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Introduction: Vitamin B12 (cobalamin) deficiency is a frequent cause of megaloblastic
anemia, manifested through various symptoms. Screening for this deficiency can be justified
in case of patients with one or more risk factors present from the following: gastric
resections, inflammatory bowel disease, use of metformin over a prolonged period of time,
administration of proton pump inhibitors or H2 histamine receptor blockers for more than 12
months and in case of adults over 75 years of age. One method of determining vitamin B12
deficiency is measuring its serum levels, as well as performing measurements of serum levels
of methylmalonic acid and homocysteine levels, which experience an increase in the early
stages of vitamin B12 deficiency.

Clinical Case: We bring to your attention, the case of a 62 years old patient diagnosed with
Type 2 Diabetes Mellitus in 2015 that presented in the emergency room in October 2019 with
an altered general condition, nausea, vomiting, abdominal pain, palpitation, and dyspnea.
Treatment with metformin was initiated from the diagnosis of Type 2 Diabetes Mellitus, four
years before. Investigations established the diagnosis of megaloblastic anemia by vitamin
B12 deficiency. The symptoms disappeared after the injection of vitamin B12.
Conclusion: Periodical dosing of vitamin B12 should be performed in the case of patients
with Type 2 Diabetes Mellitus treated with metformin, especially if they associate anemia
and/or peripheral diabetic polyneuropathy.
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Introduction

Diabetes Mellitus (DM) is a chronic, non-communicable disease accompanied by
severe complications and increased costs, being the seventh mortality cause world-
wide. According to the World Health Organization (WHO), one in eleven adults is
diagnosed with DM, 436 million cases being currently registered, with the esti-
mated number for 2045 rising to 700 million cases. Unfortunately, it is estimated
that one in two people with DM remains undiagnosed, amounting to approximately
232 million cases worldwide.'

Metformin represents the first-line drug intervention recommended for Type 2
Diabetes Mellitus patients by all international guidelines, if not otherwise contra-
indicated. Alongside lifestyle changes, metformin is indicated from the very diag-
nosis of the disease. This drug has proven its efficacy along the years, as well as its
safety and tolerability. Due to its complex action mechanisms metformin is also
prescribed in other diseases such as Polycystic Ovary Syndrome (PCOS).>”
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Although pharmacotherapy for Type 2 Diabetes Mellitus is
very complex and heterogenous, according to all guides
and protocols, most are used as second-line drugs, asso-
ciated with or after initiation of metformin. All this makes
metformin to remain a widely used drug worldwide in the
future. In 2017, metformin was the fourth largest drug
prescribed in the United States, with over 78 million
prescriptions.*

Its main action mechanism is represented by the reduc-
tion of hyperglycemia through decreasing the hepatic pro-
duction of glucose, decreasing the intestinal absorption of
glucose, as well as increasing insulin sensitivity, having
proven beneficial effects on both basal and postprandial
glycemia.’ In the liver, metformin reduces gluconeogen-
esis through the stimulation of AMPK (AMP-activated
protein kinase) due to the increase of cytosolic AMP
levels. In the muscle tissue, it increases the activity of
muscular AMPK and the movement of GLUT-4 receptors
towards the cellular membrane. By counteracting glucose
toxicity and lipid toxicity Metformin leads to the preserva-
tion of B cells and restores insulin secretion, consequently
reducing glycemic values without increasing insulinemia,
making its risk of hypoglycemic events minimal.®

The mechanisms through which metformin contributes
to weight loss can be explained by the reduction of intest-
inal absorption of carbohydrates, its effect on lowering
insulin resistance, reducing leptin and ghrelin levels after
glucose administration and by inducing the lipolytic and
anorexic effect of GLP-1
a molecule that does not have hypoglycemia or weight

activation. Metformin 1is

gain as side effects.”®

Metformin has a favorable action on cardiovascular
risk factors: it decreases the risk of a myocardial infarction
or stroke and lowers DM-related mortality.”

Although determination of vitamin B12 serum levels is
not routinely performed, it should be performed periodi-
cally for patients under long-standing treatment with
metformin. '

Vitamin B12, also known as cobalamin, is an essential
nutrient, mainly to DNA and erythrocyte formation and
contributes to the optimal functioning of the nervous sys-
tem. It can be found in animal products (meat, fish, eggs,
dairy products), fortified products such as cereal and some
types of bread as well as in soy or nutritional yeast.'""'?

Cobalamin is released from food-binding proteins by
pepsin and gastric acid in the stomach, consecutively
binding to haptocorrin. In the duodenum, cobalamin is
released under the action of pancreatic proteases and

binds to the intrinsic factor (IF) produced by gastric par-
ietal cells. The IF-B12 complex is endocytosed in ileal
cells through the cubam receptor, then it is divided and
cobalamin is bound to transcobalamin (synthesized in the
liver). This complex leaves the ileal cells and enters the
circulation a few hours after ingestion.'?

Vitamin B12 deficiency can cause a wide range of
symptoms that affect patient’s mental and physical health.
The presence of anemia is accompanied by general signs
and symptoms: irritability, fatigue, dyspnea, skin pallor,
palpitations. Also, digestive disorders are present and con-
sist of atrophy of the digestive mucosa: tongue (Hunter’s
glossitis), stomach and intestines. In addition, histamine-
resistant achlorhydria occurs and there is an increased
incidence of gastric cancer. Neurological disorders by
affecting the nervous system are represented by peripheral
nerve lesions, with demyelination and axonal degenera-
tion; spinal cord injuries. It is found to affect the thermal
and vibrational sensitivity, paresthesia, ataxia, diminishing
or even abolishing the osteotendinous reflexes and positi-
vizing the Babinski sign. In addition, neuropsychiatric
disorders also occur: irritability, difficulty concentrating,
depression.'?

These symptoms can appear slowly and worsen over
time if not treated quickly and correctly.

Clinical Case

A 62 years old patient arrived at the Centre for Diabetes,
Nutrition and Metabolic Diseases presenting with fatig-
ability, headache, dizziness, dyspnea during moderate
effort, palpitations, nausea, bloating and epigastric pain
and in the right hypochondrium. We mention that no
other neurological signs have been described. Given the
symptoms, it was decided to admit the patient in the
Diabetes, Nutrition and Metabolic Diseases Clinic for
further investigations and establishing the correct course
of treatment.

The patient included in the study signed the informed
consent for the acquisition, analysis, and publishing of the
anonymized data collected. Since no personal identifica-
tion data were used in this manuscript, the ethics commit-
tee approval is not needed.

It needs to be mentioned that the patient had been
diagnosed with Type 2 Diabetes Mellitus in 2015 and
was undergoing treatment with metformin 1 g twice
a day and sitagliptin 100 mg once a day. Metformin treat-
ment had been initiated at the time of diagnosis (2015),
and sitagliptin had been added to the therapeutic plan in
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2018. The patient had been presenting for evaluation visits
every three months since being diagnosed with Type 2
Diabetes Mellitus.

Also, the patient was receiving treatment with [-
blocker ACE
(Perindopril 10 mg/day) as well as a thiazide diuretic

(Bisoprolol 5 mg/day), inhibitor
(Indapamide 1.5 mg/day).

The patients’ history did not reveal alcohol abuse or
smoking, the physical exam revealed obesity grade II
(BMI=37 kg/m2) and an abdominal circumference (AC)
of 116 cm, skin paleness and slight dehydration, rhythmic
heartbeat, blood pressure of 105/70 mmHg, a pulse of 92
b/min, no pathological heart murmurs and a glycaemia
equal to 220 mg/dl.

Blood tests revealed an unsatisfactory glycemic con-
trol, quantified by an HbAlc of 9.8% as well as a low
HDLc level of 29 mg/dl, while renal function and hepatic
function were normal.

The blood panel presented severe modifications
prompting more detailed investigations in order to deter-
mine the cause of the anemia: Hb= 8.7 g/dl, Ht= 29%, H=
2.3 x106/uL, L= 5.9x103/uL, T= 191 x103/uL, MEV=
119.6 fl, MEH= 39 pg, MECH= 34 g/dl. Iron levels were
normal 77 microg/dl (normal values being between 50 and
170 p/dl).

According to WHO, anemia is defined by a Hb level
under 13 g/dl in men and under 12 g/dl in women. If the
mean volume of erythrocytes is greater than 100 fl, one
could consider macrocytic anemia, the most common form
encountered being megaloblastic anemia.

Given the hematologic panel, a peripheral blood smear
was performed, and it identified anisocytosis with hypo-
chromic erythrocytes, macrocytes, codocytes, isolated
thrombocytes as well as thrombocytes in small or medium
groups.

Considering the poor glycemic control, as well as high
glycemic values and clinical symptoms, treatment with
oral antidiabetics drugs was stopped, and insulin therapy
was initiated in a basal-bolus regimen, with dosages
adjusted according to glycemic values. Consecutive to
treatment modification, it was noticed that the patients’
symptoms had significantly improved, dyspnea and gastric
discomfort were disappeared. An EKG, chest X-ray,
abdominal echography and gastroscopy were performed.
These investigations did not reveal any notable pathologi-
cal changes, significant to other conditions. Vitamin B12
and folate were measured. Results showed that the con-
centration of B12 was very low: 113 pmol/l (normal values

are between 191 and 663 pmol/l for the European popula-
tion) and serum concentration of folate was in normal
range: 18.6 ng/mL (normal values are between 4.6 and
34.8 ng/mL).

Substitution treatment with vitamin B12 was initiated
in the form of intramuscular injection, initially with 1000
ng/week, over the first 2 months, consecutively the dosage
being reduced to 1000 pg every 2 weeks.

For obtaining a good glycemic control, the administra-
tion of a long-acting insulin analogue (Glargine) once
daily (at bedtime) in association with sitagliptin 100 mg/
day (in the morning) was the preferred option.

After 3 months the patient was re-admitted in the
Diabetes Clinic for re-evaluation: Table 1 presents the
main biological parameters investigated at the time of
diagnosis as well as 3 months after substitution treatment.

Glycemic control was significantly improved, having
a decrease of HbAlc of 1.6 pp (from 9.8% to 8.2%)
(Table 2).

Discussion

The fragility of erythrocytes in patients with DM is multi-
factorial and includes various insufficiencies, some auto-
immune diseases, the aggravation of pre-existing factors,
various drug classes and hormonal disruptions.

Although vitamin B12 is available through a healthy
diet, its deficit is relatively frequent, especially in people
over 50 years old and in those following a vegetarian or
vegan diet. It is possible at times that the intake of vitamin
B12 be sufficient and the problem to be present in its
processing, determining what is referred to as functional
deficit of vitamin B12."*

Among the most common causes of vitamin B12 def-
icit, we encounter: 1) pernicious anemia: an autoimmune
condition when gastric cells that produce a protein called
intrinsic factor, essential in the absorption of vitamin B12,
are effected; 2) diseases of the stomach and small intestine
which can determine an inadequate absorption of Vitamin
B12: atrophic gastritis, H. pylori infection, intestinal para-
sitosis, Crohn’s disease, celiac disease, surgical interven-
tions; 3) drugs: proton pump inhibitors (when used over
a prolonged period of time for gastritis or ulcer), metfor-
min (used in DM), anticonvulsants, methotrexate, colchi-
cine, etc.; 4) inadequate intake: vegan or vegetarian diets;
5) pregnancy and lactation.'*'®

In most cases, administration of vitamin B12 shots or
tablets is sufficient to treat this condition."’
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Table | The Main Biological Parameters at Time of Admittance and After Three Months of Substitution Treatment with Vitamin B12

Parameters Initially (at After 3 Months of Substitution Treatment Normal
Diagnosis) with Vit B12 Values
Hb (g/dl) 8.7 13,8 I1.5-15
Ht (%) 29 37 3546
Erythrocyte (x10%/uL) 23 44 4-5.5
Leucocytes (x10%/uL) 59 5.6 4-9.5
Thrombocytes (x10°/uL) 191 211 150-400
Mean Erythrocyte Volume (MEV) (fl) 119.6 86.3 79-98
Mean Erythrocyte Hemoglobin (MEH) (pg) 34 30.1 27-32
Mean Erythrocyte Hemoglobin Concentration 39 34 32-36
(MECH) (g/dl)
Erythrocyte Sedimentation Rate (ESR) (mm/Ih) 28 17 2-20
Vitamin B 12 (pmol/l) 13 433 191-663
Folate (ng/mL) 18.6 21 4.6-34.8
Syderemia (u/dl) 77 88 50-170
AST (U/L) 29 27 15-37
ALT (U/L) 45 39 14-59
Alkaline Phosphatase (FAL) (U/L) 58 54 46-116
Total Bilirubin (TB) (mg/dl) 0.657 0.584 0.2-1
Urea(mg/dl) 40 30 15-39
Creatinine (mg/dl) 0.8 0.77 0.55-1.02
GFR (mL/min) 79 83 > 60
HbAlc (%) 9.8 8.2 <7

A study concerning megaloblastic anemia with
a follow-up period of 11.8 years showed that 9% of
patients treated with metformin presented symptoms of
the disease.'®

Although there are not very many reported cases in the
literature, form the beginning of the 1980s” Callaghan et al
reported the first case of megaloblastic anemia as
a consequence of prolonged use of metformin, without
being able to demonstrate the exact causality relation
between them.'® In this case, treatment with vitamin B12
determined the increase of Hb levels, as well as a decrease
in MEV.

Liu et al presented two similar cases that developed
anemia, cognitive decline, peripheral neuropathy, along

with degeneration of the spinal cord.?

One case of megaloblastic anemia due to a vitamin
B12 deficiency was described by Fujita et al. In this
case, the patient had total gastrectomy (at age of 60)
because had stomach cancer. This 67 years old woman,
which had Type 2 Diabetes Mellitus, developed megalo-
blastic anemia due to vitamin B12 deficiency precipitated
by the introduction of metformin therapy.’

Vitamin B12, folic acid and vitamin B6 are involved in
the metabolism of homocysteine. Vitamin B12 deficiency
causes hyperhomocysteinemia due to inadequate function
of the
a significant body of evidence showing that vitamin B12

methionine-synthetase  enzyme. There is
and folate supplements, with or without vitamin B6 lead to
a decrease of homocysteine levels in people with cardio-

vascular disease and DM.** One study in which men and
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Table 2 The Glycemic Profile at the Time of Admittance and After 3 Months of Undergoing the Revised Treatment Plan
Treatment Plan/Glycemic Profile ho7 | hil | hI3 | hlé6 | hl9| h22 | h03 | h07 | Glycemic Mean HbAIlc
(mg/dl) %)
Metformin cp 1000 mg 1-0-1 + Sitagliptin cp 162 201 170 203 185 233 198 174 191 9.8
100 mg 1-0-0
(at admittance)
Sitagliptin 100 mg 1-0-0 + Glargine 22 Ul 120 157 131 179 142 138 137 133 142 82
(22:00 h)
(after 3 months)

women took multivitamin supplements for 8 weeks pre-
sented a significant decrease of homocysteine levels.”> The
Heart Outcomes Prevention Evaluation (HOPE) 2 trial,
which included 5522 patients with ages over 54, cardio-
vascular disease or DM, that received daily treatment with
2.5 mg folic acid, 50 mg vitamin B6 and 1 mg vitamin
B12 for 5 years showed a decrease in homocysteine levels
and stroke, but did not influence the risk for major cardi-
ovascular events.”* In the Western Norway B Vitamin
Intervention Trial, that included 3096 patients on which
angio-coronarography was performed after which they
received daily vitamin B12 (0.4 mg), folic acid (0.8 mg)
with or without vitamin B6 supplements for 1 year proved
a decrease in homocysteine levels of 30%, but did not
affect overall mortality not the risk for major cardiovas-
cular events over the 38-month follow-up period.?> Similar
results have been encountered in the Norwegian Vitamin
(NORVIT) trial and in the Vitamin Intervention for Stroke
Prevention trial.>®

All these studies demonstrate the importance of vita-
min B12, it is necessary for the health of nerve tissue, for
the proper functioning of the brain and for the production
of red blood cells.

Vitamin B12 deficiency can be avoided by optimizing
lifestyle and by including more sources of vitamin B12 in
the daily diet or by taking supplements.

Conclusion

When prescribing a drug, it is the physician’s duty to
consider the possible side effects and, at times, alert the
patient regarding the most frequent ones, in order for them
to be reported if present.

Metformin can cause megaloblastic anemia, due to
vitamin B12 deficiency; therefore, we would advise annual
blood panels to be required by the prescribing physician
for all patients undergoing treatment with metformin. If
abnormalities regarding red blood cells are found, further

investigations should be performed, including serum folate
levels.

Disclosure
The authors report no conflicts of interest in this work.
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