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Abstract:

Introduction: Ascorbic acid (Vitamin C) is an important scavenger of oxygen derived free radicals, structurally
similar to glucose, which can replace it in many chemical reactions and thus is effective for prevention of
nonenzymatic glycosylation of protein and helps in the regeneration of a-tocopherol and prevents LDL
oxidation thereby reducing cardiovascular risk.

Aims and Objectives: To estimate Haemoglobin Alc (HbAlc), Triglycerides (TG) and Vitamin C levels in type 2
diabetes mellitus patients and compare it with that of healthy individuals.

Materials and methods: A cross sectional study done in the department of Biochemistry in collaboration with
Department of Medicine, Regional Institute of Medical Sciences, Imphal, Manipur from September 2011 to
August 2013 included eighty confirmed cases of type 2 diabetes mellitus (T2DM) patients and forty age and sex
matched healthy controls. Vitamin C and Triglyceride levels were estimated colorimetrically while HbAlc was
measured by Fast lon Exchange Resin Separation Method.

Results: The highest level of Vitamin C was that of control group (1.00+£0.37, p <0.001) followed by cases
without complication group (0.99+0.41, p<0.001) and cases with complication group (0.67+0.27, p<0.001).
Values of HbAlc and TG were found to be highest for diabetes with complications. Post Hoc test for better
understanding of multiple comparison showed difference between control and diabetes with complications and
was significant.

Conclusion: The decreased level of vitamin ¢ found in the present study could be used for screening and
diagnosis of diabetes mellitus. However, this observation requires further study.
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. Introduction

Diabetes mellitus is one of the most common metabolic disorder. Due to altered insulin secretion or
action, there is altered metabolism of carbohydrates and lipids. Hyperglycemia and lipid abnormalities are
features of Diabetes mellitus (DM). Hyperglycemia is a recognized pathologic factor of long term complications
in diabetes mellitus. It does not only generate reactive oxygen species, but also alters antioxidant mechanism,
creating a state of oxidative stress [1]. The hemoglobin Alc (HbAlc) assay provides a reliable measure of
chronic glycemia and correlates well with the risk of long-term diabetes complications, so that it is currently
considered the test of choice for monitoring and chronic management of diabetes mellitus [2]. It is believed that
one of the mechanisms responsible for secondary complications of diabetes involves non-enzymatic
glycosylation of proteins by glucose auto-oxidation [3]. Non-enzymatic glycosylation is a spontaneous chemical
reaction between glucose and the amino groups of protein resulting in the formation of reversible schiff’s bases
and Amadon products. These products have been reported to generate free radicals, causing oxidative stress and
tissue damage [4].Ascorbic acid (Vitamin C) is known for its beneficial effects on serum lipids and glycated
haemoglobin (HbAlc). Vitamin C is an important antioxidant in human [5], capable of scavenging oxygen-
derived free radicals [6]. Several investigators have implicated the role of free radical mediated pathology in
diabetes mellitus [7,8]. Previous study has shown decrease in basal vitamin C level in type 2 DM [9] and is
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structurally similar to glucose replacing it in many chemical reactions proving effective for prevention of
nonenzymatic glycosylation of proteins [10].

The main quantitative abnormalities of lipids in diabetes are increased triglyceride (TG) levels, related
to an augmented hepatic production of VLDL and a reduction of both VLDL and IDL catabolism, and decreased
HDL-Cholesterol levels due to an accelerated HDL catabolism. The main qualitative abnormalities include large
VLDL particles (VLDL1), relatively rich in TG, small dense LDL particles, increase in TG content of LDL and
HDL, glycation of apolipoproteins and increased susceptibility of LDL to oxidation. Moreover, although plasma
LDL-cholesterol level is usually normal in type 2 diabetic patients, LDL particles show significant kinetic
abnormalities, such as reduced turn-over, which is potentially harmful [11]. LDL particles are small and dense
in type 2 diabetes and are susceptible to oxidation. a-tocopherol is a lipid soluble antioxidant and protects LDL
particles from oxidative attack. Vitamin C is required for regeneration of a-tocopherol and may thus prevent
LDL oxidation [12]. The study was conducted to estimate serum Glycated haemoglobin (HbAlc), Triglyceride
(TG) and Ascorbic acid (Vitamin C) levels in type 2 diabetes mellitus patients with and without micro-vascular
complication and to compare with that of healthy individuals. And also, to identify the inter-relationship among
these components with the help of correlation matrix in healthy controls, type 2 diabetes mellitus with and
without microvascular complications.

Il.  Materials and methods

A cross sectional study was carried out in the Department of Biochemistry in collaboration with
Department of Medicine, Regional Institute of Medical Sciences, Imphal, Manipur from September 2011 to
August 2013. The study group comprised of eighty randomly selected cases of confirmed T2DM patients
diagnosed for more than one year among patients coming from different areas of Manipur and attending diabetic
clinic and/or admitted in the Medicine ward, irrespective of sex, religion and socio-economic status. Cases were
divided into two groups: (i) Forty confirmed type 2 diabetes mellitus patients without complication who were
under treatment with insulin or oral hypoglycemic agents and/or diabetic diet. (ii) Forty confirmed T2DM cases
with microvascular complications like nephropathy, retinopathy or neuropathy etc under treatment. Forty age
and sex matched apparently healthy individuals were selected as controls.All cases and controls were aged 18
years and above. Each individual enrolled in study underwent a detailed history, clinical examination and
laboratory examination designed for the study. Type 2 DM patients with and without complication were
diagnosed on the basis of history, physical examination, biochemical investigations and according to revised
criteria for diagnosing DM issued by consensus panel expert from the National Diabetes Group and World
Health Organization.

Patients suffering from carcinoma, any chronic systemic disease, smokers, alcoholics, pregnant lady,
lactating mothers, with history of acute infections and thyroid dysfunction were excluded from the study. Study
was approved by the Institutional Ethics Committee. Informed consent was obtained from all individuals and
nature of the study was explained to them.Five ml of blood was collected from each individual after 12 hours
overnight fasting. Four ml was collected in sterile plain vial for estimation of ascorbic acid (vitamin C) and
triglyceride (TG). One ml was collected in EDTA vial for estimation of glycosylated hemoglobin (HbAlc). It
was processed within 1 hour of collection.Serum HbAlc was estimated using commercially available HbAlc kit
according to Fast lon Exchange Resin Separation Method described by Goldstein DE, Little RA and Widdmayer
HM [13]. Quantitative estimation of serum triglycerides was done by enzymatic colorimetric test for TG with
Lipid Clearing Factors (LCF) as described by Bucolo G and Harold D [14]. Ascorbic acid was estimated by
colorimetric method using commercially available kit. Statistical analysis was performed using SPSS version
16. Data were expressed in Mean = SD. Statistical tests like y2-test, independent t-test, ANOVA (F-test) and
correlation coefficient ‘r” were applied whenever found suitable and necessary. The P-value less than 0.05 was
considered significant.

I1l.  Results
Table 1: Group-wise distribution of HbAlc

HbAlc (%) | Types of group

Control (no.) | (%) | Case with complication | % Case without complication | %
<35 5 125 | - - - -
3.6-45 9 225 | - - 3 75
46-55 14 35 2 5 17 42.5
5.6-6.5 12 30 1 25 |19 47.5
6.6 7.5 - - 22 55 1 2.5
7.6-85 4 10 - -
8.6-9.5 1 2.5
10.6 -11.5 4 10
11.6-125 | - - 6 15 - -
Total 40 100 | 40 100 | 40 100
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Table 1 shows distribution of HbAlc according to groups. None of the controls have HbAlc level
above 6.5%, majority (35%) of the controls have HbAlc level of 4.6 — 5.5 %, whereas majority (47.5%) of
diabetics without complications have HbAlc level in the range of 5.6 — 6.5 %, and majority (55%) of diabetics
with complications have HbAlc level in the range of 6.6 — 7.5%.

Table 2: Group-wise distribution of Triglycerides

TG (mg%) Types of group
Control (%) Case with | % Case without | %
(no.) complication complication
<120 1 25 - - - -
121 -130 27 67.5 - - - -
131140 12 30 7 175 12 30
141 - 150 - - 21 52.5 17 42,5
151 - 160 - - 12 30 11 275
Total 40 100 40 100 40 100

The levels of TG were divided into five groups as shown in Table 2. It is seen that majority (67.5%) of
the control group have TG level in the range of 121-130 mg%, whereas majority of diabetes groups viz.,
diabetes with complications (52.5%) and diabetes without complications (42.5%) have TG level in the range of
141 — 150 mg%.

Table 3: Group wise distribution of Vitamin C

Vitamin C inmg% | Types of group

controls | % Cases with | % Cases without | %

complications complications

<0.50 0 - 0 - 0 -
0.51-1.00 14 35 34 85 18 45
1.01-1.50 6 15 6 15 22 55
>1.50 20 50 |0 - 0 -
Total 40 100 | 40 100 | 40 100

Vitamin C level is also clubbed into four categories as shown in the above table. It is observed that
none of the groups have vitamin C level below 0.50mg%. It is also evident that majority of the individuals in the
control group (50%) have vitamin C level in the range of > 1.50 mg%. Majority of the diabetes without
complications (55%) have vitamin C level in the range of 1.01-1.50 mg%, whereas in the diabetes with
complications, majority (85%) have vitamin C level in the range of 0.51-1.00 mg%. The variations observed
here could not be tested for statistical significance as most of the cell frequencies are either nil or very few.

Table 4: Group-wise mean+ SD values of Vitamin C, Glycosylated
Hb (HbA1c) and Triglycerides (TG)

Glycosylated Hb Triglyceride VitC

Mean + SD Mean + SD Mean + SD
Control 5.04 +0.88 131.85 +7.09 1.00 +0.37
Cases with complication 8.11+2.12 159.62 + 8.69 0.67 £0.27
Cases without complication | 5.52 + 0.52 154.10 £ 6.72 0.99£0.41
P-value <0.001 <0.001 <0.001

Table 4 shows distribution of mean and standard deviation of HbAlc, TG and Vitamin C among the
three study groups. Values of HbAlc and TG were found to be highest for diabetes with complications followed
by diabetes without complication. These values were lowest for controls. Whereas, for vitamin C, control group
has highest level followed by diabetes without complication and lowest level in diabetes with complications.
The variation of mean for HbAlc, TG and vitamin C was found to be highly significant (p < 0.001).
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Table 5: Pair-wise (group) comparision of mean of Vitamin C,
Glycosylated Hb (HbA1c) and Triglycerides (TG)

Variable [U) (D) Mean difference* (I-11) | p-value
HbAlc Control Case with complication -3.07000 0.001
Case without complication | -0.47250 0.373
Case with complication | Case without complication | 2.59750 0.001
Triglyceride | Control Case with complication -21.77500 0.001
Case without complication | -22.25000 0.001
Case with complication | Case without complication | -0.47500 1.000
Vit C Control Case with complication 0.33475 0.001
Case without complication | 0.01400 1.000
Case with complication | Case without complication | -0.32075 0.001

In order to evaluate better understanding of multiple comparison Post Hoc test was done and the
findings are shown in Table 5. It is observed that the paired combinations for HbAlc is found to be statistically
significant between control and diabetes with complications whereas it is not significant between control and
diabetes without complications. In case of TG the paired combinations between control and the diabetes is found
to be significant, however it is found to be insignificant between the two groups of diabetes i.e. diabetes with
complications and diabetes without complications. For vitamin C this difference was found to be statistically
significant between control and diabetes with complications whereas insignificant between control and diabetes
without complications.

IV.  Discussion

The diabetes complication and control trial (DCCT) established HbAlc as the gold standard of
glycemic control. The level of HbAlc value < 6.5% was said to be appropriate for reducing the risk of diabetes
complications. In the present study the mean + SD of HbAlc was 5.04 + 0.88 in controls, 5.52 + 0.52 in diabetes
without complications and 8.11 + 2.12 in diabetes with complications and the differences were highly
significant statistically. Gabbay KH et al [15] also found that glycosylated hemoglobin concentration was
elevated as much as two fold in diabetics and decreased with improvement of glycemic control. Higher glucose
concentrations and increased glycosylated hemoglobin might accelerate atherosclerotic process through several
plausible mechanisms such as oxidative stress and protein glycation of vessel wallsin the present study
triglyceride levels were increased in diabetic groups, both with complications and without complications, as
compared to control subjects. This finding was in agreement with the findings of Ali A et al [16], Taylor R et al
[17], Kumar V et al [18] and Madhu SV et al [19].In our study, Vitamin C levels in diabetic patients both with
complication and without complications were found to be decreased than controls. Som S et al [20] observed
low plasma ascorbic acid level in diabetic patients. A similar finding was observed by Banerjee A [21]. It has
been proposed that in diabetic patients, several abnormalities related with absorption develop in the absence of
antioxidant vitamins [22]. A substantial body of literature suggests that Vitamin C metabolism is altered in
diabetes mellitus [23,24]. The active transport of ascorbic acid also appears to be decreased by hypoglycemia
[25] and insulin deficiency [26]. Vitamin C is an important antioxidant in humans [27] capable of scavenging
oxygen—derived free radicals [6]. Vitamin C is structurally similar to glucose and can replace it in many
chemical reactions, and thus is effective in prevention of non-enzymatic glycosylation of proteins [28].Highly
significant test values for HbAlc and TG indicate that HbAlc level as well as TG values were significantly
varied over the three groups in the present study. For instance, highest HbAlc and TG levels pertain to diabetes
with complications. There were significantly low values of vitamin C. Increased oxidative stress in diabetes
could contribute to depletion of antioxidant such as vitamin C [29,30].

Vitamin C has been shown to reduce protein glycosylation and act as scavengers of free radicals. The
deficiency of this vitamin has been implicated in the development of late complications of diabetes mellitus,
such as cataract, nephropathy and neuropathy.

Absolute or relative deficiency of antioxidant defense may lead to a situation of increased oxidative
stress especially in case of obesity, dyslipidemia and insulin resistance. And this may be associated with both
cause and consequences of a variety of disorders [31].1t was observed that the paired combinations for HbAlc
and Vitamin C were found to be statistically significant between controls and diabetes with complications
whereas it was not significant between controls and diabetes without complications. And in case of TG, the
paired combinations between controls and the diabetes is found to be significant, also it was found to be
statistically significant between the two groups of diabetes that is, diabetics with complications and diabetics
without complications.Our study supported the hypothesis that hyperglycemia activates cellular and tissue injury
by oxidative stress but the compensatory mechanism for defense against the reactive oxygen species (ROS) to
normalize oxidative stress is not achieved in the diabetic patients. Moreover this oxidative stress is increased
with poor glycemic control. As a result, patient with hyperglycemia and oxidative stress present a high risk for
development of diabetic complications and need early intervention in type 2 diabetes mellitus.
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V.  Conclusion

In the present study the mean values of blood HbAlc and TGs were found to be higher in the diabetic
patients- either with complications or without complications than controls whereas the mean values of Vitamin
C levels were lower in diabetic patients- both with complications and without complications, than controls. The
present study showed a highly significant difference in the levels of HbAlc between the diabetics and the
controls. Also a significant difference was observed between the two groups of diabetes i.e. diabetes with
complications and diabetes without complications.From the present study it may be concluded that altered levels
of vitamin C may have a role in the pathogenesis and progression of T2DM. The decreased blood levels of
vitamin C as has been found in the present study could be utilized for the screening and diagnosis of diabetes
mellitus. However this observation requires further study. Because of the central role of vitamin C in the
antioxidant defense system of our body, it is suggested that an adequate supply of these substances in the diet of
diabetic patients could be beneficial in the long term management of diabetic patients, and further studies in this
field are recommended.
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