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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of the 

requirement for the degree of Master of Science 

 

INTERACTION OF GENE POLYMORPHISMS IN THE RISK OF CORONARY 

ARTERY DISEASE AND RANDOM AMPLIFIED POLYMORPHIC DNA 

ANALYSIS OF CORONARY ARTERY DISEASE   

 

By 

 

CHU WERN CUI 

 

July 2015 

 

Chair: Cheah Yoke Kqueen, PhD  

Faculty: Medicine and Health Sciences 

 

Genetic variants of methylenetetrahydrofolate reductase (MTHFR), endothelial nitric oxide 

synthase (eNOS), and cholesteryl ester transfer protein (CETP),  influence homocysteine, 

nitric oxide synthesis, and high-density lipoprotein cholesterol (HDL-C) metabolism, 

respectively and might increase the risk of coronary artery disease (CAD). It is becoming 

increasingly proven that polymorphisms in multiple genes are involved in the pathogenesis 

of CAD. Therefore, this study was conducted to investigate the association and interaction 

of MTHFR C677T, eNOS G894T, eNOS 4a4b and CETP TaqIB polymorphisms with the risk 

of CAD in multi-ethnics Malaysian population and the usefulness of random amplified 

polymorphic DNA (RAPD) analysis in discriminating CAD patients. A total of 344 subjects 

including angiographically confirmed 243 CAD patients and 101 control subjects were 

genotyped. The presence of MTHFR 677T allele was significantly associated with the 

increased risk of CAD and it was associated with higher total cholesterol and low-density 

lipoprotein cholesterol levels in the Chinese group. The presence of eNOS 4a allele was 

significantly associated with the increased risk of CAD in Malay and Indian groups. The 

CETP B2B2 genotype was significantly associated with higher HDL-C and associated with 

decreased risk of CAD in the Malay group. Moreover, the concomitant presence of MTHFR 

677T and CETP B1 alleles was significantly increased the risk of CAD in Malay group and 

Chinese group but not Indian. At the same time, the concomitant presence of both CETP B1 

and eNOS 4a alleles was significantly increased the risk of CAD in Malay group and Indian 

group but not Chinese. The RAPD analysis show that, under certain conditions, genetic 

polymorphisms in genomic DNA of CAD patients could be detected by using RAPD 

analysis and enable the discrimination of the CAD patients from the controls. In conclusion, 

this study shows that gene polymorphisms differ in both distributions and association with 

CAD among different ethnic groups in Malaysia. Moreover, this study has identified a novel 

ethnic-specific gene-gene interactions, suggested that the role of gene-gene interaction in the 

pathogenesis of CAD might be ethnic specific. The detected polymorphisms by the arbitrary 

primers OPO 02 and OPO 10 enable the discrimination of the CAD patients from the 

controls. These findings can be further analysed for biomarker development. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

Sebagai memenuhi keperluan untuk Ijazah Master Sains 

 

INTERAKSI POLIMORFISME GENE PADA RISIKO PENYAKIT CORONARI 

ARTERI DAN ANALISIS AMPLIFIKASI ACAK POLIMORFISME DNA PADA 

PENYAKIT CORONARI ARTERI 

 

Oleh 

 

CHU WERN CUI 

 

Julai 2015 

 

Pengerusi : Cheah Yoke Kqueen, PhD  

Fakulti : Perubatan dan Sains Kesihatan 

 

Variasi genetik metilenatetrahidrofolat reduktase (MTHFR), endotelial nitrik oksida 

synthase (eNOS), dan protein cholesteryl ester transfer (CETP), mempengaruhi sintesis 

homocysteine, nitirk oksida, dan metabolisme kolesterol lipoprotein berkepadatan tinggi 

(HDL-C), masing-masing, dan mungkin meningkatkan risiko penyakit arteri koronari 

(CAD). Semakin banyak bukti menunjukkan bahawa polimorfisme dalam pelbagai gen 

terlibat dalam patogenesis CAD. Oleh itu, kajian ini telah dijalankan untuk menyiasat 

hubungan dan interaksi polimorfisme MTHFR C677T, eNOS G894T, eNOS 4a4b and CETP 

TaqIB dengan risiko CAD dalam pelbagai etnik penduduk Malaysia dan kegunaan analisis 

amplifikasi acak polimorfisme DNA (RAPD) dalam membezakan pesakit CAD. Seramai 

344 subjek termasuk 243 pesakit CAD dan 101 subjek kawalan yang disahkan secara 

angiografi telah digenotipkan oleh kaedah PCR-RFLP. Kehadiran alel MTHFR 677T 

menyebabkan peningkatan risiko CAD dan ia dikaitkan dengan tahap jumlah kolesterol dan 

kolesterol lipoprotein berketumpatan rendah yang lebih tinggi dalam kumpulan Cina. 

Kehadiran alel eNOS 4a menyebabkan peningkatan risiko CAD dalam kumpulan Melayu 

dan India. Genotip CETP B2B2 mempunyai kaitan dengan tahap HDL-C yang lebih tinggi 

dan dikaitkan dengan penurunan risiko CAD dalam kumpulan Melayu.  Selain itu, kehadiran 

alel MTHFR 677T dan alel CETP B1 sama-sama telah meningkat risiko CAD dalam 

kumpulan Melayu dan kumpulan tetapi bukan India. Pada masa yang sama, kehadiran 

kedua-dua alel CETP B1 dan alel eNOS 4a sama-sama telah meningkat risiko CAD dalam 

kumpulan Melayu dan kumpulan India. Analisis RAPD menunjukkan bahawa, dengan 

syarat-syarat tertentu, polimorfisme genetik dalam DNA genomik pesakit CAD boleh 

dikesan dengan menggunakan analisis RAPD dan membolehkan pesakit CAD dibezakan 

daripada kawalan. Kesimpulannya, kajian ini menunjukkan bahawa polimorfisme gen 

berbeza dalam kedua-dua taburan dan hubungan dengan CAD dalam kalangan kumpulan 

etnik yang berbeza di Malaysia. Selain itu, kajian ini telah mengenal pasti interaksi gen-gen 

etnik khusus yang novel, mencadangkan bahawa peranan interaksi gen-gen dalam 

patogenesis CAD berkemungkinan khusus etnik. Polimorfisme dikesan oleh primer-primer 

arbitari OPO 02 dan 10 OPO membolehkan pembezaan pesakit CAD daripada kawalan. 

Penemuan ini boleh dilakukan kajian lanjut untuk pembangunan penanda bio. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the study 

 

According to the World Health Organization (WHO) data published in April 2011, 

coronary artery disease (CAD) death in Malaysia reached 22,701 or 22.18% of total 

deaths. CAD also is the number one cause of premature deaths in Malaysia (Yusoff 

et al., 2013). This high rate could have been due to late presentation and diagnosis, 

leading to delayed treatment.  

 

CAD is considered to be a complex disease that is caused by multiple genetic factors, 

environmental factors, and interactions among these factors. These factors may vary 

depending on ethnic group (Tanus-Santos, Desai, & Flockhart, 2001). Traditional 

risk factors such as hypertension, obesity, dyslipidaemia, smoking status, and 

physical activity have been studied in Malaysia (Zain, Ooyub, & Rahmat, 2007; 

Chin & Pengal, 2009; Rampal et al., 2010; Thon, Yein, & Lian, 2012). However, a 

quarter of the risk of CAD is unexplained by traditional risk factors (Dent, 2010). 

Some studies have showed that genetic variants can improve CAD assessment 

beyond the use of traditional risk factors (Damani & Topol, 2007). Therefore, 

understanding genetic variants that associated with CAD in Malaysian may 

contribute to better prevention, diagnosis and treatment of CAD in Malaysian 

population.  

 

Methylenetetrahydrofolate reductase (MTHFR) C677T (rs1801133) that results in 

thermolabile MTHFR has been suggested to increase total plasma homocysteine and 

the risk of CAD (Sakowicz, Fendler, Lelonek, Sakowicz, & Pietrucha, 2013). 

Moreover, variants of the endothelial nitric oxide synthase (eNOS) gene have been 

associated with reduced concentration of nitric oxide (NO) and increased risk of 

CAD (Casas, Bautista, Humphries, & Hingorani, 2004). Cholesteryl ester transfer 

protein (CETP) TaqIB (rs 708272) polymorphism has been associated with the high-

density lipoprotein (HDL) levels and the risk of CAD (Boekholdt et al., 2005). The 

effects of these gene polymorphisms on the risk of CAD have been reported in many 

countries but could not be generalised across ethnic groups. There is no data 

available regarding the association of these gene polymorphisms with the risk of 

CAD in Malaysian population. Hence, the association of these gene polymorphisms 

with the risk of CAD in Malaysian population should be studied. 

 

CAD is contributed by interplay of complex biochemical processes which includes 

lipid and apolipoprotein metabolism, inflammatory response, endothelial 

dysfunction, homocysteine metabolism, thrombosis, insulin sensitivity, and blood 

pressure regulation (Scheuner, 2004). However, most studies of CAD focus on 

single-marker based analysis ignoring the interactions between markers causing the 

identified markers often only explain a small fraction of the phenotypic variation 

(Chikkagoudar, Wang, & Li, 2011). It is becoming increasingly evident that gene-

gene interaction plays an important role in the etiology of complex disease such as 

CAD (Poduri, Khullar, Bahl, Sharma, & Talwar, 2009). Therefore, identification of 

the gene-gene interaction may help us to understand more on the pathological 

mechanisms of the CAD. 
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Random amplified polymorphic DNA (RAPD) is a polymerase chain reaction – 

based fingerprinting technique that amplifies random DNA fragments with single 

short primers of arbitrary nucleotide sequence under low annealing stringency. 

RAPD can detect genetic alterations in the entire genome (including point mutations, 

microsatellite instability, chromosome alterations). RAPD method has been applied 

as a mean for identifying the genomic instability in brain tumours (Dil-Afroze et al., 

1998), liver cancer (Zhang, Cong, Xian, Dong, & Wu, 2004), skin cancer (Ribeiro et 

al., 2004), and breast cancer (El-Assal, El-Tarras, & Abd-alla, 2011). There is 

increasing evidence that multiple mutations are responsible for the development of 

CAD. Therefore, RAPD analysis might be useful to detect the genetic 

polymorphisms that occur in CAD patients and potentially use for the detection of 

CAD.  

 

1.2 Objectives 

 

The general objectives of this study are to determine the association and interaction 

of specific gene polymorphisms with the risk of CAD in Malaysian population and 

the usefulness of RAPD analysis in discriminating CAD patients. 

 

Hence, the specific objectives of this study are: 

1. To profile specific gene polymorphisms for CETP, MTHFR, and eNOS. 

2. To correlate these gene polymorphisms with the risk of CAD. 

3. To determine the interaction of these gene polymorphisms in the development of 

CAD. 

4. To compare the amplification profiles of genomic DNA in CAD patients with 

controls using RAPD analysis. 

 

1.3 Hypothesis 

 

Polymorphisms of MTHFR, eNOS and CETP genes may have an association with 

the risk of CAD in Malaysian population. There are possible interactions between 

these gene polymorphisms on the risk of CAD. Moreover, RAPD analysis might 

able to discriminate the CAD patients from the control. 
 



© C
OPYRIG

HT U
PM

49 
 

REFERENCES 

 

Abdallah, M. H., Arnaout, S., Karrowni, W., & Dakik, H. A. (2006). The 

management of acute myocardial infarction in developing countries. 

International Journal of Cardiology, 111(2), 189-194.  

 

Adams, V., Besler, C., Fischer, T., Riwanto, M., Noack, F., Hollriegel, R., . . . Erbs, 

S. (2013). Exercise training in patients with chronic heart failure promotes 

restoration of high-density lipoprotein functional properties. Circulation 

Research, 113(12), 1345-1355. doi:10.1161/CIRCRESAHA.113.301684 [doi]  

 

Afrasyap, L., & Ozturk, G. (2004). NO level and endothelial NO synthase gene 

polymorphism (Glu298Asp) in the patients with coronary artery disease from 

the turkish population. Acta Biochimica Et Biophysica Sinica, 36(10), 661-666.  

 

Agema, W. R., de Maat, M. P., Zwinderman, A. H., Kastelein, J. J., Rabelink, T. J., 

van Boven, A. J., . . . Jukema, J. W. (2004). An integrated evaluation of 

endothelial constitutive nitric oxide synthase polymorphisms and coronary 

artery disease in men. Clinical Science, 107(3), 255-262.  

 

Ahmad, W. A. W., Ali, R. M., Khanom, M., Han, C. K., Bang, L. H., Yip, A. F. 

Y., . . . Hian, S. K. (2013). The journey of malaysian NCVD—PCI (national 

cardiovascular disease Database—Percutaneous coronary intervention) registry: 

A summary of three years report. International Journal of Cardiology, 165(1), 

161-164.  

 

Almawi, W. Y., Ameen, G., Tamim, H., Finan, R. R., & Irani-Hakime, N. (2004). 

Factor V G1691A, prothrombin G20210A, and methylenetetrahydrofolate 

reductase [MTHFR] C677T gene polymorphism in angiographically 

documented coronary artery disease. Journal of Thrombosis and Thrombolysis, 

17(3), 199-205.  

 

Almeida, I., Ianella, P., Faria, M., Paiva, S., & Caetano, A. (2013). Bulked segregant 

analysis of the pirarucu (arapaima gigas) genome for identification of sex-

specific molecular markers. Genetics and Molecular Research, 12(4), 6299-

6308.  

 

Alsulaimani, A. A., Awad, N. S., & El-Tarras, A. E. (2013). Detection of genomic 

instability in hypospadias patients by random amplified polymorphic 

DNApolymerase chain reaction (RAPD-PCR) method. African Journal of 

Biotechnology, 10(20), 4029-4032.  

 

Andrikopoulos, G. K., Grammatopoulos, D. K., Tzeis, S. E., Zervou, S. I., Richter, D. 

J., Zairis, M. N., . . . GEMIG study investigators. (2008). Association of the 

894G>T polymorphism in the endothelial nitric oxide synthase gene with risk of 

acute myocardial infarction. BMC Medical Genetics, 9, 43-2350-9-43. 

doi:10.1186/1471-2350-9-43 [doi]  

 

Antoniades, C., Tousoulis, D., Vasiliadou, C., Pitsavos, C., Chrysochoou, C., 

Panagiotakos, D., . . . Stefanadis, C. (2005). Genetic polymorphism on 



© C
OPYRIG

HT U
PM

50 
 

endothelial nitric oxide synthase affects endothelial activation and inflammatory 

response during the acute phase of myocardial infarction. Journal of the 

American College of Cardiology, 46(6), 1101-1109.  

 

Ashayeri‐panah, M., Eftekhar, F., & Feizabadi, M. (2012). Development of an 

optimized random amplified polymorphic DNA protocol for fingerprinting of 

klebsiella pneumoniae. Letters in Applied Microbiology, 54(4), 272-279.  

 

Asselbergs, F. W., Guo, Y., Van Iperen, E., Sivapalaratnam, S., Tragante, V., 

Lanktree, M. B., . . . Barnard, J. (2012). Large-scale gene-centric meta-analysis 

across 32 studies identifies multiple lipid loci. The American Journal of Human 

Genetics, 91(5), 823-838. 

  

Atherosclerosis, Thrombosis, and Vascular Biology Italian Study Group. (2003). No 

evidence of association between prothrombotic gene polymorphisms and the 

development of acute myocardial infarction at a young age. Circulation, 107(8), 

1117-1122.  

 

Atienzar, F. A., & Jha, A. N. (2006). The random amplified polymorphic DNA 

(RAPD) assay and related techniques applied to genotoxicity and carcinogenesis 

studies: A critical review. Mutation Research/Reviews in Mutation Research, 

613(2–3), 76-102.  

 

Bae, J., Kim, I. J., Hong, S. H., Sung, J. H., Lim, S. W., Cha, D. H., . . . Kim, N. K. 

(2010). Association of endothelial nitric oxide synthase polymorphisms with 

coronary artery disease in korean individuals with or without diabetes mellitus. 

Experimental and Therapeutic Medicine, 1(4), 719-724.  

 

Bankovic, J., Stojsic, J., Jovanovic, D., Andjelkovic, T., Milinkovic, V., Ruzdijic, S., 

& Tanic, N. (2010). Identification of genes associated with non-small-cell lung 

cancer promotion and progression. Lung Cancer, 67(2), 151-159.  

 

Bennouar, N., Allami, A., Azeddoug, H., Bendris, A., Laraqui, A., El Jaffali, A., . . . 

Benomar, M. (2007). Thermolabile methylenetetrahydrofolate reductase C677T 

polymorphism and homocysteine are risk factors for coronary artery disease in 

moroccan population. Journal of Biomedicine & Biotechnology, 2007(1), 80687. 

doi:10.1155/2007/80687  

 

Besler, C., Heinrich, K., Rohrer, L., Doerries, C., Riwanto, M., Shih, D. M., . . . 

Landmesser, U. (2011). Mechanisms underlying adverse effects of HDL on 

eNOS-activating pathways in patients with coronary artery disease. The Journal 

of Clinical Investigation, 121(7), 2693-2708. doi:10.1172/JCI42946 [doi]  

 

Besler, C., Luscher, T. F., & Landmesser, U. (2012). Molecular mechanisms of 

vascular effects of high-density lipoprotein: Alterations in cardiovascular 

disease. EMBO Molecular Medicine, 4(4), 251-268.  

 

Boekholdt, S. M., Arsenault, B. J., Hovingh, G. K., Mora, S., Pedersen, T. R., Larosa, 

J. C., . . . Kastelein, J. J. (2013). Levels and changes of HDL cholesterol and 



© C
OPYRIG

HT U
PM

51 
 

apolipoprotein A-I in relation to risk of cardiovascular events among statin-

treated patients: A meta-analysis. Circulation, 128(14), 1504-1512.  

 

Boekholdt, S. M., Sacks, F. M., Jukema, J. W., Shepherd, J., Freeman, D. J., 

McMahon, A. D., . . . Kastelein, J. J. (2005). Cholesteryl ester transfer protein 

TaqIB variant, high-density lipoprotein cholesterol levels, cardiovascular risk, 

and efficacy of pravastatin treatment: Individual patient meta-analysis of 13,677 

subjects. Circulation, 111(3), 278-287.  

 

Briel, M., Ferreira-Gonzalez, I., You, J. J., Karanicolas, P. J., Akl, E. A., Wu, P., . . . 

Guyatt, G. H. (2009). Association between change in high density lipoprotein 

cholesterol and cardiovascular disease morbidity and mortality: Systematic 

review and meta-regression analysis. BMJ (Clinical Research Ed.), 338, b92. 

doi:10.1136/bmj.b92  

 

Brookes, K. (2013). The VNTR in complex disorders: The forgotten polymorphisms? 

A functional way forward? Genomics, 101(5), 273-281.  

 

Brunner, H., Cockcroft, J. R., Deanfield, J., Donald, A., Ferrannini, E., Halcox, J., . . . 

Webb, D. J. (2005). Endothelial function and dysfunction. part II: Association 

with cardiovascular risk factors and diseases. A statement by the working group 

on endothelins and endothelial factors of the european society of hypertension.  

Journal of Hypertension, 23(2), 233-246.  

 

Cam, S. F., Sekuri, C., Tengiz, I., Ercan, E., Sagcan, A., Akin, M., & Berdeli, A. 

(2005). The G894T polymorphism on endothelial nitric oxide synthase gene is 

associated with premature coronary artery disease in a turkish population.  

Thrombosis Research, 116(4), 287-292.  

 

Campbell, S. C., Moffatt, R. J., & Stamford, B. A. (2008). Smoking and smoking 

cessation—The relationship between cardiovascular disease and lipoprotein 

metabolism: A review. Atherosclerosis, 201(2), 225-235.  

 

Carlquist, J. F., Muhlestein, J. B., Horne, B. D., Hart, N. I., Bair, T. L., Molhuizen, H. 

O., & Anderson, J. L. (2003). The cholesteryl ester transfer protein< i> Taq</i> 

1B gene polymorphism predicts clinical benefit of statin therapy in patients with 

significant coronary artery disease. American Heart Journal, 146(6), 1007-1014.  

 

Casas, J. P., Bautista, L. E., Humphries, S. E., & Hingorani, A. D. (2004). 

Endothelial nitric oxide synthase genotype and ischemic heart disease: Meta-

analysis of 26 studies involving 23028 subjects. Circulation, 109(11), 1359-

1365. doi:10.1161/01.CIR.0000121357.76910.A3 [doi]  

 

Chapman, M. J., Le Goff, W., Guerin, M., & Kontush, A. (2010). Cholesteryl ester 

transfer protein: At the heart of the action of lipid-modulating therapy with 

statins, fibrates, niacin, and cholesteryl ester transfer protein inhibitors. 

European Heart Journal, 31(2), 149-164. doi:10.1093/eurheartj/ehp399 [doi]  

 

Chen, Y., Copeland, W. K., Vedanthan, R., Grant, E., Lee, J. E., Gu, D., . . . Potter, J. 

D. (2013). Association between body mass index and cardiovascular disease 



© C
OPYRIG

HT U
PM

52 
 

mortality in east asians and south asians: Pooled analysis of prospective data 

from the asia cohort consortium. BMJ (Clinical Research Ed.), 347, f5446. 

doi:10.1136/bmj.f5446 [doi]  

 

Chikkagoudar, S., Wang, K., & Li, M. (2011). GENIE: A software package for gene-

gene interaction analysis in genetic association studies using multiple GPU or 

CPU cores. BMC Research Notes, 4, 158-0500-4-158. doi:10.1186/1756-0500-

4-158 [doi]  

 

Chin, C. Y., & Pengal, S. (2009). Cardiovascular disease risk in a semirural 

community in malaysia. Asia-Pacific Journal of Public Health / Asia-Pacific 

Academic Consortium for Public Health, 21(4), 410-420. 

doi:10.1177/1010539509343973 [doi]  

 

Choo, S., Loh, S., Khor, G., Sabariah, M., & Rozita, R. (2011). MTHFR C677T 

polymorphism, homocysteine and B-vitamins status in a sample of chinese and 

malay subjects in universiti putra malaysia. Malaysian Journal of Nutrition, 

17(2), 249-258.  

 

 

Colomba, D., Duro, G., Corrao, S., Argano, C., Di Chiara, T., Nuzzo, D., . . . Licata, 

G. (2008). Endothelial nitric oxide synthase gene polymorphisms and 

cardiovascular damage in hypertensive subjects: An italian case-control study. 

Immun Ageing, 5(4)  

 

Damani, S. B., & Topol, E. J. (2007). Future use of genomics in coronary artery 

disease. Journal of the American College of Cardiology, 50(20), 1933-1940.  

 

Davignon, J., & Ganz, P. (2004). Role of endothelial dysfunction in atherosclerosis. 

Circulation, 109(23 Suppl 1), 27-32.  

 

Deanfield, J. E., Halcox, J. P., & Rabelink, T. J. (2007). Endothelial function and 

dysfunction: Testing and clinical relevance. Circulation, 115(10), 1285-1295. 

doi:115/10/1285 [pii]  

 

Dent, T. (2010). Predicting the risk of coronary heart disease. II: The role of novel 

molecular biomarkers and genetics in estimating risk, and the future of risk 

prediction. Atherosclerosis, 213(2), 352-362.  

 

Dil-Afroze, Misra, A., Sulaiman, I. M., Sinha, S., Sarkar, C., Mahapatra, A. K., & 

Hasnain, S. E. (1998). Genetic alterations in brain tumors identified by RAPD 

analysis. Gene, 206(1), 45-48.  

 

Dodani, S. (2008). Excess coronary artery disease risk in south asian immigrants: 

Can dysfunctional high-density lipoprotein explain increased risk? Vascular 

Health and Risk Management, 4(5), 953-961.  

 

El-Assal, S. E., El-Tarras, A. A., & Abd-alla, S. M. (2011). Early diagnosis of breast 

cancer using molecular, biochemical and pathological markers. American 

Journal of Applied Sciences, 8(1), 1-8.  



© C
OPYRIG

HT U
PM

53 
 

El-Sammak, M., Kandil, M., El-Hifni, S., Hosni, R., & Ragab, M. (2004). Elevated 

plasma homocysteine is positively associated with age independent of C677T 

mutation of the methylenetetrahydrofolate reductase gene in selected egyptian 

subjects. International Journal of Medical Sciences, 1(3), 181-192.  

 

Farid, M. A. K., Azizi, F., Hedayati, M., Daneshpour, M. S., Shamshiri, A. R., & 

Siassi, F. (2010). Association between CETP Taq1B and LIPC-514C/T 

polymorphisms with the serum lipid levels in a group of tehran's population: A 

cross sectional study. Lipids Health Dis, 9, 96.  

 

Forstermann, U., & Munzel, T. (2006). Endothelial nitric oxide synthase in vascular 

disease: From marvel to menace. Circulation, 113(13), 1708-1714. 

doi:113/13/1708 [pii]  

 

Freeman, D. J., Samani, N. J., Wilson, V., McMahon, A. D., Braund, P. S., Cheng, 

S., . . . Gaffney, D. (2003). A polymorphism of the cholesteryl ester transfer 

protein gene predicts cardiovascular events in non-smokers in the west of 

scotland coronary prevention study. European Heart Journal, 24(20), 1833-

1842. doi:S0195668X03004810 [pii]  

 

Gan, Y. Y., & Chen, C. F. (2012). The 27-bp VNTR polymorphism in intron 4 of the 

human eNOS gene in healthy singaporean chinese, indians, and malays. 

Biochemical Genetics, 50(1-2), 52-62.  

 

Gaziano, T. A. (2007). Reducing the growing burden of cardiovascular disease in the 

developing world. Health Affairs (Project Hope), 26(1), 13-24. doi:26/1/13 [pii] 

  

Giovanardi, D., Lupini, C., Pesente, P., Rossi, G., Ortali, G., & Catelli, E. (2013). 

Characterization and antimicrobial resistance analysis of avian pathogenic 

escherichia coli isolated from italian turkey flocks. Poultry Science, 92(10), 

2661-2667. doi:10.3382/ps.2013-03194 [doi]  

 

Gluba, A., Banach, M., Rysz, J., Piotrowski, G., Fendler, W., & Pietrucha, T. (2009). 

Is polymorphism within eNOS gene associated with the late onset of myocardial 

infarction? A pilot study. Angiology, 60(5), 588-595. 

doi:10.1177/0003319709335031 [doi]  

 

Go, A. S., Mozaffarian, D., Roger, V. L., Benjamin, E. J., Berry, J. D., Borden, W. 

B., . . . Turner, M. B. (2013). Heart disease and stroke statistics-2013 update: A 

report from the american heart association. Circulation, 127(1), e6-e245. 

 

Gordon, D. J., & Rifkind, B. M. (1989). High-density lipoprotein--the clinical 

implications of recent studies. The New England Journal of Medicine, 321(19), 

1311-1316. doi:10.1056/NEJM198911093211907 [doi]  

 

Gotto, A. M., & Brinton, E. A. (2004). Assessing low levels of high-density 

lipoprotein cholesterol as a risk factor in coronary heart diseaseA working group 

report and update. Journal of the American College of Cardiology, 43(5), 717-

724.  

 



© C
OPYRIG

HT U
PM

54 
 

Grewal, R. P., Dutra, A. V., Liao, Y. C., Juo, S. H., & Papamitsakis, N. I. (2007). 

The intron 4c allele of the NOS3 gene is associated with ischemic stroke in 

african americans. BMC Medical Genetics, 8, 76. doi:1471-2350-8-76 [pii]  

 

Guasmi, F., Elfalleh, W., Hannachi, H., Fères, K., Touil, L., Marzougui, N., . . . 

Ferchichi, A. (2012). The use of ISSR and RAPD markers for genetic diversity 

among south tunisian barley. ISRN Agronomy, 2012. doi:10.5402/2012/952196  

 

Hassanzadeh, T., Firoozrai, M., Zonouz, A. E., Zavarehee, A., & Paoli, M. (2009). 

Taq1B polymorphism of cholesteryl ester transfer protein (CETP) gene in 

primary combined hyperlipidaemia. Indian Journal of Medical Research, 129(3), 

45-53. 

  

Herlitz, J., Malmberg, K., KARLSON, B. W., RYDÉN, L., & HJALMARSON, Å. 

(1988). Mortality and morbidity during a Five‐year Follow‐up of diabetics with 

myocardial infarction. Acta Medica Scandinavica, 224(1), 31-38.  

 

Hibi, K., Ishigami, T., Tamura, K., Mizushima, S., Nyui, N., Fujita, T., . . . Umemura, 

S. (1998). Endothelial nitric oxide synthase gene polymorphism and acute 

myocardial infarction. Hypertension, 32(3), 521-526.  

 

Hingorani, A. D., Liang, C. F., Fatibene, J., Lyon, A., Monteith, S., Parsons, A., . . . 

Brown, M. J. (1999). A common variant of the endothelial nitric oxide synthase 

(Glu298-->Asp) is a major risk factor for coronary artery disease in the UK. 

Circulation, 100(14), 1515-1520.  

 

Hirche, F., Schroder, A., Knoth, B., Stangl, G. I., & Eder, K. (2006). Methionine-

induced elevation of plasma homocysteine concentration is associated with an 

increase of plasma cholesterol in adult rats. Annals of Nutrition & Metabolism, 

50(2), 139-146. doi:10.1159/000090635  

 

Hooper, W. C., Lally, C., Austin, H., Benson, J., Dilley, A., Wenger, N. K., . . . Evatt, 

B. L. (1999). The relationship between polymorphisms in the endothelial cell 

nitric oxide synthase gene and the platelet GPIIIa gene with myocardial 

infarction and venous thromboembolism in african americans. CHEST Journal, 

116(4), 880-886.  

 

Huang, M., Han, Y., Zhang, X., Pei, F., Deng, J., Kang, J., & Yan, C. (2010). An 

intron polymorphism in the CXCL16 gene is associated with increased risk of 

coronary artery disease in chinese han population: A large angiography-based 

study. Atherosclerosis, 210(1), 160-165.  

 

Huh, H. J., Chi, H. S., Shim, E. H., Jang, S., & Park, C. J. (2006). Gene–nutrition 

interactions in coronary artery disease: Correlation between the MTHFR C677T 

polymorphism and folate and homocysteine status in a korean population. 

Thrombosis Research, 117(5), 501-506.  

 

Humphrey, L. L., Fu, R., Rogers, K., Freeman, M., & Helfand, M. (2008). 

Homocysteine level and coronary heart disease incidence: A systematic review 



© C
OPYRIG

HT U
PM

55 
 

and meta-analysis. Mayo Clinic Proceedings, 83(11), 1203-1212. 

doi:http://dx.doi.org/10.4065/83.11.1203  

 

Hwang, J. J., Tsai, C. T., Yeh, H. M., Chiang, F. T., Hsu, K. L., Tseng, C. D., . . . Lai, 

L. P. (2002). The 27-bp tandem repeat polymorphism in intron 4 of the 

endothelial nitric oxide synthase gene is not associated with coronary artery 

disease in a hospital-based taiwanese population. Cardiology, 97(2), 67-72. 

doi:57674 [pii]  

 

Ibrahim, M. A., Saleh, N., Archoukieh, E., Al-Obaide, H. W., Al-Obaidi, M. M., & 

Said, H. M. (2010). Detection of novel genomic polymorphism in acute 

lymphoblastic leukemia by random amplified polymorphic DNA analysis. 

International Journal of Cancer Research, 6(1), 19-16.  

 

Ichihara, M., Yamada, M., Fujimura, M., Nakashima, M., & Yokota, M. (1998). 

Association of a polymorphism of the endothelial constitutive nitric oxide 

synthase gene with myocardial infarction in the japanese population. The 

American Journal of Cardiology, 81(1), 83-86.  

 

Ismil, F. I., Ahmad, Z., & Osman, M. (2012). Prevalence of 

methylenetetrahydrofolate reductase (MTHFR) and cytosolic serine 

hydroxymethyltransferase (cSHMT) genes polymorphisms in healthy malaysian 

population. African Journal of Biotechnology, 11(81), 14679-14684.  

 

Jafari, Y., Rahimi, Z., Vaisi-Raygani, A., & Rezaei, M. (2011). Interaction of eNOS 

polymorphism with MTHFR variants increase the risk of diabetic nephropathy 

and its progression in type 2 diabetes mellitus patients. Molecular and Cellular 

Biochemistry, 353(1-2), 23-34.  

 

Jones, C., & Kortenkamp, A. (2000). RAPD library fingerprinting of bacterial and 

human DNA: Applications in mutation detection. Teratogenesis, Carcinogenesis, 

and Mutagenesis, 20(2), 49-63.  

 

Kallel, A., Sbaï, M. H., Sediri, Y., Abdessalem, S., Mourali, M. S., Feki, M., . . . 

Kaabachi, N. (2013). Polymorphisms of the NOS3 gene and risk of myocardial 

infarction in the tunisian population. Cytokine, 64(3), 646-651.  

 

Kannel, W. B., & McGee, D. L. (1979). Diabetes and cardiovascular disease: The 

framingham study. Jama, 241(19), 2035-2038.  

 

Kerkeni, M., Letaief, A., Achour, A., Miled, A., Trivin, F., & Maaroufi, K. (2009). 

Endothelial nitric oxide synthetase, methylenetetrahydrofolate reductase 

polymorphisms, and cardiovascular complications in tunisian patients with 

nondiabetic renal disease. Clinical Biochemistry, 42(10), 958-964.  

 

Kerkeni, M., Addad, F., Chauffert, M., Myara, A., Ben Farhat, M., Miled, A., . . . 

Trivin, F. (2006). Hyperhomocysteinemia, endothelial nitric oxide synthase 

polymorphism, and risk of coronary artery disease. Clinical Chemistry, 52(1), 

53-58. doi:10.1373/clinchem.2005.057950  

 

http://dx.doi.org/10.4065/83.11.1203


© C
OPYRIG

HT U
PM

56 
 

Kim, I. J., Bae, J., Lim, S. W., Cha, D. H., Cho, H. J., Kim, S., . . . Kim, N. K. (2007). 

Influence of endothelial nitric oxide synthase gene polymorphisms (− 786T> C, 

4a4b, 894G> T) in korean patients with coronary artery disease. Thrombosis 

Research, 119(5), 579-585.  

 

Klein, R., Li, X., Kuo, J. Z., Klein, B. E., Cotch, M. F., Wong, T. Y., . . . Rotter, J. I. 

(2013). Associations of candidate genes to age-related macular degeneration 

among racial/ethnic groups in the multi-ethnic study of atherosclerosis. 

American Journal of Ophthalmology, 156(5), 1010-1020.  

 

Kong, C., Nimmo, L., Elatrozy, T., Anyaoku, V., Hughes, C., Robinson, S., . . . 

Elkeles, R. S. (2001). Smoking is associated with increased hepatic lipase 

activity, insulin resistance, dyslipidaemia and early atherosclerosis in type 2 

diabetes. Atherosclerosis, 156(2), 373-378.  

 

Krishna, S. M., Dear, A., Craig, J. M., Norman, P. E., & Golledge, J. (2013). The 

potential role of homocysteine mediated DNA methylation and associated 

epigenetic changes in abdominal aortic aneurysm formation. Atherosclerosis, 

228(2), 295-305.  

 

Kuhlencordt, P. J., Gyurko, R., Han, F., Scherrer-Crosbie, M., Aretz, T. H., Hajjar, 

R., . . . Huang, P. L. (2001). Accelerated atherosclerosis, aortic aneurysm 

formation, and ischemic heart disease in apolipoprotein E/endothelial nitric 

oxide synthase double-knockout mice. Circulation, 104(4), 448-454. 

  

Kumar, A. S. A., Umamaheswaran, G., Padmapriya, R., Balachandar, J., & Adithan, 

C. (2013). Endothelial nitric oxide synthase gene polymorphisms and the risk of 

acute myocardial infarction in a south indian population. Molecular Biology 

Reports, 40(2), 1275-1281.  

 

Kumar, N. S., & Gurusubramanian, G. (2011). Random amplified polymorphic DNA 

(RAPD) markers and its applications. Sci.Vision, 11(3), 116-124.  

 

Kuvin, J. T., Patel, A. R., Sidhu, M., Rand, W. M., Sliney, K. A., Pandian, N. G., & 

Karas, R. H. (2003). Relation between high-density lipoprotein cholesterol and 

peripheral vasomotor function. The American Journal of Cardiology, 92(3), 

275-279.  

 

Lacoste, L., Lam, J. Y., Hung, J., Letchacovski, G., Solymoss, C. B., & Waters, D. 

(1995). Hyperlipidemia and coronary disease. correction of the increased 

thrombogenic potential with cholesterol reduction. Circulation, 92(11), 3172-

3177.  

 

Lerman, A., & Zeiher, A. M. (2005). Endothelial function: Cardiac events.  

Circulation, 111(3), 363-368.  

 

Lewis, S. J., Ebrahim, S., & Davey Smith, G. (2005). Meta-analysis of MTHFR 

677C->T polymorphism and coronary heart disease: Does totality of evidence 

support causal role for homocysteine and preventive potential of folate? BMJ 

(Clinical Research Ed.), 331(7524), 1053. doi:10.1136/bmj.38611.658947.55  



© C
OPYRIG

HT U
PM

57 
 

Li, Y. (2012). Methylenetetrahydrofolate reductase C677T gene polymorphism and 

coronary artery disease in a chinese han population: A meta-analysis. 

Metabolism, 61(6), 846-852.  

 

Lievers, K. J., Kluijtmans, L. A., & Blom, H. J. (2003). Genetics of 

hyperhomocysteinaemia in cardiovascular disease. Annals of Clinical 

Biochemistry, 40(Pt 1), 46-59. doi:10.1258/000456303321016169 [doi]  

 

Lloyd-Jones, D. M., Nam, B., D'Agostino Sr, R. B., Levy, D., Murabito, J. M., Wang, 

T. J., . . . O'Donnell, C. J. (2004). Parental cardiovascular disease as a risk factor 

for cardiovascular disease in middle-aged adults: A prospective study of parents 

and offspring. Jama, 291(18), 2204-2211.  

 

Loo, K. W., Griffiths, L. R., & Gan, S. H. (2012). A novel multiplex PCR-RFLP 

method for simultaneous detection of the MTHFR 677 C > T, eNOS +894 G > T 

and - eNOS -786 T > C variants among malaysian malays. BMC Medical 

Genetics, 13, 34.  

 

Lu, Y., Tayebi, N., Li, H., Saha, N., Yang, H., & Heng, C. (2013). Association of 

CETP Taq1B and-629C> A polymorphisms with coronary artery disease and 

lipid levels in the multi-ethnic singaporean population. Lipids in Health and 

Disease, 12(1), 85.  

 

Lynn, E. G., Chung, Y. H., Siow, Y. L., Man, R. Y., & Choy, P. (1998). 

Homocysteine stimulates the production and secretion of cholesterol in hepatic 

cells. Biochimica Et Biophysica Acta (BBA)-Lipids and Lipid Metabolism, 

1393(2), 317-324.  

 

Maeda, T., Jikko, A., Hiranuma, H., & Fuchihata, H. (1999). Analysis of genomic 

instability in squamous cell carcinoma of the head and neck using the random 

amplified polymorphic DNA method. Cancer Letters, 138(1–2), 183-188.  

 

Malaysia NCD Surveillance 2006. (2006). NCD risk factors in Malaysia. Ministry of 

Health, Malaysia. 

 

Manolio, T. A., Collins, F. S., Cox, N. J., Goldstein, D. B., Hindorff, L. A., Hunter, 

D. J., . . . Chakravarti, A. (2009). Finding the missing heritability of complex 

diseases. Nature, 461(7265), 747-753.  

 

Marroni, A. S., Metzger, I. F., Souza-Costa, D. C., Nagassaki, S., Sandrim, V. C., 

Correa, R. X., . . . Tanus-Santos, J. E. (2005). Consistent interethnic differences 

in the distribution of clinically relevant endothelial nitric oxide synthase genetic 

polymorphisms. Nitric Oxide, 12(3), 177-182.  

 

Mathers, C. D., & Loncar, D. (2005). Updated projections of global mortality and 

burden of disease, 2002-2030: Data sources, methods and results. Geneva: 

World Health Organization. 

 

Mendis, S., Puska, P., & Norrving, B. (2011). Global atlas on cardiovascular disease 

prevention and control. Geneva: World Health Organization.  



© C
OPYRIG

HT U
PM

58 
 

Millan, J., Pinto, X., Munoz, A., Zuniga, M., Rubies-Prat, J., Pallardo, L. F., . . . 

Pedro-Botet, J. (2009). Lipoprotein ratios: Physiological significance and 

clinical usefulness in cardiovascular prevention. Vascular Health and Risk 

Management, 5, 757-765.  

 

Mineo, C., Deguchi, H., Griffin, J. H., & Shaul, P. W. (2006). Endothelial and 

antithrombotic actions of HDL. Circulation Research, 98(11), 1352-1364. 

doi:98/11/1352 [pii]  

 

Mohamed, E. H. M., & Mohamed, Z. (2011). TT genotype of the 

methylenetetrahydrofolate reductase C677T polymorphism is an important 

determinant for homocysteine levels in multi-ethnic malaysian ischaemic stroke 

patients. Ann Acad Med Singapore, 40, 186-191.  

 

Morita, H., Taguchi, J., Kurihara, H., Kitaoka, M., Kaneda, H., Kurihara, Y., . . . 

Yamaoki, K. (1997). Genetic polymorphism of 5, 10-methylenetetrahydrofolate 

reductase (MTHFR) as a risk factor for coronary artery disease. Circulation, 

95(8), 2032-2036.  

 

Motawi, T., Shaker, O., Taha, M., Sedrak, H., & Nabil, M. (2011). Endothelial nitric 

oxide synthase and angiotensinogen gene polymorphism in coronary artery 

diseases in egypt. Angiology, 62(2), 191-197.  

 

Musunuru, K. (2010). Atherogenic dyslipidemia: Cardiovascular risk and dietary 

intervention. Lipids, 45(10), 907-914.  

 

Narne, P., Ponnaluri, K. C., Singh, S., Siraj, M., & Ishaq, M. (2013). Association of 

the genetic variants of endothelial nitric oxide synthase gene with 

angiographically defined coronary artery disease and myocardial infarction in 

south indian patients with type 2 diabetes mellitus. Journal of Diabetes and its 

Complications, 27(3), 255-261.  

 

Ong, T. M., Song, B., Qian, H. W., Wu, Z. L., & Whong, W. Z. (1998). Detection of 

genomic instability in lung cancer tissues by random amplified polymorphic 

DNA analysis. Carcinogenesis, 19(1), 233-235.  

 

Ordovas, J. M., Cupples, L. A., Corella, D., Otvos, J. D., Osgood, D., Martinez, 

A., . . . Schaefer, E. J. (2000). Association of cholesteryl ester transfer protein-

TaqIB polymorphism with variations in lipoprotein subclasses and coronary 

heart disease risk: The framingham study. Arteriosclerosis, Thrombosis, and 

Vascular Biology, 20(5), 1323-1329.  

 

Padmaja, N., Kumar, R. M., Balachander, J., & Adithan, C. (2009). Cholesteryl ester 

transfer protein< i> TaqIB,− 629C> A</i> and< i> I405V</i> polymorphisms 

and risk of coronary heart disease in an indian population. Clinica Chimica Acta, 

402(1), 139-145.  

 

Papadopoulos, S., Benter, T., Anastassiou, G., Pape, M., Gerhard, S., Bornfeld, 

N., . . . Dörken, B. (2002). Assessment of genomic instability in breast cancer 



© C
OPYRIG

HT U
PM

59 
 

and uveal melanoma by random amplified polymorphic DNA analysis. 

International Journal of Cancer, 99(2), 193-200.  

 

Park, K. W., You, K. H., Oh, S., Chae, I. H., Kim, H. S., Oh, B. H., . . . Park, Y. B. 

(2004). Association of endothelial constitutive nitric oxide synthase gene 

polymorphism with acute coronary syndrome in koreans. Heart (British Cardiac 

Society), 90(3), 282-285.  

 

Pérez-Méndez, Ó., Pacheco, H. G., Martínez-Sánchez, C., & Franco, M. (2014). 

HDL-cholesterol in coronary artery disease risk: Function or structure? Clinica 

Chimica Acta, 429, 111-122.  

 

Pilia, G., Chen, W., Scuteri, A., Orrú, M., Albai, G., Dei, M., . . . Loi, P. (2006). 

Heritability of cardiovascular and personality traits in 6,148 sardinians. PLoS 

Genetics, 2(8), e132.  

 

Poduri, A., Khullar, M., Bahl, A., Sharma, Y. P., & Talwar, K. K. (2009). A 

combination of proatherogenic single-nucleotide polymorphisms is associated 

with increased risk of coronary artery disease and myocardial infarction in asian 

indians. DNA and Cell Biology, 28(9), 451-460.  

 

Prenger, V. L., Beaty, T. H., & Kwiterovich, P. O. (1992). Genetic determination of 

high-density lipoprotein-cholesterol and apolipoprotein A-1 plasma levels in a 

family study of cardiac catheterization patients. American Journal of Human 

Genetics, 51(5), 1047-1057.  

 

Prospective Studies Collaboration. (2009). Body-mass index and cause-specific 

mortality in 900 000 adults: Collaborative analyses of 57 prospective studies. 

The Lancet, 373(9669), 1083-1096.  

 

Prospective Studies Collaboration. (2007). Blood cholesterol and vascular mortality 

by age, sex, and blood pressure: A meta-analysis of individual data from 61 

prospective studies with 55,000 vascular deaths. Lancet, 370(1829), 1839.  

 

Ragia, G., Nikolaidis, E., Tavridou, A., Arvanitidis, K. I., Kanoni, S., Dedoussis, G. 

V., . . . Manolopoulos, V. G. (2010). Endothelial nitric oxide synthase gene 

polymorphisms -786T > C and 894G > T in coronary artery bypass graft surgery 

patients. Human Genomics, 4(6), 375-383. doi:2647U4355730U851 [pii]  

 

Rahimi, Z., Nourozi-Rad, R., Rahimi, Z., & Parsian, A. (2012). Strong interaction 

between T allele of endothelial nitric oxide synthase with B1 allele of 

cholesteryl ester transfer protein TaqIB highly elevates the risk of coronary 

artery disease and type 2 diabetes mellitus. Hum Genomics, 6, 20.  

 

Rahimi, Z., Nomani, H., Mozafari, H., Vaisi-Raygani, A., Madani, H., Malek-

Khosravi, S., & Parsian, A. (2009). Factor V G1691A, prothrombin G20210A 

and methylenetetrahydrofolate reductase polymorphism C677T are not 

associated with coronary artery disease and type 2 diabetes mellitus in western 

iran. Blood Coagulation & Fibrinolysis : An International Journal in 

Haemostasis and Thrombosis, 20(4), 252-256.  



© C
OPYRIG

HT U
PM

60 
 

Ramos, J., Telles, M., Diniz-Filho, J., Soares, T., Melo, D., & Oliveira, G. (2008). 

Optimizing reproducibility evaluation for random amplified polymorphic DNA 

markers. Genetics and Molecular Research, 7(4), 1384-1391.  

 

Rampal, L., Rampal, S., Azhar, M., & Rahman, A. R. (2008). Prevalence, awareness, 

treatment and control of hypertension in malaysia: A national study of 16,440 

subjects. Public Health, 122(1), 11-18.  

 

Rampal, S., Rampal, L., Rahmat, R., Zain, A. M., Yap, Y. G., Mohamed, M., & Taha, 

M. (2010). Variation in the prevalence, awareness, and control of diabetes in a 

multiethnic population: A nationwide population study in malaysia. Asia-Pacific 

Journal of Public Health / Asia-Pacific Academic Consortium for Public Health, 

22(2), 194-202. doi:10.1177/1010539509334816 [doi]  

 

Reddy, K. S. (2002). Cardiovascular diseases in the developing countries: 

Dimensions, determinants, dynamics and directions for public health action. 

Public Health Nutrition, 5(1a), 231-237.  

 

Rejeb, J., Omezzine, A., Rebhi, L., Naffeti, I., Kchok, K., Belkahla, R., . . . 

Boujelbene, A. (2008). Association of the cholesteryl ester transfer protein Taq1 

B2B2 genotype with higher high-density lipoprotein cholesterol concentrations 

and lower risk of coronary artery disease in a tunisian population. Archives of 

Cardiovascular Diseases, 101(10), 629-636.  

 

Ribeiro, G. R., Francisco, G., Teixeira, L. V., Romão-Correia, R. F., Sanches Jr, J. A., 

Neto, C. F., & Ruiz, I. R. (2004). Repetitive DNA alterations in human skin 

cancers. Journal of Dermatological Science, 36(2), 79-86.  

 

Roberts, R. (2014). Genetics of coronary artery disease. Circulation Research, 

114(12), 1890-1903. doi:10.1161/CIRCRESAHA.114.302692 [doi]  

 

Rolim, L. d. N., Cavalcante, Maria Auxiliadora de Queiroz, Urben, A. F., & Buso, G. 

S. C. (2011). Use of RAPD molecular markers on differentiation of brazilian 

and chinese ganoderma lucidum strains. Brazilian Archives of Biology and 

Technology, 54(2), 273-281.  

 

Rosendorff, C., Black, H. R., Cannon, C. P., Gersh, B. J., Gore, J., Izzo, J. L., . . . 

Oparil, S. (2007). REPRINT treatment of hypertension in the prevention and 

management of ischemic heart disease A scientific statement from the american 

heart association council for high blood pressure research and the councils on 

clinical cardiology and epidemiology and prevention. Hypertension, 50(2), e28-

e55.  

 

Sakowicz, A., Fendler, W., Lelonek, M., Sakowicz, B., & Pietrucha, T. (2013). 

Genetic polymorphisms and the risk of myocardial infarction in patients under 

45 years of age. Biochemical Genetics, 51(3-4), 230-242.  

 

Saleh, N., Ibrahim, M., Archoukieh, E., Makkiya, A., Al-Obaidi, M., & Alobydi, H. 

(2010). Identification of genomic markers by RAPD-PCR primer in leukemia 

patients. Biotechnology, 9(2), 170-175.  



© C
OPYRIG

HT U
PM

61 
 

Santovito, A., Cervella, P., & Delpero, M. (2012). Endothelial nitric oxide synthase 

intron 4 VNTR gene polymorphisms in european and african populations. 

Molecular Biology Reports, 39(6), 6693-6698.  

 

Scheuner, M. T. (2004). Clinical application of genetic risk assessment strategies for 

coronary artery disease: Genotypes, phenotypes, and family history. Primary 

Care: Clinics in Office Practice, 31(3), 711-737.  

 

Schierer, A., Been, L. F., Ralhan, S., Wander, G. S., Aston, C. E., & Sanghera, D. K. 

(2012). Genetic variation in cholesterol ester transfer protein, serum CETP 

activity, and coronary artery disease risk in asian indian diabetic cohort. 

Pharmacogenetics and Genomics, 22(2), 95-104. 

doi:10.1097/FPC.0b013e32834dc9ef; 10.1097/FPC.0b013e32834dc9ef  

 

Shimasaki, Y., Yasue, H., Yoshimura, M., Nakayama, M., Kugiyama, K., Ogawa, 

H., . . . Saito, Y. (1998). Association of the missense Glu298Asp variant of the 

endothelial nitric oxide synthase gene with myocardial infarction. Journal of the 

American College of Cardiology, 31(7), 1506-1510.  

 

Sigusch, H., Surber, R., Lehmann, M., Surber, S., Weber, J., Henke, A., . . . Figulla, 

H. (2000). Lack of association between 27-bp repeat polymorphism in intron 4 

of the endothelial nitric oxide synthase gene and the risk of coronary artery 

disease. Scandinavian Journal of Clinical & Laboratory Investigation, 60(3), 

229-236.  

 

Simon, A. S., & Vijayakumar, T. (2013). Molecular studies on coronary artery 

disease—a review. Indian Journal of Clinical Biochemistry, 28(3), 215-226.  

 

Singh, K. P., & Roy, D. (2001). Identification of novel breast tumor-specific 

mutation(s) in the q11.2 region of chromosome 17 by RAPD/AP-PCR 

fingerprinting. Gene, 269(1–2), 33-43. doi:http://dx.doi.org/10.1016/S0378-

1119(01)00458-9  

 

Sun, Y., Jiang, D., Zeng, S., Hu, C., Ye, K., Yang, C., . . . Wang, D. (2014). 

Screening and characterization of sex-linked DNA markers and marker-assisted 

selection in the nile tilapia (oreochromis niloticus). Aquaculture, 433, 19-27.  

 

Suzana, S., Kee, C. C., Jamaludin, A. R., Safiza, M. N., Khor, G. L., Jamaiyah, H., ... 

& Fauzi, Y. A. (2012). The Third National Health and Morbidity Survey 

prevalence of obesity, and abdominal obesity among the Malaysian elderly 

population. Asia-Pacific Journal of Public Health, 24(2), 318-329. 

 

Tamemoto, H., Ishikawa, S., & Kawakami, M. (2008). Association of the 

Glu298Asp polymorphism of the eNOS gene with ischemic heart disease in 

japanese diabetic subjects. Diabetes Research and Clinical Practice, 80(2), 275-

279.  

 

Tang, N., Wang, L., Yang, L., Gu, H., Sun, Q., Cong, R., . . . Wang, B. (2008). 

Genetic variant in glutathione peroxidase 1 gene is associated with an increased 

http://dx.doi.org/10.1016/S0378-1119(01)00458-9
http://dx.doi.org/10.1016/S0378-1119(01)00458-9


© C
OPYRIG

HT U
PM

62 
 

risk of coronary artery disease in a chinese population. Clinica Chimica Acta, 

395(1), 89-93.  

 

Tanus-Santos, J. E., Desai, M., & Flockhart, D. A. (2001). Effects of ethnicity on the 

distribution of clinically relevant endothelial nitric oxide variants. 

Pharmacogenetics and Genomics, 11(8), 719-725.  

 

Tesauro, M., Thompson, W. C., Rogliani, P., Qi, L., Chaudhary, P. P., & Moss, J. 

(2000). Intracellular processing of endothelial nitric oxide synthase isoforms 

associated with differences in severity of cardiopulmonary diseases: Cleavage of 

proteins with aspartate vs. glutamate at position 298. Proceedings of the 

National Academy of Sciences of the United States of America, 97(6), 2832-

2835. doi:97/6/2832 [pii]  

 

Thompson, A., Di Angelantonio, E., Sarwar, N., Erqou, S., Saleheen, D., Dullaart, R. 

P., . . . Danesh, J. (2008). Association of cholesteryl ester transfer protein 

genotypes with CETP mass and activity, lipid levels, and coronary risk. Jama, 

299(23), 2777-2788.  

 

Thon, C. C., Yein, L. P., & Lian, C. W. (2012). The prevalence of cardiovascular risk 

factors in the young and middle-aged rural population in sarawak, malaysia. The 

Malaysian Journal of Medical Sciences: MJMS, 19(2), 27-34.  

 

Tousoulis, D., Kampoli, A., Tentolouris Nikolaos Papageorgiou, C., & Stefanadis, C. 

(2012). The role of nitric oxide on endothelial function. Current Vascular 

Pharmacology, 10(1), 4-18.  

 

Tsai, M. Y., Johnson, C., Kao, W. L., Sharrett, A. R., Arends, V. L., Kronmal, R., . . . 

O’Leary, D. (2008). Cholesteryl ester transfer protein genetic polymorphisms, 

HDL cholesterol, and subclinical cardiovascular disease in the multi-ethnic 

study of atherosclerosis. Atherosclerosis, 200(2), 359-367.  

 

Tsujita, Y., Nakamura, Y., Zhang, Q., Tamaki, S., Nozaki, A., Amamoto, K., . . . 

Horie, M. (2007). The association between high-density lipoprotein cholesterol 

level and cholesteryl ester transfer protein< i> Taq</i> IB gene polymorphism is 

influenced by alcohol drinking in a population-based sample. Atherosclerosis, 

191(1), 199-205.  

 

Tsukada, T., Yokoyama, K., Arai, T., Takemoto, F., Hara, S., Yamada, A., . . . Igari, 

J. (1998). Evidence of association of the ecNOS gene polymorphism with 

plasma NO metabolite levels in humans. Biochemical and Biophysical Research 

Communications, 245(1), 190-193.  

 

Ueshima, H., Sekikawa, A., Miura, K., Turin, T. C., Takashima, N., Kita, Y., . . . 

Okamura, T. (2008). Cardiovascular disease and risk factors in asia: A selected 

review. Circulation, 118(25), 2702-2709.  

 

van Venrooij, F. V., Stolk, R. P., Banga, J. D., Sijmonsma, T. P., van Tol, A., 

Erkelens, D. W., . . . DALI Study Group. (2003). Common cholesteryl ester 



© C
OPYRIG

HT U
PM

63 
 

transfer protein gene polymorphisms and the effect of atorvastatin therapy in 

type 2 diabetes. Diabetes Care, 26(4), 1216-1223.  

 

Verhofstad, N., Linschooten, J. O., van Benthem, J., Dubrova, Y. E., van Steeg, H., 

van Schooten, F. J., & Godschalk, R. W. (2008). New methods for assessing 

male germ line mutations in humans and genetic risks in their offspring. 

Mutagenesis, 23(4), 241-247. doi:10.1093/mutage/gen022 [doi]  

 

Wang, C., Hsu, L., Ko, Y., Ko, Y., & Lee, Y. (2001). Lack of association between 

the Glu298Asp variant of the endothelial nitric oxide synthase gene and the risk 

of coronary artery disease among taiwanese. JOURNAL-FORMOSAN 

MEDICAL ASSOCIATION, 100(11), 736-740.  

 

Wang, X. L., Sim, A. S., Badenhop, R. F., Mccredie, R. M., & Wilcken, D. E. (1996). 

A smoking–dependent risk of coronary artery disease associated with a 

polymorphism of the endothelial nitric oxide synthase gene. Nature Medicine, 

2(1), 41-45.  

 

Wang, Q. (2005). Molecular genetics of coronary artery disease. Current Opinion in 

Cardiology, 20(3), 182-188.  

 

Wang, X. L., Mahaney, M. C., Sim, A. S., Wang, J., Wang, J., Blangero, J., . . . 

Wilcken, D. E. (1997). Genetic contribution of the endothelial constitutive nitric 

oxide synthase gene to plasma nitric oxide levels. Arteriosclerosis, Thrombosis, 

and Vascular Biology, 17(11), 3147-3153.  

 

Welsh, J., Chada, K., Dalal, S. S., Cheng, R., Ralph, D., & McClelland, M. (1992). 

Arbitrarily primed PCR fingerprinting of RNA. Nucleic Acids Research, 20(19), 

4965-4970.  

 

Wild, S., Roglic, G., Green, A., Sicree, R., & King, H. (2004). Global prevalence of 

diabetes: Estimates for the year 2000 and projections for 2030. Diabetes Care, 

27(5), 1047-1053.  

 

Williams, J. G., Kubelik, A. R., Livak, K. J., Rafalski, J. A., & Tingey, S. V. (1990). 

DNA polymorphisms amplified by arbitrary primers are useful as genetic 

markers. Nucleic Acids Research, 18(22), 6531-6535.  

 

Wu, Y., Bai, H., Liu, R., Liu, Y., & Liu, B. W. (2006). Analysis of cholesterol ester 

transfer protein gene taq IB and -629 C/A polymorphisms in patients with 

endogenous hypertriglyceridemia in chinese population. Zhonghua Yi Xue Yi 

Chuan Xue Za Zhi = Zhonghua Yixue Yichuanxue Zazhi = Chinese Journal of 

Medical Genetics, 23(6), 640-646.  

 

Xuan, C., Bai, X., Gao, G., Yang, Q., & He, G. (2011). Association between 

polymorphism of methylenetetrahydrofolate reductase (MTHFR) C677T and 

risk of myocardial infarction: A meta-analysis for 8,140 cases and 10,522 

controls. Archives of Medical Research, 42(8), 677-685.  

 



© C
OPYRIG

HT U
PM

64 
 

Yang, B., Liu, Y., Li, Y., Fan, S., Zhi, X., Lu, X., . . . Wang, Y. (2013). Geographical 

distribution of MTHFR C677T, A1298C and MTRR A66G gene 

polymorphisms in china: Findings from 15357 adults of han nationality. PLoS 

One, 8(3), e57917.  

 

Yang, Y., Du, K., Liu, Z., & Lu, X. (2014). Endothelial nitric oxide synthase (eNOS) 

4b/a gene polymorphisms and coronary artery disease: Evidence from a meta-

analysis. International Journal of Molecular Sciences, 15(5), 7987-8003.  

 

Yilmaz, H., Agachan, B., Isbir, T., & Akoglu, E. (2003). Is there additional effect of 

MTHFR C677T mutation on lipid abnormalities in renal allograft recipients? 

Transplantation Proceedings, , 35(4) 1390-1392.  

 

Yin, R., Wu, D., Miao, L., Aung, L., Cao, X., Yan, T., . . . Li, M. (2012). Several 

genetic polymorphisms interact with overweight/obesity to influence serum lipid 

levels. Cardiovasc Diabetol, 11, 123.  

 

Yingthongchai, P., Naphrom, D., & Smitamana, P. (2014). Genetic diversity of 

elaeagnuslatifolia L. as revealed by random amplified polymorphic DNA 

(RAPD) markers. Journal of Agricultural Technology, 10(1), 177-187. 

  

Yoke-Kqueen, C., Ab Mutalib, N., Sidik, S. M., Learn-Han, L., & Geok-Chin, T. 

(2012). p53 codon 72 polymorphisms and random amplified polymorphic DNA 

analysis of non-melanoma skin cancer through archival formalin-fixed paraffin-

embedded tissue. Oncology Reports, 27(3), 753-763.  

 

Yoon, S., Moon, J., Shin, C., Kim, E., Jo, S. A., & Jo, I. (2002). Smoking status-

dependent association of the 27-bp repeat polymorphism in intron 4 of 

endothelial nitric oxide synthase gene with plasma nitric oxide concentrations. 

Clinica Chimica Acta, 324(1), 113-120.  

 

Yu, X., Liu, J., Zhu, H., Xia, Y., Gao, L., Dong, Y., . . . Niu, W. (2014). Synergistic 

association of DNA repair relevant gene polymorphisms with the risk of 

coronary artery disease in northeastern han chinese. Thrombosis Research, 

133(2), 229-234.  

 

Yunus, A. M., Sherina, M., Nor Afiah, M., Rampal, L., & Tiew, K. (2004). 

Prevalence of cardiovascular risk factors in a rural community in mukim dengkil, 

selangor. Malays J Nutr, 10, 5-11.  

 

Yusoff, U. N., Mahat, D., Omar, A., Huey, T. C., Yoep, N., & Saari, R. (2013). 

Burden of premature mortality in malaysia. International Journal of Public 

Health Research, 3(1), 249-256. 

 

Yusuf, S., Hawken, S., Ôunpuu, S., Dans, T., Avezum, A., Lanas, F., . . . Varigos, J. 

(2004). Effect of potentially modifiable risk factors associated with myocardial 

infarction in 52 countries (the INTERHEART study): Case-control study. The 

Lancet, 364(9438), 937-952.  

 



© C
OPYRIG

HT U
PM

65 
 

Zain, A. M., Ooyub, S. B., & Rahmat, R. B. (2007). A national study on the 

prevalence of obesity among 16,127 malaysians. Asia Pac J Clin Nutr, 16(3), 

561-566.  

 

Zhang, J., Zhang, Y., Yu, H., & Wang, Y. (2014). Evaluation of powdery mildew-

resistance of grape germplasm and rapid amplified polymorphic DNA markers 

associated with the resistant trait in chinese wild vitis. Genetics and Molecular 

Research : GMR, 13(2), 3599-3614. doi:10.4238/2014.May.9.3 [doi]  

 

Zheng, K. Q., Zhang, S. Z., He, Y., Zhang, L., Zhang, K. L., Huang, D. J., & Sun, Y. 

(2004). Association between cholesteryl ester transfer protein gene 

polymorphisms and variations in lipid levels in patients with coronary heart 

disease. Chinese Medical Journal, 117(9), 1288-1292. 

 

Zhang, L., Yin, R., Liu, W., Miao, L., Wu, D., Aung, L., . . . Pan, S. (2010). 

Association of methylenetetrahydrofolate reductase C677T polymorphism and 

serum lipid levels in the guangxi bai ku yao and han populations. Lipids Health 

Dis, 9, 123.  

 

Zhang, M. X., Zhang, C., Shen, Y. H., Wang, J., Li, X. N., Zhang, Y., . . . Wang, X. 

L. (2008). Biogenesis of short intronic repeat 27-nucleotide small RNA from 

endothelial nitric-oxide synthase gene. The Journal of Biological Chemistry, 

283(21), 14685-14693. doi:10.1074/jbc.M801933200 [doi]  

 

Zhang, S., Cong, W., Xian, Z., Dong, H., & Wu, M. (2004). Genomic instability in 

hepatocellular carcinoma revealed by using the random amplified polymorphic 

DNA method. Journal of Cancer Research and Clinical Oncology, 130(12), 

757-761. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	INTERACTION OF GENE POLYMORPHISMS IN THE RISK OF CORONARY ARTERY DISEASE AND RANDOM AMPLIFIEDPOLYMORPHIC DNA ANALYSIS OF CORONARY ARTERY DISEASE
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



