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Objective: To assess the association between vitamin B12 deficiency and the development

of diabetic foot ulcers (DFU) in type 2 diabetes mellitus (T2DM).

Methods: This is a case–control study that enrolled 323 Saudi adults with T2DM randomly

selected from the Jazan Diabetes & Endocrine Center, Saudi Arabia from January 1, 2019, to

July 31, 2019. The sample included 108 newly diagnosed cases with DFU and 215 control

participants with T2DM unaffected by and free of foot ulcers (1:2 ratio). Logistic regression

analysis was performed to determine the DFU predictors and to examine the association of

DFU and vitamin B12 deficiency.

Results: The highest DFU rates were found among the male participants and the participants

older than 45 years. Neuropathy, vasculopathy, vitamin B12 deficiency, poor glycemic

control, poor feet self-care, Charcot foot, physical inactivity, and spending long time standing

at work were significantly associated with DFU, and all except physical inactivity and

spending long time standing at work were independent predictors of DFU. After adjustment

for the covariates, vitamin B12 deficiency was significantly associated with DFU (odds ratio

3.1), indicating that the patients with T2DM and vitamin B12 deficiency had a three times

higher risk of developing DFU than those with normal vitamin B12 levels.

Conclusion: Vitamin B12 deficiency had a significant association with DFU among the

Saudi participants with T2DM. Establishing the causality and clarifying the biological role of

vitamin B12 deficiency in DFU is important aims for future studies.
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Introduction
Diabetic foot ulcers (DFU) are a serious complication of diabetes mellitus char-

acterized by full-thickness wounds accompanied by skin necrosis.1 DFU affect

more than 18% of the people with type 2 diabetes mellitus (T2DM) in Jazan,

Saudi Arabia.2 DFU constitute a public health concern because they increase

health-care costs and can lead to lower limb amputations,3,4 resulting physical

limitations and disabilities that can affect work productivity and quality of life.

The development of DFU is associated with a variety of potential risk factors,

which must be determined to prevent its occurrence. Most previous studies in the

literature exploring those factors have been conducted in Western countries, so

further research is needed to explore the risk factors associated with DFU in

different communities. This need is especially acute in large countries, such as

Saudi Arabia whose regions have different behaviors, cultures, and lifestyles.

Vitamin B12 plays an important function in the development of the central and

peripheral nervous systems.5 Deficiency of this vitamin is prevalent among patients
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with T2DM (30%) and can be assessed by measuring serum

vitamin B12 levels.
6 The main cause of this deficiency is the

use of metformin as the first-line pharmacological treatment

for T2DM in clinical practice.7 Accumulating evidence8–12

suggests that long-term use of metformin lowers serum

vitamin B12 levels. Furthermore, bariatric surgery, which is

commonly used with obese patients with T2DM, is also

a risk factor for malabsorption of vitamin B12.
13 As this

vitamin is essential for proper functioning of the peripheral

nervous system, its deficiency can be associated with per-

ipheral neuropathy, a prominent risk factor for DFU devel-

opment in patients with T2DM.14 To the authors’

knowledge, no single study in the literature has explored

the possible association between vitamin B12 deficiency and

DFU development. This study, therefore, investigated

whether vitamin B12 deficiency is associated with DFU in

patients with T2DM in Jazan, Saudi Arabia, taking into

consideration other associated risk factors of DFU.

Methodology
Study Design and Population
This case–control study was conducted with Saudi adults

in Jazan City who were at least 18 years old and had

T2DM. In southwestern Saudi Arabia, Jazan is a small

city with a relatively homogenous population with similar

ethnic and socioeconomic characteristics. Every Saudi

patient with T2DM and DFU in Jazan City is registered

at the Jazan Diabetes & Endocrine Center, the main center

delivering care services for those conditions in the city.

Sampling Technique
All patients who had T2DM and were newly diagnosed at

the onset of DFU over January 1, 2019, to July 31, 2019

(n=278) were identified through the registry department of

the Jazan Diabetes & Endocrine Center. The control partici-

pants were identified as all patients with T2DM who regis-

tered at the Jazan Diabetes & Endocrine Center and were

unaffected by and free of foot ulcer at the diagnosis date of

the affected cases (n=6722). All the cases and control sam-

ples were included in two sampling frames as the case and

control lists. Simple random selection of the participants was

then performed. Patients receiving any form of vitamin B12

supplements were excluded (Figure 1).

Sample Size
The sample size was estimated using Epi Info software15

with a confidence interval (CI) of 95%, power of 80%, and

case–control ratio of 1:2. A hypothetical risk assumption of

40% among the controls and an odds ratio of 2 were used in

the calculation. This procedure yielded a total sample size

of 323, with 108 cases and 215 control participants. Each

case with DFU was compared to two controls without DFU.

The Jazan Diabetes & Endocrine Center Registry

Controls frame

All Saudi patients with T2DM

(unaffected by foot ulcer) (n = 6,722)

Cases frame

All Saudi patients newly diagnosed 

with DFU (n = 278)

243 patients with T2DM were selected and 28 were 

supplement12excluded as they were on vitamin B

Controls with T2DM (n = 215) were recruited for 

data collection 

117 patients with DFU were selected and 9 were 

supplement12excluded as they were on vitamin B

Cases with DFU (n = 108) were recruited for data 

collection 

Random sampling technique

Figure 1 Participant enrollment and the sampling technique in the current study.

Abbreviations: T2DM, type 2 diabetes mellitus; DFU, diabetic foot ulcer.
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Definition of Diabetic Foot Ulcers
A foot ulcer in a patient with T2DM was defined as a new,

non-healing or poorly healing, partial- or full-skin thick-

ness wound below the ankle.1

Definition of Vitamin B12 Deficiency
The majority of the published studies in the literature used

the value <148 pmol/L as a cut-off point for vitamin B12

deficiency.16–21 In the current study, therefore, vitamin B12

deficiency was defined as serum levels of vitamin B12

<148 pmol/L. Vitamin B12 levels are measured routinely

in the Jazan Diabetes & Endocrine Center for patients with

T2DM who are on metformin medication and those who

have neurological manifestations.

Covariates and Data Collection
Face-to-face interviews were held to collect data from the

participants. The interviews used a structured question-

naire designed by an interdisciplinary team at the Jazan

Diabetes Center consisting of an endocrinologist,

a podiatrist, and family and community medicine consul-

tants. The questionnaire covered serum vitamin B12 levels

and other risk factors (the confounding variables) shown in

the literature to be associated with DFU development or

other possible factors noted by the author in clinical prac-

tice. These factors were age, sex, occupation, work activity

levels, diabetes duration, foot trauma, neuropathy, vascu-

lopathy, foot self-care (including daily foot care and

appropriate footwear), physical activity, body mass index

(BMI), glycated hemoglobin (A1C), vitamin B12 levels,

dry foot skin, Charcot joints, and foot fissures.

Following the World Health Organization,22 BMI was

calculated as a person’s weight in kilograms divided by

height in meters. BMI was categorized as underweight for

values <18.50, normal for 18.50–24.99, overweight for

25–29.99, and obese for ≥30. Physical activity of less than

150 mins per week was categorized as physically inactive,

following the American Diabetes Association guidelines.7

A1C ≥7% was categorized as poor glycemic control, and

A1C <7% as good glycemic control.7 When the patients

exhibited loss of protective sensation, neuropathy was con-

sidered through clinical examination using 10

g monofilament assessment, vibration, and temperature

sensation.23 Peripheral arterial disease was defined based

on patient history of intermittent claudication and absent or

diminished feet pulses (posterior tibial artery and dorsalis

pedis artery) with assessment of ankle-brachial index

measurements using a Doppler device. Values of 0.70–0.90

were considered to be mild obstruction, and values <40 were

severe obstruction.24 Charcot joint was considered when the

bones, joints, and soft tissues of the foot and ankle were

inflamed in the presence of neuropathy and characterized

by bone destruction, subluxation, and dislocation.25

Ethical Approval
The Jazan Hospital Institutional Review Board (reference

number: H-10-Z-068)26 granted ethical approval (No.

1905) for the study, which also complied with the

Helsinki Declaration. Written informed consent was

obtained from all the participants before enrolment.

Statistical Analysis
Data entry and analysis were performed by the principal

investigator using Statistical Package for the Social

Sciences software version 24.27 The data were coded

with anonymous identification numbers in order to guar-

antee the privacy of the participants. The continuous vari-

ables were described by means and standard deviation

(SD) and the categorical variables by percentages and

frequencies. A chi-square test for independence was used

to assess the associations among the categorical variables.

Binary logistic regression was used to explore the predic-

tors of DFU including the significant variables in univari-

ate regression. The assumptions of the binary logistic

regression were checked for the presence of outliers and

multicollinearity (high inter-correlations among indepen-

dent variables). P values <0.05 were considered to be

statistically significant.

Results
The study included 323 Saudi participants with T2DM,

including 108 cases with DFU and 215 controls with-

out DFU.

Diabetic Foot Ulcers Risk Factors
DFU was most common in the participants aged 45–64

years (Table 1). The mean age of the cases with DFU was

56.9 years (SD ±12.2), with a range of 31–81 years. The

mean age of the controls without DFU was 54 years (SD

±9.8), with a range of 34–76 years. More men (61.5%)

than women (38.5%) had DFU (Table 1). The type and

nature of their occupations had significant associations

with DFU (Table 1). It was found that the patients who

had T2DM and worked in positions that required standing

for long periods of time (e.g., police, security, and
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Table 1 Risk Factors of Diabetic Foot Ulcers Using Chi-Square Test

Variables Cases = 108 Controls = 215 P-value

n (%) n (%)

Age ≤44 years 21 19.4% 43 20.0% 0.073

45–64 years 55 50.9% 138 64.2%

≥65 years 32 29.7% 34 15.8%

Sex Male 66 61.1% 126 58.6% 0.723

Female 42 38.9% 89 41.4%

Occupation Not working 17 15.7% 18 8.4% 0.023*

Retired 10 9.3% 50 23.2%

Police man 9 8.3% 13 6.0%

Security guard 11 10.2% 4 1.9%

Teacher 10 9.3% 20 9.3%

Desktop 13 12% 43 20%

House wife 38 35.2% 67 31.2%

Activity at work^ Mostly sitting 35 32.4% 65 30.2% 0.006*

Mostly walking 16 14.8% 59 27.4%

Mostly standing 30 27.7% 22 10.2%

Physically active No 102 94.4% 142 66.0% <0.001*

Yes 6 5.6% 73 34.0%

Foot self-care No 67 62.0% 81 37.7% 0.001*

Yes 41 38.0% 134 62.3%

Foot trauma No 66 61.1% 160 74.4% 0.031*

Yes 34 38.9% 55 25.6%

Neuropathy Absent 10 9.3% 108 50.2% <0.001*

Present 98 90.7% 107 49.8%

Vasculopathy Absent 65 60.1% 189 87.9% 0.001*

Present 43 39.9% 26 12.1%

Diabetes duration <5 years 2 1.9% 18 7.5% <0.001*

5–10 years 11 10.1% 90 42.8%

>10 years 95 88.0% 107 49.7%

Body mass index Underweight 1 1.8% 3 1.3% 0.629

Normal 22 20.3% 37 17.2%

Overweight 39 36.1% 97 45.1%

Obese 45 41.8% 78 36.4%

Glycemic control Good control 13 12.1% 65 30.2% 0.001*

Poor control 95 87.9% 150 69.8%

Vitamin B12 deficiency No 44 40.8% 146 67.9% 0.001*

Yes 64 59.2% 69 32.1%

Charcot joints Absent 84 77.7% 196 91.1% <0.001*

Present 24 22.3% 19 8.9%

Dry foot skin Absent 17 15.7% 174 80.9% <0.001*

Present 91 84.3% 41 19.1%

Foot fissure Absent 91 84.2% 201 93.5% 0.040*

Present 17 15.8% 14 6.5%

Notes: *Significant results (P value < 0.05); ^Not working participants were excluded from activity at work.
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teachers) were more likely to have DFU than those who

spent more time sitting or walking at work (Table 1).

DFU was found to have a significant association with the

cases who practiced poor feet self-care, such as inspecting

feet, cleaning, and drying between the toes, using moisten-

ing creams, and wearing appropriate shoes (Table 1). In

addition, physical inactivity and history of foot trauma had

significant associations with DFU (Table 1). Table 1 shows

that diabetes complications, peripheral neuropathy, and per-

ipheral vascular disease also had significant associations

with DFU development. Long duration of T2DM was also

associated with DFU (Table 1). The T2DM mean duration

was 19.1 years (SD ±7.5) and 11.1 years (SD ±4.9) for the

cases and the controls, respectively.

The mean BMI of the cases was 28.9 (SD ±5.3), with

a range of 16.9–44.4. The mean BMI of the controls was

28.8 (SD ±4.3), with a range of 18–40. More cases (90.8%)

had poor glycemic control than controls (69.8%). The mean

HbA1c of the cases with DFU was 10.5 (SD ±2), with

a range of 6.3–14. The controls who did not have DFU

had a mean HbA1c of 8.5 (SD ±2.1), with a range of

5.5–12.6. Poor glycemic control was observed to be

a significant risk factor associated with DFU development

(Table 1), as were Charcot joint (Table 1), dry skin, and foot

fissures (Table 1). Most cases with DFU were on metformin

medication (87%) and others were insulin. Similarly, about

88% of control group were on metformin and 12% were on

insulin and other anti-diabetic medications.

Diabetic Foot Ulcers and Vitamin B12
Deficiencies
Table 1 shows a significant correlation between DFU and

vitamin B12 deficiency in the patients with T2DM: lower

vitamin B12 levels led to higher risk for DFU develop-

ment. Table 2 presents the results of the multivariate

binary logistic regression analysis examining DFU predic-

tors in patients with T2DM. A significant association with

a 95% CI existed between vitamin B12 deficiency and

DFU after adjusting for the other covariates. The patients

with T2DM and vitamin B12 deficiency had 3.1 higher

odds of reporting DFU than the patients with T2DM but

without vitamin B12 deficiency.

Discussion
The potential association between vitamin B12 deficiency

and DFU is an attractive topic whose potential clinical

implications have aroused researchers’ interest. However,

the literature lacks studies exploring this association. This

case–control study, therefore, was aimed at exploring the

association between vitamin B12 deficiency and DFU

among the patients with T2DM in Jazan City, Saudi

Arabia, taking into consideration other DFU risk factors.

The study compared 108 cases with DFU to 215 controls

without DFU.

Diabetic Foot Ulcers and Vitamin B12
Deficiency
Vitamin B12, also known as cobalamin, is a vitamin

essential to the proper functioning and development of

the central and peripheral nervous systems,5 ensuring

effective nerve-impulse transmission.5 Vitamin B12 defi-

ciency can cause demyelination and nerve damage with

clinical presentation of neurological manifestations and

peripheral neuropathy with the associated symptoms of

pain, tingling, numbness, paresthesia, and loss of

sensation.28 Improvement of neurological symptoms

after vitamin B12 supplements is a clear indication of

this relationship.9 Peripheral neuropathy is one of micro-

vascular complications of T2DM.7,29 In the current

study, the vast majority of the cases with DFU (90.7%)

had peripheral neuropathy, manifested clinically with

a loss of sensation, especially in the feet. Peripheral

neuropathy increased the risk of DFU development as

the patients with feet hypoesthesia were vulnerable to

foot trauma.

Metformin (biguanide derivative) is the recommended

first-line anti-diabetic agent commonly used for treatment

of T2DM.7 Accumulating evidence, however, has con-

firmed that its long-term use contributes to vitamin B12

deficiency in patients with T2DM.8–12 Metformin has been

reported to lead to malabsorption of vitamin B12 and

reduce its uptake in the terminal ileum, thereby decreasing

Table 2 Significant Predictors for Diabetic Foot Ulcers in

Logistic Regression^

Variables Multivariate Analysis

OR (CI 95%) P-value

Peripheral neuropathy 9.8 (3.1–11.8) <0.001*

Peripheral vascular disease 4.7 (2.1–9.3) 0.001*

Vitamin B12 deficiency 3.1 (2.1–6.9) 0.010*

Poor glycemic control 3.1 (2.0–7.1) 0.010*

Charcot joint 2.9 (1.3–4.6) 0.012*

Inappropriate foot self-care 2.7 (1.1–4.9) 0.042*

Notes: *Significant results (P value <0.05); ^Logistic regression included the sig-

nificant variables in univariate regression.
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the concentration of serum vitamin B12 10–30%.30

Manifestation of vitamin B12 deficiency starts three to 6

months after starting use of metformin medication.12,31

Furthermore, most obese patients with T2DM undergo

bariatric surgery, which is also a risk factor for nutrients

and vitamins deficiency including vitamin B12 due to

malabsorption.13 Therefore, there is an association

between vitamin B12 deficiency and DFU in patients with

T2DM, especially among those who use metformin med-

ication and undergo bariatric surgery.

Diabetic Foot Ulcers and Other Risk

Factors
The patients who had T2DM and were older than 45 years

old had the highest DFU rate, possibly because diabetes

complications, including foot ulcer, increase with age and

diabetes duration. The male cases also had a high DFU

rate, possibly due to their vulnerability to foot trauma,

especially those who wear unsuitable shoes such as the

open styles of footwear (known as sandals) popular in

Jazan’s culture.2 In contrast, female residents of Jazan

are more likely to spend more time indoors as housewives,

and they may be more capable of foot self-care than males,

making them less likely to experience foot trauma.

Furthermore, it was noticed that some jobs that required

standing for long periods of time were associated with

DFU (e.g. police, security, and teachers). Obesity is an

associated comorbidity with T2DM, so high weight may

increase foot pressure when standing for long periods,

which may increase the risk of the progression of DFU

pathogenesis.

In addition, it is believed that proper feet self-care, such

as cleaning feet regularly, using moistening creams, and

wearing appropriate shoes, may prevent the occurrence of

foot ulcers in people with diabetes.2 This study found that

a lack of feet self-care in patients with T2DM increased risk

of DFU development. The physically inactive participants

also tended to have DFU. Physical activity contributes to

good glycemic control, reducing the risk of diabetes com-

plications such as foot ulcers.32,33 Poor glycemic control

also increases risk of microvascular complications such as

neuropathy and DFU development. The UK Prospective

Diabetes Study, therefore, has recommended controlling

blood glucose levels to reduce risk of microvascular com-

plications in patients with diabetes.29 The presence of dry

skin, Charcot foot, and plantar calluses contributes to pro-

gression of DFU in patients with T2DM, as the current

findings indicate. Plantar calluses are another important

contributor to the pathogenesis of DFU. The likely explana-

tion is that in the presence of neuropathy complications,

sweating of lower limbs may decrease, leading to dry skin.

Consequently, foot calluses and fissures can form under

weight-bearing areas, which may cause foot ulcers in

areas exposed to increased foot pressure.

Study Limitation
Multiple factors interact and contribute to DFU develop-

ment, such as environmental hazards, lower limb pathol-

ogy, and genetic factors. In this study, it was not possible

to account for genetic factors and explore their associa-

tions with DFU. Furthermore, despite the exciting findings

on a potential, new risk factor of DFU, this study design

cannot prove causation. Establishing the causal association

between vitamin B12 deficiency and DFU and clarifying

the biological role of vitamin B12 deficiency in DFU are

important aims for future studies such as cohort studies.

Conclusion
The study results indicate that vitamin B12 deficiency was

associated with DFU development in the Saudi patients

with T2DM in Jazan, Saudi Arabia. The patients with

T2DM and vitamin B12 deficiency had 3.1 higher odds

of reporting DFU than the patients with T2DM but without

vitamin B12 deficiency.
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