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Introduction
Type 2 diabetes mellitus (T2DM) is a common 
chronic disease associated with several compli-
cations that negatively affect patients’ quality of 
life and contribute to a significant clinical and 
economic burden to society.1 It is well known 
that optimal blood glucose control is important 
to reduce the incidence of diabetes complica-
tions, and extreme glycemic fluctuation is an 
independent risk factor for atherosclerosis in 
patients with T2DM.2,3 Moreover, evaluation of 
daily glucose fluctuations provides baseline 
information for the clinical management of 
T2DM.4 Therefore, regular glycemic fluctuation 
monitoring should be considered an important 
component of routine clinical management of 
patients with T2DM.

Reportedly, B-vitamins, particularly vitamin B12, 
are implicated in the pathogenesis of glucose intol-
erance, and vitamin B12 levels tend to decrease 
with increasing severity of glucose tolerance.5 It is 
well known that vitamin B12 deficiency is associ-
ated with increased risk of gestational DM.6 A 
recent study also reported that add-on supple-
mentation with vitamin B12 can improve glyce-
mic control and insulin resistance in T2DM 
patients.7 Reportedly, patients with diabetes have 
higher serum vitamin B12 levels than those with 
normal glycemic control, and fructosamine levels 
are significantly correlated with serum vitamin 
B12 levels in patients with DM,8 which suggests 
that serum vitamin B12 levels may be associated 
with glycemic control in T2DM. However, no 
study has investigated the correlation between 
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Abstract
Purpose: The aim of the study was to explore the correlation between serum vitamin B12 
levels and glycemic fluctuation in patients with type 2 diabetes mellitus (T2DM).
Methods: This study included 202 T2DM patients in whom blood glucose levels were recorded 
using a continuous glucose monitoring system retrospectively. Glycemic fluctuation was 
determined using the average daily risk range (ADRR), a diabetes-specific measure of the risk 
for hyper- and hypoglycemia.
Results: Serum vitamin B12 levels were higher in T2DM patients with wider glycemic 
fluctuations than in those with minor glycemic fluctuations (p < 0.001). We observed a positive 
correlation between serum vitamin B12 levels and ADRR in both T2DM patients who received 
and did not receive metformin therapy (r = 0.388, p < 0.001 and r = 0.280, p = 0.004, respectively). 
Multiple linear regression analysis showed that serum vitamin B12 levels were independently 
correlated with ADRR in T2DM patients who received and did not receive metformin therapy 
(beta = 0.367, p < 0.001 and beta = 0.410, p < 0.001, respectively).
Conclusions: Serum vitamin B12 levels are correlated with glycemic fluctuation in patients 
with T2DM and may serve as an underlying useful biomarker of glycemic fluctuation in T2DM 
patients, treated with or without metformin therapy.

Keywords: average daily risk range, glycemic fluctuation, serum vitamin B12, type 2 diabetes 
mellitus

Received: 1 December 2021; revised manuscript accepted: 9 May 2022.

Correspondence to: 
You-Fan Peng  
Department of Respiratory 
and Critical Care 
Medicine, Affiliated 
Hospital of Youjiang 
Medical University for 
Nationalities, No. 18 
Zhongshan Er Road, Baise, 
Guangxi 533000, China.
youfanpeng@yeah.net

Wei Li
Jing Zhao
Ling-Ling Zhu  
Department of 
Endocrinology, Suzhou 
Hospital of Anhui Medical 
University, Suzhou, China

1102800 TAE0010.1177/20420188221102800Therapeutic Advances in Endocrinology and Metabolism X(X)W Li, J Zhao
research-article20222022

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:youfanpeng@yeah.net


TherapeuTic advances in 
endocrinology and Metabolism Volume 13

2 journals.sagepub.com/home/tae

serum vitamin B12 levels and glycemic fluctuation 
in patients with T2DM. In this study, we investi-
gated the correlation between serum vitamin B12 
levels and glycemic fluctuation in T2DM patients.

Patients and methods

Patients
We retrospectively investigated 202 T2DM 
patients who visited the Suzhou Hospital of Anhui 
Medical University. All patients underwent labo-
ratory tests for fasting glucose measurement, and 
T2DM was diagnosed based on the American 
Diabetes Association criteria.9 Patients with car-
diovascular disease, cerebrovascular disease, 
active infection, pregnancy, or malignant tumors 
were excluded from the study. The study was per-
formed in accordance with the Declaration of 
Helsinki, and the study protocol was approved by 
the Ethics Committee of Suzhou Hospital of 
Anhui Medical University (2020031) with a 
waiver of informed consent.

Continuous blood glucose monitoring
Blood glucose monitoring was performed using 
the continuous glucose monitoring system 
(CGMS) in all patients. Briefly, the probe was 
placed under the abdominal skin, and dynamic 
blood glucose parameters were measured over 
72 h using the Medtronic software. Patients were 
instructed to avoid intense exercise and bathing 
while they wore the CGMS. The average daily 
risk range (ADRR), a reliable measure computed 
from routine self-monitored blood glucose varia-
bility data, was used to determine glycemic fluc-
tuation in patients with T2DM.10

Statistical analysis
Continuous variables are expressed as median 
(interquartile range) and categorical variables as 
numbers. Categorical variables were compared 
using the chi-square test. Statistical significance 
was analyzed using the Mann–Whitney U test for 
continuous variables, and bivariate correlation 
between two continuous variables was analyzed 
using the Spearman correlation test. Potentially 
factors associated with vitamin B12 levels  
were considered as independent variables, then,  
age, sex, body mass index (BMI), glycated hemo-
globin, the levels of blood glucose 0 h, blood glu-
cose 2 h, C-peptide 0 h, C-peptide 2 h, and 

ADRR were included as independent variables 
for multiple linear regression analysis. Stepwise 
multiple linear regression analysis was used to 
determine the correlation between serum vitamin 
B12 levels and ADRR in the different groups. All 
statistical analyses were performed using the 
SPSS software, version 25.0. A p value of  < 0.05 
was considered statistically significant.

Results

Comparison of baseline data based on the 
median ADRR in T2DM patients
Patients were categorized into two groups based 
on the median ADRR for intergroup comparison 
of baseline data. We observed significant differ-
ences in sex, metformin therapy, BMI, glycated 
hemoglobin, glucose 0 h, glucose 2 h, C-peptide 0 
h, C-peptide 2 h, serum alanine transaminase, 
and aspartate transaminase. Serum vitamin B12 
levels were significantly higher in T2DM patients 
who showed wider glycemic fluctuations than in 
those with minor glycemic fluctuations (p < 0.001) 
(Table 1).

Intergroup comparison of correlation between 
serum vitamin B12 levels and ADRR
A positive correlation was observed between 
serum vitamin B12 levels and ADRR (r = 0.346, 
p < 0.001) in patients with T2DM. To exclude 
the effects of metformin therapy on vitamin B12 
levels, we further analyzed the correlations 
between serum vitamin B12 levels and ADRR in 
T2DM patients who were and were not adminis-
tered metformin therapy. Results showed that 
serum vitamin B12 levels were positively corre-
lated with ADRR in both groups of T2DM 
patients (those who were and were not adminis-
tered metformin therapy) (r = 0.388, p < 0.001 
and r = 0.280, p = 0.004, respectively) (Table 2).

Intergroup comparison of correlation between 
serum vitamin B12 and glucose metabolic 
parameters
Serum vitamin B12 levels were positively corre-
lated with glycated hemoglobin (r = 0.142, 
p = 0.044) and glucose 2 h (r = 0.271, p < 0.001) 
and negatively correlated with C-peptide 0 h 
(r = −0.284, p < 0.001) and C-peptide 2 h 
(r = −0.280, p < 0.001) in patients with T2DM. 
Furthermore, serum vitamin B12 levels were 
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positively correlated with glycated hemoglobin 
(r = 0.319, p = 0.001) and glucose 2 h (r = 0.291, 
p = 0.004) and negatively correlated with 
C-peptide 0 h (r = −0.234, p = 0.021) and 
C-peptide 2 h (r = −0.286, p = 0.005) in T2DM 
patients who received metformin therapy. We 
observed a positive correlation between serum 
vitamin B12 and glucose 2 h levels (r = 0.252, 
p = 0.010) in T2DM patients who did not receive 
metformin therapy, and serum vitamin B12 levels 
were negatively correlated with C-peptide 0 h 
(r = −0.304, p = 0.002) and C-peptide 2 h levels 
(r = −0.246, p = 0.011) in T2DM patients who 
did not receive metformin therapy (Table 2).

Multiple linear regression analysis of serum 
vitamin B12 levels and ADRR across different 
study groups
Multiple linear regression analysis was used  
to determine the correlations between serum 

vitamin B12 levels and ADRR in the different 
groups. The serum vitamin B12 level was defined 
as a dependent variable for multiple linear regres-
sion analysis. Results revealed that serum vita-
min B12 levels were independently correlated 
with ADRR (beta = 0.326, p < 0.001) in all 
T2DM patients, in T2DM patients who received 
metformin therapy (beta = 0.367, p < 0.001), as 
well as in T2DM patients who did not receive 
metformin therapy (beta = 0.410, p < 0.001) 
(Table 3).

Discussion
Metformin is recognized as an important compo-
nent of antidiabetic (T2DM) therapy, in recent 
years.11 However, metformin use is shown to be 
associated with the risk of vitamin B12 deficiency 
in patients with T2DM.12 The high prevalence of 
vitamin B12 deficiency in patients with T2DM 
who receive metformin treatment may be 

Table 1. Comparison of baseline data based on the median ADRR in T2DM patients.

Group I Group II p value

Sex

 Male 75 61 0.036

 Female 26 40

Age (years) 55 (48–63) 60 (47–67) 0.076

Metformin therapy

 Yes 59 38 0.003

 No 42 63

Body mass index (kg/m2) 26.3 (23.6–29.1) 24.2 (22.3–26.2) 0.001

Glycated hemoglobin (%) 7.7 (6.7–9.2) 9.4 (8.4–11.5) <0.001

Glucose 0 h (mmol/l) 6.9 (5.5–8.6) 8.2 (6.8–10.3) <0.001

Glucose 2 h (mmol/l) 14.4 (11.9–16.1) 17.8 (15.4–20.2) <0.001

C-peptide 0 h (ng/ml) 1.6 (1.0–2.6) 0.9 (0.5–1.4) <0.001

C-peptide 2 h (ng/ml) 5.3 (3.3–7.2) 2.7 (1.7–4.2) <0.001

Alanine transaminase (U/l) 19 (13.0–33.5) 15.0 (10.0–23.5) 0.004

Aspartate transaminase (U/l) 18.0 (15.0–25.0) 17.0 (13.0–21.5) 0.041

Vitamin B12 (pg/ml) 510.0 (356.0–708.0) 746.0 (496.5–1000.0) <0.001

ADRR, average daily risk range; Group I, less than median ADRR; Group II, greater than median ADRR; T2DM, type 2 
diabetes mellitus.
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attributable to metformin-induced inhibition of 
calcium-dependent absorption of the intrinsic fac-
tor–vitamin B12 complex in the ileum.13,14 
Therefore, vitamin B12 supplementation is con-
sidered an integral component of the routine treat-
ment regimen for T2DM patients, particularly for 

those who receive prolonged metformin treat-
ment.12,15 We investigated the correlation between 
serum vitamin B12 levels and ADRR in T2DM 
patients and observed a positive correlation 
between serum vitamin B12 levels and ADRR in 
these patients, both those who were and were not 

Table 2. Correlations between serum vitamin 12 and parameters in different groups.

All T2DM patients T2DM patients with 
metformin therapy

T2DM patients 
without metformin 
therapy

r p value r p value r p value

Age 0.041 0.559 0.061 0.551 −0.005 0.962

Body mass index −0.115 0.102 −0.101 0.327 −0.076 0.444

Glycated hemoglobin 0.142 0.044 0.319 0.001 0.018 0.858

Glucose 0 h 0.097 0.171 0.165 0.105 0.062 0.527

Glucose 2 h 0.271 <0.001 0.291 0.004 0.252 0.010

C-peptide 0 h −0.284 <0.001 −0.234 0.021 −0.304 0.002

C-peptide 2 h −0.280 <0.001 −0.286 0.005 −0.246 0.011

Alanine transaminase −0.078 0.267 −0.050 0.625 −0.060 0.544

Aspartate transaminase 0.008 0.905 −0.028 0.783 0.082 0.406

ADRR 0.346 <0.001 0.388 <0.001 0.280 0.004

ADRR, average daily risk range; T2DM, type 2 diabetes mellitus.

Table 3. Multiple linear regression analysis of serum vitamin B12 levels and ADRR across different study 
groups.

Unstandardized 
coefficients

Standardized 
coefficients

t p value

B Standard 
error

Beta

All T2DM patients

 ADRR 6.234 1.279 0.326 4.874 <0.001

T2DM patients with metformin therapy

 ADRR 7.167 1.863 0.367 3.847 <0.001

T2DM patients without metformin therapy

 Glycated hemoglobin −25.863 11.457 −0.257 −2.257 0.026

 ADRR 7.909 2.192 0.410 3.608 <0.001

ADRR, average daily risk range; T2DM, type 2 diabetes mellitus.
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treated with metformin, which suggests that serum 
vitamin B12 levels may be associated with glyce-
mic fluctuation in T2DM patients, regardless of 
metformin therapy.

Vitamin B12, also referred to as cobalamin, is an 
essential micronutrient predominantly derived 
from animal sources. Transcobalamin II (TCB II) 
is a cobalamin transport protein; cobalamin 
absorbed from the gastrointestinal tract is deliv-
ered into the circulation via the portal system. 
Cobalamin transferred from peripheral blood to 
cells for utilization results in formation of the 
combined TCB II–cobalamin complex in the cir-
culation, which is recognized by the TCB II recep-
tor on cell membranes for utilization.16 Therefore, 
TCB II plays an important role in vitamin B12 
utilization. Vitamin B12 oversupplementation was 
shown to increase TCB expression owing to over-
production or reduced clearance, and a quantita-
tive deficiency or reduced affinity of TCB can lead 
to increased serum vitamin B12 levels.17 In fact, 
serum TCB may undergo glycosylation in diabetic 
patients, with consequently increased serum vita-
min B12 levels.8 In addition, vitamin B12 is 
‘trapped’ in the plasma in patients with hypergly-
cemia, which leads to increased serum vitamin 
B12 levels, which explains the positive correlation 
with higher serum glycated hemoglobin levels.18,19 
Our results showed a positive correlation between 
serum vitamin B12 levels and glycated hemo-
globin in T2DM patients who did not receive met-
formin therapy, which is consistent with the 
findings reported by the aforementioned studies. 
Thus, we speculate that hyperglycemia may inhibit 
vitamin B12 utilization and consequently increase 
serum vitamin B12 levels in patients with T2DM. 
Moreover, hyperglycemia may interfere with vita-
min B12 metabolism; poor glycemic control 
increases the accumulation of advanced glycation 
end products, which can cause glycation of the 
vitamin B12 receptor and overwhelm it and reduce 
its function. Furthermore, owing to its nonenzy-
matic glycation, vitamin B12 is not recognized by 
the receptor during cellular uptake. These factors 
prevent vitamin B12 entry into and utilization by 
cells and consequently increase serum vitamin 
B12 levels in patients with T2DM.19

Studies have reported that free vitamin B12 can 
be absorbed passively without utilizing the intrin-
sic factor and cubam;20 therefore, exogenous vita-
min B12 supplementation may lead to absorption 
of vitamin B12 via a passive pathway and increase 

serum B12 levels. However, long-term vitamin 
B12 administration can trigger production of 
anti-TCB II antibodies and reduce TCB II clear-
ance,21,22 which impairs intracellular utilization of 
vitamin B12 and aggravates intracellular vitamin 
B12 deficiency, even high vitamin B12 levels in 
peripheral circulation, which may affect cellular 
glucose metabolism and homeostasis in patients 
with T2DM.

Following are the limitations of this study: (a) the 
small sample size is a drawback, and further large-
scale studies are warranted to confirm our results. 
(b) Dietary patterns were not assessed in this 
study; variations in dietary patterns may have 
affected vitamin B12 intake in patients with 
T2DM. (c) Vitamin B12 or mecobalamin use was 
not evaluated in T2DM patients, which may 
potentially affect the conclusions drawn in this 
study. (d) Causality between serum vitamin B12 
levels and glycemic fluctuation was not confirmed 
owing to the study’s cross-sectional design.

Conclusions
This study highlights the correlation between 
serum vitamin B12 levels and glycemic fluctua-
tion in patients with T2DM and that serum vita-
min B12 may be a potentially useful indicator of 
glycemic fluctuation in T2DM patients, regard-
less of metformin therapy.

Author contribution(s)
Wei Li: Conceptualization; Data curation; 
Formal analysis; Funding acquisition; Investi-
gation; Methodology; Project administration; 
Resources; Supervision; Validation; Visualization; 
Writing – original draft.

Jing Zhao: Investigation.

Ling-Ling Zhu: Investigation.

You-Fan Peng: Conceptualization; Formal 
analysis; Visualization; Writing – original draft; 
Writing – review & editing.

ORCID iD
You-Fan Peng  https://orcid.org/0000-0002- 
0976-9524

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: Key Research 

https://journals.sagepub.com/home/tae
https://orcid.org/0000-0002-0976-9524
https://orcid.org/0000-0002-0976-9524


TherapeuTic advances in 
endocrinology and Metabolism Volume 13

6 journals.sagepub.com/home/tae

and Development Project of Anhui Province 
(202004j07020026).

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

References
 1. Zurita-Cruz JN, Manuel-Apolinar L, Arellano-

Flores ML, et al. Health and quality of life 
outcomes impairment of quality of life in type 2 
diabetes mellitus: a cross-sectional study. Health 
Qual Life Outcomes 2018; 16: 94.

 2. Liu M, Ao L, Hu X, et al. Influence of blood 
glucose fluctuation, C-peptide level and 
conventional risk factors on carotid artery intima-
media thickness in Chinese Han patients with type 
2 diabetes mellitus. Eur J Med Res 2019; 24: 13.

 3. Smith-Palmer J, Brändle M, Trevisan R, et al. 
Assessment of the association between glycemic 
variability and diabetes-related complications in 
type 1 and type 2 diabetes. Diabetes Res Clin Pract 
2014; 105: 273–284.

 4. Shimoda S, Iwashita S, Ichimori S, et al. Efficacy 
and safety of sitagliptin as add-on therapy on 
glycemic control and blood glucose fluctuation 
in Japanese type 2 diabetes subjects ongoing with 
multiple daily insulin injections therapy. Endocr J 
2013; 60: 1207–1214.

 5. Jayashri R, Venkatesan U, Rohan M, et al. 
Prevalence of vitamin B12 deficiency in South 
Indians with different grades of glucose tolerance. 
Acta Diabetol 2018; 55: 1283–1293.

 6. Kouroglou E, Anagnostis P, Daponte A, et al. 
Vitamin B12 insufficiency is associated with 
increased risk of gestational diabetes mellitus: a 
systematic review and meta-analysis. Endocrine 
2019; 66: 149–156.

 7. Satapathy S, Bandyopadhyay D, Patro BK, et al. 
Folic acid and vitamin B12 supplementation 
in subjects with type 2 diabetes mellitus: a 
multi-arm randomized controlled clinical trial. 
Complement Ther Med 2020; 53: 102526.

 8. Takahashi Y, Takayama S, Itou T, et al. Effect 
of glycemic control on vitamin B12 metabolism 
in diabetes mellitus. Diabetes Res Clin Pract 1994; 
25: 13–17.

 9. American Diabetes Association. 2. Classification 
and diagnosis of diabetes: standards of medical 

care in diabetes-2020. Diabetes Care 2020; 
43(Suppl1): S14–S31.

 10. Kovatchev BP, Otto E, Cox D, et al. Evaluation 
of a new measure of blood glucose variability in 
diabetes. Diabetes Care 2006; 29: 2433–2438.

 11. Glycemic treatment: standards of medical care in 
diabetes-2021. Diabetes Care 2021; 44(Suppl 1): 
S111–S124.

 12. de Jager J, Kooy A, Lehert P, et al. Long term 
treatment with metformin in patients with type 
2 diabetes and risk of vitamin B-12 deficiency: 
randomised placebo controlled trial. BMJ 2010; 
340: c2181.

 13. Khalaf KM, Khudhair MS and Ashor AW. 
Vitamin B12 status and peripheral neuropathy in 
patients with type 2 diabetes mellitus. J Pak Med 
Assoc 2019; 69(Suppl. 3): S40–S44.

 14. Increased intake of calcium reverses vitamin B12 
malabsorption induced by metformin. Diabetes 
Care 2000; 23: 1227–1231.

 15. Parry-Strong A, Langdana F, Haeusler S, 
et al. Sublingual vitamin B12 compared to 
intramuscular injection in patients with type 2 
diabetes treated with metformin: a randomised 
trial. N Z Med J 2016; 129: 67–75.

 16. Andrès E, Loukili NH, Noel E, et al. Vitamin 
B12 (cobalamin) deficiency in elderly patients. 
CMAJ 2004; 171: 251–259.

 17. Andrès E, Serraj K, Zhu J, et al. The 
pathophysiology of elevated vitamin B12 in 
clinical practice. QJM 2013; 106: 505–515.

 18. Looker HC, Fagot-Campagna A, Gunter EW, et al. 
Homocysteine and vitamin B(12) concentrations 
and mortality rates in type 2 diabetes. Diabetes 
Metab Res Rev 2007; 23: 193–201.

 19. Obeid R, Shannan B and Herrmann W. 
Advanced glycation end products overload might 
explain intracellular cobalamin deficiency in renal 
dysfunction, diabetes and aging. Med Hypotheses 
2011; 77: 884–888.

 20. Andrès E, Fothergill H and Mecili M. Efficacy 
of oral cobalamin (vitamin B12) therapy. Expert 
Opin Pharmacother 2010; 11: 249–256.

 21. Carmel R, Tatsis B and Baril L. Circulating 
antibody to transcobalamin II causing retention 
of vitamin B12 in the blood. Blood 1977; 49: 
987–1000.

 22. Bowen RA, Drake SK, Vanjani R, et al. Markedly 
increased vitamin B12 concentrations attributable 
to IgG-IgM-vitamin B12 immune complexes. 
Clin Chem 2006; 52: 2107–2114.

Visit SAGE journals online 
journals.sagepub.com/
home/tae

SAGE journals

https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae

