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Abstract: Preeclampsia is the most common medical complication of pregnancy. About 10% of normotensive women 

and 20-25% chronic hypertensive women, in their first pregnancy suffer from pregnancy induced hypertension requires 

its early diagnosis and intervention. The aim of the study is to measure and correlate serum malondialdehyde (MDA) 

level (an index of oxidative stress) with Atherogenic Index (A.I.) in preeclampsia as compared to normal pregnant 

women. The present study involves 200 subjects in the age group of 20 to 35 years  (devoid of diabetes, urinary tract 

infections, renal or liver disorders) primigravida, all in their third trimester, recruited from preeclampsia ward and OPD 

of Mahila Chikitsalaya, Sanganeri gate, Jaipur (Rajasthan). Out of total 200 subjects, 100 were preeclamptic and 100 

were normotensive pregnant women.  Data were statistically analyzed by “z” test for comparison of mean and Karl 

Pearson coefficient of correlation to quantify the association between the variables.  The levels of serum MDA (nmol/ml) 

and Atherogenic Index (A.I.) were significantly elevated (p˂0.05) in preeclamptics (4.97±1.00 and 5.66±0.89) when 

compared to normotensive pregnant women (2.43±0.51 and 3.69±0.46), respectively. Moreover, a significant (p<0.05) 

positive correlation of MDA with A.I. in preeclamptic group (r=0.638) was seen in comparison of controls (r=0.108). 

Present study concluded that elevated serum MDA and Atherogenic Index (A.I.) in preeclamptic women compared with 

normal pregnant women suggest that oxidative stress in preeclampsia is associated with increased risk of future 

cardiovascular events. 
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INTRODUCTION  

 Hypertensive disorders are the most common medical 

complications of pregnancy. It is well documented that 

about 10% of normotensive women and 20-25% 

chronic hypertensive women, in their first pregnancy 

suffer from pregnancy induced hypertension [1]. 

 

 According to the Society of Obstetricians and 

Gynaecologists of Canada-Blood pressure ≥ 140/90 mm 

Hg after 20 weeks gestation with proteinuria (≥ 300 

mg/24hrs) is defined as preeclampsia. Preeclampsia is 

the leading cause of maternal mortality in developed 

countries and in developing countries like India, 

Bangladesh, Pakistan etc and is associated with a five-

fold increase in perinatal mortality [2].  

 

 Although the exact pathophysiologic mechanism of 

preeclampsia is not clearly understood, evidences from 

last many years indicate that preeclampsia is primarily a 

placental disorder. Many pathophysiological features of 

preeclampsia such as increased sensitivity to pressor 

agents, activation of the coagulation cascade and 

increased vascular permeability suggest that vascular 

endothelial dysfunction is an important component of 

this disorder. It has been postulated that free radical 

mediated lipid peroxidation may be involved in this 

process of vascular endothelial dysfunction [3]. 

 

 Endothelial dysfunction may play a pivotal role in the 

genesis of the multisystem disorder developed in 

preeclampsia. The mechanisms involved in the 

induction of endothelial cell dysfunction are poorly 

understood. In preeclampsia oxygenation of both 

maternal and foetal tissue oscillate frequently which 

could lead to production of more reactive oxygen free 

radicals and raised oxidative stress and hence 

uncontrolled lipid peroxidation [4]. 

 

 Since the cell membrane consists primarily of lipids, 

uncontrolled lipid peroxidation causes cell injury and 

http://www.saspublishers.com/


 

Rohita Bharadwaj et al., Sch. J. App. Med. Sci., 2014; 2(6D):3092-3096 

    3093 

 

 

death via membrane damage [5]. It also causes 

evolution of toxicity produced metabolites especially 

reactive aldehydes, capable of reacting molecular 

targets at a distance [6]. Among the different aldehydes 

formed, the most intensively lipid peroxidation product 

malondialdehyde (MDA) is the sensitive marker of 

oxidative stress. It is used as a biochemical marker for 

the assessment of lipid peroxidation because it is a 

major breakdown product split off from lipid peroxides. 

Uncontrolled lipid peroxidation is a key contributing 

factor to pathophysiologic condition of preeclampsia. 

Reactive oxygen species (ROS) formed in lipid 

peroxidation process cause damage at distant tissues 

and endothelial cells of arterial vessels [7]. 

 

 Reactive oxygen species (ROS) may also be 

responsible for the fatty deposition in the vessel walls; 

this may predispose them for coronary heart disease in 

future. Atherogenic index is the useful predictor of 

coronary heart disease. Atherogenic Index indicates the 

relationship or proportion between the Atherogenic and 

the antiatherogenic lipid fraction, which can be 

calculated by using the formula, Total Cholesterol/High 

Density Lipoprotein-Cholesterol [8]. 

 

 Adiga U et al. [8] conducted a study on 35 

preeclamptic and 25 normal pregnant women.  They 

found atherogenic index was significant high in 

preeclamptic women. The study conducted by Cong KJ 

et al. [9] has also shown elevated levels of lipids. Kokia 

E et al. [10] also found the same result in their study. 

There are very few studies which represent relationship 

between oxidative stress and A.I. 

 

 The aim of the present study was to measure and 

correlate serum malondialdehyde (MDA) level (an 

index of oxidative stress) with Atherogenic index (A.I.) 

in preeclampsia as compared to normal pregnant 

women. 

 

METHODOLOGY 

Study Design 

 The present study was conducted in the Upgraded 

Department of Physiology, SMS Medical College, 

Jaipur. The present study involves 200 subjects in the 

age group of 20 to 35 years  (devoid of diabetes, urinary 

tract infections, renal or liver disorders) primigravida, 

all in their third trimester singleton pregnancy, recruited 

from preeclampsia ward and OPD of Mahila 

Chikitsalaya, Sanganeri gate, Jaipur. Out of total 200 

subjects, 100 were preeclamptic women and 100 were 

normotensive pregnant women. 

 

 Subjects suffering from any systemic or endocrinal 

disorder including chronic hypertension, any addiction 

(Smoking / Alcohol / Tobacco chewing) and taking any 

medication which can affect antioxidant status except 

iron and folic acid were excluded from the study.  

 

 The study subjects were informed about the 

objectives of the study. An informed consent was taken 

from all the subjects and Institutional ethical committee 

approval was also taken.  

 

Sample Collection 

 2 ml of venous blood was collected from subjects 

using disposable syringe, Serum was separated and 

analyzed. Blood pressure was recorded by palpatory as 

well as auscultatory methods after 15 minutes of rest. 

Malondialdehyde (MDA: an index of oxidative stress) 

level was estimated by Thiobarbituric acid (TBA) assay 

method [11]. 

 

 The total cholesterol (TC) was estimated by the 

CHOD-PAP method [12]. HDL-C was also estimated 

similarly after precipitating the chylomicrons LDL and 

VLDL [13]. Atherogenic Index (A.I.) can be calculated 

by using the formula TC/HDL-C [8].  

  

Statistical Analysis 

 Data were statistically analyzed by “z” test for 

comparison of mean and Karl Pearson coefficient of 

correlation to quantify the association between the 

variables. 

 

RESULTS  

 As depicted from table 1, the mean value of maternal 

age (years) in preeclamptic and control group was 

23.07±2.71 and 22.53±2.18 while gestational age 

(weeks) was found 31.48±1.83 and 32.01±2.14, 

respectively. The mean Systolic BP (mmHg) and 

Diastolic BP (mmHg) in preeclamptic group were 

155.02±11.82 and 99.82±9.33, while in control group 

were 119.08±7.56 and 76.04±8.12 i.e. normal, 

respectively. 

 

 Table 2 shows a significant rise (p<0.05) in TC levels 

in preeclampsia (237.9±33.16) as compared to normal 

pregnancy (206.9±15.43) and a significant fall (p<0.05) 

in HDL-C in preeclampsia cases (42.18±2.44) was seen 

when compared with control women (56.41±4.68). 

 

The levels of serum MDA (nmol/ml) and 

Atherogenic Index (A.I.) were significantly elevated 

(p˂0.05) in preeclamptic women (4.97±1.00 and 

5.66±0.89) when compared to normotensive pregnant 

women (2.43±0.51 and 3.69±0.46), respectively.  

 

 Moreover, a significant positive correlation (r=0.638; 

p<0.05) between serum MDA and A.I. was observed in 

preeclamptic group as compared to controls (r=0.108; 

p>0.05) (Table 3). 
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Table 1: Demographic profile of studied population 

Sl. No. Parameters Preeclamptic group 

(Mean±SD) 

n=100 

Control group 

(Mean±SD) 

n=100 

1. Age (years) 23.07±2.71 22.53±2.18 

2. Gestational Age (weeks) 31.48±1.83 32.01±2.14 

3. Systolic Blood Pressure (mmHg) 155.02±11.82 119.08±7.56 

4. Diastolic Blood Pressure (mmHg) 99.82±9.33 76.04±8.12 

(n=Total number of subjects) 

 

Table 2: Comparison of serum Malondialdehyde (MDA) (nmol/ml) and other parameters between two groups 

Sl. No. Parameters Preeclamptic 

Group (Mean±SD) 

Control 

Group 

(Mean±SD) 

z p 

1. MDA (nmol/ml) 4.97±1.00 2.43±0.51 21.49 <0.05 

2. TC (mg/dl) 237.9±33.16 206.9±15.43 8.62 <0.05 

3. HDL-C (mg/dl) 42.18±2.44 56.41±4.68 -27.20 <0.05 

4. A.I. 5.66±0.89 3.69±0.46 20.98 <0.05 

(p<0.05: Significant) 

 

Table 3: Correlation of Serum Malondialdehyde (MDA) (nmol/ml) with Atherogenic Index (AI) between two 

groups 

Parameter Preeclamptic group Control group 

r p r p 

Atherogenic Index (A.I.) 0.638 <0.05 0.108 >0.05 

(p<0.05: Significant) 

 

DISCUSSION 

 Preeclampsia is a complex condition, which cannot 

be attributed to any single cause. The primary cause to 

develop a disease may be due to insufficient invasion 

by trophoblast cells in uterine wall in early pregnancy. 

There is no unifying scientific evidence to explain the 

pathophysiology of disease. But, a possible hypothesis 

for its pathogenesis is reduced placental perfusion as a 

result of shallow invasion of trophoblast cells, this leads 

to increased lipid peroxidation and the release of 

oxygen radicals without counter regulation by 

antioxidants [14]. 

 

 Present study demonstrated a significant (p<0.05) 

increase in concentration of serum MDA (nmol/ml) in 

preeclamptic group (4.97±1.00) as compared to normal 

pregnant women (2.43±0.51). Present finding is in 

agreement with studies of Utoila JT et al. [15], Jain SK 

et al. [16], Madazil R et al. [18] and Kaur G et al. [18]. 

But some studies had reported that there was no 

evidence of increased lipid peroxidation in 

preeclampsia [19]. 

 

 During pregnancy free radicals and other damaging 

reactive oxygen species, such as the superoxide anions 

and peroxide ions are formed in oxidative metabolic 

processes; their activation is increased during 

preeclampsia. These reactive oxygen species (ROS) 

interacts with polyunsaturated fatty acids (PUFA). 

Since biological membrane are rich in PUFA, therefore 

membrane lipids are susceptible to peroxidative attack, 

this attack initiates a complex series of reactions 

resulting the formation of MDA. That is why, serum 

MDA level increases in preeclampsia and signifies the 

lipid peroxidation [20]. 

 

 Moreover, there was a significant rise (p<0.05) in TC 

levels in preeclampsia (237.9±33.16) as compared to 

normal pregnancy (206.9±15.43) in present study, 

which was similar to results of Potter JM et al. [21], 

Hubel CA [22] and Adegoke OA et al. [23]. However, 

Sattar N et al. [24] and De J et al. [25] reported no 

alteration in TC levels [24-25]. A significant fall 

(p<0.05) in HDL-C in preeclampsia cases (42.18±2.44) 

was seen when compared with control women 

(56.41±4.68). Estrogen is responsible for induction of 

HDL-C but in preeclampsia there is a fall in estrogen 

levels as compared to normal pregnancy. Hence the low 

HDL-C in preeclampsia is due to hypoestrogenemia and 

insulin resistance [26]. Present result is in agreement 

with the previous report of Luis B et al. [27]. 

 

 Present study portrays the fact that Atherogenic 

Index (A.I.) is significantly elevated (p<0.05) in 

preeclampsia (5.66±0.89) over the normal pregnant 

state (3.69±0.46). Present results are in agreement with 

studies of  Kokia E et al. [10], Cong KJ et al. [19] and 

Adiga U et al. [8]. A significant (p<0.05) positive 

correlation of MDA with A.I. in preeclamptic group 

(r=0.638) was seen in comparison of controls (r=0.108). 

Reactive oxygen species (ROS) may also be responsible 

for the fatty deposition in the vessel walls; this may 

predispose them for coronary heart disease in future. 
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Atherogenic index is the useful predictor of coronary 

heart disease [8]. 

 

 Elevated TC level, reduced HDL-C level and 

increased A.I. in the present study indicate the presence 

of dyslipidemia and may contribute to the 

pathophysiology of preeclampsia. Pregnancy challenges 

the lipolytic activity of lipoprotein lipase as there is 

marked reduction in its activity during pregnancy. The 

changes in the lipid levels could be related to the 

decrease in hepatic lipase activity during gestation [28]. 

Activities of lipoprotein lipase and hepatic lipase are 

substantially decreased during normal pregnancy and 

are attributed to the heightened insulin resistance and 

raised estrogen levels respectively [29]. Physiological 

insulin resistance is exaggerated in preeclamsia [30]. 

Gestational insulin resistance may accentuate the 

suppression of lipoprotein lipase activity and increase 

mobilization of free fatty acids from visceral 

adipocytes. These facts explain the 

hypercholesterolemia in preeclampsia [31].  

 

CONCLUSION  
 Moreover, increased oxidative stress is associated 

with augmented cardiovascular risk factors. The 

dyslipidemia found in hypertensive pregnant patients 

could be associated with enhancement of pathological 

lipid deposition in predisposed vessels leading to 

endothelial dysfunction. The raised atherogenic index is 

a risk factor in causing coronary heart disease in future. 

These patients need to be followed up till the lipid 

levels normalize. Interventional studies are needed to 

determine whether pre-pregnancy weight reduction and 

dietary modification can lower the risk of preeclampsia. 

 

REFERENCES  

1. Kamath S; Hypertension in pregnancy. JAPL, 

2006; 54: 269-270. 

2. Bellamy L, Casas JP, Hingorani AD, Williams 

DJ; Preeclampsia and risk of cardiovascular 

disease and cancer in later life: Systemic 

review and Meta-analysis. Br Med J., 2007; 

335(7627): 974-979. 

3. Solomon CG, Seely EW; Hypertension in 

pregnancy: A manifestation of the insulin 

resistance syndrome? Hypertension, 2001; 

37(2): 232-239. 

4. Stipek S, Mechurova A, Crkovska J, Zima T, 

Platenik J; Lipid peroxdation and superoxide 

dismutase activity in umbilical and maternal 

blood. Biochem Mol Biol Int., 1995; 35(4): 

705-711. 

5. Halliwell B, Chirico S; Lipid peroxidation: Its 

mechanism, measurement and significance. 

Am J Clin Nutr, 1993; 57(5 Suppl): 715S-

725S. 

6. Comporti M; Lipid peroxidation and cellular 

damage in toxic liver injury. Lab Invest., 1985; 

53(6): 599-623. 

7. Chen K, Thomas SR, Keaney JF Jr.; Beyond 

LDL oxidation: ROS in vascular signal 

transduction. Free Radic Biol Med, 2003; 

35(2): 117-132.  

8. Adiga U, Adiga S; Dyslipidemia in pregnancy 

induced hypertension. Journal of   global 

Pharma Technology, 2010; 2(5): 69-72. 

9. Cong KJ, Wang TT, Liu GR; Lipid 

metabolism in pregnancy induced 

hypertension. Zonghua Fu Chan ke Za Zhi, 

1994; 29(11): 651-653.  

10. Kokia E, Barkai G, Reichman B, Segal P, 

Goldman B, Mashiach S; Maternal serum lipid 

profile in pregnancies complicated by 

hypertensive disorders. Perinat Med., 1990; 

18(6): 473-478.  

11. Buege JA, Aust SD; The thiobarbituric acid 

assay. Methods Enzymol., 1978; 52: 306-307. 

12. Allain, CC, Poon, LS, Chan, CSG; Enzymatic 

determination of total serum cholesterol. Clin 

Chem., 1974; 20(4): 470-475.  

13. Burnstein M, Schonlic M; Lipoprotein metal 

interactions. Adv Lipid Research, 1973; 11: 

67-108.  

14. Redman CWG, Sacks GP, Sargent IL; 

Preeclampsia: An excessive maternal 

inflammatory response to pregnancy. Am J 

Obstet Gynecol., 1999; 180(2Pt 1): 499-506. 

15. Utoila JT, Tuimala RJ, Aarnio TM, Pyykko 

KA, Ahotupa MO; Findings on lipid 

peroxidation and antioxidant function in 

hypertensive complications of pregnancy. Br J 

Obstet Gynecol., 1993; 100(3): 270-276. 

16. Jain SK, Wise R; Relationship between 

elevated lipid peroxides, vitamin E deficiency 

and hypertension in pre-eclampsia. Mol Cell 

Biochem., 1995; 151(1): 33-38. 

17. Madazli R, Benian A, Gumustas K, Uzun H, 

Ocak V, Aksu F; Lipid peroxidation and 

antioxidants in pre-eclampsia. Eur J Obstet 

Gynecol Reproduct Biol., 1999; 85(2): 205-

208.  

18. Kaur G, Mishra S, Sehgal A, Prasad R; 

Alterations in lipid peroxidation and 

antioxidant status in pregnancy with 

prececlampsia. Mol Cell Biochem., 2008; 

313(1-2): 37-44. 

19. Regan CL, Levine RJ, Baird DD, Ewell MG, 

Martz KL, Sibai BM et al.; No evidence for 

lipid peroxidation in severe preeclamsia. Am J 

Obset Gynecol., 2001; 185(3): 572–578. 

20. Halliwell B; Antioxidant and human disease: 

General introduction. Nutr Rev., 1997; 55(1 Pt 

2): S44-S49. 

21. Potter JM, Nestel PJ; The hyperlipidemia of 

pregnancy in normal and complicated 

pregnancies. Am J Obstet Gynecol., 1979; 

133(2): 165-170.  

22. Hubel CA, Lyall F, Weissfeld L, Gandley RE, 

Roberts JM; Small low-density lipoproteins 



 

Rohita Bharadwaj et al., Sch. J. App. Med. Sci., 2014; 2(6D):3092-3096 

    3096 

 

 

and vascular cell adhesion molecule-1 are 

increased in association with hyperlipidemia in 

preeclampsia. Metabolism, 1998; 47(10): 

1281-1288. 

23. Adegoke OA, Iyare EE, Gbenebitse SO; 

Fasting plasma glucose and cholesterol levels 

in pregnant Nigerian women. Niger Postgrad 

Med J., 2003; 10(1): 32–36. 

24. Sattar N, Bendomir A, Berry C, Shepherd J, 

Greer IA, Packard CJ; Lipoprotein subfraction 

concentrations in preeclampsia: pathogenic 

parallels to Atherosclerosis. Obstert Gynecol., 

1997; 89(3): 403–408. 

25. De J, Mukhopadhyay AK, Saha PK; Study of 

serum lipid profile in pregnancy induced 

hypertension. Indian J of Clin Biochem., 2006; 

21(2): 165–168. 

26. Kaaja R, Tirkkanen MJ, Vinnakka L, 

Ylikorkala O; Serum lipoproteins, insulin and 

urinary prostanoid metabolites in normal and 

Hypertensive pregnant women. Obstet 

Gynecol., 1995; 85(3): 353–356. 

27. Luis B, Muriel C, Gaffney D, Silva SA, Leite 

PL, Quintanilha A et al.; Changes in LDL size 

and HDL concentration in normal and 

preeclamptic pregnancy. Atherosclerosis, 

2002; 162(2): 425-432. 

28. Kinnunen PJ, Unnerus HA, Ranta T, Ehn-holm 

C, Nikkila E, Seppaca M; Activities of post 

heparin plasma lipoprotein lipase during 

pregnancy and lactation. Eur J Clin Invest., 

1980; 10(6): 469-474. 

29. Alvarez JJ, Montelongo A, Iglesias A, 

Lasuncion MA, Herrera E; Longitudinal study 

on lipoprotein profile, high-density lipoprotein 

subclass, and postheparin lipases during 

gestation in women. J Lipid Res., 1996; 37(2): 

299-308. 

30. Ramsay JE, Jamieson N, Greer IA, Sattar N; 

Paradoxical elevation in adiponectin 

concentrations in women with preeclampsia. 

Hypertension, 2003; 42(5): 891-894. 

31. Lorentzen B, Henriksen T; Plasma lipids and 

vascular dysfunction in preeclampsia. Sem 

Reprod Endocrinol., 1998; 16(1): 33–39. 


