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Abstract

levels.

levels were correlated with serum vitamin C levels.

Background: Vitamin C is one of the most important micronutrient required for various physiological roles in the
human system. Evidences suggest that there is an inadequate status of vitamin C in diabetes mellitus. The
objectives of this study is to understand the prevalence of vitamin C deficiency in established type Il diabetes
mellitus patients and to study the correlation between various variables of diabetes mellitus with serum vitamin C

Methods: A prospective cross-sectional study to assess the prevalence of vitamin C deficiency was carried out in
diabetes patients. Fasting blood sugar levels, glycated hemoglobin, serum malondialdehyde levels, and lipid profile

Results: The prevalence rate of hypovitaminosis C is found to be 55.13% among the enrolled patients. There is a
significant increase in the systolic blood pressure levels in patients with inadequate as well as deficient vitamin C
levels (p < 0.05). Inverse relationship exists between fasting blood sugar and vitamin C levels (p < 0.001). Similarly
total cholesterol levels were also inversely related to the vitamin C levels (p = 0.0031). Body mass index, glycated
hemoglobin, and fasting blood sugar levels are important predictors of vitamin C deficiencies.

Conclusion: Vitamin C deficiency is well established among diabetes mellitus patients. Deficiency of vitamin C
levels has an impact on the serum malondialdehyde levels suggesting increased oxidative stress. The higher
oxidative stress would have led to increase in glycated hemoglobin. Further research must be carried out to
understand the beneficial effects of vitamin C supplementation in diabetes mellitus.
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Background

The role of ascorbic acid in various metabolic diseases
has been researched upon ever since its discovery. As-
corbic acid is an important vitamin that has well estab-
lished biological role due its antioxidant nature. The
human population is unable to produce their own ascor-
bic acid, and hence, it must be strictly obtained from the
dietary sources [1]. Vitamin C rich foods are pretty
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common and regularly consumed in our daily diet [2].
Inadequacy occurs due to the excessive consumption of
vitamin C in destabilizing the free radicals. In all meta-
bolic illnesses such as diabetes, there is an inadequate
vitamin C serum concentration.

One of the most common diseases affecting the global
population is diabetes mellitus. Diabetes mellitus has an
extensive pathology especially the mechanism involving
oxidative stress is still complex. The generation of the
reactive oxygen species (ROS) such as superoxide anions
could damage the islets of Langerhans particularly the p
cells resulting in reduced insulin release. These ROS af-
fects the secondary signal transducers such as protein
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kinase C [3]. The activation of such signal transducers
interfere with insulin activity leading to the development
of insulin resistance. Studies have suggested vitamin C
deficiency is far more prevalent in pre-diabetics and
established diabetes mellitus patients when compared to
non-diabetic individuals [4].

There are several reports that stated the use of ascorbic
acid as a supplementation in the prevention of disease
progression and their complications [5]. The objectives of
this study is to understand the prevalence of vitamin C de-
ficiency in established type II diabetes mellitus patients, to
study the correlation between various variables of diabetes
mellitus with serum vitamin C levels.

Methods

Study design

A prospective cross-sectional study was carried out in a
tertiary care teaching hospital between September 2018
and August 2019. Sample size was calculated using Rao-
soft online calculator. With a population size of 1200 pa-
tients (derived from the prevalence data of the hospital
in the previous year prior to the study) and a confidence
interval of 95%, the sample size was calculated to be 292
[6]. The study was approved by the institutional ethics
committee VISTAS-SPS/IEC/2018/1/07. All the study

Table 1 Baseline characteristics of selected participants (n = 292)
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participants have provided a written informed consent
for their willingness to participate in this study.

Study participants

Patients who are 18 years or older and diagnosed with
type II diabetes mellitus characterized by a fasting blood
sugar level between 126 mg/dL and 250 mg/dL and gly-
cated hemaglobin level below 9% were included for the
study as higher level may require multiple drug therapy.
Patients who are only on metformin were included as
other oral hypoglycemic agents may affect the metabolism
of ascorbic acid [7]. Participants who were unable to give
informed consent, patients who had previous experience
of cardiovascular events were excluded. Pregnant and
nursing women were also excluded from the study.

A specially designed data extraction form is used to
obtain the preliminary data such as demographics like
age, sex, family history of diabetes mellitus, qualification,
smoking history, alcoholism, duration of diabetes, and
past medical history were recorded. Anthropometric
measurement such as height and body weight was re-
corded, and they were used to determine the body mass
index (BMI). The glycemic status parameters such as
fasting blood glucose (FBS) and glycated hemoglobin
(HbA1C) were recorded using conventional methods.

Parameter Sufficient (serum

vitamin C > 0.6 mg/dL)

Deficient (serum vitamin
C < 03mg/dL)

Insufficient (serum vitamin
C 06 to 0.3 mg/dL)

Number of patients, n (%)" 56 (19.17) @
Male, n (%) 32 (57.14)
Female, n (%) 24 (42.86)
Age in years 4741 £ 451
Family history, n (%) 21 (37.5)
Duration of diabetes (years) 24+15
mean + SEM
Qualification
Elementary school/no qualification, n (%) 7(125)
Secondary school, n (%) 11 (19.64)
Graduate, n (%) 20 (35.71)
Post graduate, n (%) 18 (32.14)
Smoking status
Smoker, n (%) 14 (25.00)
Non-smoker, n (%) 40 (71.42)
Previous smoking history, n (%) 2 (03.57)
BMI (kg/m?)* 241 +15°
Systolic blood pressure (mmHg)* 1M76+112°
Diastolic blood pressure (mmHg) 743 + 7.1

75 (25.68) ° 161 (55.13) °
51 (68.00) 91 (56.52)
24 (32.00) 70 (43.48)
4915+ 516 4422 + 814
34 (45.33) 104 (64.59)
29+ 14 26+ 19

8 (10.66) 31 (19.25)
21 (28.00) 62 (3850)
22 (29.33) 50 (31.05)
24 (32.00) 18 (11.18)
24 (32.00) 47 (29.19)
46 (61.33) 104 (64.59)
5 (06.66) 10 (06.21)
249+ 16° 279+11°
1294 + 105 ° 1346 +71°
812+54 896 + 4.2

All values are mentioned as mean + SEM unless stated otherwise

*p < 0.05 on performing ANOVA followed by a post hoc analysis. The same alphabet on superscript denotes no significant difference after performing inferential statistics

*p < 0.05 on performing chi squared test
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Table 2 Glycemic control, cardiovascular risk, and oxidative stress markers of selected participants (n = 292)

Parameter Sufficient (serum

vitamin C > 0.6 mg/dL)

Deficient (serum
vitamin C < 0.3 mg/dL)

Insufficient (serum
vitamin C 0.6 to 0.3 mg/dL)

Glycemic control markers

Fasting blood sugar, mg/dL* 154.2 £ 105 ¢

HbA1C, %* 71+02°
Cardiovascular risk markers

High-density lipoprotein (HDL), mg/dI* 472 +26°

Triglycerides (TG), mg/dL” 1596 +22°

Total cholesterol (TC), mg/dL* 1874 +44°

Framingham Risk Score* 154+19°
Oxidative stress marker

Malondialdehyde, pumol/L* 084 +021°

1814 + 102 ° 1964 + 84 °
81+03° 81+02°
432 +21°% 376+19°
1546+ 15° 1945 +61°
1912 +26°2 2145+ 194 P
172+16°%® 194+21°
215+ 054 ° 296 + 094 °

All values are mentioned as mean + SEM unless stated otherwise
aPNo significant variation when compared to both the groups

*p < 0.05 on performing ANOVA followed by a post hoc analysis. The same alphabet on superscript denotes no significant difference after performing

inferential statistics

Cardiovascular risk assessment parameters such as systolic
blood pressure (SBP), high density lipoprotein (HDL), total
cholesterol (TC), and triglycerides (TG) were analyzed. From
these available data, Framingham Risk Score was calculated.
Framingham Risk Score is a Canadian risk assessment score
for 10-year cardiovascular risk projection. Oxidative stress
markers such as malondialdehyde levels were also analyzed.

Serum vitamin C levels were analyzed from the blood
which was acidified with a chelator and perchloric acid
and was subjected to automated high performance liquid
chromtography (HPLC).

The study participants were counseled by a certified
dietician of the hospital to follow a standard diet with
required daily allowance of vitamin C. The participants
were asked to maintain a patient’s diary to track the food
consumed prior to the collection of blood.

Statistical analysis

Descriptive statistics were used to analyze the preliminary
data in the form of mean + SEM. The baseline parameters

Table 3 Correlation of variables with vitamin C levels

were analyzed using one-way ANOVA and chi-squared test
as appropriate with a significance level of 95%. Pearson cor-
relation was used to correlate the association between each
variable in a cohort with serum vitamin C levels. All the
univariate analyses used a p < 0.05 to be considered statisti-
cally significant. The statistical analyses were carried out
using IBM SPSS (Statistical Programme for social Sciences
version 22) and GrapPad prism version 9.0.

Results
Initially, 359 patients were screened and 292 participants
were selected for the study based on the selection cri-
teria participants. The patients were categorized to three
groups depending upon their serum vitamin C levels
such as sufficient (serum vitamin C > 0.6 mg/dL), Insuf-
ficient (serum vitamin C 0.6 to 0.3 mg/dL) and deficient
(serum vitamin C < 0.3 mg/dL).

It could be inferred from the table 1 that the preva-
lence rate of hypovitaminosis C is 55.13%. There is a

Characteristic Mean + SEM p value r value (correlation)
Age (years) 45.16 £ 44 0.0828 0.2212

BMI (kg/m?) 269+ 26 0.0461 - 06201*

Systolic blood pressure (mmHg) 1286+ 22 00514 -0.1104

Diastolic blood pressure (mmHg) 842 £ 05 0.0612 - 01721

Duration of diabetes (years) 25+06 0.0979 0.1544

Total cholesterol (mg/dL) 194.1 £ 4.1 0.0031 - 0.7191*
Framingham Risk Score 18216 0.0321 - 06914

Fasting blood sugar (mg/dL) 1882+ 23 < 0.001 — 0.8056**

All values are mentioned as mean + SEM unless stated otherwise
*p < 0.05
**p < 0.001 on performing the two-tailed Pearson correlation
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significant high systolic blood pressure levels in inad-
equate as well as deficient groups is seen.

It is evident from Table 2 that cardiovascular risk
markers and oxidative stress markers are significantly al-
tered in patients with vitamin C deficiency.

It can be seen from Table 3 that a significant inverse
relationship exists between fasting blood sugar and vita-
min C levels. Similarly total cholesterol levels were also
inversely related to the vitamin C levels.

On performing the Pearson correlation between
glycated hemoglobin and serum vitamin C levels, r = —
0.8741**. When correlation analysis was performed be-
tween malondialdehyde levels and serum vitamin C
levels, r = — 0.8121%**

The glycated hemoglobin has a significant inverse
relationship with serum vitamin C levels (Fig. 1). Malon-
dialdehyde which is predominantly scavenged by anti-
oxidants has also a significant inverse relationship with
vitamin C levels (Fig. 1).

Although smoking status is an important predictor for
vitamin C deficiencies, it is not significant in the results
obtained. Body mass index, glycated hemoglobin, and
fasting blood sugar levels are important predictors of
vitamin C deficiencies (Table 4).

Discussion

It has been observed from our study that there is a
prevalence rate of 55.13% hypovitaminosis C (deficient
vitamin C status) in type 2 diabetes mellitus patients

Table 4 Linear regression analysis of variables

Parameter r r p value
Age 0.2212 0.0489 0.0828
BMI 0.6201 0.3845 0.0461*
Smoker 06104 03726 0.0511
HbATc - 08741 0.7640 < 0.001**
FBS - 0.8056 0.6490 < 0.001**
Total cholesterol - 07191 0.5171 0.0031*

*p < 0.05 is considered significant
**p < 0.001 is considered extremely significant

which is similar to the study by David et al. [8]. Vitamin
C deficiency may further contribute to the microvascular
and microvascular complications in diabetes mellitus pa-
tients [9, 10]. It could be seen from our study that lipid
profile parameters are significantly higher in the vitamin ¢
deficiency group. Oxidative stress and the impact of react-
ive oxygen species level contribute to the higher levels of
lipids in vitamin C deficiency status [4, 11].

The study showed that there is a significant inverse
relationship between the individual predictors such as
fasting blood sugar, glycated hemoglobin, high-density
lipoproteins, total cholesterol, body mass index, tri-
glycerides, malondialdehyde levels, and vitamin C
levels.

Body mass index levels were inversely proportional
to the serum vitamin C concentration. Patients with
higher body mass index require higher consumption
of ascorbic acid for the regular needs [12]. The fast-
ing blood sugar is inversely proportional to the serum
vitamin C levels which is in accordance with the pre-
vious results [13, 14].

Malondialdehyde levels are also inversely related
to their serum vitamin C levels. In diabetes mellitus,
there is an increased impact of reactive oxygen spe-
cies and free radicals; therefore, there is an increase
demand of the antioxidants to scavenge the free
radicals [15]. However, the individual consumption
must be increased in order to overcome these
deficiencies.

Supplementation of vitamin C in diabetes mellitus pa-
tients may be beneficial. Vitamin C being water soluble
vitamin is at lower risk of hypervitaminosis C when
compared to other antioxidant vitamins such as vitamin
E which is lipid soluble [10, 16]. Certain studies pre-
dicted that vitamin C is being excreted through urine
[17]. This should be analyzed in human also in the fu-
ture. Further research is required to assess the beneficial
effects of vitamin C supplementation in diabetes mellitus
patients in improvement of their glycemic control and
prevention of their complications through this potent
antioxidant.
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Conclusion

There is a definite prevalence of vitamin C deficiency
in type 2 diabetes mellitus patients. Also, there is an
inverse relationship between the fasting blood sugar
levels, body mass index, and vitamin C levels. Signifi-
cant negative correlation has been observed between
glycated hemoglobin levels with serum vitamin C
levels. Vitamin C is an important antioxidant vitamin
that is necessary for scavenging of these free radicals
and prevention of further complication of diabetes
mellitus. There is a necessity to increase the supply
of vitamin C to diabetes mellitus patients as they may
be beneficial in managing the glycemic control and
preventing further complications.
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