditis
(HT). HT and GD are the main causes of hypothyroidism and hyperthy-
roidism,they show a loss of immunological tolerance and there is a cel-
lular and humoral immune response against thyroid tissue with reactive
infiltration of T cells and B cells, production of autoantibodies and, sub-
sequently, the presence/absence of clinical manifestations. TPOAb and
TgAb are the most common thyroid autoantibodies that cause AITD. It

occurs in patients and is directed against thyrocytes.

Patients with autoimmune thyroiditis are thought to be deficient
in vitamin B12. Deficiency of this vitamin in patients with Hashimoto’s
thyroiditis was described by Ness — Abramof et al. In 115 patients with

autoimmune thyroiditis, reduced levels of vitamin B12 were found in
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28% of patients. There is correlational data between Hashimoto’s thy-
roiditis and atrophic gastritis, confirmed in the study of Centanni et al
where 35% of patients with autoimmune thyroiditis had atrophic gas-
tritis. Scientists have also found a correlation between autoimmune thy-

roiditis and vitamin B12 deficiency.

Among the diseases of the thyroid gland, disorders of the gastro-
intestinal tract are most often observed in patients with Hashimoto’s
thyroiditis (about 10-40%). Similarly, Hashimoto’s thyroiditis occurs in
almost 40% of patients with atrophic gastritis. The association between
chronic atrophic gastritis and autoimmune thyroid disease was first de-
scribed in the early 1960s as the “thyrogastric syndrome”. Recently, it
has been given the name: polyglandular autoimmune syndrome type
IIIb, in which autoimmune thyroiditis is the underlying disease. Vita-
min B12 deficiency is common in autoimmune diseases of the thyroid
gland, mainly present in patients with hypothyroidism and Graves’ dis-
ease — 28%-55%.

Vitamin B12 deficiency has been reported in patients with autoim-
mune disorders of the thyroid gland. However, there are limited data
on the exact prevalence of low B12 and its correlation with anti-thy-
roperoxidase antibody levels in these patients. Vitamin B12 deficien-
cy and vitamin D insufficiency have been found to be associated with

autoimmune hypothyroidism, and in these patients there is a negative
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correlation between vitamin B12 and vitamin D levels and anti-TPO
antibodies. Hashimoto’s thyroiditis is a variant of autoimmune thyroid
disorders associated with vitamin D deficiency. However, whether vi-
tamin D supplementation is associated with reductions in thyroid anti-

bodies and improvements in thyroid function is not well characterized.

Vitamin D deficiency is highly prevalent in East Indian patients
with Hashimoto’s thyroiditis, and its supplementation in these patients
has not shown any beneficial effect on thyroid autoimmunity, as evi-
denced by a significant increase in anti-TPO antibody titers, but a sig-
nificant decrease in TSH levels. The prevalence of vitamin B12 defi-
ciency in hypothyroidism and autoimmune thyroid disease reflects the
nutritional status of the population. Autoimmune thyroid disease is
also associated with the autoimmune disorders pernicious anemia and
atrophic gastritis, which can cause vitamin B12 malabsorption. Vitamin
B12 screening is recommended at the initial diagnosis of autoimmune
thyroid disease and periodically thereafter. There is insufficient evi-
dence to recommend regular screening for patients with hypothyroid-

ism unless the underlying cause is autoimmune thyroid disease.

Current evidence suggests that vitamin D supplementation may re-
duce serum TPO-Ab and Tg-Ab titers in the short-term (approximately
six months) of patients with AIT. More high-quality studies are needed

to further confirm the effects, especially the long-term effect of vitamin
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D supplementation on thyroid autoantibody levels in the treatment of

AIT.

Vitamin B12 deficiency and vitamin D deficiency were associated
with autoimmune hypothyroidism and that there was a negative cor-
relation between vit-B12 and vit-D levels and anti-TPO antibodies in
these patients. Conclusion: Patients with autoimmune hypothyroidism
should be screened for vitamin D and vitamin B12 deficiency at diagno-

sis and periodically during follow-up.

The researchers noted that the incidence of autoimmune diseases,
such as Hashimoto’s thyroiditis, is significantly higher in women than
in men, but the reason for this difference is still unclear. The nuclear vi-
tamin D receptor (VDR) is expressed in the cyclic human endometrium.
Because VDR controls the expression of cathelicidin and f-defensin an-
timicrobial peptides (AmPs), dysregulation of the receptor significantly

impairs the innate immune response.
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Methods and Materials

The study cohort comprised a total of 306 patients aged 18-65 years,
(mean age 37.6 + 11.3years) who referred to the National Institute of
Endocrinology from2018 to 2019. The cohort included 87 males (28.4%
of total and219 females(71.6%), with 132 patients showing vitamin B
12 deficiency ( < 200 pg/mL) and the remaining 174 patients showing
normal levels. Retrospective selection of the study population was per-
formed based on patient history. The study protocol was approved by
the medical ethics committee of our institute (protocol N 448) and in-

form consent has been signed by all patient.
Inclusion Criteria: Patients with Vitamin B12 deficiency.

Exclusion Criteria: Anemia related to iron deficiency, Diabetes
Mellitus (all types), metformin therapy, gastrointestinal tract com-
plaints, history of gastrointestinal tract disease, iodine deficiency (as de-
termined by iodine content in urine), recent therapy with vitamin B12,
immunosuppressive therapy, pregnancy or breastfeeding state, chronic
kidney, liver or heart failure.

Study variables included: Age, sex, social status, Body Mass Index
(BMIcm/m?), genetic predisposition such as: diabetes, thyroid Disease,
and Obesity. Clinical signs that were recorded included: sweating, dry

skin, hair loss, brittle nails, headache, dizziness, fatigue, mood and ap-
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petite. Laboratory assays included: vitamin B12, vitamin D, TSH, an-

ti-TPO, fasting glucose and thyroid ultrasonography.

Statistical Analysis: Quantitative values are presented as the mean
+ SD and qualitative values as absolute values and percentages. For qual-
itative variables the difference between groups was analyzed by Fish-
ers’ exact test,while for quantitative variables it was analyzed by the
— Student’s t-test. Correlations between quantitative factors determined
by the Pearson correlation coefficient, and between qualitative factors
using — Spearmans’ correlation analysis. Sensitivity and specificity was
calculated by ROC analysis. Linear regression analysis and other statis-
tical tests were performed using SPSS23 software.

Characterization of own material.

306 patients participated in the study (18-65 years, average age —
37.6 £ 11.3; 87 — men and 219 women).

The distribution by gender is given in Figure 1.
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Diagram 1. The distribution of clinical signs during Hyperinsulinemia

SEX

B Woman

W Man

Analyzing the results of the study, the following data were deter-
mined: the number of women is 2.6 times greater than the number of
men, according to BMI, no reliable difference was found, according to
the division by TSH: the average level of TSH in patients with vitamin
B12 deficiency is 3.9, and in patients without vitamin B12 deficiency
And in patients — 2.5, And during the division into groups according to
thyroid peroxidase, it was observed that the average value of anti-TPO

is reliably high during vitamin B12 deficiency (see diagram 2).
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Diagram 2. The distribution of clinical signs during Hyperinsulinemia

anti-TPO

236.6

without vitamin B12 deficiency vitamin B12 deficiency

When dividing by the level of vitamin D, it was determined that:

in the case of vitamin B12 deficiency, the average value of vitamin D is

significantly lower (see diagram 3).
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Diagram 3

vitamin D

19.1

without vitamin B12 deficiency vitamin B12 deficiency

By processing the data, it was also determined that: in 25.8% of pa-
tients with vitamin B12 deficiency, thyroid pathology was found in ge-
netics, while in patients without vitamin B12 deficiency, it was found in

31.6%. No significant differences were found for these genetic factors.

According to the data of our research, the following results were
also revealed: genetic obesity was found in 44.7% of patients with vi-

tamin B12 deficiency, and in 52.3% of patients without vitamin B12
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deficiency. No reliable difference was revealed according to this genetic

factor either.

According to the results of our study: compared to controls, patients
with AITD were characterized (anti-TPO > 3.2IU/ml) by significantly
higher mean values of the following parameters: mean concentrations

of anti-TPO, TSH, vitamin D and vitamin B12 were significantly lower.

Compared to AITD parameters (anti-TPO > 3.2IU/ml) were charac-
terized by a significantly higher frequency of the following factors: hair
loss, brittle nails, dizziness, general weakness, mood swings, vitamin D

deficiency, diffuse gout, hypothyroidism, vitamin B12 deficiency.

The distribution according to clinical features is given in Figure 4.
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Figure 4

m vitamin B12 deficiency

D vitamin deficiency
anti-TPO (> 3.21U/ml)
hypothyroidism
diffuse gaiter

AITD

D vitamin deficiency
Satisfactory social condition
excessive appetite
mood swing

fatigue

dizziness

headache

brittle nails

hair loss

dry skin

oversweating

m without vitamin B12 deficiency
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Patients with B12 deficiency had a significantly higher incidence
of the following: hair loss, brittle nails, headache, dizziness, general
weakness, mood swings, vitamin D deficiency, AITD, diffuse gout, hy-

pothyroidism, anti-TPO. < 3.2 IU/ml).

Regarding laboratory parameters, compared to controls, patients
with vitamin B12 deficiency were characterized by significantly higher
mean values of the following parameters: anti-TPO, mean vitamin D
concentration was within the normal range despite a decrease compared

to the control group.

Regression analysis showed that the relationship between vitamin
B12 and anti-TPO concentrations is linear and negative. Mean B12 val-
ues are lower in patients with AITD, and the degree of deficiency is
significantly inversely correlated with AITD. This evidence highlights
the diagnostic and prognostic value of vitamin B12 for AITD.

Our research has confirmed that if the concentration of vitamin
B12 is less than 178.9, it indicates the manifestation of AITD with high
sensitivity and average specificity, and as for vitamin D, the concentra-
tion of vitamin D as a diagnostic test stands out with a low diagnostic

value.
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Discussion

Vitamin B12 deficiency is associated with hematologic, neurolog-
ic, and psychiatric manifestations and is also a common cause of mac-
rocytic anemia. Neurological consequences of vitamin B12 deficiency

include paresthesia and peripheral neuropathy.

Vitamin B12 deficiency is also associated with psychiatric disorders,
memory loss, irritability, depression, dementia, and rarely psychosis. In
addition, vitamin B12 deficiency is associated with brittle nails, memory
loss, and weakness. Vitamin B12 deficiency is also associated with mem-
ory changes, confusion and psychological problems. Our research shows
that vitamin B12 deficiency is significantly associated with hair loss, brit-

tle nails, headaches, weakness, mood swings, AITD and hypothyroidism.

Vitamin B12 and vitamin D deficiency are associated with auto-
immune hypothyroidism and are negatively associated with anti-TPO
antibodies in AITD patients. Serum 25 (OH) D correlates with autoim-
mune thyroid diseases as well as other autoimmune processes. Other ev-

idence also suggests that vitamin D deficiency is associated with AITD.

Our study showed that mean anti-TPO levels were significantly
increased in patients with vitamin B12 deficiency compared to con-
trols. Fasting glucose levels were also elevated in the study group but

remained within the normal range.
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Similarly, mean levels of iron and vitamin D in patients with vi-
tamin B12 deficiency were lower than in controls, but still within the
normal range. Our study also showed that vitamin B12 deficiency was
significantly associated with: vitamin D deficiency, anti-TPO (>3.2 IU/
mL), diffuse goiter, hypothyroidism, hair loss, brittle nails, headache,

dizziness, general weakness, and mood swings.

Vitamin D deficiency has previously been associated with mood
swings in elderly patients. Symptoms and signs associated with hypo-
thyroidism include: weakness, constipation, weight gain, carpal tunnel
syndrome, menorrhagia, dysphagia, edema, and dry skin. A study found
that anti-TPO levels were positively associated with diffuse gout, hypo-
thyroidism, hair loss, brittle nails, headaches, dizziness, general weak-
ness, and mood swings. Diffuse gout was associated with: congestion,
mood swings, male gender, and with the development of hypothyroid-
ism, and hypothyroidism was associated with general frailty. The elder-
ly population did not show a significant decrease in vitamin B12 levels,
nor was there a gender difference in levels. However, our study showed
that absolute values of vitamin B12 were inversely correlated: with age,
fasting glucose and anti-TPO, but positively associated with vitamin D
levels. The incidence of AITD and hypothyroidism were both higher in
obese patients. However, neither serum TSH nor anti-TPO levels are

associated with metabolic syndrome.
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Our study showed that anti-TPO levels are significantly correlated
with BMI and thyroid volume. According to the literature, vitamin B-12
screening is recommended at the time of AITD diagnosis and periodical-
ly thereafter. However, there is insufficient evidence to support routine
vitamin B12 screening in patients with hypothyroidism unless the cause
is AITD. Our study showed that mean vitamin B12 levels were lower in
patients with AITD. This finding led us to hypothesize the diagnostic
value of vitamin B12 for AITD in our population. Autoimmune diseases
are a group of at least 80 diseases that share a common pathogenesis:
immune-mediated attacks on the body’s own organs. Dermatopathy,
hair loss, and onycholysis are common in patients with AITD. . Several
studies have also shown a significant association between thyroid auto-

immunity and alopecia.

Complaints of dizziness are also common with thyroid diseases. In
our study, patients with AITD also had a higher incidence of hair loss,
brittle nails, and vertigo than non-AITD individuals. Mazokopakis and
Kotsiris reported a significant association between vitamin D deficiency
and Hashimoto’s thyroiditis. Other workers showed that vitamin D de-
ficiency was more related to thyroid autoimmunity than to functional
impairment. Our study also suggested vitamin D deficiency in patients
with AITD. Autoimmune thyroiditis is the leading etiological risk factor
for hypothyroidism in the US. A high frequency of this condition was

also observed in patients with AITD in our study.
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Patients with autoimmune thyroiditis are at risk of developing vi-
tamin B12 deficiency and pernicious anemia. Patients with AITD are
deficient in iron, hemoglobin, and vitamin B12. AITD patients are also
prone to disturbances in lipid and carbohydrate metabolism. Our study

showed an increased mean fasting glucose level in the AITD group.

Future studies should be directed at further determining the role of

vitamin B12 in the screening and monitoring of AITD.
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conclusions

Vitamin B12 deficiency is one of the most likely causes of

autoimmune thyroid disease.

Vitamin B12 deficiency is positively correlated with autoimmune
thyroid disease.

A reliable positive correlation between vitamin D deficiency and
thyroid autoimmune diseases was not revealed in the population

of Georgia.



Practical recommendations

Thyroid peroxidase antibodies should be determined in the serum
of individuals with vitamin B12 deficiency, since vitamin B12 deficien-
cy has a strong positive correlation with autoimmune thyroid disease, so

it can be used as a predictor of autoimmune thyroid disease.

In patients with vitamin B12 deficiency, the function and structure
of the thyroid gland should be monitored frequently (this includes those
who are in the risk group of vitamin B12 deficiency, such as: diabetes

mellitus, metformin therapy, various intestinal pathologies).

Individuals with autoimmune thyroid diseases should be screened

for vitamin B12 serum levels.

Vitamin B12 concentration should be determined in patients with
autoimmune thyroiditis, as this diagnostic test has high sensitivity and

specificity.

Note

The mentioned study has a limitation, because it was conducted only
on the basis of one clinic, therefore, the generalization of the presented
results to other populations is not appropriate, therefore, more large-scale
studies are needed to study the references of vitamins and their influence

in the etiology of autoimmune diseases of the thyroid gland.
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