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Hypertension is one of the common problems in diabetic people. There are
evidences suggesting that oxidative stress plays an important role in the development of
hypertension. It is possible that decreased antioxidant activity levels of reactive oxygen
species scavengers such as vitamin C contribute to decreasing oxidative stress. This study
was aimed to investigate the effect of vitamin C on blood pressure in people with type 2
diabetes. The present randomized controlled trial study was conducted on 84 patients
with type 2 diabetes undergoing hypertension in the Diabetes Research Center of Tehran
University of Medical Sciences, Iran, in 2014. Samples were randomly divided into two
groups of vitamin C (n = 42) and placebo (n = 42) on the basis of the random permuted
block method. The intervention group was given chewable vitamin C supplements at a
dose of 250 mg 4 times a day and the control group was given its placebo for 45 days. The
blood pressure of two groups was measured at baseline and in the end of the study. Data
were analyzed using SPSS 16 software. No significant differences were observed in the
average weight and body mass index, waist and hip circumference and daily intake of
energy and its component between the two groups at the beginning and the end of the
study. The mean of systolic (129.6%+24.4 in vitamin C group and 129*14.1 in placebo,
P=0.89) and diastolic (77.2%+12.6 in vitamin C group and 76.5+9.65 in placebo, P=0.77)
blood pressure at baseline was not significant between the two groups, but at the end of
the study, findings showed that there is a significant difference between systolic
(121.6%*24.4 in vitamin C group and 129.2*13.5 in placebo, P<0.0001) and diastolic
(72.5%11 in vitamin C group and 77.4%9.2 in placebo, P<0.0001) blood pressure of two
groups.Conclusion: According to the result of this study, the consumption of vitamin C
supplement may cause a reduction in blood pressure in patients with type 2 diabetes
mellitus. Therefore, in order to improve the health of these people, increasing intake of
vitamin C is recommended.
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Diabetes mellitusis agroup of diseases concentrations resulting from defects in insulin
characterized by high blood glucose secretion, insulin action, or botht. Diabetesis the
sixth leading cause of death in the United
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anticipated that the total number of people with
diabeteswill increase from 171 million in 2000 to
366 millionin20304.

In most cases, diabetes can be divided
into two important categories of which type 2
diabetes’ incidence and prevalenceisincreasing®.
Diabetes has direct and indirect effects on vessels
whichisthemain cause of morbidity and mortality®.
One of the common problemsin diabetes peopleis
hypertension®. Hypertension affects about 70
percent of peoplewith diabetesand itison average
two times more common in people with diabetes
than healthy peopl€e’.

There are numerous evidences suggesting that
oxidative stress plays an important role in the
development of hypertension™®. It is possible that
decreased antioxidant activity such as, superoxide
dismutase and catalase and reduced levels of
reactive oxygen species scavengers such as,
vitamins E, C and glutathione contribute to
oxidative stress® of which there are many cross-
sectional studies showing that vitamin C statusis
inversely associated with blood pressure.
Although some, but not all clinical trials have
shown lowering effect of vitamin C onthelevel of
blood pressure, scientific evidence especially in
the Asian population is small*°.

Some studies have shown that lowering
effect of vitamin Cisthrough thedilation of vessels
and improvement the activity of nitric oxide (10). A
study was conducted by Zibaee Nezhad et. al. in
Shiraz in 2009 with the goal of blood pressure
adjustment in peoplewith hypertension by vitamin
C. This study was done on 50 people with
hypertension. These people were given 250 mg
vitamin C twice a day for a month. The results
showed significant reduction in systolic and
diastolic blood pressure levels in people taking
vitaminC1,

The study was done on 26 healthy people
and surveyed the effect of oral and acute
administration of vitamin C on oxidative stress,
arterial stiffness or hypertension. This study
showed that this vitamin has no effect on systolic
and diastolic blood pressure in healthy people®.
Theimportant point isthat high blood pressurein
patientswith diabetes|eadsto significant elevation
of vascular complications and both make people
susceptible to chronic kidney diseases.
Overlapping diabetes and hypertension
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significantly increase ischemic cerebrovascular
diseaserisk, retinopathy and sexual dysfunction®.

Therefore, regarding the importance of
hypertension in people with type 2 diabetes
mellitus and its complications and with regard to
possibleroleof vitamin Cinblood pressurelevels
in these people, we decided to evaluate its effects
on people with type 2 diabetes mellitus.
Objectives

Thefollowing directional hypothesiswas
set for the present study: the blood pressure
reduces intervention group more than a placebo
group.
Patientsand methods

The present study was recorded with
registration number IRCT2014093019342N1. This
study was a randomized double blind placebo
controlled clinical trial study. The sample sizewas
calculated using the following formula in which
power 80%, 8=0.05, level of confidence=95%, 6=
14 and (n=42).

. 2
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Considering 15 percent more, each group
consisted of 49 people. In this study, 98 patients
with diabetes and hypertension who had records
in the Diabetes Research Center of Tehran
University of Medical Sciences (Tehran, Iran, in
2014) wereincluded at the beginning of which 14

patientswere excluded at the end of study (Figure
1.

Fi —

Asaresult, 84 patientswere selected asa
sample for the chrrent study. Subjects were
randomly divided on the basis of the random
permuted block method into intervention and
control group. It was given to intervention group
vitamin Cin dose of 250 mg four timesaday during
6 weeks and its placebo was given to the control
group. Vitamin C and its placebo were provided by
pharmaceutical Daroupaksh Company. Participants
were blocked based on age, sex, drugsand duration
of diabetes.

Inclusion criteria for this study were as
follows: 30-70 years-old diabetic and hypertensive,
fasting blood sugar of 126 to 250 mg/dl, literate
(for recording three-day record), consumption
lowering blood sugar and blood pressure pills, tend
to keep the weight during the study, lack of kidney
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stones, body mass index ranging from 25 to 40,
non-use of contraceptives pillsamong women, non-
smoking and alcohol, lack of specific physical
activity and the desireto maintain normal activities
and current lifestyle during the study. During the
study, patients who did not use drugs or
willingness to cooperate or had changed their
medi cation were excluded from the studly.

After obtaining informed consent from the
patients, one code was assigned to each patient
for confidentiality. Their profile and anthropometric
indices (weight, height, waist circumference, hip
circumference and body massindex) wereincluded
in the questionnaire. Medications weren’t
discontinued due to medical and ethical problems
and duration of diabetes and medication nhames
were recorded. The patients were asked to note
three days of their foods at the beginning and at
the end of the study.

From each patient 15 ml blood wasdrawn
after 12 hours of fasting at the beginning and in
the last step of the study. Fasting blood glucose
was measured by glucose oxidase method. The
blood pressure of peopleintervention and control
was measured by Germany mercury
sphygmomanometer at baseline and the end of the
study. Blood pressure was measured from right
hand. The participants who were sensitive to the
supplement were excluded from the study.

To check normally distributed data, the
Kolmogorov-Simonov test was used and the
normal distribution of the datawas verified. Data
analysis was performed using SPSS version 16.
Also, Paired t test, Independent t test and analysis
of covariance (ANCOVA) were utilized. Pvalue of
<0.05 were considered assignificant.

RESULTS

The participants were composed of 42
males and 42 females and the ratio of women to
men in this study was 1 to 1. The mean age of the
participating patientsin this study was 58 years. It
was 56.8 yearsin vitamin C and 59.2 yearsin the
placebo group. It should be noted that therewasn’t
asignificant difference between thetwo groupsin
terms of age (P =0.17). Duration of diabetes in
vitamin C group was 8.9 years and in the placebo
group was 8.98 years which shows no significant
difference between two groups(P=0.94). Schooling
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level of patients is shown in table 1.The data of
these patients are shown in Table 2.

Asaresult, 84 patientswere selected asa
sample for the chrrent study. Subjects were
randomly divided on the basis of the random
permuted block method into intervention and
control group. It was given to intervention group
vitamin Cindose of 250 mg four timesaday during
6 weeks and its placebo was given to the control
group. Vitamin C and its placebo were provided by
pharmaceutical Daroupaksh Company. Participants
wereblocked based on age, sex, drugsand duration
of diabetes.

Inclusion criteria for this study were as
follows: 30-70 years-old diabetic and hypertensive,
fasting blood sugar of 126 to 250 mg/dl, literate
(for recording three-day record), consumption
lowering blood sugar and blood pressure pills, tend
to keep the weight during the study, lack of kidney
stones, body mass index ranging from 25 to 40,
non-use of contraceptives pillsamong women, non-
smoking and alcohol, lack of specific physical
activity and the desireto maintain normal activities
and current lifestyle during the study. During the
study, patients who did not use drugs or
willingness to cooperate or had changed their
medi cation were excluded from the studly.

After obtaining informed consent from the
patients, one code was assigned to each patient
for confidentiality. Their profile and anthropometric
indices (weight, height, waist circumference, hip
circumference and body massindex) wereincluded
in the questionnaire. Medications weren’t
discontinued due to medical and ethical problems
and duration of diabetes and medication names
were recorded. The patients were asked to note
three days of their foods at the beginning and at
the end of the study.

Table 1. Schooling level of participants taking
1000 milligrams of vitamin C and placebo per day

Variables Groups
Vitamin Placebo
C group group
Education  Primary 6 7
Middle and
high school 12 8
Diploma 13 13
College 11 14
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Table 2. Characteristics of the participants before and after taking 1000 milligrams of vitamin C and placebo per day

Variables Time Groups Pvalue
Vitamin C(n=42) Mean+SD Placebo(n=42) Mean+SD

Height(cm) Baseline 164.2+11 165.1+10.8 0.706%
Weight(kg) Baseline 82.6+15 80.9+£14.2 0.598%

End 82.1+15.2 80.6+14.3 0.639%
Body massindex Baseline 30.6+4.6 29.5+3.2 0.23%

End 30.6+4.6 29.443.2 0.27%
Waist Baseline 98.2+9.9 97.618.1 0.764%
circumference(cm) End 97.9+9.9 97.3+8.3 0.786%
Hip Baseline 108.1+10.1 104.7+6.5 0.068%
circumference(cm) End 108.1+10 104.6+6.7 0.071%
Waist to hip ratio Baseline 0.9+0.06 0.9+0.07 0.112%

End 0.94£0.06 0.9+0.07 0.123%
Systolic blood Baseline 129.6+24.4 129+14.1 0.892%
pressure(mmHg) End 121.6+24.4 129.2+13.5 <0.00018
Diastolic blood Baseline 77.2+12.6 76.5+9.65 0.772%
pressure(mmHg) End 72.5+11 77.4+9.2 <0.00018
$ Independent t test § ANCOVA

Table3. Mean and sandard deviation of findingsre ated to food intakein patientsreceiving vitamin C (1000mg/day) & placebo

Variables Time Groups Pvalue
Vitamin C(n=42) Mean+SD Placebo(n=42) Mean+SD

Energy (Kcal/day) Baseline 2024+251 1986+206 0.44
End 2070+249 20361225 0.50
Carbohydrate(g/day) Baseline 257+48 252+44 0.64
End 264+43 255444 0.37
Protein (g/day) Baseline 65+15 62+12 0.37
End 65+15 63+12 0.47
Total fat (g/day) Baseline 84+17 82+19 0.56
End 87+19 87+14 0.90
Fiber (g/day) Baseline 16+4 1445 0.1
End 1543 16+4 0.3
Saturated fatty acid(g/day)Baseline 22+8 19+7 0.07
End 21+6 19+6 0.35
PUFA (g/day) Baseline 2245 24+7 031
End 2446 2545 0.40
Cholesterol (mg/day) Baseline 148+91 209+123 0.64
End 198+95 166+84 0.10
Calcium (mg/day) Baseline 658+314 659+248 0.15
End 640+264 541+216 0.06
Potassium (mg/day) Baseline 2245+644 2148+509 0.44
End 2256+592 2133+497 0.30
Sodium (mg/day) Baseline 9561437 813+421 0.13
End 862+325 780+406 0.30
Magnesium (mg/day)  Baseline 261+67 240+44 0.09
End 264+77 242+46 0.11
Vitamin C(mg/day) Baseline 90+60 7553 0.21
End 82+45 81460 0.94

$ Independent t test § ANCOVA
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From each patient 15 ml blood wasdrawn

after 12 hours of fasting at the beginning and in
the last step of the study. Fasting blood glucose
was measured by glucose oxidase method. The
blood pressure of peopleintervention and control
was measured by Germany mercury
sphygmomanometer at baseline and the end of the
study. Blood pressure was measured from right
hand. The participants who were sensitive to the
supplement were excluded from the study.
To check normally distributed data, the
Kolmogorov-Simonov test was used and the
normal distribution of the datawas verified. Data
analysis was performed using SPSS version 16.
Also, Paired t test, Independent t test and analysis
of covariance (ANCOVA) were utilized. Pvalue of
<0.05 were considered assignificant.

The mean differences of weight, waist
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circumference, hip circumference, waist-to-hipratio
and body massindex were not significant between
thetwo groups before and after intervention. These
variable'smean differenceswithin the group were
also compared before and after the intervention
which was not significant. At the baseline, there
was no statistically significant difference between
the two groups in terms of mean baseline systolic
(P =0.89) and diastolic blood pressure (P =0.77)
but at the end of the study significant difference
between mean systolic (P<0.0001) and diastolic
(P<0.0001) blood pressurein the two groupswere
observed.

There weren't significant differencesin
terms of mean energy, carbohydrate, fat, protein,
fiber, saturated fatty acids, polyunsaturated fatty
acid (PUFA), cholesterol, calcium, sodium,
potassium, magnesium and vitamin C intwo groups

Table 4. Findings related to physical activity in
patients receiving vitamin C (1000mg/day) and placebo

Groups
Vitamin C(n=42) Placebo(n=42)

Physical activity at the baseline HeavyModerate 03 13
Light 39 42
Physical activity in the end Heavy 0 1
Moderate 2 0
Light 38 42

All participants

(n=98)

Randomization

—

Placebo group (n=49)

Intervention group(n=49)
1

\

Follow up weekly for 6

_

Excluded (n=7)
V
Statistical analysis (n=42)

Excluded (n=7)
v
Statistical analysis (n=42)

Fig. 1. Flow Diagram of Participants
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before and after the intervention (Table 3).

Patients were divided into three groups
according to the International Physical Activity
Questionnaire (IPAQ): The first group included
people who had intense physical activity such as
heavy lifting, gardening, aerobics, fast cycling,
football, basketball and running 7 days prior to
admission. The second group were people who
had moderate physical activity (activity will
moderate force and makes breathing alittle faster)
like carrying light loads and cycling at moderate
speed 7 days prior to admission moderate physical
activity (activity will moderate force and makes
breathing a little faster) like carrying light loads
and cycling at moderate speed. The third group
was people who had light physical activity such
aswalking at |east ten minutes per day 7 days prior
toadmission (Table4).

The average differences and standard
deviation of fasting blood sugar in intervention
groupswas 152.9 +23.8 and in placebo groupswere
143.2 £15.3, showed no significant difference in
terms of fasting blood sugar between two
groups(P=0.07).

DISCUSSION

The findings of this study showed that
vitamin C could reduce blood pressure in patients
with type 2 diabetes with 1000 mg per day. This
effect was associated with both significant systolic
and diastolic blood pressure reduction. The meta-
analysis study was conducted by Juraschek et al.,
Thisresearch was conducted on studiesfrom 1966
t0 2011, in 29 clinical trials, and the mean dose of
500 mg per day of vitamin C was evaluated. The
study took 8 weeks and the subjects ranged from
10 to 120 people. The results showed that short-
term supplementation of thisvitamin could reduce
systolic and diastolic blood pressure(13). A study
in 2011 was conducted by Fernades et al. to
maintain blood pressure and vitamin C vasodil ator
response in obese children with psychological
stress. Thisresearch was done on children 8 to 12
years obesity in the 3 groups to whom vitamin C
supplement was given to one group (n=11) in dose
500 mg and the other group was given placebo
(n=10) during 45 days. 8 thin children inthe same
age were chosen as control group. Findings
showed that vitamin C supplementation could
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reduce mean blood pressure'*. In conclusion,
findings from the present study support the
findings from other studies.

At the baseline, mean intake vitamin C
was 80 mg inwomen and it was 85 mg in men and
according to dietary referenceintake vitamin Cis
60 mg and 75 mg in women and men older than 31
years, respectively(15). So, dietary intake amounts
of thisvitamin were sufficient in women and men
inthebaseline. At the end of the study meanintake
of vitamin C was 82 mg (women) and 80 mg(men)
that in theend of theresearch, intake was sufficient
but in summary difference mean intake of vitamin
C wasn't significant in thetwo groups(intervention
and control) in baseline and the end(P=0.21 and
P=0.94, respectively).

Research has shown that serum vitamin
C was low in the patient with hypertension in
comparison to total population'*.This research
didn't investigate levels vitamin C in patientsin
thebaselineandin thetotal, in conclusionwecan't
discuss this association.

Oxidative stress was considered as the main
cause of multi chronic diseases such as diabetes
and itscomplications; so, antioxidantslike vitamin
C can be useful in patients with diabetes'® 7.

Several mechanisms are responsible for
reductive effects of vitamin C on blood pressure.
According to research, increasing blood pressure
can cause increasing oxidative stress'®. One study
showed that vitamin C reduced oxidative stress
and improved vascular structure and function
which may be mediated by adjusting enzymatic
systems that produce free radicals®®.Vitamin C is
known as an antioxidant that eliminates superoxide
anions and other reactive oxygen species'. Effect
of blood pressure lowering drugs such as ACE
inhibitors, calcium channel blockers Il are partly
due to antioxidant activity. ACE Il inhibitors
increase access nitric oxide by reducing the
production of angiotensin Il and catalysis
Bradykinin’.

In one study, it was shown that vitamin C
improvesarterial vasodilatation by improving and
restoring the activity of nitric oxide in high blood
pressure and helpsto lower blood pressure’®.There
is evidence that vitamin C increase concentration
of Tetrahydrobiopterin that is a cofactor for nitric
oxide synthase®.

Ascorbic acid effects on prostaglandin
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production as an antioxidant. Prostaglandins are
made from unsaturated fatty acids, especially
linoleic acid and they are prone to spontaneous
oxidation. Some of these prostaglandins are
vasodilators such as prostacyclin (PG1-2)and thus
they lower blood pressure, and others are
vasoconstrictors and increase blood pressure such
asthromboxane 2 (TXA-2)%.

Sincevitamin Cisawater solublevitamin
and not stored in the body surplus, it is
recommended that the effectiveness of this
supplement could be donein popul ationswith more
volume and a longer time to verify the results of
this study.

According to researchers’ searches, this
study is the first study conducted in Iran which
investigated the effect of vitamin C on this dose
and this sample size. The present study did not
measure serum concentrations of vitamin C at the
beginning and the end of the study, which can be
considered as the weakness of current study.
Matching the drugs of blood pressure with blood
sugar reduction is considered as the strengths of
this study that was avery difficult work.

Given the studies concerning the effects
of oxidative stress in the pathogenesis of
hypertension and diabetes and according to
results of the current study, we recommend
increasing theintake of vitamin C to reduce blood
pressure and diabetes complications in diabetic
patients.
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