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ABSTRACT

Introduction: Oxidised Low Density Lipoprotein Cholesterol
(Ox-LDL-C) and High Density Lipoprotein Cholesterol (HDL-C)
have antagonistic action in the development of atherosclerotic
cardiovascular disease. Use of statins reduces cardiovascular
risk by reducing LDL-C levels and also by increasing HDL-C. No
systematic studies were carried out to study the role of HDL-C
as an antioxidant and its effect in decreasing Ox-LDL-C.

Aim: To compare the values of Ox-LDL-C/HDL-C in patients
with chronic Coronary Artery Disease (CAD) and patients with
Acute Coronary Syndrome (ACS) and to evaluate the levels of
Ox-LDL-C and Ox LDL-C/HDL-C ratio in patients treated with
the two different statins.

Materials and Methods: In this cross-sectional study 30
patients with ACS and 30 patients with chronic CAD on
rosuvastatin or atorvastatin were included in the study.
Apparently normal 27 age and sex-matched controls without

CAD was included in the study. Lipid profile was estimated
using fully auto analyser and Ox-LDL-C was estimated using
ELISA kits. Statistical analysis was done using SPSS version
16 software. A p-value of <0.05 was considered as statistically
significant.

Results: Hypertension and diabetes were found to be
significantly associated with CAD (p-value 0.03). There was
significant correlation between total cholesterol, triglycerides,
with CAD. The levels of triglycerides, Ox-LDL-C and Ox-LDL-C/
HDL-C were significantly higher (p<0.05) in ACS patients
compared to chronic CAD and normal. Total cholesterol and
LDL-C were lower in chronic CAD patients on atorvastatin
treatment compared to patients on rosuvastatin treatment.
Conclusion: Ox-LDL-C/HDL-C ratio is a better predictor of
acute coronary events. In addition to lipid lowering action,
statins have pleiotropic benefits including prevention of LDL
oxidation.
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INTRODUCTION

Ox-LDL-C plays a potential role in the development of atherosclerosis
by stimulating infiltration of monocyte. It also induces migration of
smooth muscle cell and its proliferation. HDL-C has antagonistic
action to that of Ox-LDL-C because of its antioxidant and anti-
inflammatory properties [1]. Atheroprotective activities of HDL-C also
include its maintenance of endothelial cell functions and mediating
reverse cholesterol transport. HDL-C levels are inversely related to the
level of Ox-LDL-C and risk of CAD. The antioxidant action of HDL-C
contributes to the inverse relationship between HDL-C and CAD. The
enzymes like paraoxonase and Lecithin Cholesterol Acyl Transferase
(LCAT) are associated with HDL-C and prevent the oxidation of LDL-C
which is an important step in the pathogenesis of atherosclerosis [2].
Ox-LDL-C inhibits the action of these enzymes. Hence, Ox-LDL-C
and HDL-C are antagonists in their action for the development of
atherosclerotic cardiovascular disease.

The use of statins has major role in the management of individuals
with cardiovascular risk factors. There are several effects of statins
that help in reducing the cardiovascular risk. The most important
benefit of statins is reduction of LDL-C which is supported by various
studies [3-6]. However, there are also several evidences that suggest
that use of statins also increases the levels of HDL-C which may
contribute to its beneficial effects [7]. Apart from its lipid lowering
effect, statins also have anti-inflammatory and antioxidant effects.

Several studies have been done to evaluate the lipid lowering
effects of different types of statins [8-10]. No systematic studies

were carried out to study the role of HDL-C as an antioxidant and
its effect in decreasing Ox-LDL-C and no systematic studies have
been done to evaluate and compare the pleiotropic benefits of
different types of statins. Therefore, the present study was under
taken to compare the values of Ox-LDL-C/HDL-C in patients
with chronic CAD and patients with ACS and also compare the
levels of Ox-LDL-C and Ox-LDL-C/HDL-C ratio in patients treated
with the two different statins thereby assessing the pleiotropic
statin benefit.

MATERIALS AND METHODS

A cross-sectional study was conducted in which 30 patients with
ACS referred from coronary care unit and 30 clinically proved CAD
patients on statin treatment (atorvastatin/rosuvastatin treatment at
least for two year) referred from Out Patient Department of tertiary
care hospital in South Kerala during the period of December 2017
to July 2018 were included. Twenty seven healthy, age and sex-
matched subjects without CAD were selected from the staff of the
hospital formed the control group.

Group 1: ACS patients
Group 2: CAD patients on statin treatment (Atorvastatin/Rosuvastatin)
Group 3: Normal controls

Patients with history of exposure to ionic radiations, chemotherapy
and other mutagenic agents were excluded. Subjects with any form
of malignancy and other chronic disorders are excluded. Pregnant
ladies are also excluded from the present study.
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The study was approved by Institutional Ethics Committee (No.
PIMS & RC/E1/388A/2017) at Pushpagiri Institute of Medical
Sciences and Research Centre, Thiruvalla, Kerala, India. Once
included, detailed clinical and other relevant data were obtained
from the subjects using proforma. After taking written informed
consent, five mL of venous blood was collected after 12 hours
of fasting from all the subjects. Total cholesterol by CHOD-PAP
method [11], Triglycerides by Enzymatic GPO method [12], HDL-C
by homogeneous enzymatic colorimetric assay [13] and LDL-C by
homogeneous enzymatic colorimetric assay [14] were estimated
in automated clinical chemistry analyser Beckman Coulter AU680
using company provided reagents on the same day of collection.
Ox-LDL-C was estimated using commercially available ELISA kit
(Human IMTEC ELISA KIT Catalog No: ITC59500). The test was
based on the simultaneous incubation of serum samples with both
Ox-LDL-C (immobilised on microtiter strips) and the native LDL-C
(immobilised on the pins of the TSP plate). Subsequent binding of
anti Ox-LDL-C antibodies from patient’s serum to the microtiter
plate was detected with peroxidase labeled secondary antibody
that is directed against human IgG and IgM. Substrate was added.
Intensity of the colour was directly proportional to the concentration
of the detected antibodies. Following the addition of stop solution,
the colour changed from blue to yellow. Absorbance was read at
450 nm [15]. The ratio of Ox-LDL-C and HDL-C was calculated
and tabulated.

STATISTICAL ANALYSIS

The statistical analysis was done with SPSS version 16 software.
Association between risk factors among the CAD patients and
normal subjects without CAD was done by chi-square test.
Logistic regression analysis was done to find out the independent
variables for CAD. Comparison of lipid profile parameters, Ox-
LDL-C and Ox-LDL-C/HDL-C of the three groups were done
by Post-Hoc Analysis. A p-value of <0.05 was considered as
statistically significant.

RESULTS

Hypertension and diabetes were found to be significantly associated
with CAD. Subjects with hypertension have 3.05 times more risk
for developing CAD than those without hypertension (OR=3.05)
Subjects with diabetes have 3 times higher risk than subjects
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Association between risk factors among the CAD patients and
normal control with Ox-LDL-C was done by Chi-square test.
Smoking was found to be significantly associated with high Ox-
LDL-C (>15.5 U/dL). Subjects with smoking have 4.4 times more risk
for causing high Ox-LDL-C than those without smoking (OR=4.468,
Cl=1.191-16.765). Association between risk factors among the
CAD patients and normal control with Ox-LDL-C/HDL-C was done.
Hypertriglyceridemia (Triglyceride >150 mg/dL) was found to be
significantly associated with high Ox-LDL-C/HDL-C ratio (>0.38).
Subjects with hypertriglyceridemia have 3.09 times more risk for
having high Ox-LDL-C than those with normal triglyceride level
(OR=3.09, Cl=1.244-7.679).

The levels of triglycerides, Ox-LDL-C and Ox-LDL-C/HDL-C were
significantly higher (p<0.05) in ACS patients compared to chronic
CAD and normal. No such difference was observed between
chronic CAD and normal subjects [Table/Fig-3].

ACS Chronic CAD Normal
o

Parameter n=30 n=30 n=27 F value
Total cholesterol

201.48+48.76 | 183.83+62.34 | 213.22+39.75 | 2.36 | 0.10
(mg/dL)
Triglycerides 168.76+77.20 | 118.93+51.9 | 125.26:60.58 | 4.86 | 0.01"
(mg/dL)
HDL cholesterol | g5.1539 | 40.37+12.75 | 49.56+12.72 | 1.096 | 0.33
(mg/dL)
LDL cholesterol | 454 55,35 145 | 117.33+52.48 | 142.20436.9 | 2.74 | 007
(mg/dL)
Oxidised LDL 4511676121 | 22142531 | 20.75+19.05 | 3.38 | 0.03*
cholesterol (U/mL)
Oxidised LDL
cholestero/HDL | 1.0819+1.50 | 0.4554+0.45 | 0.46760.55 | 3.91 | 0.02*
holestergl ratia

able/Fig-3]: Levels of Total cholesterol, Triglycerides, HDL-C, LDL-C, Ox-LDL-C,
Ox-LDL-C/HDL-C ratio (Post-Hoc Analysis).

*: significant

Lipid profile parameters, Ox-LDL-C and Ox-LDL-C/HDL-C of
atorvastatin (Group 1) versus rosuvastatin (Group 2) treated chronic
CAD patients were compared using ANNOVA in [Table/Fig-4].
Total cholesterol and LDL-C were lower in chronic CAD patients
on atorvastatin treatment compared with chronic CAD patients on
rosuvastatin treatment.

Parameters Groups Mean=Std. Dev z p-value
without diabetes for developing CAD [Table/Fig-1]. ] 17631260 888
Total cholesterol (mg/dL) 1.102 0.27
Life style/Risk factors OR Cl %2 p-value 2 192.43+53.702
Smoking 0.96 | 0.324-2.896 | 0.003 0.95 1 127.88+55.178
- Triglycerides (mg/dL) -0.977 0.33
Alcoholism 0.53 | 0.186-1.529 | 1.392 0.23 2 108.71+47.811
Hypertension 3.05 | 1.125-8.291 5.015 0.03* 1 46+12.237
HDL cholesterol (mg/dL) -1.601 0.11
Diabetes 3.50 | 1.451-9.281 5.25 0.04* 2 53.21+12.656
Family history of CAD 2.20 | 0.443-10.982 | 0.972 0.49 1 113.31+56.807
X o ) ) ) _ LDL cholesterol (mg/dL) -0.956 0.35
[Table/Fig-1]: Odds’s ratio (OR), 95% Confidence interval (Cl) and significance for test 2 121.93+48.772
and control group according to lifestyle/risk factors for CAD (Chi-square test).
* significant Oxidised LDL cholesterol 1 27.8438+4.42659 1.485 015
. . . o . (U/my) 2 15.5357+33.8658 ' '
The variables which are found to be statistically significant in the
logistic regression analysis were total cholesterol and triglycerides Oxidised LDL cholesterol/ ! 0.5842:0.58852 2703 | <0.01*
[—I—able/F|g‘2]. HDL cholesterol ratio 2 0.3081+0.13016

OR 95.0% Cl p-value
Total cholesterol (mg/dL) 1.07 1.003 1.148 0.04*
Trigylcerides (mg/dL) 0.97 0.958 0.991 0.01*
HDL-C (mg/dL) 0.95 0.860 1.060 0.38
LDL-C (mg/dL) 0.95 0.893 1.024 0.19
Ox-LDL-C (U/mL) 0.80 0.636 1.023 0.07
Ox-LDL-C/HDL-C ratio 2.36 0.491 1.14 0.07

[Table/Fig-2]: Logistic regression analysis showing correlation between Lipid profile,

Ox-LDL-C and Ox-LDL-C/HDL-C ratio value with Coronary artery diseases (CAD).
*: significant
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[Table/Fig-4]: Comparison of lipid profile parameters, Ox-LDL-C and Ox-LDL-C/

HDL-C of atorvastatin versus rosuvastatin treated chronic CAD patients (ANNOVA).
*: significant

Group 1- Chronic CAD patients treated with atorvastatin
Group 2- Chronic CAD patients treated with rosuvastatin

DISCUSSION

Various risk factors such as diabetes, hypertension, smoking and
excess alcohol contribute to the development of CAD. Type 2
Diabetes has an independent and causal effect on the risk of major
cardiovascular events. According to Baguet JP et al.,, among the
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numerous risk factors associated with coronary artery disease,
hypertension plays a major role due to its high frequency and
physiopathogenesis [16]. This is supported by present study as
we found a significant association for CAD with hypertension and
diabetes mellitus.

A poor diagnostic quality for total cholesterol and LDL cholesterol
was observed by Johnston N et al., for identifying CAD patients in
his studies [17]. According to Manurung D, the combination of low
HDL cholesterol level and high triglycerides is the most significant
risk factor in ACS patients [18]. In the present study, no significant
difference was observed in the levels of total cholesterol, LDL-C and
HDL-C among the three groups. High levels of triglycerides levels
was observed in ACS patients compared to chronic CAD patients
with statin treatment and normal subjects without CAD which is the
similar to the findings of the previous study.

As per the studies by Johnston N et al., the assessment of Ox-
LDL-C to HDL-C ratio is an important blood lipid test for identifying
risk among possibly healthy men and women [17]. Ghosh J et al.,
had same observation [19]. Since HDL-C decrease the oxidation
of LDL-C, decrease in HDL-C increases the Ox-LDL-C to HDL-C
ratio. A significant correlation between Ox-LDL-C to HDL-C ratio
with CAD was observed in present study.

Atorvastatin, which is a competitive inhibitor of HMG-CoA reductase
is found to have role in lowering LDL-C, but has a very little influence
on HDL-C [20]. Rosuvastatin which is a synthetic statin have larger
number of binding interaction with HMG-COA reductase and
hence have higher affinity towards the enzyme. For lowering LDL-C
rosuvastatin is the most effective among the available statins.
Apart from that, it increases HDL-C and reduces triglyceride-rich
lipoprotein particles [21]. According to Jones PH et al., rosuvastatin
has HDL-C raising ability than atorvastatin [22]. Present study
findings are in agreement with the above studies as we also found
that CAD subjects with rosuvastatin treatment have high HDL-C and
significantly low triglyceride levels. Ox-LDL-C/HDL-C ratios were
found to be significantly increased in ACS patients compared to
CAD subjects on statin treatment and normal subjects without CAD
in present study. Also, a significant decrease of Ox-LDL-C/HDL-C
ratio is observed in CAD subjects with rosuvastatin treatment.
Present study findings are supported by the study by Vasankari T
et al., [23].

LIMITATION

Subjects were not categorised based on age or lifestyle factors
which may also have significant effect on the parameters used in the
study. A large study including more number of subjects with various
lifestyle factors is required for clarifying the results of this studly.

CONCLUSION

There is significant association of CAD with hypertension and
diabetes mellitus. Subjects with smoking have 4.4 times more risk
for causing high oxidised LDL-C than those without smoking. There
is significant correlation between oxidised LDL-C to HDL-C ratio
with CAD. The levels of triglycerides, Ox-LDL-C and Ox-LDL-C/
HDL-C ratio were significantly higher (p<0.05) in ACS patients
compared to chronic CAD and normal subjects. Hence Ox-LDL-C/
HDL-C ratio is a better predictor of acute coronary events. In
addition to lipid lowering action statins have pleiotropic benefits
including prevention of LDL oxidation. According to this study Ox-
LDL-C/HDL-C ratio lowering ability of rosuvastatin, was superior to
atorvastatin.

www.jcdr.net

ACKNOWLEDGEMENTS

The authors would like to express their sincere thanks and gratitude
to Dr. Jeyapal V, Cardiologist, Hridayalaya Institute of Preventive
Cardiology and Dr. Dinesh Roy D, CEO, Genetika, Trivandrum, for
their advice and guidance.

REFERENCES

[1] Singh RB, Mengi SA, Xu YJ, Arneja AS, Dhalla NS. Pathogenesis of
atherosclerosis: A multifactorial process. Exp Clin Cardiol. 2002;7(1):40-53.

[2] Bielicki JK, Forte TM. Evidence that lipid hydroperoxides inhibit plasma lecithin:
Cholesterol acyltransferase activity. J Lipid Res. 1999;40:948-54.

[3] Sipahil, Nicholls SJ, Tuzcu EM, Nissen SE. Coronary atherosclerosis can regress
with very intensive statin therapy. Cleve Clin J Med. 2006;73(10):937-44.

[4] Nissen SE, Nicholls SJ, Sipahi |, Libby P, Raichlen JS, Ballantyne CM, et al. Effect
of very high-intensity statin therapy on regression of coronary atherosclerosis: the
ASTEROID trial. JAMA. 2006;295(13):1556-65.

[5] Hebert PR, Gaziano JM, Chan KS, Hennekens CH. Cholesterol lowering with
statin drugs, risk of stroke, and total mortality: An overview of randomized trials.
JAMA. 1997;278(4):313-21.

[6] Cholesterol Treatment Trialists’ (CTT) Collaborators, Mihaylova B, Emberson J,
Blackwell L, Keech A, Simes J, et al. The effects of lowering LDL cholesterol
with statin therapy in people at low risk of vascular disease: Meta-analysis of
individual data from 27 randomised trials. Lancet. 2012;380:581-90.

[7] McTaggart F, Jones P. Effects of statins on high-density lipoproteins: a potential
contribution to cardiovascular benefit. Cardiovasc Drugs Ther. 2008;22:321-38.

[8] Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low density
lipoprotein cholesterol, ischaemic heart disease, and stroke: Systematic review
and meta-analysis. BMJ. 2003;326:1423.

[9] Naci H, Brugts JJ, Fleurence R, Ades A. Dose-comparative effects of different
statins on serum lipid levels: a network meta-analysis of 256,827 individuals in
181 randomized controlled trials. European Journal of Preventive Cardiology.
2013;20(4):658-70.

[10] KobayashiM, Chisakil, NarumiK, Hidaka K, KagawaT, Itagaki S, et al. Association
between risk of myopathy and cholesterol-lowering effect: A comparison of all
statins. Life Sciences. 2008;82(17-18):969-75.

[11] Rifai N, Bachorik PS, Albers JJ. Lipids, lipoprotein and apolipoprotein. In Burtis
CA, Ashwood R, editors. Tietz textbook of clinical chemistry 3 ed. Philadelphia.
W.B. Saunders Company. 1999: 806-861.

[12] Mc Gowan MW, Artiss JD, Standbergh DR, Zark B. A peroxidise coupled
method for the colorimeteric determination of serum triglycerides. Clin Chem.
1983;29(3):538-42.

[18] SugiuchiH, UjiY, Okabe H, Irie T, Uekama K, Kayahara N, et al. Direct measurement
of high-density lipoprotein cholesterol in serum with polyethylene glycol-modified
enzymes and sulphated alphacyclodextrin. Clin Chem. 1995;41:717-23.

[14] Armstrong V, Seidel D. Evaluation of a commercial kit for the determination of
LDL-cholesterol in serum based on precipitation of LDL with dextran sulphate.
Arztl Lab. 1985;31:325-30.

[156] Conrad K, SchoBler W, Hiepe F, Fritzler MJ. Autoantibodies in Systemic
Autoimmune Diseases: A Diagnostic Reference. Pabst Science Publ. 2002.

[16] Baguet JP, Barone-Rochette G, Mallion JM. European society of hypertension
scientific newsletter: hypertension and coronary heart disease. J Hypertens.
2006;24(11):2323-25.

[17] Johnston N, Jernberg T, Lagerqvist B, Siegbahn A, Wallentin L. Improved
identification of patients with coronary artery disease by the use of new lipid and
lipoprotein biomarkers. Am J Cardiol. 2006;97:640-45.

[18] Manurung D. Lipid profiles of acute coronary syndrome patients hospitalized in
ICCU of Cipto Mangunkusumo Hospital. Act Med Indones. 2006;38:196-201.

[19] Ghosh J, Mishra TK, Rao YN, Aggarwal SK. Oxidised LDL, HDL Cholesterol, LDL
Cholesterol levels in patients of coronary artery disease. Indian Journal of Clinical
Biochemistry. 2006;21(1):181-84.

[20] Barter PJ, Brandrup-Wognsen G, Palmer MK, Nicholls SJ. Effect of statins
on HDL-C: a complex process unrelated to changes in LDL-C: analysis of the
VOYAGER Database. J Lipid Res. 2010;51:1546-53.

[21] Blasetto JW, Stein EA, Brown WV, Chitra R, Raza A. Efficacy of rosuvastatin
compared with other statins at selected starting doses in hypercholesterolemic
patients and in special population groups. Am J Cardiol. 2003;91:3C-10C.

[22] Jones PH, Davidson MH, Stein EA, Bays HE, McKenney JM, Miller E, et al.
STELLAR Study Group. Comparison of the efficacy and safety of rosuvastatin
versus atorvastatin, simvastatin, and pravastatin across doses (STELLAR*Trial).
Am J Cardiol. 2003;92:152-60.

[23] Vasankari T, Ahotupa M, Toikka J, Mikkola J, Irjala K, Pasanen P, et al. Oxidized
LDL and thickness of carotid intima-media are associated with coronary
atherosclerosis in middle-aged men: lower levels of oxidized LDL with statin
therapy. Atherosclerosis. 2001;155(2):403-12.

Journal of Clinical and Diagnostic Research. 2019 Dec, Vol-13(12): BC14-BC17



www.jcdr.net Sumina Cheriyan et al., OX-LDL-C/HDL-C Ratio in ACS versus Chronic CAD Patients on Statin Treatment

PARTICULARS OF CONTRIBUTORS:

1. Research Scholar, Department of Biochemistry, Meenakshi University, Chennai, Tamil Nadu, India.

2. Associate Professor, Department of Biochemistry, Believers Church Medical College, Tiruvalla, Kerala, India.

3. Director, Genitika, Center for Advanced Genetic Studies, Trivandrum, Kerala, India.

4. Associate Professor, Department of Prosthodontics, Meenakshi ammal Dental College, Chennai, Tamil Nadu, India.

5. Associate Professor, Department of Biochemistry, Jubilee Mission Medical College, Thrissur, Kerala, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR: PLAGIARISM CHECKING METHODS: Fantetall ETYMOLOGY: Author Origin
Dr. Deepti Girija Nandakumaran, * Plagiarism X-checker: Jul 20, 2019

Associate Professor, Department of Biochemistry, Believers Church Medical e Manual Googling: Nov 04, 2019

College Hospital, Thiruvalla-689103, Kerala, India. o Thenticate Software: Dec 03, 2019 (13%)

E-mail: dgn_3@yahoo.co.in

AUTHOR DECLARATION:

e Financial or Other Competing Interests: No Date of Submission: Jul 20, 2019
e Was Ethics Committee Approval obtained for this study? Yes Date of Peer Review: Aug 17, 2019
¢ Was informed consent obtained from the subjects involved in the study? Yes Date of Acceptance: Nov 05, 2019
e For any images presented appropriate consent has been obtained from the subjects. NA Date of Publishing: Dec 01, 2019

Journal of Clinical and Diagnostic Research. 2019 Dec, Vol-13(12): BC14-BC17



