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ABSTRACT

Background: Methylcobalamin or vitamin B12 is a coenzyme involved in the synthesis of methionine, pyrimidine and purine bases.
Type 2 diabetes is associated with oxidative stress; vitamin B12 deficiency in diabetic patients taking metformin has been linked with
oxidative stress. Because of these associations, it is implied that vitamin B12 deficiency must be considered a risk factor for complications
related to diabetes. However, several studies also suggest that deficiency of vitamin B12 starts from the early stages of diabetes. It has
also been suggested that vitamin B12 supplementation may help in reducing the complications related to diabetes. Although, the use
of prophylactic Vitamin B12 to reduce complications related to diabetes remains controversial.

Objective: This study aimed to explore the clinical relevance of vitamin B12 in newly diagnosed type 2 diabetes mellitus (T2DM) patients.
This study measured vitamin B12 levels in newly diagnosed patients with T2DM and explored the correlations between its serum levels
and various metabolic parameters in T2DM.

Materials and methods: This was a one year, single-centre, prospective, comparative, observational study. To collect data on age,
smoking history, alcohol consumption, physical activity status, family history of T2DM and medications, all subjects completed a
self-answered questionnaire. Plasma samples were used to assay the biochemical parameters such as fasting blood sugar (FBS), post
prandial blood sugar (PPBS), Glyacated Hemoglobin (HbA1c), lipid profile and serum Vitamin B12. The participants were divided into
newly diagnosed T2DM patients (n = 300) and healthy control subjects (n = 300).

Results: Serum Vitamin B12 were significantly lower in newly diagnosed T2DM patients than in healthy control subjects (362.07+
182.25 vs 559.23 + 275.05 pg/mL; P < 0.001). Serum Vitamin B12 correlated negatively with FBS, PPBS and HbA1c in newly diagnosed
T2DM patients.

Conclusion: Serum Vitamin B12 levels are significantly decreased in newly diagnosed T2DM patients. Our results suggest that adding
Vitamin B12 as a supplement in the early stages of T2DM may contribute to into possible microvascular (neuropathy, retinopathy,
nephropathy, etc. ) complications related to Type 2 Diabetes Mellitus.
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INTRODUCTION

Diabetes Mellitus is probably one of the oldest diseases
known to human beings.1 As per the WHO, Diabetes
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Mellitus (DM) is defined as a heterogeneous metabolic
disorder characterised by the common feature of chronic
hyperglycaemia with disturbance of carbohydrate, fat and
protein metabolism.? Type 2 DM was first described as part
of the metabolic syndrome in 1988. The origin and aetiology
of DM can vary greatly but always include impairment
in insulin production or response or both at some point
during the disease. Some patients with diabetes have type
1 diabetes (i.e. immune-mediated or idiopathic). Type 2
DM (also known as non-insulin dependent DM) is the most
common type of DM characterized by hyperglycemia,
resistance to insulin, and related insulin deficiency. Type 2
DM:is aresult of interactions between genetic, environmental
and behavioural hazards and can also be related to the
gestational hormonal environment, genetic defects, other
infections, and certain drugs.' Methylcobalamin or Vitamin
B12is a coenzyme in the single-carbon metabolic pathways,
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involved in the synthesis of methionine, pyrimidine and
purine bases.? Type 2 diabetes is associated with oxidative
stress; Vitamin B12 and folic acid deficiency in diabetic studies
have been linked to being with oxidative stress, resulting in
hyperhomocysteinemia.* Because of these associations, it
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Table 1: Statistical findings of demographic parameters

Groups
Factors Parameters/Variables o o Total X2 value p-value
Non-Diabetic(n=300)  Diabetic(n=300)
Male 137(45.7%) 138(46.0%) 275
Gender Female 163(54.3%) 162(54.0%) 325 1.016 0.602
Total 300 (100.0%) 300 (100.0%) 600 (100.0%)
Current 83(27.7%) 93(31.0%) 176 (29.3%)
Former 49 (16.3%) 48 (16.0%) 97(16.2%)
Smoking status(%) 0.826 0.662
Never 168(56.0%) 159(53.0%) 327 (54.5%)
Total 300 (100.0%) 300 (100.0%) 600 (100.0%)
Current 66 (22.0%) 90 (30.0%) 156 (26.0%)
Former 58 (19.3%) 60 (20.0%) 118 (19.7%)
Drinking status(%) 5.800 0.055
Never 176 (58.7%) 150 ()50.0% 326 (54.3%)
Total 300 (100.0%) 300 (100.0%) 600(100.0%)
Moderate 169 (56.3%) 185 (61.7%) 354 (59.0%)
Regular 90 (30.0%) 72 (24.0%) 162 (27.0%)
Exercise status(%) 2.771 0.250
Never 41 (13.7%) 43 (14.3%) 84 (14.0%)
Total 300 (100.0%) 300 (100.0%) 600 (100.0%)

is implied that Vitamin B12 deficiency must be considered
a risk factor for complications related to diabetes which
most commonly includes peripheral neuropathy, and its
development has been linked to hyper-homocysteinemia.’

Several studies have reported low levels of Vitamin B12 in
plasma in patients with type 2 diabetes who used metformin,
this association was further reviewed in a retrospective
study of medical records.® But deficiency of Vitamin B12
has also been reported in diabetic patients who do not take
metformin. Therefore, it has been suggested that Vitamin
B12 supplementation may help in reducing complications
and improving the cognitive functions of these individuals.”
Although, the use of prophylactic Vitamin B12 to reduce
complications related to diabetes remains controversial.
Atherosclerosis is another frequent complication related
to diabetes.® Diabetes mellitus is the most common cause
of fat metabolism disorder which most commonly results
in hypertriglyceridemia due to an increase in triglyceride-
containing lipoproteins, chylomicrons and very-very low-
density proteins® Hence, it can be concluded that diabetic
patients are more prone to develop hyperlipidemia.
Therefore, early preventive actions must be taken to reduce
major complications.'”

This study aimed to explore the clinical relevance of
Vitamin B12in newly diagnosed T2DM patients. We measured
the serum Vitamin B12 levels of control subjects and T2DM
patients and analysed its association with metabolic
parameters.

Materials and Methods

Study Design and Patient Population

This was a 1 year, single-centre, prospective, comparative,
observational study conducted at Shri Mahant Indiresh
Hospital, Dehradun, India between January 2021 and
December 2021. The study was initiated after the approval
from the Institutional Ethical Committee. The participants
were divided into newly diagnosed T2DM patients (n = 300)
and healthy control subjects (z = 300). The demographic,
clinical, and other investigation details were obtained from
the patients. The baseline demographic details including
age, sex, smoking status, drinking status, physical activity

PPBS

= Diabetic

= Non-Diabetic

Figure1: Comparison of FPG, PPG, and HbA1c between Diabetic and
non-Diabetic subjects. FPG: fasting plasma glucose; PPG: postprandial
glucose, HbA1cglycateded haemoglobin
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Table 2: Statistical findings of blood sugar and lipid levels

Parameters Groups Mean =+ Std. Deviation Mean Difference  t-test value p-value
Non-Diabetic 50.43+9.59

AGE (years) -1.14 -1.492 0.136
Diabetic 51.57 +9.12
Non-Diabetic 87.4149.49

FBS (mg/dl) -108.82 -37.371 0.001*
Diabetic 196.24+ 49.53
Non-Diabetic 114.11+£11.83

PPBS (mg/dl) -281.36 -60.467 0.001*
Diabetic 395.47 £79.72
Non-Diabetic 5.08 £ 0.54

HbA1c (%) -4.11 -16.161 0.001*
Diabetic 9.19 +4.37
Non-Diabetic 36.72+ 14.98

HDL (mg/dl) -1.62 -1.384 0.167
Diabetic 38.34+ 13.64
Non-Diabetic 100.58 +41.92

LDL (mg/dl) -7.51 -2.091 0.037*
Diabetic 108.09+ 45.94
Non-Diabetic 148.61+ 88.90

Triglycerides (mg/dl) -34.53 -3.498 0.001*
Diabetic 183.15+ 146.10
Non-Diabetic 155.58+ 53.62

Totaldslerum holesterol 1228 2714 0.007*

(mg/dI) Diabetic 167.86+57.11
Non-Diabetic 559.23+ 275.05

Vitamin B12 (pg/ml) 197.17 10.350 0.001*
Diabetic 362.07+ 182.25

alcohol consumption, physical activity status, medical history,
family history of T2DM and medications. Plasma samples
were used to assay the biochemical parameters. HbAlc was
measured by automated CE- HPLC, and FBS and Pure were
evaluated by GOD-POD dry chemistry. As per laboratory
data reference range, Vitamin B12 was diagnosed as normal
(239-931 pg/and ml), deficient (<200 pg/ml) by a biochemical
test- competitive immunoassay. Lipid profile analysis was
performed on the serum obtained from each participant

100.59198-09

Figure 2: Comparison of HDL, LDL, Triglycerides, and total serum
Cholesterol between Diabetic and non-Diabetic subjects. HDL: High-
density lipoprotein, LDL: Low-density lipoprotein.

status and biochemical parameters were recorded. The
inclusion criteria for the T2DM group were the following:
(1) to be diagnosed with T2DM following the guidelines
of the WHO; Fasting blood sugar (FBS) =126 mg/dL or
GlycatedhehaemoglobinHbA1c) =6.5% or Postprandial
blood sugar (PPBS) =140 mg/dL, (2) to have no diabetic
complications and (3) to never have received any diabetes
therapy, including medication and insulin. The exclusion
criteria for both groups were the following: (1) acute
infections, (2) chronic, hepatic and/or renal dysfunction,
(3) nutritional disorders, (4) anaemic Patients, (5) pregnant
women or (6) any other severe medical illness.

Data/sample Collection and Biochemical Analysis

Self- structured questionnaire was used for the collection
of demographic data such as age, gender, smoking history,

to evaluate total cholesterol (TC), high-density lipoprotein
cholesterol (HDL), and triglycerides (TG). Total cholesterol
(TC) was determined using CHOD-POD dry chemistry. High-
density lipoprotein cholesterol (HDL) and Triglycerides (TG)
were measured by enzymatic dry HDL (dry chemistry) and
enzymatic endpoint(dry chemistry) respectively. Low-density
lipoprotein cholesterol (LDL) was calculated the Friedewald's
formula:

[LDL Chol] = [Tot Chol] — [HDL Chol] - [TG]/2.2(1) mmol/L.

Statistics

Data presentation and statistical analysis were completed
using Microsoft Excel 2013, and the Statistical Package for
Social Science (SPSS) version 23.0. Data were represented
as mean = standard deviation (SD). The Chi-square test was
used to analyse categorized variables. A p-value <0.005
was considered statistically significant for all analyses.
Correlations of Vitamin B12 with glycemic status were
analyzed by Pearson correlation.
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Table 3: Correlation of Vitamin B12 and glycemic status in the study

population
Over-all Non-Diabetic  Diabetic
Vitamin B12 Vitamin o
BI2 Vitamin B12
Pearson
Fasting Correlation 0419 0.089 -0.228
Blood Sugar
p-value 0.001* 0.603 0.045*
Post- Pearson 51 0127 -0310
prandial Correlation
Blood sugar  p-value 0.001% 0.410 0.039*
Pearson 4567 0071 -0.409
HbA1c Correlation
p-value 0.001* 0.495 0.029*

Mean Vitamin B12

NorrDiabetic Diabetic

Figure 3: Comparison of Vitamin B12 between Diabetic and non-
Diabetic subjects.

RESULTS

Atotal of 300 participants were included in each group. Based
on the results presented in Table 1, there was significant
variation in the distribution of gender smoking status,
exercise status, and drinking status in both groups

Table 2 shows there was no significant difference in
the mean Age between Control and Diabetic subjects.
Biochemical parameters such as FBS, PPBS, HbAlc, LDL, TGL
and Total serum cholesterol were significantly more among
the newly diagnosed Diabetic subjects as compared to
control subjects(p<0.005). Although, there was no significant
variation in the mean levels of HDL in both the groups.
Nonetheless, the mean Vitamin B12 was significantly more
among the control subjects as compared to Diabetic subjects.

In addition, the correlation between Vitamin B12 levels
with FBS, PPBS, and HbA1c in newly diagnosed was analyzed
using Pearson correlation (Table 3, Figure 4). There is a
negative correlation of serum Vitamin B12 level with FBS (r=
-0.228), PPBS (r=-0.310) and HbA1c (r= -0.409). This means
that a decrease in Vitamin B12 is associated with an increase
in FBS, PPBS and HbA1c.

DISCUSSION

A study aimed to evaluate the effect of glycemic control on
Vitamin B12 status in type 2 diabetes mellitus by Madhura TK
et al. divided the subjects into 5 age groups. Only 8% of the
patients were in the age group 30-39 years. The maximum

Non-Diabetic

[
0089

* Fasting Blood Sugar = Pos-prandid Blood sugar = HbAlc

Figure 4: Correlation of Vitamin B12 and glycemic status in the study
population

number of patients 31% were in the age group 50-59 years.
The mean age of the patients was 54.47 years. The prevalence
of T2DM is maximum in the age group 50-59 years. As the
duration of the disease progresses HbA1lc levels increased
and serum Vitamin B12 levels decreased."” Our study also
correlates with the same data. In our study, we observed
the mean age of non-diabetic volunteers to be 50.43+ 9.59
and that of diabetic patients to be 51.72+ 9.12. A maximum
number of patients were in the age group of 50-60 years in
the newly diagnosed diabetic group.

Smokers are 30 to 40% more likely to be at risk of
developing diabetes than non-smokers.'” The evidence
from studies of individuals with diabetes shows the strong
influence of smoking on mortality'>"'”'® Although our studies
show that 31% of current smokers and 16% of former smokers
develop diabetes out of 300 participants, the results may vary
in the wider population.

Lower fasting insulin levels and increased insulin
sensitivity have been reported in population studies from
England,' Italy?® and France®' as well as in selected groups
of individuals such as young adults?? and postmenopausal
women.? Current or former drinkers had higher glycemic
levels when compared to individuals who never drank
alcohol.

Physical activity appears to have an independent,
beneficial effect on insulin action, glycemic control, and
metabolic abnormalities associated with type 2 diabetes.?*?°
Our research shows that 61.7% of participants were moderate
exercisers who have developed diabetes but their Hbalc
was lower than the participants who were in the regular
activity or never exercising group. Patients diagnosed with
type 2 diabetes mellitus had increased Fasting blood sugar(
196.24 +49.53), postprandial(395.47+ 7.72) and HbA1c (9.19 £
4.37) when compared to healthy glucose tolerance subjects
(controls).

A study was to determine the recent trend of OCPs residue
in blood samples and their association with the known risk
factors responsible for developing the risk of diabetes among
the North Indian population.’® When the NGT group was
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compared with the prediabetes group (Group | vs. Group
II), BMI, FBS, and PPBS were found significantly higher
(P=0.025, P=0.05,and P<0.001) in the prediabetes group.BMI
(P<0.001), HbA1c (P<0.001), glucose F and PP (P<0.001) were
found highly significant in the newly detected DM group as
compared to NGT (Group 1 vs. Group 3).26

In a study, a total of 110 newly diagnosed T2DM patients
and 55 healthy subjects participated. Among the 110 patients
with T2DM, 118 (75%) were diagnosed with metabolic
syndrome. The mean values for Serum Vitamin B12 in group
1(control), group 2 (hon-MS-associated T2DM) and group 3
(Metabolic syndrome-associated T2DM) of newly diagnosed
diabetic patients were recorded to be 633.30+298.44(pg/
ml), 621.16+£265.15(pg/ml and 506.08+249.57(pg/ml).In
comparison with control patients, the non-MS-associated
T2DM patients and patients with MS-associated T2DM had
significantly lower levels of Vitamin B12 (p<0.05).%

Another study included 165 patients (99 women and 66
men; aged 36-82 years) with newly diagnosed type 2 diabetes
mellitus. Baseline serum values of serum B12 in patients with
diabetes before treatment with Group 1 and Group 2 were
306.0F116.8 and 319.3F149.6(pmol/) respectively.?®

The serum level of B12 was significantly lower in patients
(253.3 25.7 pg/ mL) compared with controls (688.3 40.9 pg/
mL, t % 63.68, P < 0.05). The low status of folate and B12
is a potential trigger contributing to the development of
hyperhomocysteinemia and oxidative stress in patients with
T2DM. [4] .Our study shows a negative correlation between
Vitamin B12 with the glycemic status of diabetic patients.
And the correlation was statistically significant in terms of
p-value(FBS: 0.045*, PPBS: 0.039* HbA1c:0.029* ) and Pearson
correlation (FBS: -0.228 , PPBS: -0.310 , HbATc: -0.409). The
mean value of non-diabetic individuals was found to be:
362.07 + 182.25 pg/ml and for diabetic, the mean value was:
559.23 + 275.05pg/ml. This shows that the patients were on
the lower limits of the laboratory reference range.

Diabetics have higher lipid levels than non-diabetics
and this abnormality is exaggerated in patients with poor
diabetic control.'® The majority of hyperlipidemic diabetic
patients(82.43%) had uncontrolled diabetes i.e. raised fasting
blood sugar levels and HbA1C.'°

Few large-scale, real-world studies have assessed
the relative associations of lipid fractions with diabetic
microvascular events.?’ Among subjects with newly
diagnosed DM, the mean total cholesterol level was 224.1
mg/dl. The mean triglyceride level Was 186.3 mg/dl. The
mean HDL cholesterol level was 47.9 mg/dl. The mean LDL
cholesterol level was 146.6 mg/dI.>°

Ourstudyalsorelatesto the contextas the newly diagnosed
diabetic patients had increased levels of triglycerides(183.15+
146.10) and total serum cholesterol(167.86 + 57.11) and low
levels of HDL(38.34 + 13.64) when compared to healthy
individuals. Hence regular monitoring of lipid profile is
advised after the diagnosis of diabetes mellitus.

Conclusively, combined dyslipidaemia was seen to be
relatively high among newly diagnosed T2DM patients,
and in those >40 years. Gender is strongly associated
with dyslipidemia associated with T2DM, and men may
be at greater risk than women. BMI and family history of
diabetes are potential risk factors for dyslipidemia in T2DM.
The interesting findings of this study show that multiple
dyslipidaemia is common even among newly diagnosed
T2DM patients, and this alarming situation necessitates that
routine evaluation of lipid profile is ensured on the onset/
diagnosis of diabetes.’’

The main limitation of the present study is the small
sample size and short duration of the study that prevents
us from concluding the above-stated objectives for a larger
population due to which we could not observe the variation
in age, gender, smoking status, drinking status, and exercise
status in both the groups. Also, our analyses were based on
single measurements of Vitamin B12, which may not reflect
Vitamin B12 levels over time. Serial changes in serum need
to be measured at different stages of T2DM besides newly
diagnosed T2DM patients to further clarify the role of Vitamin
B12 in the progression of T2DM. Large-scale, long-term
randomized- controlled studies are needed to confirm the
findings of our study.

CONCLUSION

Our study aimed to evaluate the status of Vitamin B12 in
newly diagnosed type 2 diabetic patients and its correlation
with the glycaemic status as the primary objective.

As a result, this study shows a significant negative
correlation between glycaemic control (FBS, PPBS, and HbA1c)
and Vitamin B12 status in newly diagnosed diabetic subjects.
Our study implies the fact that Vitamin B12 deficiency might
be started in the prediabetic stage and the glycaemic status
can start affecting the Vitamin B12 levels in the pre-diabetic
stage only or that Vitamin B12 is a potential risk factor in the
development of diabetes mellitus.

The diabetic population also had disturbed lipid
profiles. The Triglycerides and Total Serum Cholesterol were
significantly higher among Diabetic compared to non-
Diabetic subjects. And the HDL was significantly higher
among non-Diabetic compared to Diabetic subjects. This
fact needs more attention and further investigation for better
patient care and good healthcare outcomes.

As it has been suggested in various studies that
metformin affects the level of Vitamin B12 in prolonged
use, and the levels are already degrading due to the diabetic
status of the patient, the treatment should be relevant to
the fact of regular monitoring and proper supplementation,
if needed. Although we found a significant decrease in the
level of Vitamin-B12 during the study period, no patients
developed Vitamin B-12 deficiency. Careful monitoring of
Vitamin B-12 levels is suggested for newly diagnosed and
current diabetic patients.

[4 ] sournal o Apptied pharmaceutical sciences and Research iy september 20225530



Viatmin B12 levels in newly diagnosed diabetic patient

REFERENCES:

1.

10.

11.

12.

13.

14.

Wondifraw, Habtamu. (2015). Classification,
Pathophysiology, Diagnosis and Management of
Diabetes Mellitus. Journal of Diabetes & Metabolism. 06.
10.4172/2155-6156.1000541

Mohan H.,” TEXTBOOK OF PATHOLOGY"6th edition,
Jaypee brothers medical publishers, 2010, 818.
Valdés-Ramos, R., Guadarrama-Loépez, A. L., Martinez-
Carrillo, B. E., & Benitez-Arciniega, A. D. (2015). Vitamins
and type 2 diabetes mellitus. Endocrine, metabolic &
immune disorders drug targets, 15(1), 54-63. https://doi.
org/10.2174/1871530314666141111103217

Al-Maskari M.Y, Waly M.I, Ali A, Al-Shuaibi Y.S,
Ouhtit A. Folate and Vitamin B12 deficiency and
hyperhomocysteinemia promote oxidative stress in adult
type 2 diabetes. Nutrition. 2012;28(7-8):e23-e26. doi:
10.1016/j.nut.2012.01.005.

Jianbo L, Yuche C, Ming S, Jingrong T, Qing D, Yu Z,
Jiawei C, Hongxing W. Association of homocysteine with
peripheral neuropathy in Chinese patients with type 2
diabetes. Diabetes Res. Clin. Pract. 2011;93(1):38-42. doi:
10.1016/j.diabres.2011.03.020.

Calvo Romero J.M, Ramiro Lozano J.M. Vitamin B(12)
in type 2 diabetic patients treated with metformin.
Endocrinol. Nutr. 2012;59(8):487-490. doi: 10.1016/j.
endonu.2012.06.005.

Moore E.M, Mander A.G, Ames D, Kotowicz M.A, Carne
R.P, Brodaty H, Woodward M, Boundy K, Ellis K.A, Bush
A.l, Faux N.G, Martins R, Szoeke C, Rowe C, Watters D.A,
AIBL Investigators Increased risk of cognitive impairment
in patients with diabetes is associated with metformin.
Diabetes Care. 2013;36(10):2981-2987. doi: 10.2337/dc13-
0229. 31

Shargorodsky M, Boaz M, Pasternak S, Hanah R, Matas
Z, Fux A, Beigel Y, Mashavi M. Serum homocysteine,
folate, Vitamin B12 levels and arterial stiffness in
diabetic patients: which of them is really important in
atherogenesis? Diabetes Metab. Res. Rev. 2009;25(1):70-
75. doi: 10.1002/dmrr.902.

Biesenbach G. (1989). Fettstoffwechselstorungen bei
Diabetes mellitus [Disorders of lipid metabolism in
diabetes mellitus]. Wiener medizinische Wochenschrift.
Supplement, 105, 9-17.

Rajole Mahendra Parashram, Ahire Sushil Lamlakar” Study
of Lipid Profile in patients with Diabetes Mellitus “J Cont
Med A Dent January-April 2016 Volume 4 Issue 1 (2016)
4(1) 27-30

Madhura, T. K., Kanyal, L., & Mujawar, A. (2019). Effect of
glycemic control on Vitamin B12 status in type 2 diabetes
mellitus. Indian Journal of Basic and Applied Medical
Research, 1(9), 7-17

The health consequences of smoking — 50 years of
progress: a report of the surgeon general. Diabetes 2014:
537-545

Moy C, Laporte R, Dorman J: Insulin-dependent diabetes
mellitus mortality: the risk of cigarette smoking. CIRCu
latlon82:37-43,1990

Klein R, Moss S, Klein B, Mets DD: Relation of ocular and
systemic factors to survival in diabetes. A rich Intern Med
149:266-272,1989

15.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Uusitupa M, Nikanen L, Siitonen O, Voutilainen E, Pyorala
K: Ten year cardiovascular mortality about risk factors
and abnormalities in lipo t e | n composition in type Il
diabetic and nondiabetic subjects. Dlabetologla3
6:1175-1184,1993

. Manson J, Colditz G, Stampfer M: A prospective study of

maturity-onset diabetes mellitus and risk of Coro n a ry
heart disease and stroke in women. A rich Intern M e d
151:1141-1147, 1991

Stamler J, Vaccaro O, Neaton J, WentworthD:
Diabetes, other risk factors, and 12-year c cardiovascular
mortality for men scre e n e d in the Multiple Risk Factor
Interventlon.

D Haire-Joshu, R E Glasgow, T L Tibbs; Smoking and
diabetes. Diabetes Care 1 November 1999; 22 (11):
1887-1898

Kiechl S, Willeit J, Poewe W, et al. Insulin sensitivity and
regular alcohol consumption: large, prospective, cross-
sectional population study (Bruneck study). Br Med J
1996; 313: 1040-1044.

Konrat C, Mennen LI, Cases E, et al. Alcohol intake and
fasting insulin in French men and women. The D.E.S.I.R.
Study. Diabetes Metab 2002; 28: 116-123.

Flanagan DE, Moore VM, Godsland IF, Cockington RA,
Robinson JS, Phillips DI. Alcohol consumption and insulin
resistance in young adults. Eur J Clin Invest 2000; 30:
297-301.

Davies MJ, Baer DJ, Judd JT, Brown ED, Campbell WS,
Taylor PR. Effects of moderate alcohol intake on fasting
insulin and glucose concentrations and insulin sensitivity
in postmenopausal women:arandomized controlled trial.
JAMA 2002; 287: 2559-2562.

Yki-Jarvinen H, Nikkila EA. Ethanol decreases glucose
utilization in healthy men. J Clin Endocrinol Metab 1985;
61: 941-945.

American Diabetes Association. Screening for type 2
diabetes. Diabetes Care. 2004;27(suppl. 1): S11-S14
Kriska A, Horton E. Physical activity in the prevention of
type 2 diabetes: The epidemiological evidence across
ethnicity and race. In: Ruderman N, Devlin JT, Kriska A,
eds. The Handbook of Exercise in Diabetes. Alexandria,
VA: American Diabetes Association; 2002: 145-153.
Tyagi, S., Mishra, B. K., Sharma, T., Tawar, N., Urfi,
A. J., Banerjee, B. D., & Madhu, S. V. (2021). Level of
Organochlorine Pesticide in Prediabetic and Newly
Diagnosed Diabetes Mellitus Patients with Varying
Degree of Glucose Intolerance and Insulin Resistance
among North Indian Population. Diabetes & metabolism
journal, 45(4), 558-568. https://doi.org/10.4093/
dmj.2020.0093

Chen, A. R, Zhang, H. G., Wang, Z. P, Fu, S. J,, Yang, P.
Q., Ren, J. G,, Ning, Y. Y., Hu, X. J., & Tian, L. H. (2010).
C-reactive protein, Vitamin B12 and C677T polymorphism
of the N-5,10-methylenetetrahydrofolate reductase
gene are related to insulin resistance and risk factors for
metabolic syndrome in the Chinese population. Clinical
and investigative medicine. Medecine clinique et
experimentale, 33(5), E290-E297. https://doi.org/10.25011/
cim.v33i5.14354

Sahin, M., Tutuncu, N. B, Ertugrul, D., Tanaci, N., & Guvener,

C toumalofApplied Pharmaceuica ciences and Research,July-September, 2022, 5(3) | 45 |



Viatmin B12 levels in newly diagnosed diabetic patient

29.

30.

N.D. (2007). Effects of metformin or rosiglitazone on serum
concentrations of homocysteine, folate, and Vitamin B12
in patients with type 2 diabetes mellitus. Journal of
diabetes and its complications, 21(2), 118-123. https://doi.
org/10.1016/j.jdiacomp.2005.10.005

Toth, P.P, Simko, R.J., Palli, S.R. et al. The impact of serum
lipids on risk for microangiopathy in patients with type
2 diabetes mellitus. Cardiovasc Diabetol 11, 109 (2012).
https://doi.org/10.1186/1475-2840-11-109

Soebardi, S., Purnamasari, D., Oemardi, M., Soewondo, P.,
Waspadiji, S., & Soegondo, S. (2009). Dyslipidemia in newly

3.

diagnosed diabetes mellitus: the Jakarta primary non-
communicable disease risk factors surveillance 2006. Acta
medica Indonesiana, 41(4), 186-190.

Anto, E. O., Obirikorang, C., Annani-Akollor, M. E., Adua,
E., Donkor, S., Acheampong, E., & Asamoah, E. A. (2019).
Evaluation of Dyslipidaemia Using an Algorithm of
Lipid Profile Measures among Newly Diagnosed Type
Il Diabetes Mellitus Patients: A Cross-Sectional Study
at Dormaa Presbyterian Hospital, Ghana. Medicine
(Kaunas, Lithuania), 55(7), 392. https://doi.org/10.3390/
medicina55070392



