
17

BÖLÜM

HİPERTANSİYON 
HASTASINDA PROGNOSTİK 
BİYOKİMYASAL BELİRTEÇLER

3.
Mine Büşra PEHLİVAN1

GIRIŞ 

Biyolojik belirteç; biyolojik veya patojenik süreçlerin veya terapötik bir işlemin 
göstergesi olarak ölçülen ve değerlendirilen bir özellik olarak tanımlamıştır (1). Bi-
yobelirteçler, biyokimyasal, fizyolojik, anatomik, histolojik ve fiziksel olabilir. Be-
lirteçler; bir hastalığı olan kişilerin belirlenmesi (tanısal), başka bir hastalık veya 
olumsuz sonuç için risklerin belirlenmesi (prognostik) ve doz-yanıt ilişkilerinin 
belirlenmesi gibi önemli amaçlarla kullanılırlar (2). 

Hipertansiyonu (HT) olan hastalarda genellikle diyabetes mellitus (DM), dis-
lipidemi, sol ventrikül hipertrofisi (LVH), kronik böbrek hastalığı (KBH) ve son 
dönem organ hasarı gibi (3) komorbid durumlar bulunur. Biyobelirteçler, kardiyo-
vasküler (KV) olay gelişme riskinin belirlenmesi ve tedavi yanıtının izlenmesi ama-
cıyla, serebrovasküler hastalık (SVH), sol ventrikül diastolik disfonksiyonu (LVDD) 
ve ejeksiyon fraksiyonu korunmuş kalp yetmezliğinin (KY) erken tanı ve prognozu 
için sıklıkla kullanılır. Kontrolsüz HT’un sekellerinin hafifletilmesi veya önlenme-
sinde prognostik değer sağlayan bu biyobelirteçlerin belirlenmesi zorunludur ve bu 
konuya ilişkin veriler azdır (4–6).

Bu bölümde HT hastalarında KV olay geliştirme risk skoru belirlemede ve prog-
nozu öngörmede kullanılan bazı belirteçlerden bahsedilecektir.

TAM KAN SAYIMI

Hemoglobin ve hematokrit HT hastalarında yararlı bilgiler sağlayabilir. Hemog-
lobinde anormal bir artış genellikle kronik hipoksiye sekonder gelişen polistemiyi 
düşündürür (7). Polistemi, hipokalemi ve böbrek fonksiyonunda bir düşüşle birlik-
te görüldüğünde, renovasküler HT’u düşündürebilir (8). Kronik böbrek hastalığı 
sırasında anemi için uygulanan fazla eritropoietin de polistemiye neden olabilir. 
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konsantrasyonlarına neden olabilir (114). Ayrıca yüksek homosistein konsantras-
yonları ile çeşitli vasküler ve KV bozukluklar arasında bir ilişki olduğu ileri sürül-
müştür (115,116).

Hiperhomosisteineminin endotel hücre hasarına katkıda bulunduğu, damarla-
rın sertliğini artırdığı ve nihayetinde hemostazın normal kan akışı sürecini olumsuz 
etkilediği gösterilmiştir (117).

Hiperhomosisteineminin KV mortalite ile ilişkisini gösteren bulgulara rağmen, 
HT ile ilişkisi halen tartışılmaktadır ve mevcut ESC/ESH kılavuzlarında ölçümü 
tavsiye edilmemiştir (7). 

SONUÇ

HT tanısı alan her hastadan rutin olarak tam kan sayımı, açlık kan glukozu,  
HbA1c, lipit profili, sodyum, potasyum, ürik asit, kreatinin, glomerüler filtrasyon 
hızı, karaciğer fonksiyon testleri ve idrar analizi (mikroalbümin için dipstik testi 
veya albümin/kreatinin oranı) istenmesi 2018 yılında yayınlanan ESC/ESH kıla-
vuzu tarafından önerilmektedir (14). Bunlara ek olarak hsCRP, hs-cTn, NP’ler de 
HT hastalarında prognoz açısından faydalı bilgiler vermektedir. Endotel fonksi-
yon testleri şu an araştırma laboratuvarlarında ölçülmekte olup çalışmalar devam 
etmektedir. Homosistein yüksekliğinin KV olaylarla ilişkisi gösterilmiş olmasına 
rağmen prognostik faktör olarak kullanılmamaktadır. Henüz araştırma aşamasında 
olan birçok biyobelirteç vardır. Bu belirteçlerin HT hastalarında prognoz ve risk 
değerlendirmesinde rutin olarak kullanılması için yeni çalışmalara ihtiyaç duyul-
maktadır.

KAYNAKLAR
1.	 Biomarkers and surrogate endpoints: Preferred definitions and conceptual framework. Clin 

Pharmacol Ther. 2001 Mar;69(3):89–95. 
2.	 Desai M, Stockbridge N, Temple R. Blood pressure as an example of a biomarker that functi-

ons as a surrogate. AAPS J. 2006; 
3.	 Calhoun DA, Jones D, Textor S et al. Resistant Hypertension: Diagnosis, Evaluation, and Tre-

atment. Circulation. 2008 Jun 24;117(25):77–9. 
4.	 Hidru TH, Yang X, Xia Y et al. The relationship between Plasma Markers and Essential Hy-

pertension in Middle-aged and Elderly Chinese Population: A Community Based Cross-sec-
tional Study. Sci Rep. 2019;9(1):1–11. 

5.	 Maisel AS. Cardiovascular and renal surrogate markers in the clinical management of hyper-
tension. Cardiovasc Drugs Ther. 2009;23(4):317–26. 

6.	 Farcaş AD, Mocan M, Anton FP et al. Short-Term Prognosis Value of sST2 for an Unfavorable 
Outcome in Hypertensive Patients. Dis Markers. 2020;2020. 

7.	 Seccia TM, Rossi GP. Clinical Use and Pathogenetic Basis of Laboratory Tests for the Evalu-
ation of Primary Arterial Hypertension. Crit Rev Clin Lab Sci. 2005 Jan 10;42(5–6):393–452. 



Hipertansiyon Hastasında Prognostik Biyokimyasal Belirteçler 27

8.	 Marathias K, Agroyannis B, Mavromoustakos T et al. Hematocrit-lowering Effect Following 
Inactivation of Renin-Angiotensin System with Angiotensin Converting Enzyme Inhibitors 
and Angiotensin Receptor Blockers. Curr Top Med Chem. 2005; 

9.	 Gavin JR, Alberti KGMM, Davidson MB et al. Report of the Expert Committee on the Di-
agnosis and Classification of Diabetes Mellitus. Diabetes Care. 2003 Jan 1;26(Supplement 
1):S5–20. 

10.	 Goldstein DE, Little RR, Lorenz RA et al. Tests of glycemia in diabetes. Diabetes Care. 2004. 
11.	 Chapman MJ, Ginsberg HN, Amarenco P et al. Triglyceride-rich lipoproteins and high-den-

sity lipoprotein cholesterol in patients at high risk of cardiovascular disease: Evidence and 
guidance for management. European Heart Journal. 2011. 

12.	 Executive Summary of The Third Report of The National Cholesterol Education Program 
(NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In 
Adults (Adult Treatment Panel III). JAMA. 2001 May 16;285(19):2486–97. 

13.	 Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel 
III) Final Report. Circulation. 2002 Dec 17;106(25):3143–3143. 

14.	 Williams B, Mancia G, Spiering W et al. 2018 ESC/ESH Guidelines for the management of 
arterial hypertension. Eur Heart J. 2018 Sep 1;39(33):3021–104. 

15.	 O’Keefe JH, Cordain L, Harris WH et al. Optimal low-density lipoprotein is 50 to 70 mg/
dl: lower is better and physiologically normal. J Am Coll Cardiol. 2004 Jun 2;43(11):2142–6. 

16.	 Colhoun HM, Betteridge DJ, Durrington PN et al. Primary prevention of cardiovascular disea-
se with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study (CAR-
DS): multicentre randomised placebo-controlled trial. Lancet. 2004 Aug;364(9435):685–96. 

17.	 Desforges JF, Gordon DJ, Rifkind BM. High-Density Lipoprotein — The Clinical Implications 
of Recent Studies. N Engl J Med. 1989 Nov 9;321(19):1311–6. 

18.	 Genest JJ, McNamara JR, Salem DN et al. Prevalence of risk factors in men with premature 
coronary artery disease. Am J Cardiol. 1991 Jun;67(15):1185–9. 

19.	 Bolibar I, von Eckardstein A, Assmann G et al., ECAT Angina Pectoris Study Group. Euro-
pean Concerted Action on Thrombosis and Disabilities. Short-term prognostic value of lipid 
measurements in patients with angina pectoris. The ECAT Angina Pectoris Study Group: 
European Concerted Action on Thrombosis and Disabilities. Thromb Haemost. 2000 
Dec;84(6):955–60. 

20.	 Grundy SM, Cleeman JI, Bairey Merz CN et al. Implications of recent clinical trials for the 
National Cholesterol Education Program Adult Treatment Panel III guidelines. Circulation. 
2004. 

21.	 Dean BB, Borenstein JE, Henning JM et al. Can change in high-density lipoprotein cholesterol 
levels reduce cardiovascular risk? Am Heart J. 2004 Jun;147(6):966–76. 

22.	 Bittner V. Non-high-density lipoprotein cholesterol and cardiovascular disease. Curr Opin 
Lipidol. 2003;14(4). 

23.	 Hirsch GA, Blumenthal RS. Usefulness of non–high-density lipoprotein cholesterol determi-
nations in the diagnosis and treatment of dyslipidemia. Am J Cardiol. 2003 Apr;91(7):827–30. 

24.	 Stewart MW, Laker MF, Alberti KGMM. The contribution of lipids to coronary heart disease 
in diabetes mellitus. J Intern Med Suppl. 1994;736:41–6. 

25.	 Elliott P, Stamler J, Nichols R et al. Intersalt revisited: further analyses of 24 hour sodium excre-
tion and blood pressure within and across populations. BMJ. 1996 May 18;312(7041):1249–53. 

26.	 He FJ, Li J, MacGregor GA. Effect of longer-term modest salt reduction on blood pressure. 
Cochrane Database Syst Rev. 2013 Apr 30; 



Hipertansiyon Tanı ve Tedavisine Güncel Yaklaşım28

27.	 Bibbins-Domingo K, Chertow GM, Coxson PG et al. Projected Effect of Dietary Salt Reducti-
ons on Future Cardiovascular Disease. N Engl J Med. 2010 Feb 18;362(7):590–9. 

28.	 He FJ, Burnier M, MacGregor GA. Nutrition in cardiovascular disease: salt in hypertension 
and heart failure. Eur Heart J. 2011 Dec 2;32(24):3073–80. 

29.	 He FJ, MacGregor GA. Salt reduction lowers cardiovascular risk: Meta-analysis of outcome 
trials. The Lancet. 2011. 

30.	 Taylor RS, Ashton KE, Moxham T et al. Reduced Dietary Salt for the Prevention of Cardio-
vascular Disease: A Meta-Analysis of Randomized Controlled Trials (Cochrane Review). Am 
J Hypertens. 2011 Aug 1;24(8):843–53. 

31.	 O’Donnell M, Mente A, Rangarajan S et al. Urinary Sodium and Potassium Excretion, Mor-
tality, and Cardiovascular Events. N Engl J Med. 2014; 

32.	 So A, Thorens B. Uric acid transport and disease. J Clin Invest. 2010 Jun 1;120(6):1791–9. 
33.	 Lyngdoh T, Marques-Vidal P, Paccaud F et al. Elevated Serum Uric Acid Is Associated with 

High Circulating Inflammatory Cytokines in the Population-Based Colaus Study. Means T, 
editor. PLoS One. 2011 May 20;6(5):e19901. 

34.	 Caillon A, Schiffrin EL. Role of Inflammation and Immunity in Hypertension: Recent Epi-
demiological, Laboratory, and Clinical Evidence. Curr Hypertens Rep. 2016 Mar 4;18(3):21. 

35.	 Ruilope LM, Garcia-Puig J. Hyperuricemia and renal function. Curr Hypertens Rep. 2001 
Jun;3(3):197–202. 

36.	 Geraci G, Mulè G, Morreale M et al. Association between uric acid and renal function in hy-
pertensive patients: which role for systemic vascular involvement? J Am Soc Hypertens. 2016; 

37.	 Qin T, Zhou X, Wang J et al. Hyperuricemia and the Prognosis of Hypertensive Patients: A 
Systematic Review and Meta-Analysis. J Clin Hypertens. 2016; 

38.	 Maloberti A, Giannattasio C, Bombelli M et al. Hyperuricemia and Risk of Cardiovascular 
Outcomes: The Experience of the URRAH (Uric Acid Right for Heart Health) Project. High 
Blood Press Cardiovasc Prev. 2020 Apr 10;27(2):121–8. 

39.	 Ekundayo OJ, Dell’Italia LJ, Sanders PW et al. Association between hyperuricemia and in-
cident heart failure among older adults: A propensity-matched study. Int J Cardiol. 2010 
Jul;142(3):279–87. 

40.	 Samuelsson O, Wilhelmsen L, Pennert K et al. Angina Pectoris, Intermittent Claudication 
and Congestive Heart Failure in Middle-aged Male Hypertensives. Acta Med Scand. 1987 
Apr 24;221(1):23–32. 

41.	 Wannamethee SG, Papacosta O, Lennon L et al. Serum uric acid as a potential marker for 
heart failure risk in men on antihypertensive treatment: The British Regional Heart Study. Int 
J Cardiol. 2018;252:187–92. 

42.	 Butler R, Morris AD, Belch JJF et al. Allopurinol normalizes endothelial dysfunction in type 
2 diabetics with mild hypertension. Hypertension. 2000; 

43.	 Ofori S, Odia O. Serum uric acid and target organ damage in essential hypertension. Vasc 
Health Risk Manag. 2014 May;10:253. 

44.	 Perticone M, Tripepi G, Maio R et al. Risk reclassification ability of uric acid for cardiovascu-
lar outcomes in essential hypertension. Int J Cardiol. 2017;243:473–8. 

45.	 McCullough PA, Li S, Jurkovitz CT et al. CKD and Cardiovascular Disease in Screened Hi-
gh-Risk Volunteer and General Populations: The Kidney Early Evaluation Program (KEEP) 
and National Health and Nutrition Examination Survey (NHANES) 1999-2004. Am J Kidney 
Dis. 2008 Apr;51(4):S38–45. 

46.	 National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. Am J Kidney Dis. 2002 Feb;39(2 Suppl 1):S1-266. 



Hipertansiyon Hastasında Prognostik Biyokimyasal Belirteçler 29

47.	 Levey AS, Inker LA, Coresh J. GFR estimation: From physiology to public health. American 
Journal of Kidney Diseases. 2014. 

48.	 Da Costa PM, Cortez AF, De Souza F et al. Prognostic impact of baseline urinary albumin 
excretion rate in patients with resistant hypertension: A prospective cohort study. J Hum Hy-
pertens. 2018;32(2):139–49. 

49.	 De Souza F, Muxfeldt ES, Salles GF. Prognostic factors in resistant hypertension: Implications 
for cardiovascular risk stratification and therapeutic management. Expert Rev Cardiovasc 
Ther. 2012;10(6):735–45. 

50.	 Cirillo M, Lanti MP, Menotti A et al. Definition of kidney dysfunction as a cardiovascular risk factor: 
Use of urinary albumin excretion and estimated glomerular filtration rate. Arch Intern Med. 2008; 

51.	 Ruggenenti P, Remuzzi G. Time to abandon microalbuminuria? Kidney International. 2006. 
52.	 Klausen KP, Scharling H, Jensen G et al. New definition of microalbuminuria in hypertensive 

subjects: Association with incident coronary heart disease and death. Hypertension. 2005; 
53.	 Redon J. Urinary albumin excretion: Lowering the threshold of risk in hypertension. Hyper-

tension. 2005. 
54.	 Wachtell K, Ibsen H, Olsen MH et al. Albuminuria and Cardiovascular Risk in Hypertensive 

Patients with Left Ventricular Hypertrophy: The LIFE Study. Ann Intern Med. 2003; 
55.	 Salles GF, Cardoso CRL, Fiszman R et al. Prognostic importance of baseline and serial chan-

ges in microalbuminuria in patients with resistant hypertension. Atherosclerosis. 2011; 
56.	 Ibsen H, Olsen MH, Wachtell K, et al. Reduction in albuminuria translates to reduction in 

cardiovascular events in hypertensive patients: Losartan intervention for endpoint reduction 
in hypertension study. Hypertension. 2005; 

57.	 de Zeeuw D. Albuminuria, not only a cardiovascular/renal risk marker, but also a target for 
treatment? Kidney international. Supplement. 2004. 

58.	 Jensen JS, Feldt-Rasmussen B, Strandgaard S et al. Arterial hypertension, microalbuminuria, 
and risk of ischemic heart disease. Hypertension. 2000;

59.	 Jones CA, Francis ME, Eberhardt MS et al. Microalbuminuria in the US population: Third 
National Health and Nutrition Examination Survey. Am J Kidney Dis. 2002; 

60.	 Atkins RC, Briganti EM, Zimmet PZ et al. Association between albuminuria and proteinuria 
in the general population: The AsuDiab study. Nephrol Dial Transplant. 2003; 

61.	 Hillege HL, Janssen WMT, Bak AAA et al. Microalbuminuria is common, also in a nondiabe-
tic, nonhypertensive population, and an independent indicator of cardiovascular risk factors 
and cardiovascular morbidity. J Intern Med. 2001; 

62.	 Barri YM. Hypertension and kidney disease: A deadly connection. Curr Hypertens Rep. 2008 
Feb 7;10(1):39–45. 

63.	 Bakris GL, Williams M, Dworkin L et al. Preserving renal function in adults with hyper-
tension and diabetes: a consensus approach. National Kidney Foundation Hypertension and 
Diabetes Executive Committees Working Group. Am J Kidney Dis. 2000 Sep;36(3):646–61. 

64.	 Yuyun MF, Khaw K-T, Luben R et al. Microalbuminuria, cardiovascular risk factors and car-
diovascular morbidity in a British population: The EPIC-Norfolk Population-based Study. 
Eur J Cardiovasc Prev Rehabil. 2004 Jun 28;11(3):207–13. 

65.	 Gilstrap LG, Wang TJ. Biomarkers and cardiovascular risk assessment for primary preventi-
on: An update. Clinical Chemistry. 2012. 

66.	 Koenig W, Sund M, Fröhlich M et al. C-reactive protein, a sensitive marker of inflammation, 
predicts future risk of coronary heart disease in initially healthy middle-aged men: Results 
from the MONICA (monitoring trends and determinants in cardiovascular disease) Augs-
burg cohort study, 1984. Circulation. 1999; 



Hipertansiyon Tanı ve Tedavisine Güncel Yaklaşım30

67.	 Ridker PM, Cushman M, Stampfer MJ et al. Plasma concentration of C-reactive protein and 
risk of developing peripheral vascular disease. Circulation. 1998; 

68.	 Ridker PM, Hennekens CH, Buring JE et al. C-Reactive Protein and Other Markers of Inf-
lammation in the Prediction of Cardiovascular Disease in Women. N Engl J Med. 2000 Mar 
23;342(12):836–43. 

69.	 Roberts WL, Moulton L, Law TC et al. Evaluation of nine automated high-sensitivity c-reac-
tive protein methods: Implications for clinical and epidemiological applications. Part 2. Clin 
Chem. 2001; 

70.	 Blake GJ, Rifai N, Buring JE et al. Blood Pressure, C-Reactive Protein, and Risk of Future 
Cardiovascular Events. Circulation. 2003 Dec 16;108(24):2993–9. 

71.	 Sesso HD, Buring JE, Rifai N et al. C-Reactive Protein and the Risk of Developing Hyperten-
sion. J Am Med Assoc. 2003; 

72.	 Ge CJ, Lu SZ, Chen YD et al. Synergistic effect of amlodipine and atorvastatin on blood pres-
sure, left ventricular remodeling, and C-reactive protein in hypertensive patients with pri-
mary hypercholesterolemia. Heart Vessels. 2008; 

73.	 Weng C-M, Chou C-H, Huang Y-Y et al. Increased C-reactive protein is associated with fu-
ture development of diabetes mellitus in essential hypertensive patients. Heart Vessels. 2010 
Sep;25(5):386–91. 

74.	 Pearson TA, Mensah GA, Alexander RW et al. Markers of Inflammation and Cardiovascular 
Disease. Circulation. 2003 Jan 28;107(3):499–511. 

75.	 Ridker PM, Rifai N, Rose L et al. Comparison of C-Reactive Protein and Low-Density Li-
poprotein Cholesterol Levels in the Prediction of First Cardiovascular Events. N Engl J Med. 
2002; 

76.	 Di Napoli M, Papa F. Systemic inflammation, blood pressure, and stroke outcome. J Clin Hy-
pertens (Greenwich). 2006;8(3):187–94. 

77.	 Hamwi SM, Sharma AK, Weissman NJ et al. Troponin-I elevation in patients with increased 
left ventricular mass. Am J Cardiol. 2003; 

78.	 Neeland IJ, Drazner MH, Berry JD et al. Biomarkers of chronic cardiac injury and hemod-
ynamic stress identify a malignant phenotype of left ventricular hypertrophy in the general 
population. J Am Coll Cardiol. 2013; 

79.	 Camici PG, Crea F. Coronary Microvascular Dysfunction. N Engl J Med. 2007; 
80.	 Griffiths ME, Malan L, Delport R et al.Troponin T release is associated with silent myocardial 

ischaemia in black men: The SABPA Study. Eur J Prev Cardiol. 2017; 
81.	 Kangawa K, Fukuda A, Minamino N et al. Purification and complete amino acid sequence 

of beta-rat atrial natriuretic polypeptide (β-rANP) of 5,000 daltons. Biochem Biophys Res 
Commun. 1984; 

82.	 Sudoh T, Kangawa K, Minamino N et al. A new natriuretic peptide in porcine brain. Nature. 
1988; 

83.	 Sudoh T, Minamino N, Kangawa K et al. C-Type natriuretic peptide (CNP): A new member of 
natriuretic peptide family identified in porcine brain. Biochem Biophys Res Commun. 1990; 

84.	 Hama N, Itoh H, Shirakami G et al. Rapid ventricular induction of brain natriuretic peptide 
gene expression in experimental acute myocardial infarction. Circulation. 1995; 

85.	 Tate S, Griem A, Durbin-Johnson B et al. Marked elevation of B-type natriuretic peptide in pa-
tients with heart failure and preserved ejection fraction. J Biomed Res. 2014 Jul 30;28(4):255–61. 

86.	 Wiese S, Breyer T, Dragu A et al. Gene expression of brain natriuretic peptide in isolated atrial 
and ventricular human myocardium: Influence of angiotensin II and diastolic fiber length. 
Circulation. 2000; 



Hipertansiyon Hastasında Prognostik Biyokimyasal Belirteçler 31

87.	 Yoshimura M, Yasue H, Okumura K et al. Different secretion patterns of atrial natriuretic 
peptide and brain natriuretic peptide in patients with congestive heart failure. Circulation. 
1993; 

88.	 Doyama K, Fukumoto M, Takemura G et al. Expression and distribution of brain natriuretic 
peptide in human right atria. J Am Coll Cardiol. 1998 Dec;32(7):1832–8. 

89.	 Sumida H, Yasue H, Yoshimura M et al. Comparison of secretion pattern between A-type 
and B-type natriuretic peptides in patients with old myocardial infarction. J Am Coll Car-
diol. 1995; 

90.	 Volpe M. Natriuretic peptides and cardio-renal disease. International Journal of Cardiology. 2014. 
91.	 Partanen N, Husso M, Vuolteenaho O et al. N-terminal pro-atrial natriuretic peptide ref-

lects cardiac remodelling in stage 1 hypertension. J Hum Hypertens. 2011;25(12):746–51. 
92.	 Sanchez OA, Jacobs DR, Bahrami H et al. Increasing aminoterminal-pro-B-type natriuretic 

peptide precedes the development of arterial hypertension: The multiethnic study of athe-
rosclerosis. J Hypertens. 2015;33(5):966–74. 

93.	 Di Stasio E, Russo A, Mettimano M et al. NT-proBNP: A marker of preclinical cardiac da-
mage in arterial hypertension. Clin Chim Acta. 2011; 

94.	 Ponikowski P, Voors AA, Anker SD et al. 2016 ESC Guidelines for the diagnosis and tre-
atment of acute and chronic heart failure: The Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed 
with the special contribution . Eur J Heart Fail. 2016; 

95.	 Morrow DA, Cannon CP, Jesse RL et al. National Academy of Clinical Biochemistry Labo-
ratory Medicine Practice Guidelines: Clinical characteristics and utilization of biochemical 
markers in acute coronary syndromes. Circulation. 2007. 

96.	 Rost NS, Biffi A, Cloonan L et al. Brain natriuretic peptide predicts functional outcome in 
ischemic stroke. Stroke. 2012; 

97.	 Paget V, Legedz L, Gaudebout N et al. N-terminal pro-brain natriuretic peptide: a powerful 
predictor of mortality in hypertension. Hypertension. 2011 Apr;57(4):702–9. 

98.	 Gallagher J, Watson C, Zhou S et al. B-Type Natriuretic Peptide and Ventricular Dysfuncti-
on in the Prediction of Cardiovascular Events and Death in Hypertension. Am J Hypertens. 
2018 Jan 12;31(2):228–34. 

99.	 Hildebrandt P, Boesen M, Olsen M et al. N-terminal pro brain natriuretic peptide in arterial 
hypertension-a marker for left ventricular dimensions and prognosis. Eur J Heart Fail. 2004 
Mar;6(3):313–7. 

100.	 Anderson TJ, Gerhard MD, Meredith IT et al. Systemic nature of endothelial dysfunction in 
atherosclerosis. Am J Cardiol. 1995 Feb;75(6):71B-74B. 

101.	 Bonetti PO, Lerman LO, Lerman A. Endothelial Dysfunction. Arterioscler Thromb Vasc 
Biol. 2003 Feb;23(2):168–75. 

102.	 Rossi GP, Seccia TM, Nussdorfer GG. Reciprocal regulation of endothelin-1 and nitric oxi-
de: Relevance in the physiology and pathology of the cardiovascular system. International 
Review of Cytology. 2001. 

103.	 Rossi GP, Seccia TM, Albertin G et al. Measurement of endothelin: Clinical and research 
use. Annals of Clinical Biochemistry. 2000. 

104.	 Watts SW, Rondelli C, Thakali K et al. Morphological and biochemical characterization of 
remodeling in aorta and vena cava of DOCA-salt hypertensive rats. Am J Physiol - Hear 
Circ Physiol. 2007; 

105.	 Flamant M, Placier S, Dubroca C et al. Role of matrix metalloproteinases in early hyperten-
sive vascular remodeling. In: Hypertension. 2007. 



Hipertansiyon Tanı ve Tedavisine Güncel Yaklaşım32

106.	 Sluijter JPG, De Kleijn DPV, Pasterkamp G. Vascular remodeling and protease inhibition - 
Bench to bedside. Cardiovascular Research. 2006. 

107.	 Van Den Steen PE, Dubois B, Nelissen I et al. Biochemistry and molecular biology of ge-
latinase B or matrix metalloproteinase-9 (MMP-9). Critical Reviews in Biochemistry and 
Molecular Biology. 2002. 

108.	 Fontana V, Silva PS, Belo VA et al. Consistent Alterations of Circulating Matrix Metallopro-
teinases Levels in Untreated Hypertensives and in Spontaneously Hypertensive Rats: A Re-
levant Pharmacological Target. Basic Clin Pharmacol Toxicol. 2011 Aug;109(2):130–7. 

109.	 van den Born B-JH, Löwenberg EC, van der Hoeven N V et al. Endothelial dysfunction, 
platelet activation, thrombogenesis and fibrinolysis in patients with hypertensive crisis. J 
Hypertens. 2011 May;29(5):922–7. 

110.	 Derhaschnig U, Testori C, Riedmueller E et al. Hypertensive emergencies are associated 
with elevated markers of inflammation, coagulation, platelet activation and fibrinolysis. J 
Hum Hypertens. 2013; 

111.	 Valente FM, De Andrade DO, Cosenso-Martin LN et al. Plasma levels of matrix metal-
loproteinase-9 are elevated in individuals with hypertensive crisis. BMC Cardiovasc Disord. 
2020;20(1):1–7. 

112.	 Demacq C, Metzger IF, Gerlach RF et al. Inverse relationship between markers of nitric 
oxide formation and plasma matrix metalloproteinase-9 levels in healthy volunteers. Clin 
Chim Acta. 2008 Aug;394(1–2):72–6. 

113.	 Garvin P, Nilsson L, Carstensen J et al. Circulating Matrix Metalloproteinase-9 Is Associated 
with Cardiovascular Risk Factors in a Middle-Aged Normal Population. Pockley G, editor. 
PLoS One. 2008 Mar 12;3(3):e1774. 

114.	 Savage DG, Lindenbaum J, Stabler SP et al. Sensitivity of serum methylmalonic acid and 
total homocysteine determinations for diagnosing cobalamin and folate deficiencies. Am 
J Med. 1994; 

115.	 Refsum H, Smith AD, Ueland PM et al. Facts and Recommendations about Total Homocys-
teine Determinations: An Expert Opinion. Clin Chem. 2004 Jan 1;50(1):3–32. 

116.	 Ray JG, Laskin CA. Folic acid and homocyst(e)ine metabolic defects and the risk of placen-
tal abruption, pre-eclampsia and spontaneous pregnancy loss: A systematic review. Placen-
ta. 1999; 

117.	 Zhang S, Bai YY, Luo LM et al. Association between serum homocysteine and arterial stiff-
ness in elderly: A community-based study. J Geriatr Cardiol. 2014;11(1):32–8. 117.  


