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Abstract

Background: Vitamin B12 deficiency is a well-documented side effect of long-term metformin use in patients with
diabetes. However, its potential relationship with diabetic neuropathy remains underexplored in the local diabetic
population.

Objective: This study aimed to determine the correlation between vitamin B12 deficiency and diabetic heuropathy
in type Il diabetics on long-term metformin therapy.

Study type, settings & duration: This cross-sectional analytical study was conducted at Rahbar Medical
College/ Punjab Rangers Teaching Hospital Lahore from May to November 2024.

Methodology: Total 150 type Il diabetics taking metformin >12 months were included. Vitamin B12 levels
estimated using chemiluminescence immunoassay and were considered deficient. Diabetic neuropathy was
diagnosed by using Michigan Neuropathy Screening Instrument.

Results: Out of total 150 type Il diabetics, 80 (53.3%) were women and 70 (46.7%) were men. Overall mean
age was 63+11 years. Among total 42 (28%) patients with vitamin B12 level below normal (< 300 pg/mL), 10
(6.7%) were deficient and 32 (21.3%) were inadequate. Diabetic neuropathy was diagnosed in 32 (21.3%)
patients. Of them, total 22 (68.7%) patients had vitamin B12 level below normal (< 300 pg/mL), that included 10
(31.3%) deficient and 12 (37.5%) inadequate. Duration of metformin use and B12 levels were not associated
[coefficient: 0.70, 95% CI: -0.40, 1.71]. However, diabetic neuropathy showed a strong negative association with
B12 levels [coefficient: -115.6, 95% ClI: -164.1, -67.0].

Conclusion: There is a strong link between low vitamin B12 levels and diabetic neuropathy in long-term
metformin users, suggesting B12 deficiency as a modifiable risk factor. Regular B12 monitoring may help
prevent neurological complications.
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Introduction
cause of this deficiency.”

changes in levels of intrinsic factor and cubilin as
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V itamin B12 deficiency is a common side effect
in patients with long-term use of metformin, as
first reported in 1969 and then several subsequent
studies.” An average of 5-40% patients using
metformin develop a B12 deficiency depending
upon their demographics.2 However, the etiology of
this deficiency in association with metformin use is
vague, literature suggests mechanisms like
inhibition of B12-Intrinsic factor complex preventing
absorption and small intestinal  bacterial
overgrowth.> Some studies have also reported the
competitive inactivation of B12 absorption and
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Deficiency of vitamin B12 causes various

neurological and cognitive disorders such as
neuropathy, spinal cord subacute combined
degeneration, dementia, demyelination and

delirium. These disorders can be seen as
manifestation of neuropathy in diabetes patients
using metformin Iong-term.5

The diagnostic gold standard for diabetic
neuropathy in chronic users of metformin is
unknown, but multiple methods with comparable
sensitivity and specificity are used as alternative
among which, electrodiagnostic methods reported
high diagnostic accuracy. Michigan Neuropathy
Screening Instrument is the best examination to
diagnose diabetic neuropathy.®

Since the diabetic neuropathy has been
frequently reported in metformin users in literature,
American Diabetes Association’ and American
College of Endocrinology8 recommend assessing
B12 inadequacy in such patients during routine
examination. However, limited studies have
comprehensively analyzed this association while
considering key risk factors such as gender and
dosage levels. This study aimed to determine the
correlation between vitamin B12 deficiency and
diabetic neuropathy in type Il diabetics on long-term
metformin therapy.

Methodology

This cross-sectional analytical study was
conducted at Rahbar Medical College/ Punjab
Rangers Teaching Hospital Lahore from May to
November 2024. Type |l diabetics taking metformin >12
months, aged >40 years, and of both genders were
included using consecutive sampling technique. Sample
size of 150 was calculated keeping 20% estimated
incidence.® Patients with history of Gl tract surgery,
malabsorptive syndrome and patients who were
taking B12 supplements or multivitamins were
excluded from the study. All patients provided their
informed consent for their data being used for
research.

Patients’ data including demographics, age,
sex, diabetes diagnosis time, metformin use
duration, and metformin dose were recorded.
Chemiluminescence immunoassay was performed
to measure vitamin B12 levels where <200 pg/mL
was considered as deficient, 200 to 300 pg/mL as
inadequate and >300 pg/mL as normal.’® Diabetic
neuropathy was diagnosed by using Michigan
Neuropathy Screening Instrument (MNSI) followed
by physical exam. If the MNSI questionnaire
indicates sufficient proof of diabetic neuropathy
(score 27), and physical examination >2 score was
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considered as positive test as it has shown 80%
sensitivity and 95% specificity previously.™*

All data were analyzed by using Statistical
Package for Social Sciences (SPSS) version 23.
Continuous variables were presented as MeanzSD
and categorical variables as frequency
(percentage). Vitamin B12 levels (deficiency and
inadequacy) were further stratified for age and
gender and percentage with 95% CI were reported.
Spearman’s rank correlation coefficient was
determined to evaluate the correlation between
continuous vitamin B12 variables and duration and
dose of metformin, time of diabetes diagnosis and
diagnostic scores of diabetic neuropathy. A
probability value < 0.05 was considered significant.

The ethical approval of the study was
obtained from the Ethics Review Committee of the
Punjab Rangers Teaching Hospital Lahore vide
letter no. 28/2021.

Results

Among 150 type Il diabetics, 80 (53.3%)
were women and 70 (46.7%) were men. Overall
mean age was 63+11 years. Diabetic neuropathy
was diagnosed in 32 (21.3%) patients (Table-1).

Table 1: Patients’ demographic and clinical features

Characteristics N=150
Females 80 (53.3%)
Age (years) 63+11
Neuropathy 32 (21.3%)
Vitamin B12 level 409+153
Duration of metformin use (months) 107+89
Metformin dose (mg) 15304615
Duration of diabetes diagnosis (years) 7+ 6.5
MNSI 1 6+3.8

Overall, 42 (28%) patients had vitamin B12
level below normal (£ 300 pg/mL). Of them, 10
(6.7%) were vitamin B12 deficient and 32 (21.3%)
were inadequate. Gender-wise  stratification
revealed that 11.3% men and 5.3% women had B12
deficiency (Table-2).

Table 2: Stratification of vitamin B12 deficiency by
age and gender

B12 Levels B12 Levels
<200 pg/mL 200-300
pg/mL

All patients 6.7% (8-13%)
Men 11.3% (7-21%)
Women 5.3% (2-11%)
Age <70 years 6% (3-11%)
Age >70 years 11% (6-23%)

21.3% (16-28%)
22% (15-35%)
19% (13-28%)
21% (15-30%)
21% (14-25%)
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Table 3: Spearman’s rank correlation analysis

Model A Model B

Spearman’s 95% Probability = Spearman’s 95% Probability

correlation Confidence correlation Confidence

coefficient Interval coefficient Interval
Metformin dose (mg) -0.05 -0.09, -0.030 0.001 -0.056 -0.10, -0.027  0.001
Gender female 48.2 2.0-94.2 0.036 53.4 10.0-101.9 0.020
Diabetic neuropathy (yes) -115.6 -164.1, -67.0 0.0 -109.3 -161.0, -60.7 0.0
Age (years) -0.90 -3.0,1.2 0.370 - - -
D_uratlon of diabetes 48 15.4, 6.7 0.380 } ) }
diagnosis (years)
Duration of metformin use 0.70 -0.40, 1.71 0.218 ) ) )

(months)

Duration of metformin use and B12 levels were not
associated [coefficient: 0.70, 95% CI: -0.40, 1.71].
However, diabetic neuropathy showed a strong
negative association with B12 levels [coefficient: -
115.6, 95% CI: -164.1, -67.0] (Table-3). Out of total
150 patients, 32 (21.3%) were diagnosed with
diabetic neuropathy. Of them, total 22 (68.7%)
patients had vitamin B12 level below normal (< 300
pg/mL), that included 10 (31.3% deficient and 12
(37.5%) inadequate (Table-4).

Table 4: Diabetic neuropathy in different vitamin B12
levels

Diabetic Neuropathy

B12 levels Positive Negative Total

(n=32) (n=118) (n=150)
Deficiency 10 (31.3%) 0 (0.0%) 10 (6.7%)
Inadequacy 12 (37.5%) 20 (16.9%) 32 (21.3%)
Normal 10 (31.3%) 98 (83.1%) 108 (72.0%)

Discussion

According to our results almost 6.7% of the
population had low B12 levels which significantly
lower than the prevalence of 28-41% in other
studies.”®*® This difference can be explained by
exclusion of high-risk patients like those with
malabsorptive syndrome that can lead to anemia
and those with prior prescription for B12. Secondly,
different cut-off values for B12 deficiency
classification can also account for this difference.

A recent meta-analysis concluded
metformin as a predictor of B12 deficiency in
diabetes patients.* The results of our study are
similar to previous studies which define arbitrary
equivalent cut off points and reported the incidence
of B12 deficiency in 5-40% study population.>*® In
our study the male patients who were administered
high dose of metformin and those with neuropathy
had significantly low B12 levels and most of them
had low or borderline levels. Previous literature has

70

also reported an inverse relationship between dose
of metformin and B12 levels."

Only 28% of our patients were diagnosed
with diabetic neuropathy which was lower than the
prevalence reported previously in diabetes patients
i.e 40-50%." We observed that low B12 levels were
significantly associated to development of diabetic
neuropathy. Several studies have been conducted
to evaluate the associations between deficiency of
B12 and diabetic neuropathy but they yielded
inconclusive results as they were descriptive
analyses.”” Gupta et al. reported a significant
association between duration of metformin
administration and diagnosis of diabetic neuropathy
and an inverse relationship between B12 levels and
metformin duration.”® A review study found that
neuropathy could be improved by vitamin B12
supplements and methylcobalamin by reducing pain
and paresthesia but they did not affect the
electrophysiological measurements.**

In contrast to this a recent meta-analysis did
not report any association between neuropathy and
B12 deficiency but the results were inconclusive due
to lack of evidence.® Another study was conducted
where  diabetic  neuropathy patients were
administered B12 supplements but the results
regarding improvement of neurozpathy by the
supplementation were inconclusive. 2 On the other
hand, folic acid supplements have been reg)orted to
improve symptoms of diabetic neuropathy.2

In the present study, B1l2 levels were
significantly different in men unlike previous data.*
As a result, diabetic neuropathy was also more
common in men but no physiological etiology was
discovered for this association. Not much data is
available regarding stratification of neuropathy with
respect to gender. One study we found reported
conflicting results to our study and showed high
incidence of B12 deficiency in females.”> The
possible explanation of prevalence of B12
deficiency in men could be the older age of males
as compared to females.
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The present study has certain limitations.
Neuropathy was diagnosed using methods with
variable diagnostic accuracy, such as MNSI or
clinical history, which may influence the accuracy of
the results; however, bias in MNSI is limited to
different levels of B12 (low, normal, borderline).
Preexisting neuropathy prior to metformin use was
not assessed. Furthermore, a causal correlation
between B12 deficiency and neuropathy could not
be established.

There is a strong link between low vitamin
B12 levels and diabetic neuropathy. Additionally,
male gender and increased doses of metformin
being the risk factor for low B12 levels.

Conflict of interest: None declared.
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