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Association of vitamin B12 deficiency with
metformin use in patients with type 2 diabetes
treated in the largest tertiary care hospital in Qatar
Fahmi Yousef Khan1,*, Abdelmonem B. Yousif2, Aasir Suliman1, Ahmed Osman Saleh1,
Mohamed Magdi1, Awni Alshurafa1, Ebtihal Abdelmoneim Hassan3, Ahmed Ghazy1, Omar
K. Salameh1, Ahmed Abdallah1

ABSTRACT

Background: Data on the effect of metformin on
serum vitamin B12 (VitB12) level in patients with
type 2 diabetes mellitus (T2DM) in Qatar are limited;
therefore, we aimed to assess the prevalence of
VitB12 deficiency and its related factors among
patients with T2DM treated with metformin at
Hamad General Hospital in Doha, Qatar, from January
1, 2017, to December 31, 2017.

Methods: This cross-sectional analytical study
involved patients with T2DM aged $18 years who
used metformin for at least 3 months. The serum
VitB12 was quantified on a chemiluminescent enzyme
immunoassay analyzer using Cobas e 801 module,
Roche, and VitB12 deficiency was defined as serum
VitB12 level of #145 pmol/L. All data were obtained
from the patients' electronic medical records.

Results: The study recruited 3124 eligible patients
with T2DM. The overall prevalence of metformin-
associated VitB12 deficiency was 30.7% [95%
confidence of interval, 0.290–0.323]. A significant
difference exists in the median VitB12 levels between
the VitB12-normal and VitB12-deficient groups [129
vs. 286; p , 0.001]. Compared with the VitB12-
normal group, the VitB12-deficient group had higher
mean body mass index (BMI) (p , 0.001) and
consumed higher doses of metformin (p ¼ 0.001).
They also more often used sulfonylurea (p ¼ 0.004),
dipeptidyl peptidase-4 inhibitor (p , 0.001), thia-
zolidinediones (p , 0.001), glucagon-like peptide 1
[GLP-1] receptor agonists (p , 0.001), alpha-
glucosidase inhibitor (p , 0.001), and H2 blocker/
proton pump inhibitors [PPI] (p , 0.001) than the
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VitB12-normal group. Moreover, the VitB12-normal
group consumed more calcium supplements
(p , 0.001) than the VitB12-deficient group. In the
multivariate analysis, independent risk factors for
metformin-associated VitB12 deficiency in patients
with T2DM include high daily dose of metformin
.2000 mg, male gender, high BMI, smoking,
sulfonylurea, dipeptidyl peptidase-4 inhibitor, H2
blockers/PPI, low fasting blood glucose, and low
hemoglobin.

Conclusion: This study showed a high prevalence of
VitB12 deficiency in patients with T2DM taking
metformin and a significant negative correlation
between the daily dose of metformin and serum
VitB12 level. Therefore, regular screening for serum
VitB12 is necessary in patients with T2DM on
metformin treatment, especially those who have the
abovementioned risk factors.

Keywords: Vitamin B12 deficiency, type 2 diabetes
mellitus, metformin, sulfonylurea compounds

INTRODUCTION
Metformin is an important drug used worldwide as a
first-line treatment for type 2 diabetes mellitus
(T2DM) as recommended by American and European
diabetic associations.1–3 Metformin exerts its anti-
diabetic effect by increasing insulin sensitivity in the
liver and decreasing glucose production. However, it
has side effects such as lactic acidosis, diarrhea,
nausea, vomiting, flatulence, and decreased serum
level of vitamin B12 (VitB12).1–4

VitB12 malabsorption associated with metformin use
was first speculated in early 1971. Since then, several
reports from different centers have supported this
assumption. VitB12 is an essential cofactor for
converting homocysteine to methionine and for
regenerating folate, leading to DNA synthesis and
myelin sheath formation. Thus, enzymatic defects
resulting from VitB12 deficiency lead to an accumu-
lation of methylmalonic acid and homocysteine, which
causes various hematological, gastrointestinal, and
neuropsychiatric disorders.4,5

There is a lack of information on the prevalence of
metformin-associated VitB12 deficiency in patients
with T2DM in Qatar. This is because the only study
conducted prior to ours did not show a significant
difference in serum VitB12 levels between metformin
and nonmetformin users.6 Thus, this study aimed 1)

to determine VitB12 deficiency prevalence in patients
with T2DM who used metformin from January 1,
2017, to December 31, 2017; 2) to assess the
relationship between VitB12 deficiency and utilization
of metformin; and 3) to identify predictors of VitB12
deficiency among our patients in our setting.

PATIENTS AND METHODS

Design, population, and setting
This cross-sectional analytical study was conducted
at Hamad General Hospital (HGH), Doha, Qatar.
It involved patients with T2DM treated with
metformin from January 1, 2017, to December 31,
2017.

Patient identification and source of data
All patients were identified from the records of the
pharmacy department at HGH, and their details were
obtained from electronic medical records (Cerner
system). Patient enrollment for the study was based
on the following criteria: patients with T2DM, age
$18 years, daily use of metformin for at least 3
months, and VitB12 levels are available in the
electronic records. Patients who did not meet the
abovementioned inclusion criteria were excluded.
Moreover, vegetarians; pregnant women; patients
recently diagnosed with T2DM (less than 3 months),
pernicious anemia, and type 1 diabetes mellitus;
patients who underwent gastrectomy, colectomy,
and/or patients who had inflammatory bowel disease
were excluded. Patients previously receiving injections
of VitB12 and patients with serious medical
conditions such as sepsis, severe infection, malig-
nancy, heart failure, and liver cirrhosis were also
excluded.

Definitions
The serum VitB12 was quantified on a chemilumi-
nescent enzyme immunoassay analyzer using Cobas e
801 module, Roche. VitB12 deficiency was defined as
a serum VitB12 level of #145 pmol/L, and anemia
was considered if the hemoglobin level was ,13 g/dl
in men and ,12 g/dl in women. Patients were
diagnosed with hypertension if their systolic blood
pressure was $140 mmHg and/or diastolic blood
pressure was $90 mmHg or if they were receiving
any antihypertensive medication. Diabetic nephro-
pathy was defined as glomerular filtration rate (GFR)
of less than 60 mL/min/1.73 m2
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Data collection
The following data were retrieved from the electronic
records of the patients: demographic information,
BMI, DM duration, duration of metformin use, daily
dose of metformin, underlying medical conditions
(e.g., hypertension, diabetes, and diabetic nephro-
pathy), alcohol use, smoking cigarettes, concomitant
usage of drugs (e.g., insulin, sulfonylureas, dipeptidyl
peptidase-4 inhibitor, thiazolidinediones, glucagon-
like peptide 1 (GLP-1) receptor agonists, alpha-
glucosidase inhibitor, histamine H2 blockers/proton
pump inhibitors [PPI], calcium supplements, and
multivitamins), and investigation results (e.g., total
cholesterol, low-density lipoprotein (LDL)-choles-
terol, high-density lipoprotein (HDL) cholesterol,
triglycerides (TGs), glycosylated hemoglobin levels,
fasting blood glucose, mean corpuscular volume
(MCV), hemoglobin, serum creatinine, VitB12 level,
and estimated GFR [eGFR].

Sample size
The prevalence of metformin-associated VitB12
deficiency in patients with T2DM varies between 9%
and 43%.1,7 Assuming a prevalence "P" of 40% and
based on an absolute precision error (d) of 5% and a
type I error (a) of 5%, the calculated sample size was
368. However, for an accurate estimation of the
population parameters, 3,124 patients were included,
representing all cases that met the inclusion criteria
during the study period. Therefore, a complete
enumeration has been performed.

Data analysis
Descriptive statistics of qualitative and quantitative
data were expressed as frequency along with
percentage and mean (^SD). Shapiro–Wilk test was
used to assess the normality of the variables. Variables
with non-Gaussian distribution were transformed
using log transformation. Thereafter, the normality of
the transformed variables was re-evaluated, and only
a few variables could not be transformed to follow the
Gaussian distribution. Pearson’s chi-square tests were
used to test the differences in the proportion of
categorical variables to determine presence of a
significant relationship between metformin use and
VitB12 deficiency. Independent t-tests were used to
evaluate the difference between the means of two
continuous variables that were normally distributed,
while Mann–Whitney U-test was used to compare
differences between two independent groups with

the assumption that the data did not follow a normal
distribution. A Pearson correlation analysis was
performed to examine the linear relationship between
serum VitB12 and metformin use. Multiple logistic
regression analysis was performed to assess the
independent predictive effect of the variables as a risk
for VitB12 deficiency. Univariate analysis was
performed to determine the probable risk factors for
VitB12 deficiency. Variables with p , 0.05 values in
the univariate analysis were entered in the multiple
logistic regression to identify the independent risk
factors for VitB12 deficiency at p , 0.05. Data were
analyzed using the SPSS software (v 25; IBM Corp,
Armonk, NY, USA).

Ethical approval
Ethical approval was obtained from Medical Research
Committee (MRC) at Hamad Medical Corporation
(Proposal no. MRC-01-18-066).

RESULTS
A total of 6420 patients were identified during the
study period, out of which 3124 eligible patients with
T2DM were recruited in this study (Figure 1). The
mean age of the patients was 56.6 ^ 10.2 years,
with 72% being men and 28% being women. The
demographic and clinical details of the patients are
described in Table 1. Of the 3124 patients, 959
(30.7%) were found to have serum VitB12 deficiency
[95% confidence interval (CI) (0.278–0.336)].

Comparison of demographic and clinical
characteristics influencing VitB12 level in
patients with T2DM treated with metformin
No significant differences were noted in age,
nationality, DM duration, duration of metformin use,
diabetic complication (hypertension and diabetic
nephropathy), antidiabetic medications (insulin,
sodium-glucose cotransporter-2 inhibitors), multi-
vitamins, mean total cholesterol, mean LDL-choles-
terol, median HDL-cholesterol, mean glycosylated
hemoglobin level, MCV, mean serum creatinine, and
eGFR between the VitB12-normal and VitB12-
deficient groups (Table 1).

A significantly higher percentage of the VitB12-
deficient patients were men (p ¼ 0.003), and the
mean BMI in this group was high compared with that
in the VitB12-normal group (p , 0.001). The
VitB12-deficient group also consumed significantly
higher doses of metformin (p ¼ 0.001) and had
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higher rates of anemia (p ¼ 0.001), smoking
(p ¼ 0.019), and alcohol consumption (p , 0.001)
than the other group. Moreover, the VitB12-deficient
group more often used sulfonylurea (p ¼ 0.004),
dipeptidyl peptidase-4 inhibitor (p , 0.001), thia-
zolidinediones (p , 0.001), GLP-1 receptor agonists
(p , 0.001), alpha-glucosidase inhibitor
(p , 0.001), and H2 blocker/PPI (p , 0.001) than
the VitB12-normal group. The mean hemoglobin
(p , 0.001) and mean fasting blood glucose (FBG)
(p , 0.001) were significantly low, while the median
of TG was significantly high (p , 0.001) in the
VitB12-deficient group compared with that in the
other group. In addition, the VitB12-normal group
consumed more calcium supplements [404(42.17%)
vs. 86(3.97%); p , 0.001 (Table 1)] than the
VitB12-deficient group. Table 1 describes the
differences between the VitB12-deficient group and
VitB12-normal group in relation to different demo-
graphic and clinical aspects.

Correlation between metformin use and
VitB12 deficiency
Table 2 explains the relationship of the serum level of
VitB12, daily dose of metformin, and duration of

metformin use. A significant negative association was
noted between the daily metformin dosage and serum
VitB12 levels (r ¼ 20.32, p ¼ 0.01), while no
significant correlation was observed between the
duration of metformin use and serum VitB12 levels
(r ¼ 0.02, p ¼ 0.10).

Multivariate logistic regression analysis of
factors associated with VitB12 deficiency
Table 3 demonstrates the association of various risk
factors with VitB12 deficiency. In the multivariate
analysis, and after adjusting for various confounders
such as gender, nationality, BMI, daily dose of
metformin, hypertension, alcohol use, smoking,
sulfonylurea, dipeptidyl peptidase-4 inhibitor, thiazo-
lidinediones, GLP-1 receptor agonists, alpha-gluco-
sidase inhibitor, calcium supplement, and TG level,
independent risk factors identified for metformin-
associated VitB12 deficiency in patients with T2DM
included a high daily dose of metformin .2000 mg,
male gender, high BMI, smoking, sulfonylurea,
dipeptidyl peptidase-4 inhibitor, H2 blockers/PPI,
fasting blood glucose, and low hemoglobin. Calcium
supplements showed a significant negative regression
coefficient (22.810), indicating a protective effect.

Figure 1. Flow chart of patient recruitment
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DISCUSSION
Although several studies have shown that the use of
metformin has an important effect on VitB12 levels in
patients with T2DM, no published recommendations
have required regular screening tests for VitB12
deficiency in these patients. In its most recent report
(2019), the American Diabetes Association rec-
ommended regular screening for VitB12 level in
metformin-treated patients with T2DM who had
anemia or peripheral neuropathies.8 To the best of our
knowledge, this study is the largest report in Qatar
that investigated the effect of metformin use on
serum VitB12 among patients with T2DM.

Several studies have reported metformin-associated
VitB12 deficiency with various frequencies depending
on the cut-off values used to diagnose VitB12
deficiency.1–4,6,7,9 The overall prevalence of VitB12

deficiency in our study was 30.7%, which falls within
the global range of 9%–43%.1,7 In addition, this study
showed male gender predominance regardless of their
nationality, which can be explained by the fact that
Qatar and other Gulf countries have a large working
community composed mainly of men.

In the bivariate analysis (Table 1), we found a
significant difference in the serum levels of VitB12
between VitB12-normal and VitB12-deficient groups
[286 pmol/L vs 192 pmol/L; p , 0.001], which is in
line with several reports worldwide.1–4,7,9–17 Our
results are also consistent with those of several
studies,1,3,7,9–19 which showed a significant
relationship between metformin dosage and serum
VitB12 level with a variation in metformin dosage
cut-off values. Saqer et al., and Alsaeed et al.,18,19

found that a daily metformin dose of$1000 mg was

Table 2. Correlation between the daily dose of metformin, duration
of metformin use, and serum vitamin B12 level

Correlation between the dose of Metformin and Vitamin B12 level
Correlation coefficient (r) 20.32*
p value 0.01
Number of patients (N) 3124
*A significant negative linear relationship exists between the daily
dose of metformin and serum vitamin B12 level

Correlation between the duration of Metformin Use and Vitamin
B12 level
Correlation coefficient (r) 0.02
p value 0.10
Number of patients (N) 3124

No significant linear relationship exists between the daily duration of
metformin use and vitamin B12 level

Table 3. Results of the multivariate analysis for potential independent risk factors of
metformin-associated vitamin B12 deficiency in patients with T2DM

Variables Adjusted Odds Ratio [95% CI] p value

Men 2.24(1.77–2.84) ,0.001
BMI 1.04(1.02–1.05) ,0.001
Daily dose of metformin .2000 mg 1.96(0.35–2.59) 0.001
Smoker 0.75(0.60–0.95) 0.015
Sulfonylurea 1.25(1.03–1.53) 0.025
Dipeptidyl peptidase-4 inhibitor 1.32(1.09–1.61) 0.005
Calcium supplement 1.6(0.74–1.81) ,0.001
H2 blocker/PPI 1.79(1.47–2.18) ,0.001
Low FBS (mmol/L) 0.93(0.89–0.97) ,0.001
Low hemoglobin (g/dl) 0.88(0.83–0.93) ,0.001

BMI, body mass index; FBS, fasting blood sugar; PPI, proton pump inhibitors;
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associated with VitB12 deficiency, while Kim et al.,9

found that VitB12 deficiency was significantly
associated with daily metformin doses of$1500 mg.
However, several reports, including ours,1,7,17,20,21

observed that VitB12 deficiency was associated with
daily metformin doses higher than 2000 mg. More-
over, several studies have illustrated a significant
negative correlation between metformin dose and
VitB12 serum level,3,10,13,16,17,20,22 which is con-
sistent with our finding.

The exact mechanism of metformin-associated
VitB12 deficiency is not fully understood. Among the
mechanisms proposed, metformin is thought to
induce malabsorption of VitB12-intrinsic factor
complex in the terminal ileum by affecting the
calcium-dependent membrane action.15,23 Further-
more, some authors suggested that metformin-
associated VitB12 malabsorption is due to increased
bacterial overgrowth or modification of the gut
microbiota as a result of a delay in the absorption of
glucose.24

Many studies have investigated the correlation
between the duration of metformin use and serum
VitB12 level; however, the obtained data showed a
contradiction. Several authors found a negative
correlation between the duration of metformin use
and VitB12 levels.1–3,13–15,18 Conversely, the
duration of metformin use was not significantly
associated with serum VitB12 level in our study
(Table 2) and in other studies.16,17,20,21,25,26 This
contradiction could be attributed to the differences in
the criteria used for diagnosing VitB12 deficiency,
patient characteristics, and/or metformin dosage.

The effect of the concomitant use of H2 blocker/PPI
with metformin on serum VitB12 level is inconclusive,
as results of various reports are contradictory. Many
reports have shown that VitB12 level is not associated
with concomitant use of H2 blocker/PPI,1,6,14,18,23

while our findings (Table 1) and results of two
reports16,27 showed that the coadministration of H2
blocker/PPI and metformin was associated with a
significant reduction in serum VitB12 levels. The
reduced acidity, attributed to the prolonged use of H2
blocker/PPI, may lead to VitB12 malabsorption by
two mechanisms that is, inadequate release of VitB12
from food proteins, which affects the absorption of
VitB12 in the terminal ileum, and excessive growth of
bacteria in the intestine.24

In agreement with Kand et al.,28 we found a low serum
level of VitB12 when sulfonylurea was used in

combination with metformin. Furthermore, coadmi-
nistration of metformin with dipeptidyl peptidase-4
inhibitor, thiazolidinedione, alpha-glucosidase inhibi-
tor, and GLP-1 receptor agonist was also significantly
associated with low serum VitB12 levels (Table 1).
The reason for this finding is unclear, so prospective
studies are needed to confirm and to investigate its
mechanism.

In this study, we estimated the MCV and hemoglobin
levels in the VitB12-normal and VitB12-deficient
groups to evaluate the influence of VitB12 deficiency
on these hematological parameters. Like other
reports,8,14,16,23,25 we found a significant difference
in the number of anemic patients and the mean
hemoglobin levels between the two groups (Table 1).
There was a high prevalence of anemia among
VitB12-deficient group compared with the VitB12-
normal group. However, in contrast with some
reports,14,16,25,29 we did not find a significant
difference in the mean MCV between these two
groups, which is consistent with few reports in the
literature.14,17,28 Although VitB12-related anemia is
commonly thought to have a higher MCV, previous
studies have shown that up to 30% of VitB12-related
disorders have normal MCVs.14 However, this finding
can be attributed to the coexistence of other types of
anemia, which mask the effect of VitB12 deficiency
on this parameter. Therefore, in this study, metfor-
min-associated anemia is most likely a multifactorial
clinical disease that requires careful work to
distinguish VitB12-related anemia from anemia of
other causes.

Interestingly, a high number of patients received
calcium supplements in the VitB12-normal group
compared with the VitB12-deficient group (Table 1),
which is consistent with the report of Bauman et al.,30

and supports the hypothesis that metformin causes
malabsorption of the VitB12-intrinsic factor complex
in the ileum by affecting the calcium-dependent
membrane action.

Some studies have suggested that daily multivitamin
supplementation may protect against VitB12
deficiency in patients with T2DM who received
metformin.31,32 By contrast, we did not find a
significant difference in the number of patients with
multivitamins in both groups (Table 1), which makes
the protective role of this supplement questionable.
Conversely, we were unable to assess the effect of
VitB12 supplements on our patients because either
the supplements were not prescribed for most
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patients for unknown reasons or the patients were
not taking the prescribed supplements regularly;
therefore, we excluded this variable.

Many studies have analyzed independent risk factors
for metformin-associated VitB12 deficiency. Koh
et al.,14 found anemia, a high daily dose of metformin,
and a long duration of metformin therapy as
important independent risk factors, while Kang
et al.,28 reported that the use of sulfonylurea in
combination with metformin is a significant indepen-
dent risk factor for VitB12 deficiency. Alharbi et al.,1

revealed that female gender, weekly VitB12 intake,
high daily metformin dose, and medium-high MCV
were risk factors for metformin-associated VitB12
deficiency, while Aroda et al.,33 found that years of
total metformin exposure were the only significant
predictor of VitB12 deficiency. In our study, calcium
supplements, interestingly, showed a significant
negative regression coefficient, which supports the
protective role of these supplements against VitB12
deficiency in metformin-treated patients with T2DM.
Furthermore, independent risk factors for VitB12
deficiency in metformin-treated patients with T2DM
include daily dose of metformin .2000 mg, male
gender, high BMI, smoking, low hemoglobin, high
fasting blood glucose, and concomitant use of
sulfonylurea, dipeptidyl peptidase-4 inhibitor, and H2
blockers/PPI (Table 3).

This study has several limitations. First, it was a
retrospective analysis and therefore relied on
secondary data that did not allow adequate assess-
ment of some variables, such as treatment duration,
disease duration, and effect of VitB12 supplements
on peripheral neuropathy. Second, patients' electronic
records did not include the serum levels of other
markers of VitB12 deficiency, such as methylmalonic
acid and homocysteine; therefore, we missed the
opportunity to increase awareness of recognizing B12
deficiency at its early stage. Third, as it was a hospital-
based study, the results cannot be generalized.
Despite these limitations, the strength of our study
lies in the large number of patients enrolled.

CONCLUSIONS
This study showed a high prevalence of VitB12
deficiency in metformin-treated patients with T2DM.
A daily dose of metformin more than 2000 mg, male
gender, high mean BMI, smoking, low hemoglobin, and
concomitant use of sulfonylurea, dipeptidyl peptidase-4

inhibitor, and H2 blockers/PPI were independent risk
factors for metformin-associated VitB12 deficiency
in Patients with T2DM. Therefore, regular screening
for serum VitB12 is necessary in patients with T2DM
on metformin treatment, especially those who have
the abovementioned risk factors.
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