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A B S T R A C T

The current paper presents the 𝜆𝜆𝜆𝜆-Bernstein operators through the use of newly developed variant of Stancu-
type shifted knots polynomials associated by Bézier basis functions. Initially, we design the proposed Stancu
generated 𝜆𝜆𝜆𝜆-Bernstein operators by means of Bézier basis functions then investigate the local and global
approximation results by using the Ditzian–Totik uniform modulus of smoothness of step weight function.
Finally we establish convergence theorem for Lipschitz generated maximal continuous functions and obtain
some direct theorems of Peetre’s 𝐾𝐾𝐾𝐾-functional. In addition, we establish a quantitative Voronovskaja-type
approximation theorem.

1. Introduction and preliminaries

One of the most well-known mathematicians in the world, S. N. Bernstein, provided the quickest and most elegant demonstration of one of
the most well-known Weierstrass approximation theorems. Bernstein also devised the series of positive linear operators implied by {𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠}𝑠𝑠𝑠𝑠≥1. The
famous Bernstein polynomial, defined in Bernstein (2012), was found to be a function that uniformly approximates on [0, 1] for all 𝑓𝑓𝑓𝑓 ∈ 𝐶𝐶𝐶𝐶[0, 1] (the
class of all continuous functions). This finding was made in Bernstein’s study. Thus, for any 𝑦𝑦𝑦𝑦 ∈ [0, 1], the well-known Bernstein polynomial has
the following results.

𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠(𝑔𝑔𝑔𝑔; 𝑦𝑦𝑦𝑦) =
𝑠𝑠𝑠𝑠
∑

𝑖𝑖𝑖𝑖=0
𝑔𝑔𝑔𝑔
( 𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠
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𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦),

where 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) are the Bernstein polynomials with a maximum degree of 𝑠𝑠𝑠𝑠 and 𝑠𝑠𝑠𝑠 ∈ N (the positive integers), which defined by

𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) =

⎧

⎪

⎨

⎪

⎩

(𝑠𝑠𝑠𝑠
𝑖𝑖𝑖𝑖

)

𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖(1 − 𝑦𝑦𝑦𝑦)𝑠𝑠𝑠𝑠−𝑖𝑖𝑖𝑖 for 𝑠𝑠𝑠𝑠, 𝑦𝑦𝑦𝑦 ∈ [0, 1] and 𝑖𝑖𝑖𝑖 = 0, 1,…

0 for any 𝑖𝑖𝑖𝑖 𝑖𝑖 𝑠𝑠𝑠𝑠 or 𝑖𝑖𝑖𝑖 𝑖𝑖 0.
(1.1)

Testing the Bernstein-polynomials’ recursive relation is not too difficult. The recursive relationship for Bernstein-polynomials 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) is quite
simple to test.

𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) = (1 − 𝑦𝑦𝑦𝑦)𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠−1,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) + 𝑦𝑦𝑦𝑦𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠−1,𝑖𝑖𝑖𝑖−1(𝑦𝑦𝑦𝑦).

In 2010, Cai and colleagues introduced 𝜆𝜆𝜆𝜆 ∈ [−1, 1] is the shape parameter for the new Bézier bases, which they called 𝜆𝜆𝜆𝜆-Bernstein operators.
This definition of the Bernstein-polynomials is defined as follows:

𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠,𝜆𝜆𝜆𝜆(𝑔𝑔𝑔𝑔; 𝑦𝑦𝑦𝑦) =
𝑠𝑠𝑠𝑠
∑

𝑖𝑖𝑖𝑖=0
𝑔𝑔𝑔𝑔
( 𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠

)

𝑏̃𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝜆𝜆𝜆𝜆; 𝑦𝑦𝑦𝑦), (1.2)
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The preconditioned iterative integration-exponential method is a novel iterative regularization method de-
signed to solve symmetric positive definite linear ill-conditioned problems. It is based on first-order dynamical 
systems, where the number of iterations serves as the regularization parameter. However, this method does not 
adaptively determine the optimal number of iterations. To address this limitation, this paper demonstrates that 
the preconditioned iterative integration-exponential method is also applicable to solving nonsymmetric positive 
definite linear systems and introduces an improved version of the preconditioned iterative integration-expo-
nential method. Inspired by iterative refinement, the new approach uses the residual to correct the numerical 
solution's errors, thereby eliminating the need to determine the optimal number of iterations. When the residual 
of the numerical solution from the initial preconditioned iterative integration-exponential method meets the ac-
curacy threshold, the improved method reverts to the original preconditioned iterative integration-exponential 
method. Numerical results show that the new method is more robust than the original preconditioned iterative 
integration-exponential method and eliminates the need for selecting regularization parameters compared to 
the Tikhonov regularization method, especially for highly ill-conditioned problems.
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1. Introduction

In recent years, ill-conditioned problems have attracted more and more attention and been widely used in engineering and mathematics fields, such 
as geodesy [1], geophysical exploration [2], signal and image processing [3, 4]. The solution methods of ill-conditioned equation have important 
research significance.

The ill-conditioned system can be expressed as the following form:

Ax b= (1)

where A� �
R
n n is an ill-conditioned matrix, x is solution b is observation. For an ill-conditioned system, a small disturbance in b or A can result in a 

significantly larger change in the solution x. This brings quite large difficulty when one solves the system (1) numerically. Thus, it is useless to use 
the conventional numerical methods to solve systems (1). To address this issue, iterative regularization methods such as Tikhonov regularization[5, 
6] (TR), the Landweber iteration [7], and direct regularization methods like truncated singular value decomposition [2, 8] (TSVD), modified truncat-
ed singular value decomposition [9], and modified truncated randomized singular value decomposition[10] have been developed and widely used. 
A common feature of these regularization methods is that their performance depends on various regularization parameters, such as the truncation 
order in TSVD, the Tikhonov regularization parameter, and the iteration number in iterative regularization methods. In recent years, iterative regu-
larization methods for ill-conditioned equations based on the numerical solution of dynamic systems have garnered attention [11–14]. 

The study on connections between iterative numerical methods and continuous dynamical systems often offers better understanding about iter-
ative numerical methods, and leads to better iterative numerical methods by using numerical methods for ordinary differential equations (ODEs) 
and devising ODEs from the viewpoint of continuous dynamical systems [15, 16]. For solving ill-conditioned linear systems, Ramm developed the 
dynamical systems method [11, 17]. Wu analyzed the relationship between Wilkinson iteration method and Euler method and proposed a new iter-
ative improved solution method to solve the problem of ill-conditioned linear equations [12, 18] . Enlightened by Wu’s work, Salkuyeh and Fahim 
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A B S T R A C T

Diabetes mellitus is characterized by poor glycemic control, as indicated by circulating levels of glycosylated 
hemoglobin A1c (HbA1c). Recent reports have implicated vitamin B12 deficiency in worsening glycemic 
control, leading to complications like neuropathy and anemia. We aimed to assess the association between 
vitamin B12 deficiency and elevated HbA1c levels in patients with diabetes. Data collected from a cohort of 
364 patients with diabetes encompassed circulating levels of HbA1c, vitamin B12, age, and sex. Participants 
included 202 women (55.5%) and 162 men (44.5%) and were classified by age (≤60 years and >60 years) 
and sex. The statistical methods employed included Pearson’s correlation, Welch’s t-test, and the Chi-square 
test via RStudio software. Our findings revealed that the mean HbA1c percentage is significantly lower in 
patients with vitamin B12 deficiency compared with their non-deficient counterparts (2.5 ± 0.58 versus 2.8 ± 
0.64, respectively; p = 0.000). Further, the correlation between vitamin B12 and HbA1c levels demonstrates a 
weakly positive relationship (r = 0.22), which is statistically significant (p < 0.001). The prevalence of vitamin 
B12 deficiency is consistent across both age groups (12.68% of patients aged ≤60 years and 11.25% of those 
>60 years). Our data suggests a significant but negative correlation between vitamin B12 deficiency and HbA1c 
levels in patients with diabetes. The observed correlation between vitamin B12 deficiency and improved 
glycemic control warrants further investigation and may enhance the management of patients with diabetes.

1. Introduction

Diabetes mellitus is characterized by persistent hyperglycemia 
(Aroda et al., 2016). Current research indicates a strong correlation 
between the development of diabetes and glycemic management based 
on measurement of the circulating levels of glycosylated hemoglobin 
A1c (HbA1c) (de Boer et al., 2011). Since elevated HbA1c levels are 
associated with micro- and macrovascular illness, it is critical to identify 
modifiable aspects of glucose metabolism. Recent studies have focused 
on vitamin B12 insufficiency because of its possible link to glycemic 
dysregulation (De Groot et al., 2013). Recent studies indicate that 
vitamin B12 deficiency may disrupt glucose homeostasis and, especially 
in patients with type 2 diabetes undergoing metformin treatment (De 
Groot et al., 2013). This may indicate a correlation between vitamin 
B12 deficiency and HbA1c levels. To build on this, it is essential to 
understand the physiological importance of vitamin B12.

The production of RBCs, DNA synthesis, and nervous system 
function all depend on vitamin B12, a water-soluble vitamin (He et 
al., 2022). Vitamin B12 deficiency is very common and affects a 
significant percentage of people with type 2 diabetes mellitus (T2DM) 
and older adults (Liu et al., 2022). Vitamin deficiency is known to 
cause numerous conditions, including megaloblastic anemia and 
neuropathy (established side effects of diabetes) (Malla et al., 2022; 
Obeid et al., 2013). Fatigue, weakness, migraines, and nerve damage 
are all signs of a B12 deficiency. Even though the human liver can 
store B12 for many years, poor diet or illnesses like diabetes can 
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lead to its deficiency (Swidan and Ahmed, 2016). B12 plays a crucial 
role in two key biochemical processes: homocysteine to methionine 
conversion (important for healthy cell function) and promoting cellular 
energy metabolism (Jatoi et al., 2020). Vitamin B12 deficiency can 
lead to toxin accumulation, nerve myelin sheath damage, and nerve-
related conditions ranging from sensory changes and memory loss to 
more severe conditions, such as spinal cord disease and Alzheimer's 
disease (AD) (Swidan and Ahmed, 2016; Jatoi et al., 2020; Infante et al., 
2021). Given its systemic role, identifying contributing factors to B12 
deficiency becomes critical in diabetic patients.

Metformin (used for T2D treatment) can cause vitamin B12 
malabsorption and may lead to its deficiency in patients with diabetes 
(He et al., 2022; Niafar et al., 2014). A recent meta-analysis has 
shown that patients with T2D receiving metformin had significantly 
reduced vitamin B12 levels, likely because metformin may impair 
long-term gastrointestinal B12 absorption; this may result from various 
factors, including a decrease in calcium-dependent absorption, slowed 
digestion, bacterial overgrowth, or changes in bile acid metabolism. 
However, studies have shown that this effect can be mitigated by 
taking calcium supplements, which help restore normal B12 absorption. 
Vitamin B12 deficiency is typically diagnosed through blood tests, 
although the specific diagnostic thresholds may vary slightly between 
different medical organizations (Swidan and Ahmed, 2016; Jatoi et al., 
2020; Infante et al., 2021; Niafar et al., 2014). Such findings support the 
need to evaluate how vitamin B12 status may intersect with diabetic 
treatment regimens and patient outcomes.

2025 37 (2) 3542025
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Mathai et al. studied the correlation between vitamin B12 levels 
and metformin use in patients with T2DM, comparing changes in 
vitamin B12 levels with glycemic control, metformin dose, and 
treatment duration (Ko et al., 2014). The blood glucose profiles of 
participants were assessed using fasting glucose concentration (FGC) 
and postprandial blood glucose levels (PPBG). The results showed that 
individuals in Category 3 (those with poor blood sugar control) had 
significantly higher FGC, PPBG, and HbA1c levels compared to those 
in Category 2 (good control) and Category 1 (healthy individuals). 
Additionally, an inverse relationship was found between vitamin B12 
status and both the dose of metformin and the duration of its use in 
participants from Categories 2 and 3. The study concluded that patients 
who took higher doses of metformin or had been using the drug for a 
longer period were more likely to have lower vitamin B12 levels (Ko et 
al., 2014). This raises the question of whether vitamin B12 status might 
directly influence glycemic biomarkers such as HbA1c.

Current literature presents conflicting data on the correlation 
between vitamin B12 and HbA1c. Several studies implicate vitamin 
B12 deficiency with glycemic dysregulation, while others argue that 
this correlation may reflect inaccurate measurements, particularly in 
patients with reduced erythrocyte turnover (Kibirige and Mwebaze, 
2014). Sex and age may also impact vitamin B12 levels and their 
relationship with HbA1c (see Table 1), although these relationships are 
not well understood (Umay et al., 2011). Considering these discrepancies, 
a focused investigation is needed to clarify this relationship across 
different demographic groups.

We aimed to assess the relationship between vitamin B12 levels and 
HbA1c in patients with diabetes and identify differences across age and 
sex (Owen et al., 2021). We employed statistical methods to identify 
factors associated with vitamin B12 deficiency and diabetes control, 
and evaluated whether targeted interventions may improve diabetes 
management.

2. Materials and Methods

2.1 Study design and ethical approval

We conducted a cross-sectional study at King Khaled Hospital, 
Majmaah City, Saudi Arabia, between 1 January 2021 and 31 December 
2022. Ethical approval for this research was granted by the Ministry of 
Health, Saudi Arabia (Institutional Review Board Approval Number: 

22-485E) for the ethical treatment of participants. This study complied 
with the principles of the Helsinki Declaration, and all patient-specific 
data were effectively secured and protected. 

2.2 Participant selection and data collection

The inclusion criteria required participants to have a confirmed 
diagnosis of diabetes and recent measurements of HbA1c and vitamin 
B12 levels (Jatoi et al., 2020). The dataset included 364 participants, 
comprising 162 men (44.5%) and 202 women (55.5%), with ages 
ranging from 5 to 91 years (mean: 49.3 years, standard deviation [SD]: 
13.9). HbA1c and vitamin B12 levels were compared with regard to 
sex and age.

2.3 Laboratory measurements and definitions

The dataset included demographic parameters such as age and sex, 
along with HbA1c and vitamin B12 levels (pg/mL). Serum vitamin 
B12 was measured using ROCH COBAS e-411 analyzer, where the 
principle of the test is a competitive protein binding immunoassay with 
electrochemiluminescence (ECLIA) detection. Additional parameters 
included hemoglobin (Hb), RBC count, hematocrit (Hct), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and 
mean corpuscular hemoglobin concentration (MCHC) (Table 2). For 
analysis, age was categorized into two groups: <60 and ≥60 years to 
correspond with clinical cut-offs for defining Vitamin B12 deficiency, 
with levels consistently <200 pg/mL considered indicative of deficiency.

2.4 Statistical analysis

RStudio software (RStudio, PBC, Boston, MA, USA) was utilized for 
data cleaning, preparation, and analysis. Data normality was assessed 
for continuous variables like HbA1c and vitamin B12 levels by the 
Shapiro-Wilk test. Outliers and missing values were identified to ensure 
dataset integrity. Vitamin B12 levels were categorized into deficient 
(<200 pg/mL) and non-deficient (≥200 pg/mL) groups. Further 
stratifications included sex and age.

Descriptive statistics were computed for all continuous variables, 
including means and SD for both HbA1c and vitamin B12 levels. The 
counts and proportions of categorical variables, such as vitamin B12 
deficiency, age group, and sex, were also summarized. To assess the 
relationship between vitamin B12 and HbA1c levels, Pearson's correlation 

Table 1.  
Summary of various studies on Vitamin B12 deficiency and HbA1c levels in patients with diabetes.

Reference Study focus Key findings Conclusion

(Akabwai et al., 
2015)

Vitamin B12 deficiency in 
diabetic patients

10.7% prevalence of vitamin B12 deficiency; 
associated with lower hemoglobin and poor glycemic 
control (HbA1c ≥ 7%)

Routine screening for vitamin B12 deficiency is recommended 
for diabetic patients with anemia or poor glycemic control.

(Al-Fawaeir et al., 
2022)

Vitamin B12 deficiency in 
metformin users vs non-users

Higher prevalence of B12 deficiency in metformin 
users (32%) compared to non-users (9%)

Long-term metformin use is associated with vitamin B12 
deficiency; monitoring is essential in these patients.

(Mukhtar et al., 2024) Vitamin B12 levels in T2DM 
patients using metformin

High homocysteine levels (8.4%) indicate impaired 
B12 metabolism in T2DM patients

Metformin use may impact B12 metabolism, but further 
studies are needed to explore this.

(Huynh et al., 2024) Vitamin B12 deficiency in 
metformin users in Vietnam

18.6% prevalence of vitamin B12 deficiency; risk 
increases with long-term use (>48 months) and 
higher doses (>1000 mg/day)

Regular screening for B12 deficiency is recommended in long-
term metformin users.

(Yazidi et al., 2024) Metformin use and vitamin B12 
deficiency in T2DM patients

6%-50% of metformin users had B12 deficiency; 
anemia was common in these patients

There is a significant link between metformin use and vitamin 
B12 deficiency, warranting screening in T2DM patients.

(Wagner et al., 2024) Long-term effects of metformin 
on vitamin B12 deficiency

Age and duration of metformin use associated with 
B12 deficiency; younger patients at higher risk

The duration of metformin use correlates with B12 deficiency, 
especially in younger patients.

(Srinath et al., 2024) Association of IDA and HbA1c in 
diabetic vs non-diabetic patients

Diabetic IDA patients had significantly higher HbA1c 
(8.69%) than non-diabetic IDA patients (5.87%)

IDA may lead to falsely elevated HbA1c levels, independent of 
glycemic status.

(Rathore et al., 2018) Anemia and vitamin B12 
deficiency in T2DM patients

32.5% prevalence of anemia in T2DM patients, with 
40% macrocytic anemia due to B12 deficiency

Prolonged metformin use leads to vitamin B12 deficiency, 
which may affect HbA1c levels.

(Al Shawabkeh et al., 
2017)

Effect of rosemary on blood 
sugar and Vitamin B12 in 
diabetic patients

Rosemary increased B12 levels and reduced HbA1c in 
both healthy and diabetic participants

Rosemary supplementation may help improve both vitamin 
B12 levels and blood sugar control in diabetic patients.

(Bokade et al. 2023) Long-term metformin therapy 
and its effects on B12 levels

42.1% of diabetic patients on metformin had B12 
deficiency compared to 10.7% in controls

Prolonged metformin use leads to a significant increase in 
vitamin B12 deficiency, which can affect hematological 
parameters.
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Table 2.  
Descriptive statistics of key health metrics in patients with diabetes (n=364). 

Categories Mean Median Min Max

Age (Years) 49.26 50 5 91

Hemoglobin A1c (HbA1c) (%) 8.55 8.1 6.7 16.8

Hemoglobin (Hb) 13.26 13.45 7.02 18.1

Red blood cells (RBC) 7.6 4.96 3.05 33.7

Hematocrit (Hct) 39.46 41.5 9.64 55.9

Mean corpuscular volume (MCV) 81.98 86.2 36 110.8

Mean corpuscular hemoglobin (MCH) 27.94 28.3 16.5 39

Mean corpuscular hemoglobin 
concentration (MCHC)

29.53 32.2 3.7 36.9

Vitamin B12 460.34 413.15 36.9 1476

coefficient was calculated, accompanied by a 95% confidence interval 
(CI). Statistical significance was determined through hypothesis testing 
using a p-value. To identify potential differences between the groups, 
the study employed Welch’s t-test to compare the mean HbA1c levels 
between individuals with and without vitamin B12 deficiency. Mean 
vitamin B12 and HbA1c levels were examined across different age and 
sex categories. Vitamin B12 deficiency distribution across age groups 
was evaluated via a chi-square test.

3. Results

Data from 364 patients with diabetes, including 202 women and 
162 men, were used to assess the relationship between vitamin B12 
deficiency and HbA1c levels, with additional comparisons to age and 
sex.

3.1 Descriptive statistics

Table 3 presents descriptive statistics for two cohorts based on sex 
and age, focusing on two key measures: HbA1c and vitamin B12 levels. 
These Tables show the minimum, maximum, mean, and SD values of 
HbA1c and vitamin B12 levels for each subgroup. Overall, the mean 
vitamin B12 value was 460.34 pg/mL (SD = 256.36, range, 36.90-
1476.0 pg/mL). The mean HbA1c value for the overall population was 
8.55% (SD = 1.77; range, 6.7% –16.8%). When comparing age groups, 
individuals ≥60 years exhibited a higher mean vitamin B12 value 
(556.31 pg/mL, SD = 303.43) than those <60 years (430.65 pg/mL, 
SD = 232.66). The mean HbA1c values were slightly higher in the ≥60 
(8.76%, SD = 1.67) compared with the <60 years group (8.48%, SD = 
1.80). Examining gender differences, men had a higher mean vitamin 
B12 value (489.10 pg/mL, SD = 254.72) than women (437.27 pg/mL, 
SD = 255.97). The mean HbA1c level for men was higher (8.67%, SD 
= 1.85) compared with women (8.46%, SD = 1.70). Within specific 
subgroups, men <60 years of age displayed a mean vitamin B12 value 

of 451.37 pg/mL, while women <60 years had a mean value of 416.24 
pg/mL. For those ≥60, men displayed a mean B12 value of 578.71 
pg/mL, and women exhibited a mean B12 value of 528.01 pg/mL. 
Interestingly, HbA1c levels were higher for women ≥60 (9.07%, SD = 
1.90) compared with men ≥60 years (8.52%, SD = 1.44).

The analysis showed that HbA1c levels tended to increase with 
age, with older individuals (60+) having higher mean HbA1c values 
compared to younger ones. For women, the mean HbA1c increased 
from 8.31% to 9.07%, and for men, it shifted from 8.73% to 8.52%. 
In contrast, vitamin B12 levels were higher in older adults, with mean 
values rising from 416.24 pg/mL in women <60 to 528.01 pg/mL in 
those ≥60, and from 451.37 pg/mL in men <60 to 578.71 pg/mL in 
those ≥60. The data also showed increased variability in both HbA1c 
and vitamin B12 levels with age, suggesting that both HbA1c and 
vitamin B12 levels rise in older adults, with greater variability observed 
across the groups (Fig. 1).

3.2 Correlation analysis

We conducted a Pearson’s correlation to examine the relationship 
between vitamin B12 and HbA1c levels across different groups, 
including overall, sex, and age categories (Table 4). In the overall 
category, the correlation was 0.217 (95% CI: 0.12, 0.31; p < 0.001), 
indicating a weakly positive association between vitamin B12 and 
HbA1c. In the <60 age group, the correlation of 0.185 was weak but 
significant (95% CI: 0.02, 0.33; p = 0.024). For the ≥60 age group, the 
correlation increased to 0.304 (95% CI: 0.06, 0.48; p = 0.016), indicating 
a stronger association between vitamin B12 and HbA1c. In women, the 
correlation was 0.173 (95% CI: 0.02, 0.33; p = 0.032), which is weak 
but significant. For men, the correlation was 0.22 (95% CI: 0.05, 0.39; 
p = 0.011), suggesting a slightly stronger positive relationship between 
vitamin B12 and HbA1c compared to women. These results indicate 
that while there is a significant association between vitamin B12 and 
HbA1c, the strength of the correlation varies by age and sex, with the 
strongest correlation observed in individuals ≥60 years old.

3.3 Statistical comparison of HbA1c levels between vitamin B12 deficient 
and non-deficient groups

We conducted Welch's two-sample t-test to evaluate the impact of 
vitamin B12 deficiency on HbA1c levels by comparing the mean HbA1c 
values between patients with and without vitamin B12 deficiency. 
Table 5 shows that individuals with vitamin B12 deficiency had a lower 
mean HbA1c value (07%, n = 45) compared with those who were non-
deficient (8.62%, n = 319; 95% CI: -1.04, -0.05). Statistical testing using 
Welch's t-test resulted in a t-statistic of -2.156 and a p-value of 0.035, 
indicating a statistically significant difference between the two groups. 
This discrepancy is consistent with the slightly lower mean HbA1c 
levels that have been observed in women.

To better illustrate the distribution of mean values in our population 
sample, we created a scatter plot (Fig. 2).

Table 3.  
Descriptive statistics for patient cohort.

Group Vitamin B12 (pg/
mL) mean

Vitamin B12 (pg/
mL) min

Vitamin B12 (pg/
mL) max

Vitamin B12 (pg/
mL) SD

HbA1c (%) 
mean

HbA1c (%) 
min

HbA1c (%) 
max

HbA1c (%) 
SD

Overall 460.34 36.9 1476 256.36 8.55 6.7 16.8 1.77

< 60 430.65 36.9 1476 232.66 8.48 6.7 16.8 1.8

> 60 556.31 79.14 1476 303.43 8.76 6.7 14.4 1.67

Men 489.1 93.14 1476 254.72 8.67 6.7 16.8 1.85

Women 437.27 36.9 1476 255.97 8.46 6.7 14.5 1.7

< 60, Men 451.37 93.14 1476 220.55 8.73 6.7 16.8 2

< 60, Women 416.24 36.9 1476 240.32 8.31 6.7 14.5 1.62

> 60, Men 578.71 118.1 1476 306.02 8.52 6.7 12.9 1.44

> 60, Women 528.01 79.14 1476 301.81 9.07 6.7 14.4 1.9
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3.4 Vitamin B12 deficiency proportional analysis

Table 6 provides an analysis of the vitamin B12 deficiency status 
in the <60 years and ≥60 years age groups. The threshold for vitamin 
B12 deficiency is commonly considered to be <200 pg/mL, although 
some guidelines may recommend slightly different values. Table 6 
also presents the count and proportion of individuals in our patient 

Table 4.  
Correlation test results.

Group/
Category

Variable 1 Variable 2 Correlation 
coefficient 

(r)

p-value 95% 
Confidence 

interval for r

Overall Vitamin B12 HbA1c 0.217 < 0.001 0.12 to 0.31

Age group: 
≤ 60

Vitamin B12 HbA1c 0.185 0.024 0.02 to 0.33

Age group: 
> 60

Vitamin B12 HbA1c 0.304 0.016 0.06 to 0.48

Women Vitamin B12 HbA1c 0.173 0.032 0.02 to 0.33

Men Vitamin B12 HbA1c 0.22 0.011 0.05 to 0.39

Table 5.  
T-test results comparing mean values of circulating levels of HbA1c and 
Vitamin B12.

Vitamin B12 
group

Mean HbA1c 
levels

Count t-Statistic p-value: 95% Confidence 
interval for 
difference

Deficient 8.07 45 -2.156 0.035 (-1.04, -0.05)

Non-Deficient 8.62 319

Fig. 2. Scatterplot of HbA1c versus vitamin B12 levels.

Table 6.  
Age proportional analysis.

Age group Deficient 
count

Non-deficient 
count

Deficient 
proportion

Non-deficient 
proportion

60 and below 36 248 0.1267 0.8732

Above 60 9 71 0.1125 0.8875

In the given data, individuals aged 60 and below had a higher prevalence of 
deficiency (36 cases) compared to those above 60 years (nine cases). However, no 
deficiency was more common in the younger group (248 cases) than in the older 
group (71 cases) (Fig. 3).

Fig. 3. Comparison of deficiency rates between younger and older age groups.

Fig. 1. Vitamin B12 levels in study participants. This data illustrates the distribution of Vitamin B12 levels across different age categories for both women and men, categorizing 
individuals with levels either below or above 200 pg/mL.

cohort who were deficient and non-deficient in vitamin B12. Among 
those aged 60 and below, 36 individuals (12.67%) were B12 deficient, 
while 248 individuals (87.32%) were B12 non-deficient. In the ≥60 
age group, nine individuals (11.25%) were B12 deficient, and 71 
individuals (88.75%) were B12 non-deficient. Our data indicates that 
the B12 deficiency proportion was slightly higher in the <60 compared 
with the ≥60 age group. However, in both age categories, the vast 
majority of individuals were B12 non-deficient. A chi-square test 
examining the distribution of vitamin B12 deficiency between the two 
age groups yielded a p-value of 0.682, indicating that there was no 
significant difference in B12 deficiency rates between the groups.

Our data revealed a higher prevalence of B12 deficiency in the <60 
years age group (36 cases) compared with the ≥60 years age group 
(nine cases). However, vitamin B12 non-deficiency was also more 
common in the <60 years age group (248 cases) compared with the 
≥60 years age group (71 cases) (Fig. 3).
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4. Discussion

This study elucidates the association between vitamin B12 
insufficiency and glycemic regulation, with a specific focus on age- 
and sex-based stratification. By utilizing real-world clinical data, 
the analysis enhances current understanding of the demographic 
determinants that may modulate this metabolic relationship. Statistical 
analyses showed nuanced results. Pearson’s correlation analysis showed 
a correlation between vitamin B12 and HbA1c levels across different 
subgroups based on the overall population, age, and sex. The overall 
population showed a weakly positive association (r = 0.217) where 
elevated vitamin B12 levels correlated with increased HbA1c levels 
(CI, 0.12 to 0.31; p-value <0.001). For patients aged ≤ 60, vitamin 
B12 and HbA1c showed a weakly positive correlation (r = 0.185). Our 
present data align with previous reports showing that hyperglycemia 
leads to vitamin B12 becoming trapped in the bloodstream, leading to 
elevated vitamin B12 and HbA1c levels (Akabwai et al., 2015; Looker et 
al., 2007; Obeid et al., 2011; Li et al., 2022).

The results of Welch's two-sample t-test (Table 5) indicate that 
vitamin B12 deficiency may be associated with lower HbA1c levels 
(vitamin B12 deficient versus non-deficient group: HbA1c = 8.07 versus 
8.62; t-test = -2.156, 95% CI, -1.04 to -0.05, respectively; p = 0.035). 
Likewise, data from Table 3 show that vitamin B12 levels increase with 
age (≥60 versus <60 age group: vitamin B12 levels = 556.31 pg/mL 
versus 430.65 pg/mL), possibly due to dietary factors, supplementation, 
or physiological changes with age. HbA1c levels show a modest increase 
with age (≥60 versus <60 age group: HbA1c levels = 8.76% versus 
8.48%, respectively). Our data aligns with previous reports showing 
that HbA1c levels increase with age. The age-related elevation in 
HbA1c may be ascribed to diminished insulin sensitivity, compromised 
beta-cell functionality, and modified erythrocyte turnover, even in the 
absence of worsening glycemia (Dubowitz et al., 2014; Forbes et al., 
2018; Oikonomidis et al., 2021; Langan et al., 2011). 

Sex, age, and vitamin B12 deficiency comparisons revealed no 
significant difference in mean HbA1c values between women and men 
(8.46% vs. 8.67%, respectively), reflecting a predisposition among 
women to seek medical advice more readily and adhere to prescribed 
treatment regimens for diabetes. This feminine predisposition may also 
explain the slightly higher vitamin B12 levels in women, indicating a 
greater propensity for vitamin B12 supplementation.

Vitamin B12 deficiency prevalence differed with age (<60 age 
group: 36/284, 12.7% versus ≥60 age group: 9/80, 11.25%) but was 
not statistically significant, indicating possible age-related variations 
in vitamin B12 absorption, although dietary habits, comorbidities, and 
medication use (especially metformin) may also contribute (Oikonomidis 
et al., 2021). These data align with previous studies showing an 
association between vitamin B12 status and diabetes management, 
which suggests that low vitamin B12 levels may contribute to glycemic 
dysregulation and increased insulin resistance, although mechanisms 
remain unclear (Dubowitz et al., 2014). Our findings reinforce the 
hypothesis that vitamin B12 deficiency is prevalent among diabetics, 
especially those undergoing prolonged medication regimens that 
adversely impact nutrient absorption.

Although our findings provide valuable insights, they must be 
interpreted with caution due to several limitations. The cross-sectional 
study design restricts our ability to establish causal inferences regarding 
vitamin B12 deficiency and HbA1c levels. Future longitudinal studies 
involving larger, more diverse populations are warranted to determine 
directionality for this relationship. Further, other factors may influence 
vitamin B12 and HbA1c levels, including dietary habits, medication 
history, and genetic predisposition.

5. Conclusion

This study reveals a statistically significant positive correlation 
between vitamin B12 and HbA1c levels in diabetics, with B12-deficient 
individuals demonstrating lower HbA1c levels than those with 
sufficient B12 levels. Higher vitamin B12 levels in older adults may be 
attributed to physiological changes, dietary habits, or supplementation. 
No significant differences in vitamin B12 deficiency were found across 

age or sex groups. The results align with existing literature, indicating 
a potential impact of B12 deficiency on glycemic control, possibly due 
to impaired glucose metabolism. Although the cross-sectional nature 
of the study limits causal inferences, these findings highlight the 
importance of vitamin B12 monitoring in diabetics, especially those 
undergoing prolonged metformin treatment. Further, longitudinal 
studies are warranted to explore the directional relationship between 
B12 status and glycemic control in diabetes management.
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