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Abstract 
Aim: Oxidative stress is implicated as cause and consequence of both hypertension and diabetes. Antioxidant vitamins play a 
vital role in maintaining redox balance both in health and disease. Therefore we have estimated and compared the level of non-
enzymatic antioxidant vitamin C and vitamin E status in  healthy control subjects,T2DM, hypertensive patients and patients with 
coexisted diabetes and hypertension. 
Methods: 30-40 years old male volunteered were divided in 4 groups (n=30 in each group);  group I: Healthy controls, group 
II: T2DM patients, group III: Hypertensive patients and group IV: Patients with co-existed type 2 diabetes and hypertension. The 
anthropometric parameters, blood pressure, fasting and postparendial blood sugar, serum lipid peroxide, vitamin C and E were 
evaluated in this study. 
Results: In our study the mean concentration of serum vitamin C and E in T2DM and hypertensive patients and patients with 
coexisted T2DM and hypertension was found to be significantly lower and serum lipid peroxide was higher than healthy control 
subjects (p <0.05). 
Coclusion: The oxidative stress in T2DM and hypertensive male patients is reflected by lower serum concentration of antioxidant 
vitamin C and E as compared to non-diabetic, normotensive healthy male counterparts. In addition, the percentage decrease of 
these antioxidant vitamins was more in patients with coexisted T2DM with hypertension compared to T2DM or hypertension alone. 
Early onset type 2 diabetes mellitus and hypertension in young age has more adverse impact on cardiovascular health. Hence 
supplementation of vitamin C and E may be considered as an adjuvant therapy in the management of T2DM and hypertension and 
also to prevent premature cardiovascular related complications in young patients. 
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Resumen
Objetivo: El estrés oxidativo está implicado como causa y consecuencia tanto de la hipertensión como de la diabetes. Las 
vitaminas antioxidantes desempeñan un papel fundamental en el mantenimiento del equilibrio redox tanto en la salud como en la 
enfermedad. Por lo tanto, hemos estimado y comparado el nivel de vitamina C y vitamina E antioxidante no enzimática en sujetos 
sanos de control, DMT2, pacientes hipertensos y pacientes con diabetes e hipertensión coexistentes. 
Métodos: Se dividió a los voluntarios de entre 30 y 40 años en 4 grupos (n=30 en cada grupo); grupo I: controles sanos, grupo 
II: pacientes con DMT2, grupo III: pacientes hipertensos y grupo IV: pacientes con diabetes tipo 2 e hipertensión coexistentes. 
En este estudio se evaluaron los parámetros antropométricos, la presión arterial, la glucemia en ayunas y postparto, el peróxido 
lipídico sérico y la vitamina C y E. 
Resultados: En nuestro estudio, la concentración media de vitamina C y E en suero en los pacientes con DMT2 e hipertensos 
y en los pacientes con DMT2 e hipertensión coexistentes resultó ser significativamente menor y el peróxido lipídico en suero fue 
mayor que en los sujetos de control sanos (p <0,05). 
Coclusión: El estrés oxidativo en los pacientes varones con DMT2 e hipertensión se refleja en una menor concentración sérica 
de vitaminas C y E antioxidantes en comparación con los varones sanos no diabéticos y normotensos. Además, el porcentaje de 
disminución de estas vitaminas antioxidantes fue mayor en los pacientes con DMT coexistente con hipertensión en comparación 
con la DMT o la hipertensión solas. La diabetes mellitus de tipo 2 y la hipertensión de aparición temprana tienen un impacto más 
adverso en la salud cardiovascular. Por lo tanto, la administración de suplementos de vitamina C y E puede considerarse un 
tratamiento coadyuvante en el tratamiento de la DMT2 y la hipertensión, así como para prevenir las complicaciones cardiovasculares 
prematuras en pacientes jóvenes. 

Palabras clave: Vitamina C, vitamina E, estrés oxidativo, diabetes mellitus tipo 2, hipertensión, diabetes e hipertensión coexistentes.
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Introduction  
 
Diabetes and hypertension are two important lifestyle 
related diseases affecting around 285 million and 1 billion 
people, respectively around the world1. As a result of 
increased global population, prevalence of early onset of 
overweight/obesity and unhealthy lifestyle, these figures 
are expected to increase by approximately 50% over the 
next 20 years2-4. Cardiovascular diseases account for 40-
80% of deaths in diabetic patients and about 12 million 
deaths each year; known to be one of major killer diseases 
in the world5. Hypertension is one of the most common 
cardiovascular diseases and it is a serious public health 
issue affecting more than 25% of adult population in both 
economically underdeveloped as well as developed 
countries6. About 85% of T2DM patients have blood 
pressure more than 130/80 mmHg. Understanding, why 
hypertension is a prevailing comorbidity among T2DM 
patients is a serious issue in the research community 
today. Hence, it would be of significant use to find out 
the association between these two catstrophic diseases 
early in their pathophysiological process in checking their 
major complications. Previous clinical and experimental 
research studies have reported that oxidative stress, 
through excess free radical formation, plays a significant 
role in the onset of T2DM and hypertension7. Oxidative 
stress causes destruction of cellular membrane lipids, has 
been attributed along with other types of intracellular and 
DNA oxidative damage in the normal senescent process 
and in pathogenesis of a number of chronic diseases. 
The integrated antioxidant mechanisms, including 
endogenous antioxidant enzymes and exogenous 
antioxidant vitamins, exist to restrict the harmful 
implications of oxidative stress. An inadequate intake of 
dietary antioxidant micronutrients may compromise redox 
homeostasis, thus aggravate overall oxidative stress8. 
Hence, the aim of this study is to estimate and inspect the 
level of non-enzymatic antioxidant vitamin C and vitamin E 
status in patients with T2DM, hypertension and coexisted 
diabetes and hypertension.

Materials and methods

Source of data
Known patients of type 2 diabetes, hypertension and 
co-existed type-2 diabetes with hypertension visiting 
Al-Ameen Medical College Hospital Vijayapur, Luqman 
Unani Medical Hospital Vijayapur and District Hospital 
Vijayapur were selected for the study.

Inclusion criteria
Control group: Healthy adult men, between 30-40 years, 
non-diabetic, normotensive no history or evidence of 
renal, cardiorespiratory and other chronic diseases. All 
participants were non-smokers, non-alcoholic and no 
history of long-term drug intake. 
Patients with Type 2 diabetes: Confirmed type 2 diabetic, 

male, normotensive patients between 30-40 years 
attending the clinic for regular follow up for more than 6 
months were included in this group.  

Patients with hypertension: Hypertensive male patients 
between 30-40 years, with normal blood glucose 
(normoglycemic) attending the clinic for regular follow up 
for more than 6 months were included in this group.

Patients with co-existed Type 2 diabetes and 
hypertension: 30-40 years old, male patients visiting the 
OPD for more than six months

Exclusion Criteria
Patients with type 1 diabetes mellitus, other endocrinal 
disorder like Cushing’s syndrome, thyroid disorder, chronic 
respiratory, coronary artery diseases, abnormal renal 
function or hepatic dysfunction were excluded from the 
study. Healthy men or patients below 30 years or above 
40 years, smokers, alcoholic, with a history of long term 
multi vitamin intake were also excluded from this study.

Sample size
Total 120 cases i.e., sample size of 30 in each group 
was calculated by taking co-existed type- 2 diabetes and 
hypertension with alpha error of 0.05 and power of 90.

Study design
Group I: Healthy individuals non diabetic and normotensive 
(Controls)
Group II: Patients with type 2 diabetes (T2DM)
Group III: Patients with hypertension (HTN)
Group IV: Patients with co-existed type 2 diabetes and 
hypertension (T2DM + HTN)

Methods of collection of data
Details of the study was explained to the subjects/
patients and informed written consent was obtained 
from volunteers. The entire study was conducted as per 
the guidelines mentioned in the Declaration of Helsinki. 
The research protocol was approved by the institutional 
ethical committee. 

Physical Parameters
Height was measured by using wooden stadiometer and 
weight was measured by using weighing scale (Tokyo, 
Japan) as per WHO international guidelines9. Body mass 
index (BMI) was calculated by Quetelet’s index. Body 
surface area (BSA) was recorded by Dubois’ nomogram.

Physiological Parameters
Systolic and diastolic blood pressure of each participatant 
was recorded in right arm in supine position using a 
standardized sphygmomanometer (Elko, India). An 
average of two recordings of both systolic and diastolic 
blood pressure was calculated. Hypertension (HTN) 
was defined following the criteria of the Joint National 
Committee on Prevention, Detection, Evaluation and 
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Treatment of High Blood Pressure (JNC 7 criteria)10.
Biochemical Parameters 

Five millilitres of blood  sample was collected from each 
participant after overnight fast in a clean sterile plain 
tube and blood sample was allowed to stand at room 
temperature for 2 hours. The sample was centrifuged at 
3000rpm for half an hour to collect serum. Postprandial 
plasma glucose was measured 2 hours after meal. Fasting 
and postprandial blood glucose levels were estimated 
by Auto analyser EM 360 (Transasia, ERBA Mannheim, 
Germany). The serum lipid peroxide was measured by 
the method of Satoh K11. Serum vitamin C was estimated 
by the Roe and Koether, 1943 Method12. Serum vitamin 
E (α-tocopherol) was determined by using non-antibody 
coated microplate with ELISA reader (ERBA-Lisa Scan II, 
Mannheim, Germany), Jargar et al, 2012 method13. 

Statistical Analysis
The results of each group were expressed in terms of 
mean + standard deviation. To determine the significance 
of inter-group differences, one way analysis (ANOVA) 
followed by ‘post hoc t test’ were done. A value of p < 
0.05 was interpreted as statistically significant. The mean 
values of the groups were subtracted from the respective 
control group and the differences were calculated in 
terms of percent change.

Results 

The clinical investigations and anthropometric parameters 
of group I (control), group II (type 2 diabetic patients), 
group III (hypertensive patients) and group IV (coexisted 
type 2 diabetic and hypertensive patients) are presented 
in table I. 

Table I shows mean weight of group II-T2DM (82.43 + 
28.13 kg) and group IV-T2DM + HTN (87.82 + 14.32 kg) 
patients was significantly more than healthy control men 
(75.12 + 23.04 kg); the mean values of BMI and BSA 
group II (T2DM), group III (HTN) and group IV (T2DM + 
HTN) patients were significantly greater than control group 
(p <0.05). In physiological parameters the systolic and 
diastolic blood pressure was significantly higher in group 
III (HTN) and group IV (T2DM + HTN) patients than group 
II (T2DM) patients and group I control subjects (p <0.05). 
The fasting and postprandial blood glucose was higher in 
group II (T2DM) and group IV (T2DM + HTN) patients than 
group III (HTN) patients and group I control subjects. 

Table II shows biochemical investigation results in 
our study. The serum concentration of lipid peroxide 
in group II (T2DM), group III (HTN) and group IV (T2DM 
+ HTN) patients was significantly more than group I 
(control subjects) (p <0.05). The percentage increase 
of serum lipid peroxide in group I (control subjects) vs 
group II (T2DM) patients was 76.72%; group I (control 
subjects) vs group III (HTN) patients was 62.07% and 
group I (control subjects) vs group IV (T2DM + HTN) 
patients was highest 90.52% as depicted in figure 1. 
The serum concentration of vitamin C in group II (T2DM), 
group III (HTN) and group IV (T2DM + HTN) patients 
were significantly lower than group I control subjects (p 
<0.05). The percentage decrease of serum vitamin C 
in group I (control subjects) vs group II (T2DM) patients 
was -42.96%; group I (control subjects) vs group III (HTN) 
patients was -38.8% and group I (control subjects) vs 
group IV (T2DM + HTN) patients was lowest -68% as 
shown in figure 1. The serum concentration of vitamin E 
in group II (T2DM), group III (HTN) and group IV (T2DM + 
HTN) patients was significantly lesser than group I (control 
subjects) (p <0.05). The percentage decrease of serum 

Table I: Clinical investigations in study groups with healthy controls.

Clinical Investigations  Group I (Controls) Group II (T2DM) Group III (HTN) Group IV (T2DM + HTN)

Height (cm) 171.13 + 7.67a 169.46 + 5.24a 170.55 + 10.07a 172.23 + 6.21a

Weight (kg)  75.12 + 23.04a 82.43 + 28.13b 78.31 + 22.32a 87.82 + 14.32c

BMI (kg/m2) 23.88 + 2.76a 26.04 ± 4.25b  26.71 ± 5.18b 27.37 ± 4.51b

BSA (m2) 1.89 + 0.14a 1.96 + 0.32b 1.92 +  0.28b 2.04 + 0.19c

SBP (mmHg) 112.76 ± 8.21a  121.23 ± 11.78b 154.55 ± 16.98c 154.46 ± 19.18c

DBP (mmHg) 80.11 ± 10.09a 81.32 ± 9.97a 98.11 ± 12.15b 94.81 ± 16.09b

Fasting blood glucose (mg/dL) 86.94 ± 8.14a  146.65 ± 49.86b 89.97 ± 12.02a 143.76 ± 61.43b

Postprandial blood glucose (mg/dL) 110.24 ± 20.22a 229.42 ± 94.87b 116.77 ± 19.95a 230.04 ± 90.22b

T2DM- Type 2 diabetic, HTN- Hypertensive, BMI-Body mass index, BSA-Body surface area, SBP- Systolic blood pressure, DBP- Diastolic blood pressure. Each value 
is mean +SD of 30 cases in each group (n=30). In each row, values with different superscripts (a, b, c, d) were significantly different from each other (p <0.05). Post-hoc 
t-test analysis was used to test for differences among the means when analysis of variance (ANOVA) indicated a significant p value.

Table II: Serum levels of non-enzymatic antioxidant vitamins (C & E) and lipid peroxide in study groups with healthy controls.

Biochemical  Investigations  Group I (Controls) Group II (T2DM) Group III (HTN) Group IV (T2DM + HTN)

Serum lipid peroxide (μmol/L) 1.16 ± 0.12a 2.05 ± 0.21b 1.88 ± 0.05c 2.21 ± 0.22d

Serum vitamin C (mg/dL) 13.22 ± 2.76a 7.54 ± 1.92b 8.09 ± 2.81b 4.23 ± 3.06c

Serum vitamin E (μg/dL) 18.67 ± 1.82a 5.66 ± 2.20b 7.45 ± 1.97c 2.89 ± 2.14d

T2DM- Type 2 diabetic, HTN- Hypertensive. Each value is mean + SD of 30 cases in each group. In each row, values with different superscripts (a, b, c, d) were 
significantly different from each other (p <0.05). Post-hoc t-test analysis was used to test for differences among the means when analysis of variance (ANOVA) indicated 
a significant p value.
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vitamin E in group I (control subjects) vs group II (T2DM) 
patients was -69.68%; group I (control subjects) vs 
group III (HTN) patients was -60.1% and group I (control 
subjects) vs group IV (T2DM + HTN) patients was again 
lowest -84.52% as shown in figure 1. 

Discussion 

This study emphasizes on the influence of non-enzymatic 
antioxidants like vitamin C and vitamin E on T2DM, 
hypertension and co-existed diabetes and hypertension 
and may explain the mechanism of disease pathogenesis. 

The concentration of antioxidant vitamins C and E 
in a biological system also serve as oxidative stress 
biomarkers. The significant reduction of serum vitamin 
C and E and increase in lipid peroxide in young type 
2 diabetic patients in our study indicates increase 
production of free radicals more than its clearance. 
Many other investigators have also reported that 
oxidative stress increases insulin resistance and plays 
an important role in pathogenesis of type 2 diabetes14. 
Hyperglycemia induced oxidative stress causes cellular 
and molecular changes like protein oxidation, lipid 
peroxidation and DNA damage and play a major role 
in progression of micro-vascular and macro-vascular 
complications in type 2 diabetes, causing systemic 
manifestations like retinopathy, nephropathy, neuropathy 
and accelerated coronary artery disease. The severity of 
tissue damage and complications are directly corelated 
with level/duration of hyperglycemia and consequently 
oxidative stress15,16. In research studies and meta-
analysis conducted previously on type 2 diabetic male 
patients revealed that supplementation of vitamin C and 
E has improved redox balance, fasting  blood glucose, 
lipid profile, insulin resistance, glycemic control and 
clinical condition of diabetic patients17,18. 

Serum lipid peroxide is well known oxidative stress 
biomarker, increased in hypertensive patients compared 
to normotensive subjects in this study suggestive 

of role of free radicals in pathogenesis of human 
hypertension. The experimental studies conducted on 
animal models also suggest that ROS are one of the 
key factors associated with endothelial dysfunction, 
modulators and mediators of angiotensin II induced 
vasoconstriction, hence play a vital role in pathogenesis 
of hypertension. The increased generation of free 
radicals in vascular smooth muscle/ endothelial cells 
and decreased NO bioavailability may be responsible 
for vascular remodeling and arterial stiffness in 
hypertensive patients19,20. In healthy individuals the 
vascular tissue is protected from the assault of ROS by 
both endogenous antioxidant enzymes and exogenous 
antioxidant vitamins found in vascular smooth muscles 
and adventitia21. The serum concentration of antioxidant 
vitamins; vitamin C and E were decreased in hypertensive 
patients compare to normotensive subjects in our 
study, probably these antioxidant vitamins were utilized 
for quenching of free radicals and termination of chain 
reactions in vascular cells to counteract oxidative stress. 
Previous experimental studies have showed that the 
supplementation of vitamin C and E has improved the 
plasma antioxidant status and reduced the progression 
of hypertension in animal model22. The. vitamin C and E 
are potent antioxidants and also believed to increases 
the activity of eNOS and bioavailability of nitric oxide 
(NO) and thereby improves endothelial dysfunction in 
hypertensive models23. 

In our study the oxidative stress markers were 
significantly more affected in patients with coexisted 
T2DM with hypertension than patients either with 
T2DM or hypertension alone as reflected by increase 
serum lipid peroxidation and decreased vitamin C and 
E concentration. The prevalence of coexisted T2DM 
with hypertension is around 30 to 60% of patients 
with T2DM at the time of diagnosis. Obesity, oxidative 
stress, insulin resistance, dyslipidemia and metabolic 
syndrome share common pathophysiological 
pathways for both type 2 diabetes mellitus and 
hypertension24,25. Onset T2DM and hypertension at 
younger age between 30-40 years as evident in our 
study may be adversely corelated with premature 
cardiovascular morbidity and mortality in their middle 
age26. The antioxidant vitamin C and E play crucial 
roles in maintaining redox homeostasis in cells and 
physiological system. Specific therapies targeting 
free radicals using these antioxidant vitamins in young 
hypertensive and T2DM patients might help to improve 
beta cell and vascular endothelial dysfunction; thus, 
may reduce the long-term complications, morbidity and 
mortality in T2DM and hypertensive patients. These 
vitamins may be considered as an adjuvant therapy 
for the management of diabetes and hypertension. 
However Long-term clinical trials and placebo/case 
control studies are needed to demonstrate their safety 
and efficacy in such patients.

Figure 1: Percent change graph of non-enzymatic antioxidant vitamins (C & E) 
and lipid peroxide in study groups verses healthy controls.
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Conclusion 
The oxidative stress is evident in young age (30-40 years 
old) type 2 diabetes and hypertensive male patients as 
reflected by lower serum concentration of antioxidant 
vitamin C and E as compared to non-diabetic, 
normotensive healthy male counterparts. In addition, the 
percentage decrease of these antioxidant vitamins was 
more in patients with coexisted T2DM with hypertension 
compared to T2DM or hypertension alone. Early onset 
of type 2 diabetes mellitus and hypertension in young 
age has more adverse impact on cardiovascular health. 
Hence supplementation of vitamin C and E may be 
considered as an adjuvant therapy in the management of 
T2DM and hypertension and also to prevent premature 
cardiovascular related complications in young patients. 
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