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ABSTRACT:  Oxidative  stress  involved  in  the  pathogenesis  of  several  diseases. 
Hypertension itself acts as source of oxidative stress. Insulin resistance is involved in the 
pathogenesis of essential hypertension. In the present study an attempt was made to study the 
association  between  insulin  resistance  and  oxidative  stress  in  non  diabetic  hypertensive 
patients. Two hundred and three, non diabetic hypertensive patients and two hundred and ten, 
healthy  normotensive  subjects  were  enrolled  in  this  study.  Malondialdehyde,  reduced 
glutathione, glutathione peroxidase, Fasting insulin and HOMA-IR levels were estimated in 
both groups. Fasting insulin, reduced glutathione, glutathione peroxidase and MDA shows 
significant  difference  between  cases  and  controls.  Among  the  patients  HOMA-IR  were 
significantly correlated with lipid peroxides and shows negative correlation between HOMA-
IR and glutathione peroxidase. Increased HOMA-IR was found in non diabetic hypertensive 
patients. This study reveals the link between oxidative stress and insulin resistance.

Key  words: Oxidative  stress  (redox  imbalance),  HOMA-IR,  Essential  hypertenstion, 
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INTRODUCTION

Hypertension is reported to be the fourth contributor to premature death in developed countries and the seventh 
in developing countries (Deepa R, et al, 2003).The epidemiology of hypertension, in terms of its importance as a 
risk factor for cardiovascular diseases, continues to be a major area of research. A meta-analysis of hypertension 
prevalence rates in India (Gupta R.1997) was significantly higher in urban than in rural populations and the 
prevalence of hypertension was higher in urban compared to rural areas.
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Hypertension  is  risk  factor  for  atherosclerotic  diseases,  based  on  insulin  resistance  and/or  the  resultant 
hyperinsulinemia ( Reaven GM, 1998, Kaplan NM,1989). Numerous cross-sectional studies have shown a close 
association between insulin resistance and hypertension (Staessen J et al., 1998, Haffner SM et al., 1994). In 
untreated  essential  hypertensive  patients,  fasting  and  postprandial  insulin  (INS)  levels  are  higher  than  in 
normotensive controls, with a direct correlation between plasma INS concentrations and BP (Sowers JR, 2004). 
Several studies have shown correlation between hyperinsulinemia and free radical production in human fat cells 
and rats (Krieger-Brauer HI and Kather H,  1992, DeFronzo RA, Ferrannini E, 1991and Habib MP, 1994).

Recent  findings  suggest  that  linking  hyperinsulinemia  or  insulin  resistance  to  hypertension  have  been 
provocative,  many  inconsistencies  remain  and  causal  relationships  have  not  been  established.  A  recent 
hypothesis  pointed  out  the  possible  role  of  oxidative stress  as  a  key player  in  the pathogenesis  of  insulin 
resistance, β-cell dysfunction, and hypertension (Ceriello A and Motz E, 2004).

Oxidative stress has been recognized as a general mechanism relevant in the pathogenesis of several human 
diseases (Freeman BA and Crapo JD, 1982). It is triggered by exposure to exogenous factors or by chemicals 
producing reactive oxygen species and is associated with an overproduction of reactive oxygen species, as well 
as an impairment of antioxidant defence capacity (Halliwell B , 1996). Hypertension has been shown to be one 
of the conditions associated with decreased antioxidant capacity (Berry C, et al., 2001, Redon J, et al., 2003 and 
Touyz RM, 2004). Oxidative damage to unsaturated lipids is a well-established general mechanism for oxidant-
mediated cellular injury (Slater AD et al., 2000). In addition to extensive experimental studies, increased lipid 
peroxidation has been reported in a wide variety of clinical and toxicological conditions (Yagi K , 1994).

Recent hypothesis pointed out the possible role of oxidative stress as a key player in the pathogenesis of insulin 
resistance, beta-cell dysfunction, and hypertension (Ceriello A and Motz E, 2004). Several studies have shown 
correlation between hyperinsulinemia and free radical production in human fat cells and rats (Krieger-Brauer HI 
and Kather H, 1992, DeFronzo RA, Ferrannini E, 1991and Habib MP, 1994).

The aim of the present study is to demonstrate the association between oxidative stress  and insulin resistance in 
non diabetic hypertension patients.

MATERIALS AND METHODS

The subjects were selected from those who visited for a checkup and treatment at Narayana Medical College 
and  Superspeciality  Hospital,  Nellore,  Andhra  Pradesh,  India.  Two  hundred  and  three  freshly  diagnosed 
essential  hypertension  subjects  of  age  between  35-60y  (SBP  ≥140mmHg and/  or  DBP  ≥  90mmHg)  were 
included in this study. Two hundred and ten normotensive(SBP≤ 120mmHg and/ or DBP≤ 80mmHg) healthy, 
age(35-60 y),  sex matched subjects were selected as controls (n=210) only patients having mild to moderate 
hypertension  were  included  in  this  study.  Patient  suffering  from  severe  essential  hypertension,  secondary 
hypertension, diabetes mellitus, known cardiac abnormalities, renal,  liver,  nutritional disorders and pregnant 
women were excluded from this study. Institutional ethical committee of this medical college have approved the 
study and informed consent obtained from the patients. 

Demographic data

Study  subjects  age,  BMI,  waist  /hip  ratio  were  recorded.  Blood  pressure  was  measured  using  mercury 
sphygmomanometer with the patient in the sitting position, legs and crossed. After 5 min of rest in the sitting 
position, BP was measured on both arms and the higher of the two was taken in to consideration with the 
systolic and diastolic pressure were in different categories, the higher of the two was used in the classification. 
They were classified as normotensive and hypertensive as per the recommendation of the JNC7 report.
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Biochemical analysis  

Fasting venous blood was collected immediately after enrollment in tubes containing EDTA. Blood samples 
were centrifuged at 2000×g for 10 min. serum samples were stored in a freezer at -200C for futher biochemical 
analysis. Samples were analyzed for fasting Glucose, Serum Creatinine, Total cholesterol, HDL- cholesterol, 
LDL- cholesterol, Triglycerol, analyzed by using  Humaster 300(GmBh) Autoanalyser.

Analysis of serum Insulin

Serum Insulin levels was determined by using Chemiluminescence immunoassay (Beckmann coulter, USA). 
The homeostatic model assessment (HOMA) index was used to estimate insulin resistance, and calculated as 
fasting serum insulin (µU/mL)× fasting serum glucose (mM /22.5)( Mathews DR et al, 1985).

Determination of MDA

Malondialdehyde (MDA) was measured using the established thiobarbituric acid (TBARS) method (Satoh K, 
1978). This assay is based on the formation of red adduct in acidic medium between thiobarbituric acid and 
MDA, a colorless product of lipid peroxidation, measured at  532nm. MDA values are calculated using the 
extinction coefficient of MDA- thiobarbituric acid complex 89.74 × A, at 532nm and expressed as µmol/ml.

Determination of Glutathione Peroxidase (GPX)

Red blood glutathione peroxidase activity was assayed by the method of Rotruck et al (1973). The activity is 
expressed as U/gm Hb 

Determination of Glutathione (GSH)

Red blood reduced  glutathione activity was determined by the method of  Beutler  and Kerley (1963) .  The 
method  is  based  on  the  development  of  yellow  color  due  to  reaction  of  5,  5-  dithio(bis)  nitrobenzoic 
acid(DTNB) with compound containing sulphydryl group. The absorbance was read at 412nm, the activity is 
expressed as mg/dL of RBC.

Statistical analysis

All results are shown as mean ± SD. The statistical significance of between-group differences was evaluated 
using Student’s t-test. Simple correlations were determined by Pearson’s correlation analysis. P-value of <0.05 
was selected as the point of minimal statistical significance.

RESULTS

Clinical  parameters  of  patients  and  controls  were  reported  in  Table-1  .Body mass  Index,  Waist/Hip  ratio, 
Systolic Blood pressure (SBP), Diastolic Blood Pressure (DBP)  shows statistically significant between patients 
and controls (p=0.0001). Whereas age and waist hip ratio were not statistically significant.
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Table-1 : Demographic  Data of the Patients and Control Subjects

Variables Patients (n=208) Controls (n=221)

Age 46.65±5.6 45.5±5
BMI (Kg/m2) 27.7±1.71* 22.84±2.2

W/H ratio 1.19±0.04* 0.97±0.09
SBP (mmHg) 147.95±9.8* 117.75±4.1
DBP (mmHg) 92.4±12.5* 78.5±3.5

Abbreviations

BMI= Body mass Index, WC= Waist circumference, HC=Hip circumference, WHR=Waist to Hip ratio, 
SBP=systolic blood pressure, DBP= diastolic blood pressure.

(p- value <0.05 was considered statistically significant*)

In Biochemical parameters except Blood glucose and serum creatinine all analytes were statistically significant 
in  patients  when  compare  to  control  subjects  (p=0.0001.Fasting  insulin,  HOMA-IR,  MDA,  Glutathione 
peroxidise and reduced  glutathione were significantly  increased  in hypertensive  patients when compared to 
controls (p=0.001) as shown in the table-2.

TABLE-2: Biochemical Data of Patients and Control Subjects

Variables
Patients 
(n=208)

Controls
(n=221)

Fasting blood glucose  (mg/dl) 91.03±11.1 83.38±7.88

Serum Creatinine (mg/dl) 1.01±0.17 0.91±0.18

Total Cholesterol  (mg/dl) 201.8±22.8* 167.68±37

HDL-Cholesterol  (mg/dl) 40.87±7.4* 45.45±3.2

LDL-Cholesterol  (mg/dl) 127.8±25.3* 102.63±12.9

Triglycerides (mg/dl) 160.6±25* 136.2±25.3

Fasting insulin (µ IU/ml) 24.41±15* 5.5±1.4
HOMA-IR (U) 4.5±2.5* 2.1±0.4
MDA(µmol/L) 7.6±2.5* 2.5±0.8
Glutathione peroxidise (U/g Hb) 44.5±9.2* 47.9±9.5

Reduced glutathione (µ mol/g Hb) 3.9±0.2* 5.6±0.8

Abbreviations:

HDL=  High  density  lipoprotein,  LDL=  Low  density  lipoprotein,  MDA=  Malondialdehyde,  HOMA-IR= 
Homeostatic Model Assessment – Insulin Resistance.  

(p -value <0.05 was considered statistically significant*)
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Univariate analysis showed that HOMA-IR were significantly correlated with MDA
  (r = 0.16, p = 0.001), further, HOMA-IR were found to have a significant negative correlation with glutathione 
peroxidase and (r=- 0.065, p = 0.001) table-3. 

TABLE 3-Significant Correlation in the Patients Group

Variables r= Value P= value
 HOMA-IR with-MDA 0.161 0.0001

HOMA-IR with-Gpx -0.065 0.0001
                                       Gpx:Glutathione peroxidise

DISCUSSION & CONCLUSION

Oxidative stress has been considered the major mechanism responsible for endothelial dysfunction in human 
hypertension , endothelial dysfunction being the early event in the pathogenesis of atherosclerosis (Williams IL 
et al., 2002 and Perticone F et al., 2000). Endothelial dysfunction may occur by reduced bioavailability of nitric 
oxide,  and this mainly depends on the balance between nitric  oxide production and its  reaction with ROS. 
Several  studies in human and rats  shown correlation between hyperinsulinemia  and free radical  production 
(Krieger-Brauer HI and Kather H 1992, DeFronzo RA and Ferrannini E 1991, Habib MP et al., 1994). In the 
present study, there was a significant correlation between Insulin resistance  and lipidperoxidation. This suggests 
that insulin resistance may play a role in the pathogenesis of oxidative stress. It was previously reported that 
insulin exerts a  potent  antiinflammatory effect  and that  it  reduces  ROS generation by mononuclear  cells in 
hypertensive subjects (Dandona P et al, 2001). Shamir  et al reported insulin-mediated reduction of oxidative 
stress in apolipoprotein E-deficient mice. These observations suggest that insulin may have a protective role 
against increased oxidative stress

 On the other hand, oxidative stress can cause insulin resistance by increasing the serine phosphorylation of 
insulin receptor  and IRS-1.Glutathione peroxidase being the first  line of defence against  oxidative stress  is 
known to deplete the hydrogen peroxide needed for insulin signalling. Present study shows negative correlation 
between glutathione peroxidase and HOMA-IR. This study concludes the association between Insulin resistance 
and oxidative stress.    
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