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Faculty:         Medicine and Health Sciences 

Genetic polymorphisms are the modified sequences of the DNA and they serve as 
molecular biomarkers for the detection of the individual at risk of developing the 

disease. Essential hypertension (EH) are majority of hypertensive cases and diagnosed 

where there is no clear evidence of medical condition predisposing to the high BP. 

There have been  variety of the genetic studies in relation to hypertension and  some of 

them showed association with occurrence of hypertension. Family of the matrix 

metalloproteinases (MMP) belong to the large family of the zinc-dependent 

endopeptidases that are involved  in many physiological disorders ranging from cancer 

to cardiovascular disorders. Matrix metalloproteinases are implicated in degradation of 

the extracellular matrix (ECM) which is fundamental in many aspects, both 

physiologically and pathologically. These include: normal functioning of the cells from 

development to growth and proliferation, as well as pathological conditions such as  
cardiac remodeling and cancer development. Matrix metalloproteinases play important 

role in hypertensive vascular stiffness, remodeling and dysfunction. They may be 

involved in the excessive degradation of ECM components, vascular smooth muscle 

cells migration and proliferation and intima layer invasion by monocytes. Besides, 

ECM remodeling is largely determined by the balance of MMPs with respect to tissue 

inhibitor of metalloproteinases (TIMP). Several studies have been reported the 

imbalanced MMP:TIMP-1 ratio in hypertensive subjects, indicating the depressed 

systematic degradation of collagenase in etiology of hypertension. The main objective 

of this study was to determine the candidate gene polymorphisms involved in ECM 

metabolism among Malaysian male subject with EH. Since, there have been variety of 

genetic association studies of MMPs and TIMPs conducted on different populations, 

but no study was done on Malaysian populations and in relation to hypertension. A 
total of 133 newly diagnosed EH subjects and 129 unrelated healthy individuals were 

requited under this study. The genomic DNA of these individuals were extracted from 

buffy coat and the plasma was separated for biochemical analysis. The genotyping of 

the polymorphisms were done by polymerase chain reaction- restriction fragment 

length polymorphism (PCR-RFLP) method. The PCR product and the restricted 

fragment product were run on agarose gel electrophoresis. All the statistical analysis 

were done  by using Statistical Package for the Social Sciences (SPSS) version no. 

21.0. The demographic characteristic of the subjects such as age, body mass index 

(BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), low density 

lipoprotein (LDL), triglyceride (TG) and cholesterol (Chol) were shown to be 
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differentially significant (p   0.05) in case subjects when compared to the controls, 

high density lipoprotein (HDL) did not show any significance.  The genotype and 

allelic distribution  of TIMP-1  372 T/C polymorphism  was highly significant in 

hypertensive subjects as compared to the controls (p   0.05). Whilst, SNPs in position -

1607 (1G/2G) in the MMP-1 gene, position -1562 (C/T) and 279 (R/Q) of the MMP-9 

gene as well as site -82 (A/G) in the MMP-12 gene did not differ significantly (p   

0.05) when compared to the controls. However, the data showed that the SNP in TIMP-

1 gene at site 372 (T/C) was associated with EH in Malay male hypertensive subjects. 

Hence, the allele and genotype of TIMP-1 polymorphisms may be considered as a 
possible genetic biomarker and a risk factor for EH. 
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Polimorfisme genetik adalah urutan DNA yang diubahsuai dan boleh digunakan 

sebagai penanda biologi molekul untuk mengesan individu yang berisiko mendapat 

sesuatu penyakit. Tekanan darah tinggi Essential adalah antara kes yang kebanyakan  

tidak mempunyai bukti yang sahih dari segi kaedah perubatan  tentang keberkaitannya  

dengan tekanan darah yang tinggi dari golongan pesakit. Terdapat beberapa kajian telah 
dilakukan berkaitan dengan hubung kait antara genetik dengan terjadinya penyakit 

hipertensi, dan beberapa kajian ini dapat membuktikan kaitan di antara keduanya. 

Metaloproteinase matriks (MMPs) yang tergolong di dalam kumpulan zinc-dependent 

endopeptidases berkecenderungan kepada terjadinya gangguan fisiologi seperti kanser 

dan penyakit jantung. Metaloproteinase matriks terlibat dalam degradasi matriks 

ekstraselular (ECM) yang merupakan asas dalam banyak aspek, baik dari segi fisiologi 

dan patologi. Ini termasuk: fungsi normal sel-sel daripada pembentukan kepada 

pertumbuhan dan perkembangan, serta kondisi patologi seperti pembentukan semula 

jantung dan pembentukan kanser MMPs juga memainkan peranan penting dalam 

kekejangan vascular hipertensi, pembentukan semula dan disfungsi. Ia terlibat dalam 

degradasi komponen ECM yang berlebihan, migrasi vaskular licin sel-sel otot dan 
perkembangan, serta pencerobohan lapisan intima oleh monosit. Selain itu, sebahagian 

besar pembentukan semula ECM adalah ditentukan oleh baki MMPs berkenaan dengan 

tisu perencat metalloproteinases (TIMP). Beberapa kajian telah melaporkan 

ketidakseimbangan nisbah MMP:TIMP-1 di kalangan pesakit hipertensi, membuktikan 

degradasi sistematik kolagenase dalam etiologi hipertensi. Objektif utama kajian ini 

dijalankan adalah untuk menentukan calon-calon gen polimorfisme yang terlibat dalam 

gen metabolisma matriks tambahan selular di kalangan pesakit hipertensi primer (EH) 

lelaki di Malaysia. Ini kerana, terdapat pelbagai kajian mengenai hubung kait genetik 

MMPs dan TIMPs dijalankan dalam populasi yang berbeza, tetapi masih tiada kajian 

yang dijalankan mengenai hubungannya dengan hipertensi di dalam populasi Malaysia. 

Sebanyak 133 orang yang baru didiagnos dengan EH dan 129 orang sihat yang tidak 

mempunyai hubungan dengan pesakit telah direkrut di bawah kajian ini. DNA genom 
individu-individu ini diekstrak daripada buffy coat manakala plasma diasingkan untuk 

analisis biokimia. Analisis genotip menggunakan kaedah PCR dan polimorfisme 

fragmen panjang restriksi (PCR-RFLP). Produk PCR dan produk RFLP dipisahkan 

dengan agaros gel elektroforesis. Semua analisis statistik menggunakan Statistical 

Package for the Social Sciences (SPSS) versi no. 21.0. Ciri-ciri demografi subjek 

seperti umur, indeks jisim badan, tekanan darah sistolik dan diastolik serta kadar 
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kolesterol lipoprotein berketumpatan rendah menunjukkan nilai perbezaan signifikan (p 

< 0.05) apabila dibandingkan antara kes dan kawalan. Manakala, kolesterol, trigliserida 

dan lipoprotein berketumpatan tinggi kolesterol tidak menunjukkan perbezaan yang 

signifikan. Pengagihan genotip dan alel 372 T/C polimorfisme daripada TIMP-1 di 

kalangan subjek hipertensi mempunyai nilai signifikan yang tinggi berbanding kawalan 

(p < 0.05). Sementara itu, polimorfisme seperti MMP-1; -1607(1G/2G), MMP-9; -1562 

(C/T), 279(R/Q)  dan MMP-12; -82(A/G) di kalangan subjek hipertensi  tidak  

mempunyai perbezaan signifikasi (p > 0.05) apabila dibandingkan dengan subjek 

kawalan. Walau bagaimanapun, data penyelidikan menunjukkan polimorfisme TIMP-1; 

372(T/C) adalah  mempunyai hubungan dengan EH dalam tekanan darah tinggi untuk 

subjek lelaki melayu. 
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CHAPTER 1 

                                  

                                              INTRODUCTION 

1.1      Background of the Study      

Hypertension is defined as the force exerted by the blood pressure (BP) to the walls of 

arteries as a result of heart beat, and  when it is ≥ 140 millimeter of mercury (mm Hg) 

for systolic and ≥ 90 mm Hg for diastolic. While the normal BP of the individual is 

measured  120/80 mm Hg and below, the range above the normal and ≤139/89 mm Hg 

is considered as pre-hypertension (Clinical Practice Guidelines Management of 

Hypertension III, 2008). Hypertension can be classified as essential hypertension and 

secondary hypertension. Essential hypertension (EH) makes up to 95% of the cases of 

the hypertension and is diagnosed where there is no clear evidence of medical 

condition predisposing to the high BP (Chern and Chiang et al., 2004). Whereas,  the 

secondary hypertension making up the minority of the cases and are due to conditions 

such as Cushing syndrome, chronic renal failure or Conn's syndrome (Whelton, 1994). 

 

There are number of factors contributing to hypertension such as life style, eating 

habits, genetic factors and presence of other medical complications leading to high BP. 

Less physical activity, high alcohol consumption, high salt intake, smoking and obesity 
are associated with elevated BP (Carretero and Oparil, 2000). While the role of 

environment had been known to impact the BP, the underlying genetic basis cannot be 

neglected. Essential hypertension is referred to as a complex genetic trait caused by 

multiple genes and these polygenic effects are controlled by gene-gene and gene-

environment interactions (Chern and Chiang et al., 2004). 

 

Hypertension is characterized by increased vessel wall stress that leads to vascular 

remodeling and causing vascular resistance augmentation (Castro et al., 2010). The 

vascular remodeling and augmented peripheral resistance in hypertension is marked by 

change in extracellular matrix (ECM) modification, accompanied by hypergenesis  of 

vascular smooth muscle cells, leading to vascular stiffness as a result of thickened 

vessels (Intengan and Schiffrin, 2001, 2000).  

 

Matrix metalloproteinases (MMPs) are a family of structurally related, zinc-dependent 

enzymes involved in excessive degradation of ECM components, vascular smooth 

muscle cell migration and proliferation (Visse and Nagase, 2003).  Impaired MMP 
activity is involved in many clinical conditions affecting the cardiovascular system and 

plays an important role in hypertensive vascular remodeling and dysfunction including 

hypertension (Brionesa et al., 2010; Humphrey, 2008; Raffetto and Khalil, 2008).  

Studies have shown that, the rise in MMP activity and expression is persistently 
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involved with vascular remodeling in hypertensive individuals and imbalance in MMP: 

Tissue Inhibitor of Metalloproteinas (TIMP) ratio particularly TIMP-1,  may contribute 

to EH and hypertensive heart disease (Onal et al., 2009; Ahmed et al., 2006; Yasmin et 

al., 2005; Laviades et al., 1998).  

 

The most stable variation of the genome occurs in the form of single nucleotide 
polymorphisms (SNPs) which make 90% of the common variations in the genome 

(Doris, 2002). Analyzing SNPs for the identification of loci associated with complex 

diseases are common in susceptibility to hypertension and other disorders. The SNPs 

association/candidate gene studies have revealed promising results in the genetic 

studies of complex diseases particularly in hypertension (Yagil and Yagil, 2009).  

1.2      Problem Statement 

Hypertension is a major risk factor for cardiovascular, cerebrovascular and renal 

diseases and it is considered as a polygenic disease and results from multiple gene-gene 

and gene-environment interaction (Deng, 2007; Chem and Chiag. 2004). Hypertension 

affects about 1 billion of worldwide population, and in Malaysia 4.8 million of 

individuals are hypertensive. The prevalence of the hypertension according to National 

Health and Morbidity Survey (NHMS) III issued on 2006 was more than 43%, 

included individuals aged ≥ 30 and the prevalence had shown to have increment of 

30% from that reported 10 years earlier (NHMS III, 2006). However, the prevalence 

has increased only slightly from 32.2% in 2006 to the current 32.7%, an increase of 

about 0.5% (NHMS IV, 2011). In general, the prevalence of hypertension in the 
individuals aged ≥15 was shown to be 27.8% with higher prevalence in males (Rampal 

et al., 2008). 

 

Hypertension is characterized by increased vascular stress that leads to vascular 
resistant and remodeling (Humphrey, 2008). The hypertensive vascular remodeling is 

accompanied by reformation of ECM and vascular smooth muscle cells (VSMCs), 

bringing about vascular stiffness (Intengan and Schiffrin, 2000, 2001). While, the role 

of MMP and TIMP genes in normal ECM metabolism is well documented. Some 

studies have reported the imbalance in MMP/TIMP ratio in plasma level of  

hypertensive individuals, suggesting the impaired ECM metabolism (Androulakis et 

al., 2012; Castro et al., 2010; Flammant et al., 2007). Taking this into account, the 

present study was initiated to determine the association of genetic variations of MMPs 

and TIMP-1 genes in Malaysian male hypertensive subjects. Since, there are lack of 

information in relation to ECM metabolism gene polymorphism in relation to 

hypertension in Malaysian population.   
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1.3      Significance of the Study 

The candidate gene analysis would provide a better approach for identifying the 

genotype/phenotype and their probable correlations (Tabor et al., 2002). The 

identification of the contributing genes for EH will allow the physicians to recognize 

the weak individuals. Also, classify the patients in subgroups with defining genetic and 

pathogenic mechanism which might enable the use of genotypes to identify more 

specific therapeutic and preventive measures.   

 

Several studies have proposed the candidate genes for the susceptibility to hypertension 

in various populations (Agarwal et al., 2005; Ruppert and Maisch, 2003).  However, 

there are controversies in the results obtained from those studies and majority of these 

studies did not evaluate any possible interaction between different candidate genes. 

Hence, more studies using different population are needed in order to provide more 

information on genetic susceptibility of hypertension. Furthermore, to our knowledge 

there are lack of studies on the association of MMPs and TIMP-1 gene polymorphisms 

with hypertension among Malaysians.  

 

 

Genetic association analysis is to test whether an allele or genotype frequency differs 
between two groups and examines the statistical correlation between a person’s 

genotype with his phenotype or disease. Most commonly the genetic association 

involves a study of the SNPs genotype frequency in a case-control study. According to 

this, association analysis can be used as a useful approach in studying the role of 

candidate genes in the development of multifactorial diseases (Lewis, 2002). The 

current study will enhance the management of hypertension among hypertensive 

subjects by choosing suitable drugs based on their genotypes. 

1.4      Hypothesis 

Gene polymorphisms of the MMPs and TIMP-1 enzymes may be associated with the 

development of EH in Malay male hypertensive subjects.  

1.5      Main objective 

To determine if polymorphisms in  MMP-1, 9,12 as well as TIMP-1genes are 

associated with essential hypertension in Malay male subjects. 



© C
OPYRIG

HT U
PM

4 

 

1.6      Specific objective(s) 

1) To determine the genotypic and allelic frequency for -C1562T and R279Q 

polymorphisms of the MMP-9 gene in Malay male subjects. 

 

2) To determine the genotypic and allelic frequency for -1607 1G/2G 

polymorphism of the MMP-1 gene in Malay male subjects. 

 

3) To determine the genotypic and allelic frequency of –82A/G polymorphism of 

the MMP-12 gene in Malay male subjects.  

 

4) To determine the genotypic and allelic frequency of 372 T/C polymorphism of 
the TIMP-1 gene in Malay male subjects.  

 

5) To determine the relationship between genotypic, phenotypic and biochemical 

differences among Malay male subjects. 

 

 



© C
OPYRIG

HT U
PM

61 
 

REFERENCES 

 

Abilleira, S., Bevan, S., and Markus, H.S. (2006). The role of genetic variants of matrix 

metalloproteinases in coronary and carotid atherosclerosis. Journal of Medical 

Genetics 43(12):897-901. 

Agarwal, A., Williams, G. H., and Fisher, N. D. (2005). Genetics of human 

hypertension. Trends in Endocrinology & Metabolism, 16(3), 127-133. 

Ahmed, S. H., Clark, L. L., Pennington, W. R., Webb, C. S., Bonnema, D. D., 

Leonardi, A. H., ... and  Zile, M. R. (2006). Matrix Metalloproteinases/Tissue 

Inhibitors of Metalloproteinases Relationship Between Changes in Proteolytic 

Determinants of Matrix Composition and Structural, Functional, and Clinical 

Manifestations of Hypertensive Heart Disease. Circulation, 113(17), 2089-2096. 

Akintunde, A. A. (2010). Epidemiology of conventional cardiovascular risk factors 

among hypertensive subjects with normal and impaired fasting glucose. SAMJ: 

South African Medical Journal, 100(9), 594-597. 

Alp, E., Menevse, S., Tulmac, M., Kan, D., Yalcin, R., Erkan, A. F., and  Cengel, A. 

(2009). Lack of association between matrix metalloproteinase-9 and endothelial 

nitric oxide synthase gene polymorphisms and coronary artery disease in Turkish 

population. DNA and cell biology, 28(7), 343-350. 

Androulakis, E., Tousoulis, D., Papageorgiou, N., Latsios, G., Siasos, G., and 

Stefanadis, C. (2012). The role of matrix metalloproteinases in essential 

hypertension. Current topics in medicinal chemistry, 12(10), 1149-1158. 

Angeli, F., Reboldi, G., Gentile, G., and Verdecchia, P. (2009). The emerging role of 

high-density lipoprotein cholesterol in hypertension trials. Journal of hypertension, 

27(3), 458-460. 

Antic, V., Dulloo, A., and Montani, J. P. (2003). Multiple Mechanisms Involved in 

Obesity‐induced Hypertension. Heart Lung & Circulation, 12(2), 84-93. 

Arjadi, F., Aziz, S., and Muntafiah, A. (2014). Metalloproteinase-9 gene variants and 

risk for hypertension among ethnic Javanese. Universa Medicina, 33(3), 213–220. 

Armstrong, C., Abilleira, S., Sitzer, M., Markus, H. S., and Bevan, S. (2007). 

Polymorphisms in MMP family and TIMP genes and carotid artery intima-media 

thickness. Stroke, 38(11), 2895-2899. 

Bakris, G. L., Williams, M., Dworkin, L., Elliott, W. J., Epstein, M., Toto, R., ... and 

Sowers, J. (2000). Preserving renal function in adults with hypertension and 

diabetes: a consensus approach. American journal of kidney diseases, 36(3), 646-

661. 

Bayramoglu, A., Kucuk, M. U., Guler, H. I., Abaci, O., Kucukkaya, Y., and Colak, E. 

(2013). Is there any genetic predisposition of MMP-9 gene C1562T and MTHFR 



© C
OPYRIG

HT U
PM

62 
 

gene C677T polymorphisms with essential hypertension?. Cytotechnology, 67(1), 

115-122. 

Blankstein, R., Budoff, M. J., Shaw, L. J., Goff, D. C., Polak, J. F., Lima, J., ... and 

Nasir, K. (2011). Predictors of coronary heart disease events among asymptomatic 

persons with low low-density lipoprotein cholesterol: MESA (Multi-Ethnic Study 

of Atherosclerosis). Journal of the American College of Cardiology, 58(4), 364-

374. 

Bobik, A. and Tkachuk, V. (2003). Metalloproteinases and plasminogen activators in 

vessel remodeling. Current Hypertensions Report 5:466–472.  

Bolhuis, P.A., Defesche, J.C. and Van der Helm, H.J. (1987). Differential diagnosis of 

genetic disease by DNA restriction fragment length polymorphisms. Clinica 
Chimica Acta, 165(2-3):271-276. 

Botstein, D., White, R. L., Skolnick, M., and Davis, R. W. (1980). Construction of a 

genetic linkage map in man using restriction fragment length polymorphisms. 

American journal of human genetics, 32(3), 314. 

Brew, K., Dinakarpandian, D., and Nagase, H. (2000). Tissue inhibitors of 

metalloproteinases: evolution, structure and function. Biochimica et Biophysica 

Acta (BBA)-Protein Structure and Molecular Enzymology, 1477(1), 267-283. 

Brionesa, A.M., Arribasb, S.M. and Salaicesa, M. (2010). Role of extracellular matrix 

in vascular remodeling of hypertension. Current Opinion in Nephrology and 

Hypertension, 19:187–194. 

Busjahn, A., Li, G. H., Faulhaber, H. D., Rosenthal, M., Becker, A., Jeschke, E., ... and 
Luft, F. C. (2000). β-2 adrenergic receptor gene variations, blood pressure, and 

heart size in normal twins. Hypertension, 35(2), 555-560. 

Cai, W., Yin, L., Yang, F., Zhang, L. and Cheng, J. (2014). Association between Hcy 

levels and the CBS844ins68 and MTHFR C677T polymorphisms with essential 

hypertension. BioMed Report, 2(6):861-868.  

Calderon, K. S., Yucha, C. B., and Schaffer, S. D. (2005). Obesity-related 

cardiovascular risk factors: intervention recommendations to decrease adolescent 

obesity. Journal of pediatric nursing, 20(1), 3-14. 

Carey, R.M. (2008). Pathophysiology of primary hypertension. Comprehensive 

Physiology 

Carretero, O.A. and Oparil, S. (2000). Essential hypertension parts I: definition and 

etiology. Japanese Circulation Society, 101(3): 329-335. 

Castro, M. M., Rizzi, E., Figueiredo-Lopes, L., Fernandes, K., Bendhack, L. M., Pitol, 

D. L., ... and Tanus-Santos, J. E. (2008). Metalloproteinase inhibition ameliorates 

hypertension and prevents vascular dysfunction and remodeling in renovascular 

hypertensive rats. Atherosclerosis, 198(2), 320-331. 



© C
OPYRIG

HT U
PM

63 
 

Castro, M. M., Rizzi, E., Prado, C. M., Rossi, M. A., Tanus-Santos, J. E., and Gerlach, 

R. F. (2010). Imbalance between matrix metalloproteinases and tissue inhibitor of 

metalloproteinases in hypertensive vascular remodeling. Matrix Biology, 29(3), 

194-201. 

Cesana, F., Alloni, M., Sormani, P., Colombo, G., Maloberti, A., Nava, S., ... and 

Mancia, G. (2011). TIMP1 plasma levels are correlated with arterial stiffening 

process. Artery Research, 5(4), 169. 

Chapman, M. J. (2006). Therapeutic elevation of HDL-cholesterol to prevent 

atherosclerosis and coronary heart disease. Pharmacology & therapeutics, 111(3), 

893-908. 

Chehaibi, K., Hrira, M. Y., Nouira, S., Maatouk, F., Ben Hamda, K., and Slimane, M. 
N. (2014). Matrix metalloproteinase-1 and matrix metalloproteinase-12 gene 

polymorphisms and the risk of ischemic stroke in a Tunisian population. Journal of 

the Neurological Sciences, 342(1-2), 107–13. doi:10.1016/j.jns.2014.04.036. 

Chern, T. H., and Chiang, F. T. (2004). Molecular genetic study of hypertension. Acta 

Cardiologica Sinica, 20(3), 129-138. 

Cho, H. J., Chae, I. H., Park, K. W., Ju, J. R., Oh, S., Lee, M. M., and Park, Y. B. 

(2002). Functional polymorphism in the promoter region of the gelatinase B gene in 

relation to coronary artery disease and restenosis after percutaneous coronary 

intervention. Journal of human genetics, 47(2), 88-91. 

Collaboration, P.S. (2002). Age-specific relevance of usual blood pressure to vascular 

mortality: a meta-analysis of individual data for one million adults in 61 prospective 
studies. The Lancet, 360(9349): 1903-1913. 

Connelly, P. W., Petrasovits, A., Stachenko, S., MacLean, D. R., Little, J. A., and 

Chockalingam, A. (1999). Prevalence of high plasma triglyceride combined with 

low HDL-C levels and its association with smoking, hypertension, obesity, 

diabetes, sedentariness and LDL-C levels in the Canadian population. Canadian 

Heart Health Surveys Research Group. The Canadian journal of cardiology, 15(4), 

428-433. 

Creemers, E. E., Cleutjens, J. P., Smits, J. F., and Daemen, M. J. (2001). Matrix 

metalloproteinase inhibition after myocardial infarction a new approach to prevent 

heart failure?. Circulation research, 89(3), 201-210. 

Cutler, J.A. (1996). High blood pressure and end-organ damage. Journal of the 

International Society of Hypertension 14(6): 3. 

Dalepiane, V. L., Silvello, D. N., Paludo, C. A., Roisenberg, I., and Simon, D. (2007). 

Matrix metalloproteinase gene polymorphisms in patients with coronary artery 

disease. Genetics and Molecular Biology, 30(3), 505-510.  



© C
OPYRIG

HT U
PM

64 
 

De Souza, A.P., Trevilatto, P.C., Scarel-Caminaga, R.M., Brito, R.B. and Line, S.R. 

(2003). MMP-1 promoter polymorphism: association with chronic periodontitis 

severity in a Brazilian population. Journal of Clinical Periodontol 30: 154-158.  

Deng, A. Y. (2007). Genetic basis of polygenic hypertension. Human Molecular 

Genetics, 16(R2), R195-R202. 

Djurić, T., Stojković, L., Zivković, M., Končar, I., Stanković, A., Djordjević, A., and 

Alavantić, D. (2012). Matrix metalloproteinase-1 promoter genotypes and 

haplotypes are associated with carotid plaque presence. Clinical biochemistry, 

45(16), 1353-1356.  

Dollery, C. M., McEwan, J. R., and Henney, A. M. (1995). Matrix metalloproteinases 

and cardiovascular disease. Circulation Research, 77(5), 863-868. 

Doris, P. A. (2002). Hypertension genetics, single nucleotide polymorphisms, and the 

common disease: common variant hypothesis. Hypertension, 39(2), 323-331. 

Doris, P.A. (2011). The genetics of blood pressure and hypertension: the role of rare 

variation. Cardiovascular Therapeutics 29: 37–45. 

Drzewoski, J., Sliwińska, A., Przybyłowska, K., Sliwiński, T., Kasznicki, J., Zurawska-

Klis, M., ... and Majsterek, I. (2008). Gene polymorphisms and antigen levels of 

matrix metalloproteinase-1 in type 2 diabetes mellitus coexisting with coronary 

heart disease. Kardiologia polska, 66(10), 1042-8. 

Duta-Cornescu, G., Simon-Gruita, A., Constantin, N., Stanciu, F., Dobre, M., Banica, 

D., Tuduce, R., Cristea, P. and Stoian, V. (2009). A comparative study of arms-pcr 

and rflp-pcr as methods for rapid snp identification. Romanian Biotechnological 
Letters 14(6): 4845-4850. 

Ergul, A., Portik-Dobos, V., Hutchinson, J., Franco, J., and Anstadt, M. P. (2004). 

Downregulation of vascular matrix metalloproteinase inducer and activator proteins 

in hypertensive patients*. American journal of hypertension, 17(9), 775-782. 

Ezzati, M., Lopez, A. D., Rodgers, A., Vander Hoorn, S., & Murray, C. J. (2002). 

Selected major risk factors and global and regional burden of disease. The Lancet, 

360(9343), 1347-1360. 

Flamant, M., Placier, S. and Dubroca, C. (2007). Role of matrix metalloproteinases in 

early hypertensive vascular remodeling. Hypertension 50: 212–18. 

Fontana, V., Silva, P. S., Gerlach, R. F., and Tanus-Santos, J. E. (2012). Circulating 

matrix metalloproteinases and their inhibitors in hypertension. Clinica chimica acta, 

413(7), 656-662. 

Foulds, H. J., Bredin, S. S., and Warburton, D. E. (2012). The relationship between 

hypertension and obesity across different ethnicities. Journal of hypertension, 

30(2), 359-367. 



© C
OPYRIG

HT U
PM

65 
 

Franklin, S.S., Larson, M.G., Khan, S.A., Wong, N.D., Leip, E.P., Kannel, W.B. and 

Levy, D. (2001). Does the relation of blood pressure to coronary heart disease risk 

change with aging?, The Framingham Heart Study. Japanese Circulation Society 

103(9): 1245-1249. 

Fuh, M. M., Shieh, S. M., Wu, D. A., Chen, Y. I., and Reaven, G. M. (1987). 

Abnormalities of carbohydrate and lipid metabolism in patients with hypertension. 

Archives of internal medicine, 147(6), 1035-1038. 

Gai, X., Lan, X., Luo, Z., Wang, F., Liang, Y., Zhang, H., ... and Huang, M. (2009). 

Association of MMP-9 gene polymorphisms with atrial fibrillation in hypertensive 

heart disease patients. Clinica Chimica Acta, 408(1), 105-109. 

Goldstein, I.B., Shapiro, D. and Weiss, R.E. (2008). How family history and risk 
factors for hypertension relate to ambulatory blood pressure in healthy adults. 

Journal of Hypertension 26(2):276-283.  

Goracy, J., Goracy, I., Kaczmarczyk, M., Brykczynski, M., Widecka-Ostrowska, K., 

Taryma, O., and Ciechanowicz, A. (2011). Common genetic polymorphisms and 

environmental risk factors in polish patients with angiographically documented 

coronary artery disease. Polish Journal of Environmental Studies, 20(6). 

Gupta, S. P. (Ed.). (2012). Matrix metalloproteinase inhibitors: specificity of binding 

and structure-activity relationships (Vol. 103). Springer Science & Business Media. 

Haberbosch, W. and Gardemann, A. (2005). Gelatinase B C(−1562)T polymorphism in 

relation to ischaemic heart disease. Scandinavian Journal of Clinical and 

Laboratory Investigation 65(6):513-522.  

Halperin, R. O., Sesso, H. D., Ma, J., Buring, J. E., Stampfer, M. J., and Gaziano, J. M. 

(2006). Dyslipidemia and the risk of incident hypertension in men. Hypertension, 

47(1), 45-50. 

Halimi, J. M., Giraudeau, B., Cacès, E., Nivet, H., & Tichet, J. (2002). The risk of 
hypertension in men: direct and indirect effects of chronic smoking. Journal of 

hypertension, 20(2), 187-193. 

Haq, I., Chappell, S., Johnson, S. R., Lotya, J., Daly, L., Morgan, K., ... and Kalsheker, 

N. (2010). Association of MMP-12 polymorphisms with severe and very severe 
COPD: a case control study of MMPs-1, 9 and 12 in a European population. BMC 

medical genetics, 11(1), 7.  

Hardy, G. H. (1908). Mendelian proportions in a mixed population. 

Harvey, J. M., and Beevers, D. G. (1990). Biochemical investigation of hypertension. 

Annals of Clinical Biochemistry: An international journal of biochemistry in 

medicine, 27(4), 287-296. 

Higaki, J., Baba, S., Katsuya, T., Sato, N., Ishikawa, K., Mannami, T., ... and Ogihara, 

T. (2000). Deletion allele of angiotensin-converting enzyme gene increases risk of 



© C
OPYRIG

HT U
PM

66 
 

essential hypertension in Japanese men the suita study. Circulation, 101(17), 2060-

2065. 

Hirata, H., Naito, K., Yoshihiro, S., Matsuyama, H., Suehiro, Y., and Hinoda, Y. 

(2003). A single nucleotide polymorphism in the matrix metalloproteinase-1 

promoter is associated with conventional renal cell carcinoma. International 

Journal of Cancer 106: 372-4. 

Huang, R., Deng, L., Shen, A., Liu, J., Ren, H., and Xu, D. L. (2013). Associations of 

MMP1, 3, 9 and TIMP3 genes polymorphism with isolated systolic hypertension in 

Chinese Han population. International journal of medical sciences, 10(7), 840. 

Humphrey, J. D. (2008). Mechanisms of arterial remodeling in hypertension coupled 

roles of wall shear and intramural stress. Hypertension, 52(2), 195-200. 

Ikebuchi, Y., Ishida, C., Okamoto, K., and Murawaki, Y. (2013). Association of TIMP-

1 and TIMP-2 gene polymorphisms with progression of liver fibrosis in patients 

with type C chronic liver disease. Biochemical genetics, 51(7-8), 564-574. 

Intengan, H. D., and Schiffrin, E. L. (2000). Structure and mechanical properties of 

resistance arteries in hypertension role of adhesion molecules and extracellular 

matrix determinants. Hypertension, 36(3), 312-318. 

Intengan, H. D., and Schiffrin, E. L. (2001). Vascular remodeling in hypertension roles 

of apoptosis, inflammation, and fibrosis. Hypertension, 38(3), 581-587. 

Jormsjö, S., Ye, S., Moritz, J., Walter, D. H., Dimmeler, S., Zeiher, A. M., ... and 

Eriksson, P. (2000). Allele-specific regulation of matrix metalloproteinase-12 gene 

activity is associated with coronary artery luminal dimensions in diabetic patients 
with manifest coronary artery disease. Circulation research, 86(9), 998-1003. 

Jurajda, M., Kanková, K., Muzik, J., Unzeitig, V. I. T., Drábková, M., Izakovicová-

Hollá, L., and Vácha, J. (2000). Lack of an association of a single nucleotide 

polymorphism in the promoter of the matrix metalloproteinase-1 gene in Czech 

women with pregnancy-induced hypertension. Gynecologic and obstetric 

investigation, 52(2), 124-127.  

Kang, Y.S. (2013). Obesity associated hypertension: new insights into mechanism. 

Electrolyte and Blood Pressure 11(2):46-52. 

Kaplan, N. M. (2010). Kaplan's clinical hypertension. Lippincott Williams & Wilkins. 

Katsuda, S., and Kaji, T. (2002). Atherosclerosis and extracellular matrix. Journal of 

atherosclerosis and thrombosis, 10(5), 267-274. 

Kerkelä, E., Böhling, T., Herva, R., Uria, J. A., and Saarialho-Kere, U. (2001). Human 
macrophage metalloelastase (MMP-12) expression is induced in chondrocytes 

during fetal development and malignant transformation. Bone, 29(5), 487-493. 



© C
OPYRIG

HT U
PM

67 
 

Koh, Y. S., Chang, K., Kim, P. J., Seung, K. B., Baek, S. H., Shin, W. S., ... and Choi, 

K. B. (2008). A close relationship between functional polymorphism in the 

promoter region of matrix metalloproteinase-9 and acute myocardial infarction. 

International journal of cardiology, 127(3), 430-432. 

Kumar, A. (2014). Correlation between anthropometric measurement, lipid profile, 

dietary vitamins, serum antioxidants, lipoprotein (a) and lipid peroxides in known 

cases of 345 elderly hypertensive South Asian aged 56-64 yA hospital based study. 

Asian Pacific journal of tropical biomedicine, 4(Suppl 1), S189. 

Kunes, J. and Zicha, J. (2009). The interaction of genetic and environmental factors in 

the etiology of hypertension. Physiology Research 58 (2): 33-41. 

Laakso, M., Lehto, S., Penttilä, I., and Pyörälä, K. (1993). Lipids and lipoproteins 
predicting coronary heart disease mortality and morbidity in patients with non-

insulin-dependent diabetes. Circulation, 88(4), 1421-1430. 

Lamblin, N., Bauters, C., Hermant, X., Lablanche, J. M., Helbecque, N., and Amouyel, 

P. (2002). Polymorphisms in the promoter regions of MMP-2, MMP-3, MMP-9 and 

MMP-12 genes as determinants of aneurysmal coronary artery disease. Journal of 

the American College of Cardiology, 40(1), 43-48. 

Landsberg, L., Aronne, L. J., Beilin, L. J., Burke, V., Igel, L. I., Lloyd‐Jones, D., and 

Sowers, J. (2013). Obesity‐related hypertension: Pathogenesis, cardiovascular risk, 

and treatment—A position paper of the The Obesity Society and the American 

Society of Hypertension. Obesity, 21(1), 8-24. 

Laviades, C., Varo, N., Fernandez, J., Mayor, G., Gil, M. J., Monreal, I., and Diez, J. 

(1998). Abnormalities of the extracellular degradation of collagen type I in essential 

hypertension. Circulation, 98(6), 535-540. 

Lemarié, C. A., Tharaux, P. L., and Lehoux, S. (2010). Extracellular matrix alterations 

in hypertensive vascular remodeling. Journal of molecular and cellular cardiology, 

48(3), 433-439. 

Levin, K.A. (2006). Study design V; case- control studies. Evidence- Based Dentistry 

7(3): 83-84. 

Lewis, C.M. (2002). Genetic association studies: design, analysis and interpretation. 

Briefings in bioinformatics 3(2):146-153. 

Li, W., Jin, X., Zhou, Y., Zhu, M., Lin, X., Hu, X., ... and Jin, G. (2012). Lack of 
independent relationship between the MMP-12 gene polymorphism and carotid 

plaque susceptibility in the Chinese Han population. Vascular Medicine, 17(5), 310-

316. 

Lim, S. J., Gombojav, B., Jee, S. H., Nam, C. M., & Ohrr, H. (2012). Gender-specific 

combined effects of smoking and hypertension on cardiovascular disease mortality 

in elderly Koreans: The Kangwha Cohort Study. Maturitas, 73(4), 331-336. 



© C
OPYRIG

HT U
PM

68 
 

Lifton, R.P. (1995). Genetic determinants of human hypertension. Proceedings of the 

National Academy of Sciences 92(19): 8545-8551. 

Lindsay, M.M., Maxwell, P. and Dunn, F.G. (2002). TIMP-1: a marker of left 

ventricular diastolic dysfunction and fibrosis in hypertension. Hypertension 40: 

136–141. 

Lorente, L., Martín, M. M., Plasencia, F., Solé-Violán, J., Blanquer, J., Labarta, L., ... 

and Salido, E. (2013). The 372 T/C genetic polymorphism of TIMP-1 is associated 

with serum levels of TIMP-1 and survival in patients with severe sepsis. Crit Care, 

17(3), R94. 

Luczyszyn, S. M., de Souza, C. M., Braosi, A. P., Dirschnabel, A. J., Claudino, M., 

Repeke, C. E., ... and Trevilatto, P. C. (2012). Analysis of the association of an 
MMP1 promoter polymorphism and transcript levels with chronic periodontitis and 

end-stage renal disease in a Brazilian population. Archives of oral biology, 57(7), 

954-963. 

Majsterek, I., Markiewicz, L., Przybylowska, K., Gacek, M., Kurowska, A. K., 

Kaminska, A., ... and Szaflik, J. P. (2011). Association of MMP1-1607 1G/2G and 

TIMP1 372 T/C gene polymorphisms with risk of primary open angle glaucoma in a 

Polish population. Medical Science Review, 17(7), CR417-CR421. 

Man, C.J. (2003). Observational research method; research method II: cohort, cross 

sectional, and case- control studies. Emergency Medicine Journal 20: 54-61. 

Manolio, T. A., Brooks, L. D., and Collins, F. S. (2008). A HapMap harvest of insights 

into the genetics of common disease. The Journal of clinical investigation, 118(5), 
1590. 

Massarotti, M., Marchesoni, A., Biondi, M.L. and Marasini, B. (2002). Polymorphism 

in the matrix metalloproteinase-1 promoter gene and severity of rheumatoid 

arthritis. Journal of Rheumatology 29: 2241. 

Mazzotti, D. R., Singulane, C. C., Ota, V. K., Rodrigues, T. P., Furuya, T. K., de 

Souza, F. J., ... and Borsatto-Galera, B. (2014). Association of APOE, GCPII and 

MMP9 polymorphisms with common diseases and lipid levels in an older 

adult/elderly cohort. Gene, 535(2), 370-375. 

Meijer, M.J.W., Mieremet-Ooms, M.A.C., Van Hogezand, R.A., Lamers, C.B.H.W., 

Hommes, D.W. and Verspaget, H.W. (2007). Role of matrix metalloproteinase, 

tissue inhibitor of metalloproteinase and tumor necrosis factor-α single nucleotide 

gene polymorphisms in inflammatory bowel disease. World Journal of 
Gastroenterol 13(21): 2960–2966. 

Miller, P. M., Anton, R. F., Egan, B. M., Basile, J., and Nguyen, S. A. (2005). 

Excessive alcohol consumption and hypertension: clinical implications of current 

research. The Journal of Clinical Hypertension, 7(6), 346-351. 



© C
OPYRIG

HT U
PM

69 
 

Ministry of Health. Forth  National Health and Morbidity Survey 2011. NHMS IV 

Report 2014. 

Ministry of Health. Management of Obesity’, Clinical Practice Guideline,(2004). 

Available at: www.moh.gov.my/attachments/3932. 

Ministry of Health. Third National Health and Morbidity Survey 2006. NHMS III 

Report 2008. 

Morgan, A. R., Zhang, B., Tapper, W., Collins, A., and Ye, S. (2003). Haplotypic 

analysis of the MMP-9 gene in relation to coronary artery disease. Journal of 

molecular medicine, 81(5), 321-326. 

Mullis, K. B., Ferré, F., and Gibbs, R. A. (1994). The polymerase chain reaction. 

Birkhauser Boston Inc.. 

Nagase, H., Visse, R., and Murphy, G. (2006). Structure and function of matrix 

metalloproteinases and TIMPs. Cardiovascular research, 69(3), 562-573. 

Nasri, H. (2012). Comment on: Serum cholesterol and LDL-C in association with level 

of diastolic blood pressure in type 2 diabetic patients. J Renal Inj Prev, 1(1), 13-14. 

Newby, A.C.  (2005). Dual role of matrix metallopro- teinases (matrixins); intimal 

thickening and atherosclerotic plaque rupture. Physiology Review 85: 1-31. 

Newton-Cheh, C., Johnson, T., Gateva, V., Tobin, M. D., Bochud, M., Coin, L., ... and 

Orho-Melander, M. (2009). Genome-wide association study identifies eight loci 

associated with blood pressure. Nature genetics, 41(6), 666-676. 

Nguyen, N. T., Magno, C. P., Lane, K. T., Hinojosa, M. W., and Lane, J. S. (2008). 

Association of hypertension, diabetes, dyslipidemia, and metabolic syndrome with 
obesity: findings from the National Health and Nutrition Examination Survey, 1999 

to 2004. Journal of the American College of Surgeons, 207(6), 928-934. 

Nho, Y. K., Ha, E., Yu, K. I., Chung, J. H., Wook, N. C., Chung, I. S., ... and Shin, D. 

H. (2008). Matrix metalloproteinase-1 promoter is associated with body mass index 

in Korean population with aged greater or equal to 50 years. Clinica Chimica Acta, 

396(1), 14-17. 

Niu, W., Qi, Y., Hou, S., Zhai, X., Zhou, W., and Qiu, C. (2009). Haplotype-based 

association of the renin-angiotensin-aldosterone system genes polymorphisms with 

essential hypertension among Han Chinese: the Fangshan study. Journal of 

hypertension, 27(7), 1384-1391. 

Nojiri, T., Morita, H., Imai, Y., Maemura, K., Ohno, M., Ogasawara, K., ... and Nagai, 

R. (2003). Genetic variations of matrix metalloproteinase-1 and-3 promoter regions 
and their associations with susceptibility to myocardial infarction in Japanese. 

International journal of cardiology, 92(2), 181-186.  



© C
OPYRIG

HT U
PM

70 
 

Ogata, T., Shibamura, H., Tromp, G., Sinha, M., Goddard, K. A., Sakalihasan, N., ... 

and Kuivaniemi, H. (2005). Genetic analysis of polymorphisms in biologically 

relevant candidate genes in patients with abdominal aortic aneurysms. Journal of 

vascular surgery, 41(6), 1036-1042. 

Olson, R. E. (1998). Discovery of the lipoproteins, their role in fat transport and their 

significance as risk factors. The Journal of nutrition, 128(2), 439S-443S. 

Onal, I. K., Altun, B., Onal, E. D., Kırkpantur, A., Oz, S. G., and Turgan, C. (2009). 

Serum levels of MMP-9 and TIMP-1 in primary hypertension and effect of 

antihypertensive treatment. European journal of internal medicine, 20(4), 369-372. 

Oparil, S., Zaman, M. A., and Calhoun, D. A. (2003). Pathogenesis of hypertension. 

Annals of Internal Medicine, 139(9), 761-776. 

Opdenakker, G., Van den Steen, P. E., Dubois, B., Nelissen, I., Van Coillie, E., 

Masure, S., ... and Van Damme, J. (2001). Gelatinase B functions as regulator and 

effector in leukocyte biology. Journal of leukocyte biology, 69(6), 851-859. 

Opstad, T. B., Pettersen, A. A. R., Weiss, T. W., Åkra, S., Øvstebø, R., Arnesen, H., & 
Seljeflot, I. (2012). Genetic variation, gene-expression and circulating levels of 

matrix metalloproteinase-9 in patients with stable coronary artery disease. Clinica 

Chimica Acta, 413(1), 113-120. 

Opstad, T. B., Arnesen, H., Pettersen, A. Å., and Seljeflot, I. (2014). The MMP-9 -1562 
C/T Polymorphism in the Presence of Metabolic Syndrome Increases the Risk of 

Clinical Events in Patients with Coronary Artery Disease. PLoS ONE, 9(9), 

e106816. doi:10.1371/journal.pone.0106816. 

Orbe, J., Fernandez, L., Rábago, G., Belzunce, M., Monasterio, A., Roncal, C., and 

Páramo, J. A. (2003). Different expression of MMPs/TIMP-1 in human 

atherosclerotic lesions. Relation to plaque features and vascular bed. 

Atherosclerosis, 170(2), 269-276. 

Oren, S., Grossman, E., and Frohlich, E. D. (1996). Arterial and venous compliance in 

obese and nonobese subjects. The American journal of cardiology, 77(8), 665-667. 

Osuji, C. U., Omejua, E. G., Onwubuya, E. I., and Ahaneku, G. I. (2012). Serum lipid 

profile of newly diagnosed hypertensive patients in Nnewi, South-East Nigeria. 
International journal of hypertension, 2012. 

Pend s, A. M., Santamarı , I., Alvarez, M.  ., Pritchard, M., and L pez-Otı , C. (1996). 

Fine physical mapping of the human matrix metalloproteinase genes clustered on 

chromosome 11q22. 3. Genomics, 37(2), 266-269. 

Pérez-Hernández, N., Vargas-Alarcón, G., Martínez-Rodríguez, N., Martínez-Ríos, 

M.A., Peña-Duque, M.A., Peña-Díaz, A.L., Valente-Acosta, B., Posadas-Romero, 

C., Medina, A. and Rodríguez-Pérez, J.M. (2012). The matrix metalloproteinase 2-

1575 gene polymorphism is associated with the risk of developing myocardial 



© C
OPYRIG

HT U
PM

71 
 

infarction in Mexican patients. Journal of Atherosclerosis and Thrombosis 

19(8):718-727 

Polgar, S. and Thomas, S.A. (2000). Introduction to research in the health sciences. 

Edinburgh; New York: Churchill Livingstone. 

Przybylowska, K., Kluczna, A., Zadrozny, M., Krawczyk, T., Kulig, A., Rykala, J., 

Kolacinska, A., Morawiec, Z., Drzewoski, J. and Blasiak, J. (2006). Polymorphisms 

of the promoter regions of matrix metalloproteinases genes MMP-1 and MMP-9 in 

breast cancer. Breast Cancer Research and Treatment 95(1):65-72. 

Primatesta, P., Falaschetti, E., Gupta, S., Marmot, M. G., & Poulter, N. R. (2001). 

Association between smoking and blood pressure evidence from the health survey 

for England. Hypertension, 37(2), 187-193. 

Qian, X., Lu, Z., Tan, M., Liu, H., and Lu, D. (2007). A meta-analysis of association 

between C677T polymorphism in the methylenetetrahydrofolate reductase gene and 

hypertension. European Journal of Human Genetics, 15(12), 1239-1245. 

Raffetto, J. D., and Khalil, R. A. (2008). Matrix metalloproteinases and their inhibitors 

in vascular remodeling and vascular disease. Biochemical pharmacology, 75(2), 

346-359. 

Raihan, K., and Azmawati, M. N.(2013). Cigarette smoking and cardiovascular risk 

factors among male youth population. Malaysian Journal of Public Health 

Medicine, 13(1), 28-36. 

Ramachandran, V., Ismail, P., Stanslas, J., and Shamsudin, N. (2009). Analysis of 

renin-angiotensin aldosterone system gene polymorphisms in malaysian essential 
hypertensive and type 2 diabetic subjects. Cardiovascular diabetology, 8(1), 11. 

Rampal, L., Rampal, S., Azhar, M.Z. and 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. 

Reza, C. M., Kabir, A. S. M. A., Biswas, T., Choudhury, K. N., Rahman, M. Z., 

Hussain, D. A., and Ghosh, S. K. (2014). Status of Lipid Profile among the 

Hypertensive Patients in Bangladesh. University Heart Journal, 9(1), 13-17. 

Rodriguez, J.A., Orbe, J., de Lizarrondo, M.S., Calvayrac, O., Rodriguez, C., Martinez-

Gonzalez, J. and Paramo, J.A. (2008). Metalloproteinases and atherothrombosis: 

MMP-10 mediates vascular remodeling promoted by inflammatory stimuli. 

Frontiers in Bioscience 13:2916–2921.  

Rodriguez-Lopez, J., Perez-Pampin, E., Gomez-Reino, J. J., and Gonzalez, A. (2006). 
Regulatory polymorphisms in extracellular matrix protease genes and susceptibility 

to rheumatoid arthritis: a case-control study. Arthritis Research & Therapy, 8(1), 

R1. doi:10.1186/ar1849. 



© C
OPYRIG

HT U
PM

72 
 

Roten, L., Nemoto, S., Simsic, J., Coker, M. L., Rao, V., Baicu, S., ... and Spinale, F. 

G. (2000). Effects of gene deletion of the tissue inhibitor of the matrix 

metalloproteinase-type 1 (TIMP-1) on left ventricular geometry and function in 

mice. Journal of molecular and cellular cardiology, 32(1), 109-120 

Roux, K. H. (1995). Optimization and troubleshooting in PCR. Genome Research, 4(5), 

S185-S194. 

Ruppert, P. V., and Maisch, B. (2003). Genetics of human hypertension. Herz, 28(8), 

655-662. 

Rutter, J. L., Mitchell, T. I., Butticè, G., Meyers, J., Gusella, J. F., Ozelius, L. J., and 

Brinckerhoff, C. E. (1998). A single nucleotide polymorphism in the matrix 

metalloproteinase-1 promoter creates an Ets binding site and augments 
transcription. Cancer research, 58(23), 5321-5325. 

Sarti, C., and Gallagher, J. (2006). The metabolic syndrome: prevalence, CHD risk, and 

treatment. Journal of Diabetes and its Complications, 20(2), 121-132. 

Sbardella, D., Fasciglione, G. F., Gioia, M., Ciaccio, C., Tundo, G. R., Marini, S., and 

Coletta, M. (2012). Human matrix metalloproteinases: an ubiquitarian class of 

enzymes involved in several pathological processes. Molecular aspects of medicine, 

33(2), 119-208. 

Sesso, H. D., Buring, J. E., Chown, M. J., Ridker, P. M., and Gaziano, J. M. (2005). A 

prospective study of plasma lipid levels and hypertension in women. Archives of 

internal medicine, 165(20), 2420-2427. 

Sherry, S.T., Ward, M. and Sirotkin, K. (1999). dbSNP-database for single nucleotide 
polymorphisms and other classes of minor genetic variation. Genome Research 9: 

677–679. 

Shihab, H. M., Meoni, L. A., Chu, A. Y., Wang, N. Y., Ford, D. E., Liang, K. Y., ... 

and Klag, M. J. (2012). Body mass index and risk of incident hypertension over the 

life course: the Johns Hopkins Precursors Study. Circulation, 

CIRCULATIONAHA-112. 

Sing, C. F., Stengård, J. H., and Kardia, S. L. (2003). Genes, environment, and 

cardiovascular disease. Arteriosclerosis, thrombosis, and vascular biology, 23(7), 

1190-1196. 

Singh, K., Agrawal, N. K., Gupta, S. K., and Singh, K. (2013). A functional single 

nucleotide polymorphism-1562C> T in the matrix metalloproteinase-9 promoter is 

associated with type 2 diabetes and diabetic foot ulcers. The international journal of 
lower extremity wounds, 1534734613493289. 

Smithies, O. and Maeda, N. (1995). Gene targeting approaches to complex genetic 

diseases: atherosclerosis and essential hypertension. Proceedings of the National 

Academy of Sciences 92(12): 5266-5272. 



© C
OPYRIG

HT U
PM

73 
 

Song, J. W., and Chung, K. C. (2010). Observational studies: cohort and case-control 

studies. Plastic and reconstructive surgery, 126(6), 2234. 

Soualmia, H. (2012). Candidate Genes in Hypertension. GENETICS AND 

PATHOPHYSIOLOGY OF ESSENTIAL HYPERTENSION, 139. 

Sowers, J.R., Epstein, M. and Frohlich, E.D. (2001). Diabetes, hypertension, and 

cardiovascular disease an update. Hypertension 37: 1053-1059. 

Spinale, F. G. (2002). Matrix metalloproteinases regulation and dysregulation in the 

failing heart. Circulation research, 90(5), 520-530. 

Sripichai, O. and Fucharoen, S. (2007). Genetic polymorphisms and implications for 

human diseases. Journal of Medical Association of Thailand 90(2):394-398. 

Tabor, H. K., Risch, N. J., and Myers, R. M. (2002). Candidate-gene approaches for 
studying complex genetic traits: practical considerations. Nature Reviews Genetics, 

3(5), 391-397. 

Tayebjee, M. H., Nadar, S., Blann, A. D., Beevers, D. G., MacFadyen, R. J., and Lip, 

G. Y. (2004). Matrix metalloproteinase-9 and tissue inhibitor of metalloproteinase-1 

in hypertension and their relationship to cardiovascular risk and treatment: a 

substudy of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT). American 

journal of hypertension, 17(9), 764-769. 

The MEROPS, MMP. Retrieved 25 January from http://merops.sanger.ac.uk/cgi -

bin/pepsum?id=M10.001 

The gene card human gene database. Retrieved 25 December from 

http://www.genecards.org/cgi-bin/carddisp.pl?gene=TIMP1&keywords=TIMP1. 

The gene card human gene database. Retrieved 25 December from 

http://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP12&keywords=mmp-12. 

The gene card human gene database. Retrieved 25 December from 

http://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP1&keywords=mmp-1. 

The gene card human gene database. Retrieved 25 December from 

http://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP9&keywords=mmp-9. 

Then, K. L., and Rankin, J. A. (2004). Hypertension: a review for clinicians. Nursing 

Clinics of North America, 39(4), 793-814. 

Tiago, A. D., Badenhorst, D., Nkeh, B., Candy, G. P., Brooksbank, R., Sareli, P., ... and 

Norton, G. R. (2003). Impact of renin-angiotensin-aldosterone system gene variants 

on the severity of hypertension in patients with newly diagnosed hypertension. 

American journal of hypertension, 16(12), 1006-1010. 

Timms, P. M., Wright, A., Maxwell, P., Campbell, S., Dawnay, A. B., and Srikanthan, 

V. (2002). Plasma tissue inhibitor of metalloproteinase-1 levels are elevated in 



© C
OPYRIG

HT U
PM

74 
 

essential hypertension and related to left ventricular hypertrophy. American journal 

of hypertension, 15(3), 269-272. 

Tsukada, K., Ishimitsu, T., Teranishi, M., Saitoh, M., Yoshii, M., Inada, H., ... and 

Matsuoka, H. (2002). Positive association of CYP11B2 gene polymorphism with 

genetic predisposition to essential hypertension. Journal of human hypertension, 

16(11), 789-793. 

Urbina, E. M., Khoury, P. R., McCoy, C. E., Dolan, L. M., Daniels, S. R., and Kimball, 

T. R. (2013). Triglyceride to HDL-C ratio and increased arterial stiffness in 

children, adolescents, and young adults. Pediatrics, 131(4), e1082-e1090. 

Virdis, A., Giannarelli, C., Neves, M.F., Taddei, S. and Ghiadoni, L. (2010). Cigarette 

smoking and hypertension. Current Pharmaceutical Design 16(23):2518-25. 

Visse, R., and Nagase, H. (2003). Matrix metalloproteinases and tissue inhibitors of 

metalloproteinases structure, function, and biochemistry. Circulation research, 

92(8), 827-839. 

Wang, J., Xu, D., Wu, X., Zhou, C., Wang, H., Guo, Y. and Cao, K. (2011). 

Polymorphisms of matrix metalloproteinases in myocardial infarction: a meta-

analysis.  Heart 97(19):1542-1546.  

Wang, T. J., and Vasan, R. S. (2005). Epidemiology of uncontrolled hypertension in 

the United States. Circulation, 112(11), 1651-1662. 

Whelton, P. K. (1994). Epidemiology of hypertension. The lancet, 344(8915), 101-106. 

Wigginton, J.E., Cutler, D.J. and Abecasis, G.R. (2005). A note on exact tests of 

Hardy-Weinberg equilibrium. The American Journal of Human Genetics 76(5): 
887-893.  

Wilkening, S., Chen, B., Bermejo, J.L. and Canzian, F. (2009). Is there still a need for 

candidate gene approaches in the era of genome-wide association studies?. 

Genomics 93: 415–419. 

Williams, R. R., Hunt, S. C., Hopkins, P. N., Hasstedt, S. J., Wu, L. L., and Lalouel, J. 

M. (1994). Tabulations and expectations regarding the genetics of human 

hypertension. Kidney international. Supplement, 44, S57-64. 

Xu, X., Wang, L., Xu, C., Zhang, P., Yong, F., Liu, H., Wang, J. and Shi, Y. (2013). 

Variations in matrix metalloproteinase-1, -3, and -9 genes and the risk of acute 

coronary syndrome and coronary artery disease in the Chinese Han population. 

Coronary Artery Disease 24(4):259-65.  

Yagil, C., and Yagil, Y. (2009). The Genomics of Hypertension. Essentials of Genomic 
and Personalized Medicine, 259. 

Yasmin, McEniery, C.M.,Wallace, S., Dakham, Z., Pulsalkar, P., Maki-Petaja, ... and 

Wilkinson, I. B. (2005). Matrix metalloproteinase-9 (MMP-9), MMP-2, and serum 



© C
OPYRIG

HT U
PM

75 
 

elastase activity are associated with systolic hypertension and arterial stiffness. 

Arteriosclerosis, thrombosis, and vascular biology, 25(2), 372-378. 

Ye, S., Gale, C. R., and Martyn, C. N. (2003). Variation in the matrix 

metalloproteinase-1 gene and risk of coronary heart disease. European Heart 

Journal, 24, 1668–1671. doi:10.1016/S0195-668X(03)00385-3. 

Yuksel, M., Kuzu-Okur, H.,  elioğlu-Ogunc, A., and Pelin, Z. (2012). Matrix 

metalloproteinase-9 level and gene polymorphism in sleep disordered breathing 

patients with or without cardiovascular disorders. Balkan Medical Journal, (Cv), 8–

12. doi:10.5152/Balkanmedj.2012.068. 

Zambrowicz, B. P., Abuin, A., Ramirez-Solis, R., Richter, L. J., Piggott, J., 

BeltrandelRio, H., ... and Sands, A. T. (2003). Wnk1 kinase deficiency lowers 
blood pressure in mice: a gene-trap screen to identify potential targets for 

therapeutic intervention. Proceedings of the National Academy of Sciences, 

100(24), 14109-14114. 

Zar, J. H. (1999). Biostatistical analysis. Pearson Education India. 

Zhang, B., Ye, S., Herrmann, S. M., Eriksson, P., de Maat, M., Evans, A., ... and 

Henney, A. M. (1999). Functional polymorphism in the regulatory region of 

gelatinase B gene in relation to severity of coronary atherosclerosis. Circulation, 

99(14), 1788-1794. 

Zhi, H., Wang, H., Ren, L., Shi, Z., Peng, H., Cui, L., ... and Liu, N. (2010). Functional 

polymorphisms of matrix metallopeptidase-9 and risk of coronary artery disease in 

a Chinese population. Molecular biology reports, 37(1), 13-20. 

Zhou, S., Feely, J., Spiers, J. P., and Mahmud, A. (2007). Matrix metalloproteinase-9 

polymorphism contributes to blood pressure and arterial stiffness in essential 

hypertension. Journal of human hypertension, 21(11), 861-867. 

Zhu, Y., Spitz, M. R., Lei, L., Mills, G. B., and Wu, X. (2001). A single nucleotide 

polymorphism in the matrix metalloproteinase-1 promoter enhances lung cancer 

susceptibility. Cancer research, 61(21), 7825-7829. 

Ziegler, A., König, I.R. and Thompson, J.R. (2008). Biostatistical aspects of 

genome‐wide association studies. Biometrical Journal 50(1): 8-28. 

 

 

 

 

 


	ASSOCIATION OF MATRIX METALLOPROTEINASE-1, 9, 12 AND TISSUE INHIBITOR OF METALLOPROTEINASE-1GENE POLYMORPHISMS IN MALAY MALE ESSENTIAL HYPERTENSIVE SUBJECTS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



