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Abstract:

Metformin is a commonly prescribed medication for the treatment of type 2 diabetes. Several recent
studies have shown that long-term metformin therapy in type 2 diabetic patients may alter their
vitamin status. The objective of our study is to assess the biochemical and vitamin B12 status in type
2 diabetic (T2D) patients receiving metformin therapy.

We conducted a retrospective cross-sectional analysis study involving 64 patients with type 2 diabetic
at Slim Zemirli Hospital. The collected data were analyzed using statistical tests

Significant differences were observed in fasting blood glucose, creatinine, vitamin B12, and
hemoglobin levels, particularly in patients receiving metformin for over 10 years. A total of 46.9% of
patients were found to have a vitamin B12 deficiency, with an average level of 241.11 pg/mL. Also, a
inverse relationship was observed between the duration of metformin use and vitamin B12 levels.
Finally, we conclude that prolonged use of metformin may increase the risk of vitamin B12
deficiency, potentially leading to complications such as anemia, neuropathy, and other related

disorders.

Keywords: Type 2 diabetes, Metformin, Deficiency, Vitamin B12, Biochemical parameters.



Résumé :

La metformine est un médicament couramment prescrit pour le traitement du diabéte de type 2.
L’objectif d’étudier le statut biochimique et vitaminique chez des patients diabétiques de type 2 (DT2)
sous metformine.

On a réalisé une étude rétrospective transversale chez 64 sujets diabétiques de type 2 consultés a
I’hopital Slim Zemirli. Les résultats obtenus ont été analysés a 1’aide de tests statistiques

Des différences significatives ont été observées pour la glycémie, la créatinine, la vitamine B12 et
I’hémoglobine. 46,9 % des patients présentent une carence en vitamine B12, avec une moyenne de
241,11 pg/mL, notamment chez les patients qui prennent la métformine pour plus de 10 ans. Une
relation inversez a été trouvée entre la durée du traitement a la metformine et le taux de vitamine B12. A
cet égard, nous pouvons conclure que I’administration prolongée de metformine pourrait induire un
risque de carence en vitamine B12, exposant les patients a des complications telles que I’anémie, la

neuropathie et d’autres troubles associés.

Mots clés : Diabete type 2, Metformine, Carence, Vitamine B12, Paramétres biochimiques.
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Introduction

Introduction

Diabetes has become a major public health issue, increasingly affecting developing countries
and disadvantaged populations. It refers to a group of metabolic disorders characterized by
chronic hyperglycemia. Type 2 diabetes (T2D), in particular, is a multifactorial disease that
disrupts the metabolism of carbohydrates, lipids, and proteins. It results from both insulin
resistance in peripheral tissues and inadequate insulin secretion (Meghraoui et al., 2021).

Among the various therapeutic strategies for diabetes management, including pharmacological
(oral antidiabetic drugs and insulin) and non-pharmacological (dietary and lifestyle
modifications) approaches, metformin is the most prescribed oral antidiabetic drug (Ophélie et
al ., 2022).

Metformin is widely recognized as the first-line treatment for type 2 diabetes due to its proven
efficacy in improving glycemic control, reducing HbAlc levels, and favorably modifying lipid
profiles. However, despite its metabolic benefits, prolonged use of metformin has raised
concerns regarding potential adverse effects. Among these, a decrease in vitamin B12 levels is
frequently observed, particularly in patients receiving high doses or prolonged treatment

(Sayedali ef al,2023).

Vitamin B12, also known as cobalamin, is an essential water-soluble vitamin that the body stores
large reserves often enough to last several years, which means deficiency symptoms may develop
slowly and insidiously over time (Fernandes et al.,2024) . Deficiency can lead to a wide range of
clinical manifestations, affecting hematologic, neurological, and psychological systems (Miller et

al., 2024).

Thus, the primary objective of this study is to evaluate the impact of prolonged metformin
therapy on vitamin B12 deficiency in patients with type 2 diabetes. The analysis focuses on
assessing the correlation between the duration of metformin use and serum vitamin B12 levels,
while also exploring associated changes in other biological parameters such as hemoglobin, renal

function, glycemic control, and lipid profile.

This manuscript is structured into three main chapters: the first chapter presents a general
overview of type 2 diabetes and reviews the pharmacological profile and side effects of metformin,
particularly its association with vitamin B12 deficiency. The second chapter describes the study
design, methodology, and statistical tools used. The third chapter presents the results and provides

a critical discussion based on relevant scientific literature.
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I. Type 2 diabetes

1 .Definition

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent
hyperglycemia. It may be due to impaired insulin secretion, resistance to peripheral insulin
actions, or both. It is a significant global health concern with increasing prevalence and
associated complications (Goyal et al., 2023). The most prevalent type of diabetes is type 2
diabetes (T2D), which is characterized by the progressive loss of insulin secretion by pancreatic

B-cells combined with insulin resistance (IR) in peripheral tissues (Abel et al., 2024).

1.1.Epidemiology

Diabetes is a major global health issue due to its high incidence, disability, and mortality,
ranking as the eighth leading cause of death and disability. About 529 million people were living
with diabetes in 2021, with a global prevalence of 6.1%, expected to rise to 9.8%, affecting 1.31
billion people.

T2D accounts for over 96% of all cases and is the most rapidly increasing type of diabetes in
terms of prevalence (Figure 1) (Xi Lu et al., 2024).

T2DM is progressing rapidly in Algeria, with an estimated prevalence of around 14.4% among
adults aged 18 to 69 (Belhadj et al., 2019). According to IDF data in 2024, nearly 4.8 million
Algerians aged between 20 and 79 are living with the disease. In addition, the Ministry of Health
warns of a potential increase in the number of people with diabetes to over 4.2 million by 2025

(Belhadj e al.,2025).

100 T = Type 1 diabetes

—— Type 2 diabetes
10-04 44

75

s0- /
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T T T
2000 2020 2040
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Figure 1: Type 1 and 2 diabetes prevalence up to 2050 (Ong et al., 2023).
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1.2. Pathophysiology of T2D

T2D is primarily caused by two key mechanisms: insulin resistance and beta cell dysfunction.

1.2.1 Insulin Resistance (IR)

IR usually begins with skeletal muscles, making them the first dysfunction site. Although
muscle insulin resistance may not immediately cause high blood sugar, it contributes to long-
term problems by increasing insulin levels, promoting fat buildup in the liver. Over time, this

leads to IR (Andrzej Patyra et al., 2024).

In the liver, a high-fat diet and chronic high insulin levels lead to increased fat production and
accumulation. This disrupts insulin signaling pathways and increases glucose production,

causing elevated fasting blood sugar. Key contributors include (Andrzej Patyra et al., 2024):

e Diacylglycerol interferes with insulin signaling.

e Ceramides promote glucose production.
1.2.2 Beta Cell Dysfunction

As IR progresses, the pancreas compensates by increasing insulin production. Eventually, beta
cells fail to keep up, leading to insufficient insulin. This dysfunction is driven by (Khamis

Cureus, 2023):

e Glucotoxicity: Chronic high glucose depletes insulin stores in beta cells.

o Lipotoxicity: Long-term exposure to high fatty acids damages beta cells and impairs
their growth.

e Reduced beta cell mass: T2D patients often have ~50% fewer beta cells, with
increasing loss over time due to apoptosis.

e Inflammation: Chronic low-grade inflammation may contribute to beta cell failure

( Khamis Cureus,2023)
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Factors that affect insulin secretion and action

* Body weight * Heavy alcohol consumption
* Level of physical activity * Genetic predisposition
* Smoking * Gene—environment interaction
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Figure 27 0Overview of the etiology and pathophysiology of type 2 diabetes (Zheng et

al., 2018).
1.2 Diagnosis

Diabetes can be diagnosed by either the hemoglobin A1C criteria or serum glucose

concentration (fasting or 2-hour serum glucose) (Goyal et al., 2023).

1.2.1 Fasting Plasma Glucose (FPG)

A blood sample is taken after an 8-hour overnight fast. As per ADA, a fasting plasma glucose

(FPG) level of more than 126 mg/dL (7.0 mm/mol) is consistent with the diagnosis. ) (Goyal et

al., 2023).
1.2.2 Two-Hour Oral Glucose Tolerance Test (OGTT)

In this test, the plasma glucose level is measured before and 2 hours after the ingestion of 75

gm of glucose. DM is diagnosed if the plasma glucose (PG) level in the 2-hour sample is more

than 200 mg/dL (11.1 mmol/mol). It is also a standard test but is inconvenient and more costly

than FPG and has major variability issues. Patients need to consume a diet with at least 150 g

per day of carbohydrates for 3 to 5 days and not take any medications that can impact glucose

tolerance, such as steroids and thiazide diuretics. ) (Goyal et al., 2023).

1.3.3 Glycated Hemoglobin (Hb) A1C
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This test gives an average of blood glucose over the last 2 to 3 months. Patients with an HbA1C
greater than 6.5% (48 mmol/mol) are diagnosed as having T2D. HbA1C is a convenient, rapid,
standardized test and shows less variation due to pre-analytical variables. It is not much affected
by acute illness or stress. ) (Goyal et al., 2023).

1.3. Management of T2D

The management of T2D involves a non-pharmacological and pharmacological approach:
1.3.1 Non-pharmacological approach

Lifestyle intervention constitutes the only causal, non-pharmacological therapy for Type 2
Diabetes Mellitus (T2DM) and is considered the first-line approach for both its prevention and
management. Physical inactivity, poor dietary habits, and excess body weight (overweight and
obesity) represent major modifiable risk factors that contribute to the development and
progression of the disease (Rosenfeld ez al, 2025). Furthermore, in selected patients who are
motivated and have an HbAlc level close to target (e.g., <7.5%), a trial period of lifestyle
modification alone for 3 to 6 months may be appropriate before initiating pharmacological

therapy, typically with metformin. (Dixit et al ., 2022).
1.3.2Pharmacological approach

If lifestyle modifications alone are insufficient to achieve glycemic targets typically defined as
an HbAlc level below 7.5%, though this threshold may vary based on individual patient
characteristics, pharmacological intervention becomes necessary. The primary objective of
medical therapy is to lower and stabilize blood glucose concentrations as close to
normoglycemia as possible (Oluwafemi et al ., 2023).
Pharmacological treatment options are broadly categorized into oral and injectable agents.
Oral antidiabetic drugs include:

e Biguanides (e.g., metformin),

o Sulfonylureas (e.g., gliclazide),

e Dipeptidyl peptidase-4 (DPP-4) inhibitors (e.g., alogliptin),

e Sodium-glucose co-transporter 2 (SGLT2) inhibitors (e.g., canagliflozin).
Injectable therapies encompass :

o Insulins, which vary by onset and duration of action, including rapid-acting (e.g., insulin

aspart), intermediate-acting (e.g., isophane insulin), and long-acting (e.g., zinc-

crystalline insulin),
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e Incretin-based therapies, particularly glucagon-like peptide-1 (GLP-1) receptor agonists

(e.g., exenatide), which enhance glucose-dependent insulin secretion.

secretion secretion Appetite control:
Sulfonylureas, amylin Amylin and
increting and Increting
meglitinides

f'l‘

I Insulin lcmcagon

Neurotransmitter
B dysfunction

B Bromocriptine
GIT: incretins,
alpha
glucosidase
inhibitors,
amylin and
bile
sequestrant

Glucose

reabsorption

SGLT2
inhibitors

Hepatic glucose ¢
output VO X e
metformin and A

I Glucose uptake
thiazolidinediones

and utilization;
Thiazolidinediones

Lipotaxiony: and Metformin

Thiazolidinediones

Figure 3: Sites of action of the pharmacological agents (Oluwafemi ez al ., 2023).

2 .Metformin: a potential T2D manager

Metformin (1,1-dimethylbiguanide hydrochloride) is an oral anti-diabetic drug of the biguanide
class and one of the most prescribed drugs worldwide. It is a widely used first-line oral

antihyperglycemic medication for the management of T2D (Safar Kheder et al., 2018).

1.2.1 Metformin structure and origin

Metformin, chemically known as 1,1-dimethylbiguanide hydrochloride (molecule formula
CsHi2CINs, molecular weight approximately 165.62 g/mol) is a synthetic biguanide. Its
structure features a biguanide core, which consists of two linked guanidine groups with two
methyl substituents at the 1-position, making it highly hydrophilic and positively charged at
physiological pH. This unique chemical structure underpins metformin’s biological activity,
including its ability to improve glycemic control by targeting liver and muscle tissues (Safar

Kheder et al ., 2018 ).
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In fact, metformin originates from a traditional herbal remedy Galega officinalis (French lilac)
(figure 4), used traditionally for diabetes-like symptoms. Active guanidine derivatives found in
this plant inspired early research into glucose-lowering agents. First synthesized in 1922,
metformin was introduced clinically in the 1950s by Jean Sterne and has since become the

cornerstone treatment for T2D due to its effectiveness and safety (Campbell, 2023).

H:C
\ N-C-NH-C-NH: .HCL
pal
H.C NH NH
(A) (B)

Figure 4: (A) Galega officinalis ; (B) metformin chemical formula(Campbell, 2023).

2.2 Metformin’s Pharmacokinetics

Metformin’s pharmacokinetics are characterized by oral absorption via transporter proteins,
primarily organic cation transporters (OCTs) and plasma membrane monoamine transporters
(PMAT), which facilitate its uptake in the small intestine and liver. Metformin exhibits low
protein binding and limited distribution into most tissues. Minimal metabolism leads to a
predictable duration of action. Renal excretion is the primary elimination pathway, making
kidney function critical in metformin therapy. Variations in pharmacokinetic parameters can

occur due to age, renal impairment, and transporter gene polymorphisms (Lewis et al.,2024).
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Figure S: Pharmacokinetics of metformin (Lewis et al.,2024).

2.3 Pharmacodynamic

Metformin is effective in lowering fasting and postprandial blood glucose, as well as HbAlc
levels. It acts on multiple organs, including the liver, muscle, fat, pancreas, and intestine. Its
main hypoglycemic effects come from reducing hepatic glucose production and intestinal

glucose absorption, while enhancing insulin sensitivity and B-cell function (Ayyanna, 2021).

Lipogenesis || Lipolysis '
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Cell apoptosis (lipotoxicity) ( ; <
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Figure 6: Action of metformin on target organs (Ayyanna, 2021).
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Metformin’s pharmacodynamics primarily involve inhibition of hepatic gluconeogenesis,
which lowers both fasting and postprandial blood glucose levels. It achieves this mainly by
inhibiting mitochondrial complex I in liver cells, reducing ATP production and increasing the
AMP:ATP ratio, which activates AMP-activated protein kinase (AMPK). AMPK activation
leads to decreased glucose production, enhanced insulin sensitivity, and increased peripheral

glucose uptake (Ayyanna, 2021).

Besides the liver, metformin also acts in the intestines by reducing glucose absorption through
downregulation of sodium-glucose transporter 1 (SGLT1) and promoting glucose uptake into
enterocytes, which can increase glucose excretion into the gut lumen. It also stimulates
glucagon-like peptide-1 (GLP-1) secretion, enhancing insulin release and inhibiting glucagon.

(Tingting Zhou,et al.,2018)

2.4 Metformin side effects

Generally, metformin is well tolerated; however, digestive issues (in 5-20% of patients) may
occur, such as abdominal pain, cramps, diarrhea, nausea, vomiting, bloating, flatulence, loss of
appetite, and a metallic taste. These usually appear at the beginning of treatment and are
reversible. They can be reduced by starting with a low dose and taking the medication at the
end of meals (Tingting ef al., 2018).
Other less common side effects include vitamin B12 deficiency with long-term use. Since B12
is essential for DNA synthesis, fatty acid metabolism, and nervous system function, deficiency

may cause anemia, fatigue, or mood disorders (Hussain et al, 2025).

3. Vitamin B12

Vitamin B12 (Cobalamin) is a water-soluble vitamin containing cobalt and functions as a crucial
cofactor for various metabolic enzymes. The term vitamin B12 encompasses all biologically
active cobalamin forms in humans, including cyanocobalamin, hydroxocobalamin,
methylcobalamin, and adenosylcobalamin. While the first three are available in pharmaceutical
preparations, the two physiologically active forms, adenosylcobalamin and methylcobalamin,
are synthesized within cells from these precursors (Sayedali et al.,2023).

Since the human body does not synthesize vitamin B12, dietary intake is essential. It is

primarily found in animal-based foods such as liver, meat, poultry, egg yolk, fish, and shellfish.
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The recommended dietary intake of vitamin B12 is approximately 2 micrograms per day for
adults. However, requirements may vary depending on the stage of life (Rose Issam Ghemrawi

etal, 2013)

Cyanocobalamin

(CN)Cbl
Aquacobalamin
(H,O)Cbl
z Methylcobalamin
- MeCbl
3 oH Adenosylcobalamin
AdoCbl
O
O
o p :ljo 2 -
'././ \O 3 N
° 4 ¢\ 7
OH N =— N
2 NH,

Figure 7: Structure of Cobalamin and its four derivatives (Varutti et al., 2024).

3.1 Vitamin B12 absorption

Vitamin B12 undergoes a complex, multi-step absorption and transport process in the human
body. Initially, it is released from food proteins in the stomach through the action of gastric acid
and proteases and binds to the salivary protein haptocorrin. In the small intestine, this complex
is degraded, allowing vitamin B12 to bind with intrinsic factor (IF) in the ileum. This IF-B12
complex is then absorbed via specific receptors and released into the bloodstream, where it
binds to transcobalamin (TC) for distribution. Cellular uptake occurs through the CD320
receptor, followed by lysosomal release into the cytosol, mediated by ABCD4 and LMBD1
proteins. Intracellular processing involves conversion to methylcobalamin in the cytoplasm and
adenosylcobalamin in mitochondria.

These active forms are essential cofactors in critical biochemical reactions, including DNA

synthesis and energy metabolism (Mucha et al., 2024).
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Figure 8: Adsorption, blood transport, and intracellular metabolism of vitamin B12 (Mucha
et al., 2024).

3.2 Clinical outcomes of vitamin B12 deficiency

Disruptions of vitamin B12 absorption pathways can lead to elevated homocysteine and
methylmalonic acid levels contributing to neurological, hematological, and cardiovascular

complications:

= Neuropathy:
Vitamin B12 deficiency contributes to peripheral neuropathy, characterized by numbness, pain,
and weakness. It may also exacerbate cardiac autonomic neuropathy, increasing the risk of
cardiovascular complications such as arrhythmias and sudden cardiac death (Sayedali et

al.,2023).

=  Anemia

Vitamin B12 plays a crucial role in red blood cell maturation. Although evidence remains
inconclusive, several studies and case reports suggest a potential association between vitamin

B12 deficiency and megaloblastic anemia or reduced hemoglobin levels (Sayedali et al.,2023).
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I1.1. Type and study setting

Our descriptive, analytic, retrospective, and cross-sectional study was conducted over a period from
March to June 2025 in the internal medicine department of Salim Zemirli Hospital.

It aims to evaluate the effect of prolonged Metformin intake on certain biological parameters,
especially vitamin B12, in patients with type 2 diabetes. The study included both clinical and

laboratory data from a diverse group of patients.

I1.2. Study population

The study included patients diagnosed with T2D who were attending regular follow-up visits and
were under metformin treatment for varying durations. A total of 64 patients were enrolled in the
study, including 27 women and 37 men, with ages ranging from 21 and 94 years.
To ensure the relevance and reliability of the study population, specific inclusion and exclusion

criteria were applied as follows:

II.2.1Inclusion criteria

-Confirmed diagnosis with Type 2 diabetes.
-Continuous treatment with Metformin for a minimum duration of 6 months.

-Informed consent was obtained from all patients.

11.2.2 Exclusion criteria

-Patients diagnosed with Type 1 diabetes.

-Patients with gestational diabetes.

-Patients receiving hypoglycemic treatment other than Metformin.
-Patients taking vitamin B12 supplementation or multivitamins

-History of pernicious anemia or gastrointestinal surgery affecting absorption
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11.3. Data Collection Methods

Data for this study were meticulously gathered using an information sheet (appendix) through a
combination of clinical and biological measurements, as well as relevant patient records. The
collection process involved two primary methods: the review of medical records and direct clinical
evaluations. The selection period for medical records spanned from 2018 to 2024, ensuring the

inclusion of comprehensive and relevant clinical data for analysis.
I1.3.1. Sociodemographic and clinical data

Data were obtained retrospectively from medical records and included variables such as age, sex,
doses, and duration of metformin intake treatment. These variables were recorded at the time of the
patients’ most recent clinical evaluation. The population was further categorized into three groups

based on the duration of metformin use:

= Less than 5 years
= Between 5 and 10 years

= More than 10 years

11.3.2. Blood Pressure

Blood pressure was measured using an automatic blood pressure cuff on the right arm, after the patient
had rested for at least five minutes in a supine position. This measurement was crucial for evaluating
the cardiovascular health of participants, as hypertension is a common comorbidity in diabetic

patients and may influence the study's outcomes.

11.3.3. Biochemical parameters analysis

Biochemical parameters were assessed to evaluate the metabolic and nutritional status of the patients,
with particular focus on markers potentially influenced by prolonged metformin use. The primary
outcome of interest was serum vitamin B12 level, given its known association with metformin
therapy. Additional biochemical data included fasting blood glucose, glycated hemoglobin (HbAlc),
hemoglobin concentration, serum creatinine, urea, total cholesterol, HDL-cholesterol, LDL-
cholesterol, and triglycerides. These values were obtained from the patients’ most recent laboratory

tests recorded in their medical files.
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11.3.3.1. Blood Sampling

Blood samples were collected between 8:00 and 9:00 a.m. following a 12-hour fasting period.
Venous blood was drawn using a tourniquet and collected in either heparinized or dry tubes.

The samples were then promptly centrifuged to separate the plasma for analysis.

I1.3.3.2. Measuring techniques

= Blood Glucose (fasting glycemia)
Plasma glucose is measured using an enzymatic and colorimetric method involving glucose
oxidase (GOD). In this reaction, glucose is oxidized to gluconic acid and hydrogen peroxide.
In the presence of peroxidase and phenol, the hydrogen peroxide oxidizes a colorless
chromogen (4-aminoantipyrine) into a red-colored quinoneimine compound. The intensity of
the resulting color is directly proportional to the glucose concentration in the sample and is

measured photometrically at a wavelength of 505 nm.

= HbAlc
The HbAIc level was determined using an immunoturbidimetric assay. Blood samples were
collected in EDTA tubes to prevent coagulation. The principle of the method is based on the
agglutination reaction between HbAIc in the sample and latex particles coated with anti-
HbAIc antibodies. The formation of immune complexes causes turbidity, which is measured
photometrically. The intensity of turbidity is directly proportional to the concentration of
HbAIc in the sample.
Results were expressed as a percentage (%) of total hemoglobin, with the analysis performed

using an automated biochemistry analyzer.

= Triglyceride assay
This is based on the hydrolysis of triglycerides into glycerol and fatty acids under the action of
a lipoprotein lipase. The glycerol formed is then converted to glycerol-3-phosphate, then
oxidized to dihydroxyacetone-phosphate with the formation of hydrogen peroxide. In the
presence of peroxidase, the hydrogen peroxide formed reacts in a TRINDER reaction with 4-
aminophenazone and 4-chlorophenol to form a red-colored derivative.
The intensity of the red color developed is directly proportional to the triglyceride concentration

and is measured photometrically. Normal values 0.40 to 1.5 g/L.
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=  Total Cholesterol

Cholesterol esterase hydrolyzes cholesterol esters to form free cholesterol and fatty acids. In a
subsequent reaction catalyzed by cholesterol oxidase, cholesterol is converted, in the presence
of oxygen, to cholestene-4 one-3 with the formation of hydrogen peroxide. In the presence of
peroxidase, the hydrogen peroxide formed reacts with 4-aminophenazone (4-AAP) and phenol
to form a red-colored derivative. The intensity of the coloration developed is directly
proportional to the cholesterol concentration. It is determined by the increase in absorbance at

512 nm. Normal values : 1.10 to 2.00g/1.

= HDL (High-Density Lipoprotein)

HDL cholesterol is quantified using a direct enzymatic colorimetric method. Following blood
collection after a 12-hour fast, serum is separated by centrifugation. Non-HDL lipoproteins are
precipitated or blocked enzymatically, allowing specific measurement of HDL. The enzymatic
reaction yields a colored product, the intensity of which is proportional to the HDL

concentration. The absorbance is measured photometrically, and results are expressed in mg/dL.

= LDL (Low-Density Lipoprotein)

LDL cholesterol can be measured either directly using an enzymatic method or estimated
indirectly using the Friedewald equation, provided that triglyceride levels are below 400 mg/dL.
The equation is as follows:

LDL = Total Cholesterol — HDL — (Triglycerides / 5)

In the direct method, LDL particles are selectively measured after removal of other lipoprotein
fractions. The analysis is typically performed using automated biochemistry analyzers, and

results are also expressed in mg/dL.
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= Total hemoglobin (Hb)
Total hemoglobin was determined by colorimetric methods using Drabkin's reagent, or by
automated methods on hematology analyzers. Hemoglobin reacts to form a stable complex
measured spectrophotometrically at a specific wavelength. This assay is used to assess blood
status and detect anemia.
Normal values vary according to sex:
In women: 12 - 16 g/dL
Men: 13 - 17 g/dl

= Vitamin B 12
Vitamin B12 is assayed by an immunological method using chemiluminescence. The principle
is based on a competitive reaction between serum vitamin B12 and a labelled form, in the
presence of a specific antibody. The intensity of the light emitted is inversely proportional to

the concentration of B12. Normal values range from 200 to 900 pg/mL.

= Urea
Urea was determined by an enzymatic method using urease. This enzyme hydrolyzes urea into
ammonia and carbon dioxide. Ammonia is then measured by a colorimetric reaction. Normal

values range from 0.15 to 0.45 g/L.

= Creatinine
Creatinine was measured by the Jaffé method, where it reacts with picric acid in an alkaline
medium to form a colored complex measured at 520 nm. Normal values are 6 to 11 mg/L in
women and 7 to 13 mg/L in men.
I1.4. Statistical analysis
Data were collected and analyzed using XLStat 2019 (Addinsoft Inc., New York, USA).
Descriptive statistics were used to summarize demographic and clinical characteristics.
After verification of Normality using Shapiro Wilk test, ANOVA test was used to compare
biochemical parameters across groups categorized by the duration of metformin treatment.
Tukey Post hoc test was applied when significant differences were found. Also, correlation
analysis using Pearson test was performed to asses relationship between metformin duration
and biochemical variables. Data was expressed as the Mean + SD, and statistical significance

was set at p<0,05
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3.1. Data and population descriptions

3.1.1.Gender distribution

The analysis reveals a predominance of male participants in the studied sample, with 59.38%
males compared to 40.63% females, yielding a sex ratio of 1.46 in favor of males.
This finding may reflect a higher prevalence of type 2 diabetes among men in the target
population or could be attributed to differences in healthcare-seeking behavior and health

awareness between sexes.

GENDER

Women

Figure 09: The distribution of the study population according to sex.

3.1.2. Age distribution of subjects

The analysis indicates that most participants were aged 61 to 75 years (37.50%), followed by
those aged 46 to 60 years (18.75%), and those over 75 years (17.19%).

Lower proportions were observed among younger age groups, with 15.63% in the 18-30

years category and 10.94% in the 3145 years group.
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Figure 10: The distribution of study participants according to age.

3. 1.3. Metformin intake duration

The data reveal that more than half of the participants (51.56%) had been taking metformin
for a duration between 5 and 10 years, indicating a widespread long-term reliance on this
therapy in the management of T2D. Meanwhile, 31.25% of the patients had been on

metformin for over 10 years, whereas only 17.19% had used it for less than 5 years.
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Figure 11: The distribution of patients based on the duration of metformin intake.
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3.1.4. Metformin dose

The results indicate that the vast majority of patients (85.94%) were prescribed a daily dose of
850 mg, reflecting the preference for this intermediate dose in the management of T2D. Only

9.38% of patients were on a lower dose of 500 mg, while 4.69% received a higher dose of 1000

mg.
60 85.94%
50
g-’o 40
I
C
g 30 55
3 20
10 i 4.69%
0 i - —
500 mg 850 mg 1000 mg

dose mg

E Number @ percetage

Figure 12: The distribution of patients according to their daily metformin dose.

3.1.5. Biochemical parameters in the study population

= Distribution of fasting glycemia

The analysis reveals that a significant majority (71.88%) had fasting glucose levels exceeding
1.26 g/L, indicating poor glycemic control among these patients. In comparison, 17.19% had
glucose levels between 1.10 and 1.26 g/L, while only 10.94% had levels below 1.10 g/L.
These findings highlight a high prevalence of fasting hyperglycemia in the studied sample,
reflecting the chronic nature of T2D.
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Figure 13 : The distribution of participants according to fasting glycemia levels.

= Distribution according to vitamin B12 levels

The analysis shows that more than half of the participants (54.69%) had a confirmed vitamin
B12 deficiency (levels <200 pg/mL), highlighting a high prevalence of deficiency among type
2 diabetic patients treated with metformin.

An additional 10.94% had borderline levels (200-300 pg/mL), while only 34.38% of the
subjects had normal B12 concentrations (>300 pg/mL).

These findings underscore the necessity for routine screening of vitamin B12 levels in patients
on metformin therapy, to prevent potential hematological and neurological complications

associated with its deficiency.
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Figure 14: The distribution of participants according to serum vitamin B12 levels.
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= Hemoglobin

Among female patients, 53.85% had hemoglobin levels within the normal range (12—15 g/dL),
while 38.46% exhibited hemoglobin levels below 12 g/dL, indicating a substantial prevalence of
anemia. Elevated levels (>15 g/dL) were observed in only 7.69% of women, suggesting that such
occurrences are relatively uncommon in this group.

In male patients, 50% had hemoglobin values within the reference range (13—17 g/dL). However,
44.74% showed levels below 13 g/dL. Elevated hemoglobin levels (>17 g/dL) were noted in
5.26% of cases.
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Figure 15: The distribution of hemoglobin values among participants, categorized by sex.
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= Distribution of diabetics according to HbAlc

The analysis reveals that the vast majority of participants (79.69%) had HbAlc levels above
6.5%, which is consistent with poor glycemic control and confirms the diagnosis of type 2
diabetes in this group. 17.19% of individuals had HbAlc¢ levels ranging between 5.7% and 6.4%,
corresponding to a prediabetic state. Only 3.13% of participants showed normal HbAlc values

(<5.7%).
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Figure 16: The distribution of patients according to their HbAlc levels.

= Distribution according to urea and creatinine values

The analysis revealed that the majority of participants (64.62%) had creatinine levels within
the normal reference range (0.6—1.3 mg/dL), suggesting relatively stable kidney function in
most cases. However, elevated creatinine levels were observed in 33.85% of the patients,
which may reflect some degree of renal impairment. Only 1.54% of patients had creatinine
levels below the normal range.

Regarding urea levels, the results showed that over half of the participants (56.25%) had
values within the accepted reference range (0.15-0.45 g/L). Elevated urea levels were found
in 39.06% of cases, potentially indicating impaired renal clearance or an indirect effect on

kidney function. Conversely, low urea levels were reported in just 4.69% of patients.
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Figure 18: The distribution of urea levels.
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= Distribution of diabetics according to lipid parameters

The analysis of triglyceride levels indicates that 46.88% of the participants had values
below 1.5 g/L, reflecting normal levels, while 29.69% were in the borderline range (1.5-2
g/L), and 23.44% exceeded 2 g/L, suggesting moderate hypertriglyceridemia.

Regarding total cholesterol, 68.75% of the patients had values under 2 g/L, 21.88% were
between 2 and 2.4 g/L, and 9.38% had elevated levels above 2.4 g/L, indicating varying
degrees of cholesterol control within the sample.

For LDL cholesterol, 33.78% of subjects showed optimal levels below 1 g/L, 36.49% fell
in the intermediate range (1-1.3 g/L), and 29.73% had elevated values.

In terms of HDL cholesterol, 68.75% of patients had levels above 0.4 g/L, considered
protective, while 31.25% had values below this threshold.
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Figure 19: The distribution of triglyceride levels.
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Figure 20: The distribution of total cholesterol levels
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Figure 22: The distribution of LDL levels.
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3.2. Comparison of biochemical parameters by metformin intake duration

3.2.1.Vitamin B12 levels

The statistical analysis revealed a highly significant variation among the groups (p = 0.001).
According to the Tukey post-hoc comparison, no significant difference was observed between
the first two groups, with mean values of 492.574 + 83.300 and 409.718 + 37.240,
respectively.

Conversely, the group with over 10 years of metformin exposure showed a markedly lower
mean (219.685 + 39.256), suggesting a notable decline in vitamin B12 levels with prolonged
therapy.

Table I. Comparison of mean serum vitamin B12 levels according to duration of metformin

use in T2D patients.

Groups Means = SD P value

<5 years 492.574 £  83.300°

5—10 years 409.718 £+ 37.240° 0.001
>10 years 219.685 + 39256°

Groups with different superscripts (a, b) are significantly different at p < 0.05 (post hoc test)
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Figure 23: Mean serum vitamin B12 levels according to duration of metformin treatment.
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3.2.2. Hemoglobin levels

The results revealed a statistically significant difference between the groups (p = 0.025).
According to the post-hoc Tukey test, no significant difference was observed between the <5
years and 5-10 years groups (12.545 + 0.603 and 12.126 + 0.354, respectively).
However, the group with metformin use for more than 10 years showed a significantly lower

mean hemoglobin level (10.659 + 0.485) compared to the other two groups.

Table II. Comparison of mean hemoglobin levels according to duration of metformin use in

T2D patients.
Groups Means = SD P value
<5 yrs 12.545 +0.603°
5-10 yrs 12.126 + 0.354° 0.025
>10 yrs 10.659 + 0.485°

Groups with different superscripts (a, b) are significantly different at p < 0.05 (post hoc test)
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Figure 24: Mean hemoglobin levels according to duration of metformin treatment.
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3.2.3. Fasting glycemia

Patients using metformin for less than 5 years showed the highest mean level (3.554 + 0.256),

while lower levels were observed in the 5-10 years and >10 years groups (Table III).

Table III. Comparison of mean blood glucose levels according to duration of metformin use

in T2D patients.
Groups Means £+ SD P value
<5 yrs 3.554 £+ 0.256*
5-10yrs 1.650 + 0.148° <0.0001
>10 yrs 1.842 + 0.195°

Groups with different superscripts (a, b) are significantly different at p < 0.05 (post hoc test)
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Figure 25: Mean fasting glycemia levels according to duration of metformin treatment.

36




CHAPTRE 111 Results and discussion

3.2.4. HbAlc levels

ANOVA analysis showed a statistically significant difference in mean HbA ¢ levels across
treatment duration groups (p = 0.030).

Patients treated for less than 5 years exhibited the highest average (10.597 + 0.713), with
progressively lower values in the 5-10 years and >10 years groups (Table IV; Figure 24).

Table I'V. Comparison of HbAlc levels according to duration of metformin use in T2D patients.

Groups Means + Sd P value

<5 yrs 10.597+0.713%

5-10 yrs 8.647 £ 0.590%° 0.030
>10yrs 8.342 +£0.441°

Groups with different superscripts (a, b) are significantly different at p < 0.05 (post hoc test)
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Figure 26: Mean HbAlc levels according to duration of metformin treatment.
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3.2.5. Renal function parameters

The ANOVA analysis showed no statistically significant differences in mean urea levels among

the three groups based on the duration of metformin use (p = 0.350).

Also, the comparison of serum creatinine levels across the three groups based on metformin

treatment duration showed no statistically significant difference (p = 0.075).

Table V. Comparison of mean urea and creatinine levels according to duration of metformin

use in T2D patients.

Renal parameters | Groups Means + SE P value
10yrs < 0.495 £+ 0.054*

Urea mg/dL 5- 10 yrs 0.453 = 0.039* 0.350
<5yrs 0.361 + 0.074°

Creatinin mg/L <5 yrs 9.935 £ 0.912% 0.075
5- 10 yrs 10.314 + 0.563*
>10 yrs 12.276 + 0.754*
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Figure 27: Mean urea levels according to duration of metformin treatment.
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Figure 28: Mean creatinine levels according to duration of metformin treatment.
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3.2.6. Lipid profile parameters

The statistical analysis of triglycerides (TG) levels across the three groups based on metformin
treatment duration revealed no statistically significant differences (p = 0.461).

Although slight variations in mean values were observed (Table VI; Figure 27)

The comparative analysis of total cholesterol levels across the three metformin treatment
duration groups revealed no statistically significant differences (p = 0.233).
Although the group with less than 5 years of metformin use had a slightly lower mean

cholesterol level (1.527 g/1 + 0.129)

The evaluation of HDL cholesterol levels across the different metformin exposure groups did
not reveal any statistically significant differences (p = 0.128).

Although participants with less than 5 years of treatment displayed a slightly reduced average
HDL value (0.371 g/l = 0.038), this decrease was not statistically meaningful.

The comparison of LDL cholesterol levels between the three treatment duration groups did
not yield statistically significant differences (p = 0.655).

The group treated with metformin for less than 5 years exhibited a lower mean LDL value
(0.895 g/1 £ 0.289), while slightly higher averages were noted in the 5-10 years (1.204 g/l +
0.179) and over 10 years (1.163g/1 = 0.239) groups.

Table VI . Comparison of lipid profile parameters according to duration of metformin use in

T2D patients.

Groups Triglyceride g/L P value
<5 yrs 1.548 £0.191 *

5-10 yrs 1.307+0.118 # 0.461
>10 yrs 1.495 £0.158?
Groups Total cholesterol g/L P value
<5 yrs 1.527 += 0.129°
5-10 yrs 1.710 £ 0.075° 0.233
>10 yrs 1.808 + 0.098*
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Groups HDL g/L P value

<Syrs 0.371+0.038 *

5-10 yrs 0.456 £0.023 * 0.128

10yrs 0.461 £0.031 2

Groups LDL g/L P value

<5 yrs 0.895+0.289 *

5-10 yrs 1.204 +£0.179 ¢ 0.655
>10 yrs 1.163 £0.239*

2,5

1,5 + T

TGg/L
'_

0,5 +

<5yrs 5-10 yrs =10yrs

Duration of metformin treatment

Figure 29: Mean triglyceride levels according to duration of metformin treatment.
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Figure 31: Mean HDL levels according to duration of metformin treatment.
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3.3. Correlation between metformin duration and biochemical parameters

The correlation analysis conducted between the duration of metformin use and various

biochemical parameters revealed several notable associations:

In fact, a moderate positive correlation was found between metformin use duration and serum
creatinine levels ( p =0.037), suggesting a slight increase in creatinine with prolonged treatment,

which may reflect mild changes in renal function.

Also, a moderate inverse correlation was observed between treatment duration and hemoglobin
levels (p=0.006), implying that longer metformin exposure may be associated with a reduction

in hemoglobin.

A strong negative correlation was found between the duration of metformin use and vitamin

B12 levels ( p <0.0001), supporting the results found with the comparison test above.

A moderate negative correlation was identified between the duration of metformin therapy and
fasting blood glucose levels ( p = 0.002), demonstrating a statistically significant association

with improved glycemic control over time.

Regarding the rest of the biochemical parameters studied, no significant correlation (p>0,05)
was observed.
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4. Discussion

In this study, data from 64 patients with type 2 diabetes mellitus (T2DM) were analyzed. All
participants were undergoing metformin therapy for varying durations. The primary aim was to
assess the impact of long-term metformin use on key biological markers such as vitamin B12
levels, hemoglobin, blood glucose, renal function, and lipid profile, as well as to explore any
potential complications associated with the treatment. The findings reveal a relationship
between the duration of metformin use and biological changes in patients, offering deeper

insight into the long-term effects of this therapy on patient health.

Our results indicate an inverse relationship between the duration of metformin use and serum
vitamin B12 levels, suggesting that prolonged treatment with metformin may be associated

with reduced vitamin B12 concentrations. These results are in line with recent studies that
consistently demonstrate that long-term metformin therapy is associated with a significant
reduction in serum vitamin B12 levels. The risk of deficiency increases with both the dose and
duration of metformin use. For example, a large prospective study found that patients with a
higher metformin usage index (a product of daily dose and duration) had a markedly increased
risk of vitamin B12 deficiency, with the highest risk observed in those with the longest and
highest exposure (Infante et al., 2021). Another study confirmed that prolonged and high-dose
metformin treatment is inversely related to vitamin B12 levels, with reductions ranging from
14% to 30% in serum concentrations (Bhal er al, 2023). These findings have led to
recommendations for periodic monitoring of vitamin B12, especially in patients with risk

factors or symptoms suggestive of deficiency (Hussein et al., 2025).

Researchers have indicated that metformin may contribute to vitamin B12 deficiency by
reducing the absorption of the intrinsic factor—vitamin B12 complex via the cubilin receptor in
the terminal ileum. This can result in complications such as peripheral neuropathy, autonomic
cardiac neuropathy, neuropsychiatric disorders, or hematological abnormalities (Hussein et

al., 2025).
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The results of our study revealed a moderate, statistically significant negative correlation
between metformin use and hemoglobin levels, indicating that prolonged use of metformin is
associated with a decrease in hemoglobin concentrations. Several studies, including two
randomized clinical trials and a real-world observational study, have demonstrated that
metformin use is associated with an increased risk of early-onset anemia in patients with type
2 diabetes. Although the precise mechanism underlying this early decline in hemoglobin levels
remains unclear, the timing suggests that vitamin B12 deficiency alone does not fully explain
the phenomenon, highlighting the need for further research to elucidate the potential underlying
mechanisms (Yang et al., 2019; Donelly et al.,2020; Albai et al., 2020).

As shown by our findings, a weak but statistically significant positive correlation was observed
between the duration of metformin use and serum creatinine levels, suggesting a potential mild
impact of prolonged therapy on this renal parameter. In contrast, no statistically significant
relationship was found between the duration of metformin use and blood urea levels, indicating
an absence of a measurable effect of the drug on this indicator. Overall, these results suggest a
limited effect of metformin duration on renal function among the studied sample of patients

with type 2 diabetes.

Metformin is primarily eliminated by the kidneys, and its clearance is closely related to renal
function, as measured by creatinine clearance. Studies indicate that as renal function declines
(reflected by increased creatinine levels), metformin clearance decreases, leading to higher
plasma concentrations of the drug (Lipska et al, 2011; Tseng, 2024). This relationship
underscores the importance of monitoring renal function in patients on long-term metformin

therapy, as impaired clearance can increase the risk of adverse effects, including lactic acidosis.

Despite these risks, metformin remains highly effective in improving glycemic control,
lowering HbAlc, and favorably modifying lipid parameters over time. Long-term studies have
shown that metformin therapy is associated with sustained reductions in blood glucose and
HbAlc levels, as well as beneficial effects on body weight and insulin requirements (Olga et
al., 2019). Some evidence also suggests a reduction in macrovascular complications with
prolonged use (Kooy et al, 2009). These findings confirm the efficacy of metformin as a

cornerstone in the management of type 2 diabetes.
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Moreover, other studies have indicated that initiating metformin therapy early, within three
Months of a diabetes diagnosis consistently lead to improvements in fasting blood glucose And

HbAc levels during the first 24 months following diagnosis (Zheng et al., 2024).

Furthermore, other researchers have confirmed that in newly diagnosed type 2 diabetic patients,
metformin therapy led to a significant decrease in LDL and triglyceride (TG) levels, as well as
an increase in HDL, without the use of lipid-lowering medications ( Szu et al., 2018; Flores et

al., 2025).
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Conclusion

In this study, we conducted a retrospective cross-sectional analysis on a sample of 64 patients
with type 2 diabetes undergoing metformin therapy. The results revealed a negative correlation
between the duration of metformin use and vitamin B12 concentrations, suggesting a potential
impact of prolonged treatment on this biological parameter. A moderate decrease in hemoglobin
levels was also observed, while no significant effect was found on lipid parameters, fasting
glycemia, HbAlc levels, or urea levels.

However, a weak but statistically significant correlation was noted with serum creatinine.

Prolonged metformin intake is effective for glycemic and metabolic control but is associated
with a time- and dose-dependent decrease in vitamin B12 and hemoglobin levels and may
impact renal function over time. Therefore, it is essential to consider regular monitoring and

individualized patient management to maximize benefits and minimize risks

Finally, this study highlights the need to:

e Expand the sample size and the geographic scope of the study

e (Conduct longitudinal studies to assess the long-term clinical consequences of vitamin
B12 deficiency in diabetic patients treated with metformin;

e Evaluate the effectiveness of targeted preventive supplementation.

e Explore the underlying biological mechanisms in order to develop more precise

prevention and management strategies.
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Annex

Fiche d’exploitation

Informations
générales

Numéro du Dossier :

Sexe: Femme [0 Homme [J

Nom et Prénom :

Numéro Téléphone :

Age:

Adresse :

Date de 1 ®° consultation :

Fréquence des consultations :

Dose de Metformine :

Poids : Kg / Taille: Cm
0
:§ E\ggnz L entre 25 et 29 Kg/m* L1230 Rythme de prise de Metformine :
% Tour de Taille (cm) : Maladie de Crohn : L1 Oui [ Non
§ Début du diabéte : Maladie de Biermer : L1 Oui [ Non
Durée du diabete :
Bilan glycémique
Glycémie ajeun: [1>1.1¢g/1 HOMA-IR: [1>26 [lnon
HbAlc: 1>6% L] non Insulino-résistance : [] oui L] non
Bilan lipidique
Cholestérol Total : [12>2 mg/l (I non | Triglycerides: [1>1.5g/l L1 non
@ HDL cholestérol : [1<0.40 g/l [ non | Dyslipidémie : LI Oui L1 Non
§ LDL cholestérol: [1>1 g/l (1 non
é Syndrome carentiel
§ I\)’gi‘;ileine Bl2: Hémoglobine : g/dL
Xgi‘;?anine BY: Ferritine : ng/mL
Xgi‘;?anine b: Homocystéine : mmol/l

Bilan immunologique

Anticorps anti-Cellules pariétales :
Ul/ml

Anticorps anti-Facteur Intrinseque :
Ul/ml

Neuropathie périphérique :

Fibroscopie cesogastrique :
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