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Abstract 
INTRODUCTION:  Diabetes Mellitus is influenced by genetic and environmental factors and it is 
characterized by chronic hyperglycemia, altered insulin secretion, and insulin resistance. Vitamin C is 
an essential micronutrient with potent antioxidant properties and it can protect important 
biomolecules from oxidation by participating in oxidation-reduction reactions and it is readily oxidized 
to dehydroascorbic acid, which in turn is reduced back to ascorbate. In T2DM patients Vitamin C levels 
are usually low as blood glucose may compete with vitamin C for uptake into cells due to its structural 
similarity to the oxidised form, and increased oxidative stress may deplete antioxidant stores. 
MATERIAL AND METHODS: This was a prospective, double-blinded, 12-week study. A total of 100 
T2DM patients were included in the study and were divided randomly in to 2 groups of 50 each (study 
group and placebo group). Glycated haemoglobin (HbA1c) was determined in EDTA blood by standard 
methods. Fasting glucose was measured in blood collected in fluoride oxalate tubes. The vitamin C 
concentration of the processed samples was determined. Drug (Vitamin C and Placebo) was issued to 
patients for duration of thirty days at a time. Patients were asked to bring the unused drugs and 
container during the follow-up. All patients were maintained on their usual dietary pattern while 
limiting their consumption of vitamin C-rich foods throughout the study. 
RESULTS: Mean age in Vitamin C group was 44.23 ± 6.58 while in placebo group was 43.75 ± 5.54. 
There were 31 male and 19 female in Vitamin C group. In Placebo group male and female were 30 and 
20respectively. No statistical significance was observed in both the group. At 12 weeks fasting blood 
sugar levels were decreased by -21.45 ± 3.78 in patients receiving Vitamin C while in placebo group 
reduction was -6.41± 2.87. Post meal blood sugar was reduced by -22.77 ± 2.45 in vitamin C group 
while in placebo it was -7.44± 3.78. 
CONCLUSION: Supplementation of Vitamin C to T2DM patients can effectively reduce the blood 
glucose levels and HbA1C levels and regular assessment of Vitamin C levels are necessary in T2DM 
patients. 

Introduction 

Diabetes mellitus (DM) is one of the major 
metabolic disorders associated morbidity and 
mortality due to microvascular complications like 

retinopathy, nephropathy, and neuropathy and 
macrovascular complications like Myocardial 
infarction, peripheral vascular disease, and 
stroke and economic cost. DM is also 
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characterized by oxidative stress, inflammation, 
and insulin resistancei. Studies have shown that 
there is a role of of free radical-mediated 
pathology in diabetes mellitusii.DM is influenced 
by genetic and environmental factors and it is 
characterized by chronic hyperglycemia, altered 
insulin secretion, and insulin resistanceiii. 
Diabetes is one of the largest emerging global 
health emergencies with 415 million people 
between the ages of 20 and 70 worldwide 
estimated as having diabetes in 2015 and Type 2 
DM (T2DM) accounts for at least 90% of all cases 
of diabetesiv. 

Vitamin C is an essential micronutrient with 
potent antioxidant properties and it can protect 
important biomolecules from oxidation by 
participating in oxidation-reduction reactions 
and it is readily oxidized to dehydroascorbic acid, 
which in turn is reduced back to ascorbate. 
Vitamin C is naturally present in fruit and 
vegetables, is often added as a preservative to 
foods/beverages, and is also used as a dietary 
supplement. As vitamin C is water-soluble, it has 
a relatively short half-life in the body due to 
rapid renal clearance and a regular and adequate 
intake is required to prevent deficiency. Vitamin 
C is often added as a preservative to foods and 
beverages, is naturally present in fruit and 
vegetables and can be used as a dietary 
supplementv. 

In T2DM patients Vitamin C levels are usually low 
as blood glucose may compete with vitamin C for 
uptake into cells due to its structural similarity to 
the oxidised form, and increased oxidative stress 
may deplete antioxidant storesvi. Studies shows 
that due to supplementation of vitamin C there is 
an improvement in blood glucose level and 
glycosylated hemoglobin (HbA1c). 

MATERIAL AND METHODS 

This was a prospective, double-blinded, 12-week 
study. A total of 100 T2DM patients were 
included in the study and were divided randomly 
in to 2 groups of 50 each (study group and 
placebo group). Block randomization technique 
was used for random allocation of study drugs, 
that is, vitamin C and placebo with blocks of size 

4 in equal proportions to ensure uniform 
allocation ratio (1: 1).Present study was 
approved by Institutional Ethics Committee   of 
K.M. Medical College and Hospital, Mathura 
(UP). 

The inclusion criteria were patients from 
Outpatient Department with fasting blood 
glucose level in the range of 126 to 250 mg/dL. 
At the study appointment, participant’s 
demographic and physical activity questionnaires 
were completed. Anthropometric data were 
collected including the body mass index (BMI) 
and waist and hip circumference. Patients were 
excluded if unable to give informed consent, 
medical history of inflammatory bowel disease, 
those who had undergone a previous bowel 
resection.  

BMI is calculated by weight in kilograms divided 
by height in metres square. Venous blood 
samples were collected after a 12–hour fast. 
Glycated haemoglobin (HbA1c) was determined 
in EDTA blood by standard methods. Fasting 
glucose was measured in blood collected in 
fluoride oxalate tubes. The vitamin C 
concentration of the processed samples was 
determined. Drug (Vitamin C and Placebo) was 
issued to patients for duration of thirty days at a 
time. Patients were asked to bring the unused 
drugs and container during the follow-up. All 
patients were maintained on their usual dietary 
pattern while limiting their consumption of 
vitamin C-rich foods throughout the study.  

Results were expressed as Mean ± standard 
Deviation (SD) Group differences were 
ascertained by either paired or unpaired t-test. 
Relationship between variables was determined 
by means of either Pearson’s or Spearman’s 
correlation coefficient depending on distribution 
of the data. Chi-square test was used for analysis 
of demographic data.  P values less than 0.05 
was considered as statistically significant.  

RESULTS 

A total of 100 T2DM patients were included in 
the study and were randomized into group A 
(Vitamin C) and Group B (Placebo) of 50 each. 



 

Dr. Ricky Mittal et al, International Journal of Medical and Biomedical Studies (IJMBS) 
 
 

116 | P a g e  
 

Table 1: Demographic variables of each group 

Variables Group A  
(Vitamin C) 

Group B 
(Placebo) 

P 
value 

Age  
(mean ± SD) 
years 

44.23 ± 
6.58 

43.75± 5.54 NS 

Male 31 30 NS 

Female 19 20 

NS Not significant 

Mean age in Vitamin C group was 44.23 ± 6.58 
while in placebo group was 43.75 ± 5.54. There 
were 31 male and 19 female in Vitamin C group. 
In Placebo group male and female were 30 and 
20 respectively. No statistical significance was 
observed in both the group. 

Table 2: changes in blood sugar levels and 
HbA1c after 12 weeks 

Parameter Vitamin C 
group 

Placebo 
group 

P value 

Fasting 
blood sugar 

-21.45 ± 3.78 -6.41± 
2.87 

< 
0.0001 

Post meal  
blood sugar 

-22.77 ± 2.45 -7.44 ± 
3.78 

 < 
0.0001 

HbA1c -0.67 ± 0.08 -0.01 ± 
0.01 

 < 
0.0001 

Plasma  
vitamin C 
*(µmol/L) 

4.85 ± 2.22 0.12 ± 0.10  < 0.001 

At 12 weeks fasting blood sugar levels were 
decreased by -21.45 ± 3.78 in patients receiving 
Vitamin C while in placebo group reduction was -
6.41± 2.87. Post meal blood sugar was reduced 
by -22.77 ± 2.45 in vitamin C group while in 
placebo it was -7.44± 3.78. 

There was a significant reduction of Fasting 
blood sugar, Post meal blood sugar level and 
HbA1c, in vitamin C group. There was a 
significant increase in vitamin C level in group 
receiving vitamin C. 

DISCUSSION 

Fasting blood glucose and dietary vitamin C 
intake are significant independent predictors of 
plasma vitamin C concentrations6.It has been 
shown that the uptake of dehydroascorbic acid, 
the oxidized form of vitamin C, by the glucose 

transporters could be competitively inhibited by 
elevated blood glucose levelsvii. Due to which 
complications like diabetic microvascular 
angiopathy due to RBC fragility, as erythrocytes 
lack the sodium-dependent vitamin C 
transporters and are dependent on the glucose 
transporters for the uptake of vitamin Cviii. Our   
study also showed that vitamin C levels are 
inversely proportional to blood glucose levels. 
T2DM patients with a higher weight are prone to 
vitamin C inadequacy and are known to require 
higher intakes of vitamin C in order to reach 
adequate plasma concentrationsix. Also oxidative 
stress which may be caused by vitamin C 
deficiency leads to alterations in signalling 
pathways and to potential tissue damagex. 

Physiologically high concentrations of ascorbic 
acid can directly inhibit erythrocyte aldose 
reductase and provide a rationale for the use of 
oral vitamin C supplements in diabetesxi. 

In a study by Et al it was shown that 
supplementation with 500 mg/day vitamin C in 
diabetic patients had no changes in FBG and 
HbA1c ascompared with placebo. This may be 
due to use of low dose of vitamin C used in this 
studyxii. Our study showed that there was 
significant reduction in the blood glucose levels 
in Vitamin C group as compared to placebo 
group and significantreduction in serum 
HbA1cwas noted in patients supplemented with 
vitamin C for 12 weeks. Similar results were 
shown by P Sridulyakul et al in their study on 
Vitamin C supplementation could reverse 
diabetes-induced endothelial cell dysfunction in 
mesenteric microcirculation in STZ-ratsxiii. Also it 
has shown that the increase of serum 
antioxidant glutathione and the decrease of 
glycosylated haemoglobin after long-term 
ascorbic acid supplementation are related to 
each otherxiv. 

CONCLUSION 

Supplementation of Vitamin C to T2DM patients 
can effectively reduce the blood glucose levels 
and HbA1C levels and regular assessment of 
Vitamin C levels are necessary in T2DM patients. 



 

Dr. Ricky Mittal et al, International Journal of Medical and Biomedical Studies (IJMBS) 
 
 

117 | P a g e  
 

REFERENC 

                                                           

1. H. E. Mesallamy, S. Suwailem, and N. Hamdy, 
“Evaluation of C-reactive protein, 
endothelin-1, adhesion molecule(s), and 
lipids as inflammatory markers in type 2 
diabetes mellitus patients,” Mediators of 
Inflammation, Mediators 
Inflamm. 2007;2007: 73635. Epub 2007 Feb 
25. 

2. D. H. Alamdari, K. Paletas, T. Pegiou, M. 
Sarigianni, C. Befani, and G. A. Koliakos, “A 
novel assay for the evaluation of the 
prooxidant-antioxidant balance, before and 
after antioxidant vitamin administration in 
type II diabetes patients,” Clinical 
Biochemistry, ClinBiochem. 2007 Feb;40(3-
4):248-54. Epub 2006 Nov 21.. 

3. American Diabetes Association.Diagnosis 
and classification of diabetes 
mellitus.Diabetes Care. 2014 Jan; 37 Suppl 
1():S81-90. 

4. International Diabetes Federation IDF 
diabetes atlas 2015. [(accessed on 5 June 
2017)]; Available 
online: http://www.diabetesatlas.org.  

5. Carr A, Frei B. Does vitamin C act as a pro-
oxidant under physiological 
conditions?FASEB J. 1999 Jun; 13(9):1007-
24. 

6. Will JC, Byers T. Does diabetes mellitus 
increase the requirement for vitamin C?Nutr 
Rev. 1996 Jul; 54(7):193-202. 

7. Girgis C., Christie-David D., Gunton J. Effects 
of vitamins C and D in type 2 diabetes 
mellitus. Nutr Diet Suppl. 2015;7:21–28.  

8. Tu H, Li H, Wang Y, Niyyati M, Wang Y, 
Leshin J, Levine M. Low Red Blood Cell 
Vitamin C Concentrations Induce Red Blood 
Cell Fragility: A Link to Diabetes Via Glucose, 
Glucose Transporters, and Dehydroascorbic 
Acid.EBioMedicine. 2015 Nov; 2(11):1735-
50. 

9. Carr AC, Pullar JM, Bozonet SM, Vissers MC. 
Marginal Ascorbate Status (Hypovitaminosis 
C) Results in an Attenuated Response to 

                                                                                                 

Vitamin C Supplementation.Nutrients. 2016 
Jun 3; 8(6):. 

10. Lamb RE, Goldstein BJ. Modulating an 
oxidative-inflammatory cascade: potential 
new treatment strategy for improving 
glucose metabolism, insulin resistance, and 
vascular function.Int J ClinPract. 2008 Jul; 
62(7):1087-95. 

11. I. B. Hirsch, D. H. Atchley, E. Tsai, R. F. Labbé, 
and A. Chait, “Ascorbic acid clearance in 
diabetic nephropathy,” Journal of Diabetes 
and its Complications, vol. 12, no. 5, pp. 
259–263, 1998.  

12. R. Srivatsan, S. Das, R. Gadde et al., 
“Antioxidants and lipid peroxidation status 
in diabetic patients with and without 
complications,” Archives of Iranian 
Medicine, vol. 12, no. 2, pp. 121–127, 2009. 

13. P. Sridulyakul, D. Chakraphan, and S. 
Patumraj, “Vitamin C supplementation could 
reverse diabetes-induced endothelial cell 
dysfunction in mesenteric microcirculation 
in STZ-rats,” Clinical Hemorheology and 
Microcirculation, vol. 34, no. 1-2, pp. 315–
321, 2006.  

14. E. Szaleczky, J. Prechl, E. Ruzicska et al., 
“Reduction of glycatedhemoglobin levels by 
long term, high dose ascorbic acid 
supplementation in healthy and diabetic 
patients,” Medical Science Monitor, vol. 4, 
no. 2, pp. 241–244, 1998. 


