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ABSTRACT
Objectives: To evaluate the effects of adjuvant vitamin C therapy with oral hypoglycemic on FBS, RBS and HbA1c and
to find out the correlation of Vitamin C with glycemic indices.
Study Design & Settings: This randomized open label clinical trial was conducted at Bahria University Medical & Dental
College (BUMDC) in collaboration with NMC, Karachi from October 2018 to April 2019.
Methodology: A total of 160 known type -2 males and females, uncomplicated diabetics, aged 40-65 years with FBS=
200 mg/dl, HbA1c = 8.5% and diabetes duration > 5years were enrolled from diabetic clinic of NMC after written informed
consent. They were divided into control group and treatment group by sealed envelope technique. Control group received
oral hypoglycemic drugs while treatment group received vitamin C 500 mg per orally BD with oral hypoglycemic drugs
with advice of diet control and daily exercise. Patients were subjected to FBS, RBS and HbA1c at baseline and at the end
of 90 days. SPSS version 23.0 was used for data analysis. The results were expressed as mean ± standard deviation (SD).
P value<0.05 was considered as statistically significant.
Results: In control group FBS and RBS reduced by1mg /dl and 7mg/dl from day-0 to 90. In treatment group FBS reduced
by 14mg/dl and RBS reduced by 21mg/dl from day-0 to 90.  HbA1c increased by 0.7% in control group and decreased
by 0.4 % in treatment group at the end of 90 days. Negative correlation is observed between Vitamin C and glycemic
indices.
Conclusion: Adjuvant vitamin C therapy with oral hypoglycemic drugs in type-2 diabetics reduced FBS, RBS and HbA1c
and exhibited negative correlation with glycemic parameters.
Keywords: Correlation, Fasting blood sugar, HbA1c, Random blood sugar, Type 2 diabetes mellitus, Vitamin C.

90% to 95% of the diabetic patients.6,7 International Diabetes
Federation (IDF) has estimated that 1 in 11 adults were
diagnosed with type 2 DM in 2015 and has predicted that
there will be 642 million people with type 2 DM in 2045.
The disease is more common in developing countries as
compared to developed nations.8 According to IDF, Pakistan
has high prevalence of disease and is in the list of top ten
countries with increased prevalence of type 2 DM. About
6.6 million people live with type 2 diabetes in Pakistan.9

Pakistan is the sixth most populous country and the trend
for urbanization has increased in the recent years. Sedentary
lifestyle, increased consumption of high calorie diet, lack
of exercise and stressful conditions has led to increased
prevalence of disease in Pakistan.10 Long standing
hyperglycemia of type 2 diabetes mellitus leads to increase
in oxidative stress by production of reactive oxygen species.
These reactive oxygen species lead to progression of disease
into complicated diabetes mellitus which includes micro-
vascular and macro-vascular complications.11 It has been
reported by various studies that there is a strong association
between oxidative damage and progression of disease. The
imbalance between the rate of production of reactive oxygen
species and to counteract them by antioxidants is the main
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INTRODUCTION:
Diabetes mellitus (DM) is a metabolic disorder characterized
by elevated levels of blood glucose. It is one of the oldest
diseases known to mankind.1 Type 2 DM is characterized
by hyperglycemia, hyperlipidemia, insulin resistance etc;
caused by gradual destruction of â cells.2,3, 4,5 It accounts for
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analysis in between the treatment group was done by paired
sample t test. The Pearson’s correlation was applied to
determine the relationship between vitamin C and HbA1c,
FBS and RBS variables. After checking Pearson’s correlation
linear regression was analyzed. Significant differences were
considered at p value<0.05.
RESULTS:
Total n=140 subjects completed the study and their data was
analyzed for present study. Chi square homogeneity test
revealed no significant difference in duration of diabetes
mellitus between control and treatment group. The age of
treatment group and control group ranged from 40 to 65
years with a mean of 50.65±7.96 and 50.58±9.10 respectively.
From 140 subjects 82 (59%) subjects were females and 58
(41%) were males. Anthropometric measurements (pulse,
BMI, blood pressure, weight and height) showed no
significant difference between control and treatment groups.
The Paired sample t test was applied for the analysis of
paired observations of fasting blood sugar, random blood
sugar, HbA1c and vitamin C between day 0 and day 90.
Table 1 shows the comparison of glycemic parameters
between day 0 and day 90 of treatment group. The vitamin
C level at day 0 in treatment group was 0.25 mg/dl and at
day 90 was 1.4 mg/dl. There was significant difference
(p<0.001) in levels of FBS, RBS and HbA1c at day 90 in
treatment group after administration of vitamin C 500 mg
twice daily for three months.
The comparison of glycemic parameters between control
and treatment group was performed by Independent sample
t test. Table 2 shows the results of glycemic parameters and
vitamin C comparison between control and treatment group.
AST level showed significant difference but there was no
significant difference in ALT and bilirubin in treatment
group at three months after administration of vitamin C
however ALT, AST and bilirubin showed insignificant
difference between control and treatment group. RFTS (urea
and creatinine) showed non- significant difference between
control and treatment group and in between treatment group.
The Pearson’s correlation coefficient was used to determine
the association between independent variable vitamin C and
dependent variables FBS, RBS and HbA1c. Table 3 shows
the results of Pearson’s correlation between vitamin C and
FBS, RBS and HbA1c. There was a statistical significant
moderate negative correlation between vitamin C
concentration and HbA1c levels rs= -0.465, p< 0.001;
statistical significant weak negative correlation between
vitamin C concentration and RBS levels rs = -0.364, p =
0.002; statistical significant moderate negative correlation
between vitamin C concentration and FBS levels rs = -0.435,
p< 0.001.
Linear regression was performed to check the degree of
association of independent variable vitamin C and dependent
variables FBS, RBS and HbA1c. Table 4 shows the results

factor behind continuous oxidative damage in type 2 DM.
Researches are being conducted globally to effectively
control the glycemic indices so as to prevent and/or control
the complications associated with type -2  diabetes and
hence to reduce morbidity and mortality.11 Co-administration
of vitamin C along with drug treatment of type 2 diabetes
mellitus might facilitate the control of glycemic indices.
Therefore, present study was conducted to evaluate the
effects of vitamin C on glycemic control in type 2 diabetes
mellitus and to find out the correlation of vitamin C with
the glycemic indices.
METHODOLOGY:
This randomized clinical trial was conducted from October
2018 to April 2019 after ethical approval numbered ERC
50/2018 from BUMDC and FRC in collaboration with
diabetic clinic of National Medical Centre (NMC), Karachi.
 Patients with known history of diabetes without
complications, aged 40 to 65 years, both male and female
with FBS = 200 mg/dl, HbA1C = 8.5%, normal baseline
investigations of LFTS, RFTS, diabetes duration > 5 years,
no history of intake of vitamin C or other antioxidant vitamins
at least three months prior to start of study and absence of
diabetic complications, were included in the study.  Patients
with other types of diabetes and systemic diseases, pregnancy,
lactating mothers, smokers, altered LFTs and RFTs were
excluded. All patients were thoroughly examined by the
consultant diabetologist to rule out the presence of
complication(s) clinically before subjecting them to laboratory
investigations at baseline and at the end of three months
that is evaluation of fasting blood sugar, random blood sugar
and glycosylated hemoglobin from Pathology laboratory of
NMC, on Roche Cobas 6000 series (c 501) chemistry
analyzer. Vitamin C analysis was performed at the
Multidisciplinary Research laboratory (MDRL) of BUMDC
by Human Vitamin C ELISA kit number DRE67468, Glory
science, China.  The calculated sample size was 140 by
using the formula for prevalence. After obtaining written
informed consent a total of n=160 were enrolled and divided
into control group and treatment group with 80 participants
each using sealed envelope technique. The patients in
treatment group were prescribed vitamin C 500 mg twice
daily per orally for three months along with their oral
antidiabetic drugs. The patients in control group were
prescribed the same except vitamin C. All patients were
advised for life style changes with standard dietary charts
for type 2 diabetes mellitus and 30-40 minutes brisk walking
daily. The oral antidiabetic drugs included combination
therapy which dipeptidyl peptidase 4 (DPP4) inhibitors and
metformin in 50/500 or 50/850 mg twice daily depending
upon there glycemic index. The data was entered on SPSS
version 23 for data analysis. The results were expressed as
mean ± standard deviation (SD). After checking the normality
of data the comparison between treatment group and control
group was performed by independent sample t test. Paired
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of linear regression. A linear regression was established that
vitamin C given for three months in divided doses of 500
mg twice daily accounted for 27.4% of variation in fasting
blood sugar with adjusted R2=26.3%; 23.6 % variation in
random blood sugar with adjusted R2= 22.5% and 37 %
variation in HbA1c with adjusted R2 = 36.1%. Vitamin C
given for three months in divided doses significantly reduced
FBS levels, F (1,70) = 26.4, p<0.001; RBS levels, F (1,70)
= 21.6, p<0.001 and  HbA1c levels, F (1,70) = 41.1, p<
0.001.

Table 1: Treatment group comparison between day 0 and day 90
of laboratory parameters (N=70)

Key: FBS: Fasting blood sugar, RBS: Random blood sugar, HbA1c:
Glycosylated hemoglobin, ALT: alanine aminotransferase, AST:
aspartate aminotransferase *N= Number of subjects, Test applied:
Paired sample t test

P-value
P<0.001
P<0.001
P<0.001

0.84
P<0.05

0.55
0.09
0.64

P < 0.001

125±25
187±34
7.5±0.7
31.6±6.1
23.0±5.8
0.6±0.1
30.4±7.1
0.7±0.1

1.42±0.91

139±29
208±45
7.9±0.5
31.8±7.1
24.6±6.5
0.6±0.1
31.5±7.8
0.8±0.1

0.25±0.29

Parameter
FBS (mg/dl)
RBS (mg/dl)
HbA1c (%)
ALT (IU/L)
AST (IU/L)
Bilirubin (mg/dl)
Urea (mg/dl)
Creatinine (mg/dl)
Vitamin C (mg/dl)

Day 0
(Mean ± SD)

Day 90
(Mean ± SD)

<0.001
>0.05
<0.001

0.60
0.93
0.08
0.40
0.69

<0.001

125±25
187±34
7.5±0.7
31.6±6.1
23.0±5.8
0.6±0.1
30.4±7.1
0.7±0.1
1.4±0.9

139±29
208±45
7.9±0.5
31.8±7.1
24.6±6.5
0.6±0.1
31.5±7.8
0.8±0.1

0.25±0.29

141±20
195±34
8.4±0.8

29.25±7.1
23.1±5.6
0.5±0.1
31.0±8.1
0.7±0.1

0.25±0.36

142±25
202±41
7.7±0.6

30.5±10.4
24.5±8.7
0.5±0.2
30.9±8.0
0.8±0.1

0.26±0.45

FBS (mg/dl)
RBS (mg/dl)
HbA1c (%)
ALT (IU/L)
AST (IU/L)
Bilirubin (mg/dl)
Urea (mg/dl)
Creatinine (mg/dl)
Vit C (mg/dl)

P valueParameters
Treatment group

Day 90
(Mean±SD)

Day 0
(Mean±SD)

Control group

Day 90
(Mean±SD)

Day 0
(Mean±SD)

Table 2: Comparison of laboratory parameters between control and treatment group at day 0 and 90 (N= 140)

Key: FBS: fasting blood sugar, RBS: Blood sugar random, HbA1c: glycosylated
hemoglobin, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, Test
applied: Independent T test

P value
<0.001
0.002

<0.001

Correlation coefficient (rs)
-0.465
-0.364
-0.435

Dependent variable
HbA1c
RBS
FBS

Independent variable
Vitamin C
Vitamin C
Vitamin C

Table 3: Pearson’s correlation coefficient between independent variable vitamin C and dependent variables HbA1c, RBS and FBS in
treatment Group

DISCUSSION:
About 25 % of the newly diagnosed patients already have
developed one or more complications of diabetes mellitus.12

Hyperglycemia in long standing diabetes mellitus is a
continuous source of oxidative stress which plays an
important role in development of complications. Oxidative
damage leads to production of glycosylated products and
other advanced glycation end products (AGEs). Lipid
peroxidation also occurs as a result of long standing
hyperglycemia.13 Other pathways implicated in increased
oxidative damage in type 2 DM include glucose auto-
oxidation, polyol pathway and protein kinase isoforms
activation.14 These all processes are continuous source of
oxidative damage leading to endothelial damage and micro
vascular complications.15 Along with increased oxidative
stress in type 2 DM the antioxidant system is also not
functioning as the levels of antioxidants is less. Vitamin C
is an important antioxidant that helps to diminish the oxidative
damage and plays an important role in various reactions.16

It is hydrophilic and soluble in water. Humans are unable
to synthesize vitamin C endogenously as they lack L-
gluconolactone oxidase.
Vitamin C is a six carbon lactone ring with 2,3- enediol
moiety which provides antioxidant properties. It has structural
similarity to glucose and replaces many reactions in the
body.17    This   vitamin, also called as ascorbic acid, was
discovered by Hungarian biochemist Albert Szent Gyorgyi
and is involved in many important functions in the human
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the glycemic indices in type 2 diabetic patients and to find
out the correlation of vitamin C with the glycemic indices.
The present work showed that vitamin C administration in
a dosage of 500 mg along with antidiabetic drugs decreased
the fasting blood sugar, random blood sugar and HbA1c
after three months. This work is supported by the study of
Ali et al., in which significant difference (p<0.05) was seen
in the FBS and HbA1c both between treatment and control
groups and within the  treatment group.20 Mason et al. found
non-significant difference in FBS and HbA1c after 4 months
of administration of vitamin C 500 mg twice daily
contradictory to our study but found significant difference
in random blood sugar supporting our study.21 Gillani et al.,
also found significant difference in FBS and HbA1c after
administration of 500 mg once daily vitamin C for 12
months.22 Okafor et al. found significant differences in
random blood sugar after administration of vitamin C 600
mg thrice daily in a treatment group.23  Our study showed
similar and non- significant difference in  AST results in
both groups. Urea and creatinine in present study showed
no significant difference in between the treatment group
and control group indicating that co-administration of Vitamin
C with oral hypoglycemic drugs is safe for use and does not
produce any untoward effects in the diabetic patients upon
administration. Ali et al., also found similar results for ALT,
AST, urea and creatinine in their study.20 Mason et al., found
supporting results with our study in which there was no
significant difference compared to control group.21 This
study found moderate negative correlation between vitamin
C and FBS. Mahmouabadi and Rahbar also found significant
negative correlation between vitamin C and FBS. They also
found significant reduction in HbA1c by 9%.24 In our study
HbA1c was reduced by 0.4% in the treatment group. Another
study by Kotb also showed significant negative correlation
between vitamin C and FBS in which FBS was reduced by
25mg/dl after three months of administration of vitamin C,
whereas we have found a reduction of 14mg/dl. They also
found significant reduction in random blood sugar by
20mg/dl, whereas we have observed a decline of 21mg/dl
and in HbA1c there is a reduction of 1.59%.25 However in
our study, HbA1c was reduced by 0.4% as mentioned above.
This could be because of more strict diet control and pattern
of exercise followed by the patients of Kotb in comparison
to our study.  This study was done at a single center and
was an open label clinical trial with small sample size.
CONCLUSION:
Co-administration of vitamin C with oral antidiabetic therapy
has produced beneficial effects on the glycemic indices by
reducing them from baseline. Negative correlation has been
found between vitamin C and glycemic indices. Future
studies with large sample size and at multiple centers may
be conducted to authenticate the results of present study.

Figure1: Scatter plot with line of best fit showing R2 linear = 0.370
between vitamin C (mg/dl) and HbA1c (%)

Figure 2: Scatter plot with line of best fit showing R2 linear = 0.236
between vitamin C (mg/dl) and random blood sugar (mg/dl)

Figure 3: Scatter plot with line of best fit showing R2 linear = 0.274
between vitamin C (mg/dl) and fasting blood

body. Antioxidant activity plays an important part in
scavenging free radicals.18 It is also needed in tissue repair
processes. Dietary sources are the natural means of ascorbic
acid of which the citrus fruits and green leafy vegetables
are richest source. Other sources include animal food of
which the liver is important source. Animals usually
synthesize this vitamin which then concentrates in the liver.
The estimated average requirement (EAR) of vitamin C for
adult men and women age = 19 years is 30 mg/day while
recommended dietary allowance (RDA) for adult men and
women aged = 19 years is 45 mg/day. The upper intake
level which has no adverse effects for adult men and women
aged = 19 years is 2000 mg/day.19

Hence this study was conducted to evaluate the effects of
vitamin C therapy along with oral hypoglycemic drugs on
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