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ABSTRACT:

Introduction: Vitamin B> is a water-soluble vitamin found primarily in animal-derived
products such as red meat, dairy, and eggs. An essential substance for its absorption is the
intrinsic factor, produced by the parietal cells of the stomach. After absorption in the distal
ileum, cobalamin acts as a coenzyme in DNA synthesis and the metabolism of fatty acids and
homocysteine. In addition to its well-known influence on the nervous system, it has been

associated with gastrointestinal diseases according to numerous authors.

Objective: The objective of this study is to gather and analyze literature regarding the

associations between vitamin B> deficiency and gastrointestinal diseases, including
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gastroesophageal reflux disease (GERD), gastritis, inflammatory bowel disease (IBD), small
intestinal bacterial overgrowth (SIBO), and hepatitis C (HCV).

Materials and Methods: A literature review was conducted using the PubMed database with
the following search terms: vitamin Biz, cobalamin, deficiency, gastrointestinal diseases,

GERD, IBD, SIBO, HCV.

Current Knowledge: Vitamin By, deficiency can be caused by autoimmune factors, dietary
insufficiencies, toxin exposure, and malabsorption disorders related to gastrointestinal diseases.
Gastrointestinal conditions such as GERD and IBD can both lead to and be exacerbated by
cobalamin deficiency. Furthermore, vitamin Bi» deficiency may be worsened by prolonged use

of proton pump inhibitors (PPIs) and Helicobacter pylori infection.

Conclusions: An adequate amount of vitamin Bi: is crucial for gastrointestinal health.
Deficiency can significantly impact the course and symptoms of many gastrointestinal diseases.
Therefore, monitoring and supplementation of vitamin B12 should be an integral part of

managing patients with gastrointestinal conditions.

Keywords: Vitamin Bi»; cobalamin deficiency, gastrointestinal diseases, GERD, IBD, SIBO

INTRODUCTION AND PURPOSE OF THE PAPER

Vitamin B2, scientifically known as cobalamin, is a water-soluble substance found

mainly in animal products such as red meat, dairy and eggs.!

A key factor necessary for the absorption of cobalamin is Castle's factor (intrinsic factor,
IF), a glycoprotein produced by the cells lining the stomach. Together, they form a complex
that is absorbed in the distal part of the ileum.? Once absorbed, cobalamin acts as a coenzyme

essential for DNA and fatty acid synthesis, and plays an important role in the conversion of



homocysteine to methionine, essential for the synthesis of neurotransmitters and phospholipids,
a component of myelin.? Excess vitamin By is stored in the liver; however, in situations where

it is not absorbed for long periods of time, liver stores become depleted, leading to deficiency.!

Standards for cobalamin levels are not clearly defined, but it is generally accepted that
concentrations below 200 pg/mL constitute deficiency, values of 200-299 pg/mL are the limits,
and values above 300 pg/mL are the norm.* In population studies, the prevalence of cobalamin

deficiency ranges from 29-35%.°

According to the literature, autoimmune factors (e.g., Addison-Biermer anemia,® in
which antibodies to IF are present), dietary factors (low vitamin B12 supply, e.g., in a restrictive
vegan diet), exposure to toxins (e.g., nitric oxide)! and malabsorption due to gastroenterological
diseases may contribute to cobalamin deficiency.! Although cobalamin is well known for its
effects on the hematopoietic (its deficiency can lead to megaloblastic anemia) and nervous
systems, according to many authors, it also has links to gastroenterological diseases. On the one
hand, diseases of the gastrointestinal tract can cause its deficiency, on the other hand, cobalamin
deficiency itself can be the cause of their onset or exacerbate their symptoms, which is the

analysis of this publication.

The aim of this study is to collect and publish the current state of knowledge on the
association of vitamin B> deficiency with the occurrence of gastroenterological diseases such
as gastroesophageal reflux disease (GERD), gastritis, inflammatory bowel disease (IBD), small
intestine bacterial overgrowth syndrome (SIBO) and hepatitis C (hepatitis C).

CURRENT STATE OF KNOWLEDGE
Vitamin B;; deficiency in gastroesophageal reflux disease (GERD)

Vitamin Bi> deficiency may be associated with gastroesophageal reflux disease. The
main therapy for GERD is proton pump inhibitors (PPIs), which work by reducing gastric
hydrochloric acid production through inhibition of the enzyme H+/K+ ATP-ase in the lining

cells.”

Chronic blockade of HCI secretion can lead to impaired 12 absorption through two

mechanisms.® First, PPIs can reduce the absorption of cobalamin bound to Castle's factor. In a



study by Marcuar et al,” 10 healthy subjects took omeprazole for 2 weeks, which reduced the
percentage of absorbed IF-bound cobalamin from 32% to 0.9% in patients taking 20 mg daily
and from 34% to 0.4% in patients receiving 40 mg. It has been suggested that the degree of
impairment may be greater in elderly patients.!® Second, lowering pH may induce proliferation
of bacterial flora in the duodenum, which may contribute to increased bacterial consumption of
cobalamin.® In a 2022 cohort study conducted by Mumtaz et al,'' among 1225 participants,
more than half of the subjects (51%) had low vitamin g2 levels. They observed that cobalamin
levels were significantly lower in patients taking omeprazole than in those taking pantoprazole.
Vitamin B12 deficiency is 50% more likely in patients taking PPIs. There was a significant
difference between early and final vitamin 12 levels indicated by the t-test. Similar findings are

published foru, receptor antagonists.'2

According to the authors, not only can GERD and taking PPIs in conjunction with it
affect cobalamin levels, but cobalamin itself can alleviate its symptoms by reducing the need
to take PPIs and NSAIDs, which exacerbate reflux. A 2006 study by R. Pereira!® compared 176
GERD patients supplementing vitamin g2 and folic acid in combination with melatonin, L-
tryptophan, methionine and betaine, with 175 GERD patients taking only 20 mg of omeprazole
daily. After 40 days, 100% of patients basing their therapy on the above supplements confirmed
complete withdrawal of GERD symptoms, compared to 65.7% taking omeprazole. This effect
is partly explained by the fact that vitamin 12 has the property of relieving acute pain, and,
moreover, enhances the analgesic effect of analgesics such as non-steroidal anti-inflammatory
drugs and metamizole.!'* Thus, patients suffering from, for example, neuropathic pain, muscular
pain, unspecified ailments, and back pain can reduce the doses of analgesics taken, and thus
reduce their harmful effects on GERD [14]. The analgesic effect of vitamin Bi» is most often
associated with an increased rate of nerve impulse conduction, as well as stimulation of
neuronal regeneration by inducing axonal growth and differentiation of Schwann cells.!>!® An
additional aspect is that cobalamin inhibits nociceptive transduction at the level of the spinal
cord,!” and also stimulates endogenous opioid secretion, activates opioid receptors and GABA
metabolism, leading to hyperpolarization of the postsynaptic membrane of neurons in the

posterior horns, resulting in reduced pain transmission. '8
Vitamin gi; deficiency in gastritis

Gastritis is strongly associated with vitamin 12 deficiency. In a study by Dholakia et

al,'® the results of gastroscopy and histopathological sections of the stomach were analyzed in



30 patients with newly diagnosed cobalamin deficiency and 16 controls. The endoscopy results
showed significant differences in the incidence of gastritis and mucosal atrophy between the
groups. Patients without vitamin 1> deficiency were more likely to have superficial gastritis
(94% versus 62% in Biz-deficient subjects) and less likely to have atrophic gastritis (0% and
28%, respectively). The incidence of intestinal metaplasia was similar in both groups, as were

rates of Helicobacter pylori infection (40% vs. 31%)."

Although the mechanism of reduced vitamin 1> absorption is not fully elucidated,
studies confirm that absorption of protein-bound cobalamin is reduced in people with atrophic
gastritis or hypochlorhydria. This condition can be improved by administering free vitamin gi2.
In addition, the prevalence of vitamin 1> deficiency is higher with H. pylori infection, and

eradication of this bacterium can improve vitamin g1 levels.2%2!

A separate issue is autoimmune metaplastic gastritis, which is a chronic inflammatory
disease that leads to the destruction of cells lining the gastric body and fundus, which results in
vitamin g2 deficiency and can lead to pernicious anemia.???* In addition, therapy for gastritis,
particularly with proton pump inhibitors (PPIs), may contribute to cobalamin deficiency

through mechanisms previously described when analyzing GERD.3!!
Vitamin B12 deficiency in inflammatory bowel disease (IBD)

Inflammatory bowel disease (IBD), which includes Crohn's disease and ulcerative
colitis (UC), often leads to impaired nutrient absorption, which can affect the absorption of folic
acid and vitamin Bi2. Vitamin B is mainly absorbed in the terminal ileum, and since IBD can
involve the small intestine, it has been suggested that cobalamin concentrations may be lower

in IBD patients than in healthy individuals.?*

A number of studies indicate that serum folate and vitamin 12 concentrations influence
the development of IBD.?>2” Folic acid is involved in DNA methylation, which may cause
epigenetic changes affecting the interaction between the gut microbiota and the body's immune
responses,?> having a potential role in the pathogenesis of IBD.?®?” Vitamin B, acts as a
coenzyme in various biochemical reactions, including DNA synthesis and folic acid

metabolism.?®

29-32

Although vitamin 12 amount may be lower in patients with Crohn's disease, most

studies indicate that they are within the normal range (207-618 pmol/L).2%-3033-35 Lambert et



al.’® obtained a mean cobalamin amount of 140 pmol/L in their study, which was significantly
below normal; however, the control group had a slightly higher mean level (152 pmol/L). A
different result was obtained by Akbulut et al, who showed a mean cobalamin amount among
103 Crohn's disease patients of 161.9 & 63.2(73-496) pg/m compared to 321.7 + 126.3(85-680)
pg/mL in 114 patients in the control group (p<0.001).3

The prevalence of cobalamin deficiency in Crohn's disease ranges from 5.6% to
38%.29:30:35.36.38-41 Tt g worth noting, however, that the authors refer to different standards, so
the definition of cobalamin deficiency varies.*> However, additional aspects that are risk factors

for vitamin 12 deficiency may contribute to the Crohn's disease picture.

According to Battat et al,** the most important risk factor for cobalamin deficiency in
Crohn's disease is resection of the ileum. Depending on the length of the resected intestinal
segment, the risk of deficiency varies, which is related to the number of receptors for the
cobalamin-Castle factor complex remaining in the intestine.*> A resection of more than 30 cm
results in cobalamin deficiency due to impaired cobalamin absorption, which reflects an

46,47 Resection

abnormal Schilling test,*>-%43-43 and also predisposes to megaloblastic anemia.
of a segment smaller than 20 cm usually has no significant effect on cobalamin amount.*®* For
a range of 20-30 cm, the results are inconclusive.*>*” The location and extent of the disease also
affect vitamin 12 absorption; when lesions are within 30-60 cm of the length of the intestine,
vitamin 12 absorption is impaired; if inflammation occupies less than 30 cm, the Schilling test

result is normal.32-0-32

In ulcerative colitis, cobalamin quantity is comparable to controls.?>3° The only
predisposing factor for vitamin g1 deficiency is reconstructive proctocolectomy surgery,
leading to fecal stasis, adaptive mucosal changes and small bowel bacterial proliferative
syndrome.>® According to Coull et al,>* cobalamin deficiency occurs in 25% of patients with
reconstructive proctocolectomy, but in 94% of cases cobalamin absorption is not impaired

(normal Schilling test).>®

Pan et al. performed a meta-analysis of studies from 1970 to 2016 available on PubMed,
Medline, Web of Science, and Google Scholar publishing data on mean differences and
standard deviations of vitamin g2 and folic acid values among IBD patients and healthy
controls. They concluded that while there are statistically significant differences in folic acid

levels, cobalamin deficiency among IBD patients is much less common.?* Moreover, many of



the serum cobalamin deficiencies diagnosed in the study were not confirmed by biomarkers
reflecting intracellular amount of the vitamin (i.e., methylmalonic acid levels, homocysteine).>®
However, this does not change the fact that for symptomatic patients with risk factors for

cobalamin deficiency, supplementation is indicated.®’
Vitamin ;2 deficiency in small intestinal bacterial proliferative syndrome (SIBO).

Small intestinal bacterial proliferative syndrome (SIBO) is characterized by an increase
in the number of bacteria in the small intestine from 10> CFU/ml to 10°-10° CFU/ml, leading to
chronic diarrhea and malabsorption.®® Vitamin g2 deficiency in patients with SIBO is common
and is the result of increased consumption of cobalamin by anaerobic bacteria in the intestinal
lumen, as well as by diarrhea itself, which significantly reduces the absorption of the vitamin
into the bloodstream.”® A study by Chitti and Cummins®® of 62 patients with vitamin gi>
deficiency showed a clear diagnosis of SIBO in 26 (42%) of them, and 9 (15%) were suspected
of having the syndrome. Wexler et®>® demonstrated that bacteria of the genus Bacteroides
cultured in vitro displace Castle's factor from combinations with cobalamin. A study by Booth
and Heat®!' showed that after treatment with metronidazole, tetracycline or linezolid, patients'
vitamin g12 absorption returned to normal. In addition, a study by Madigan et*'®> deduced
hydrogen-producing bacteria contribute more to vitamin 12> deficiency than methane-producing

bacteria, which are capable of synthesizing cobalamin on their own.
Vitamin g1 deficiency in hepatitis C (Hepatitis C)

Vitamin B2, which is stored in large amounts in the liver, plays a role in regulating the
HCV replication cycle responsible for hepatitis C.%® Studies by Lotta et al. have shown that
vitamin B, inhibits the translation initiation site (IRES) of the HCV gene in a dose-dependent
manner.®® On the other hand, high serum vitamin B> quantity is statistically correlated with
high HCV viral load,®® which may be due to the fact that HCV uses cobalamin to maximize
replication. It is noteworthy that HCV-induced liver diseases, such as hepatitis, cirrhosis,
hepatocellular carcinoma and metastasis, can lead to relative vitamin B> deficiency due to
impaired hepatic storage, increased release during hepatic cytolysis and/or reduced clearance
by the damaged liver.%* Patients with liver dysfunction may have normal or high serum amount
of vitamin B> despite low stores of the vitamin in the body.** Given the role of cobalamin in
regulating the HCV replication cycle, it can be inferred that, vitamin B1> supplementation may

improve virologic response rates to antiviral therapy in patients with HCV, as confirmed by a



study by Rocco et al. showing that vitamin Bi> supplementation significantly improves
sustained virologic response in patients undergoing direct-acting antiviral (DAA) drug therapy

for HCV.%

SUMMARY

A review of the available literature has shown a close association of vitamin gi2
deficiency with the occurrence of gastroesophageal reflux disease (GERD), gastritis, small
intestinal bacterial overgrowth syndrome (SIBO) and hepatitis C (Hepatitis C). In Crohn's
disease and ulcerative colitis, cobalamin amount depends on the degree of intestinal resection.
In patients with gastroenterological diseases, diagnosis and correction of possible vitamin B>
deficiencies is therefore crucial. Further research and clinical awareness are needed to address

this often overlooked factor in gastroenterology practice.
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