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ABSTRACT 

High sensitivity, specificity, repeatability, cost-effectiveness, and incremental predictive or diagnostic efficacy 

over conventional risk factors or tests are required of biomarkers. Only a few biomarkers have been shown to 

accurately predict heart failure (HF) in hypertensive patients, despite several studies looking at these 

biomarkers. This article compiles information from a number of studies on potential biomarkers of HF in 

hypertensive patients, including serum uric acid (SUA), interleukins, monocyte chemoattractant protein one 

(MCP1), cardiotrophin-1 (CT-1), carboxy-terminal propeptide of procollagen type I (PICP), type I collagen 

telopeptide (CITP), and N-terminal propeptide of type III procollagen (PIIINP Early implementation of efficient 

preventive measures may arise from patient identification of elevated risk for hypertensive heart disease.In order 

to identify patients for whom earlier or more aggressive action can enhance clinical outcomes, it is necessary to 

develop newer biomarkers that can improve risk prediction. 
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INTRODUCTION 

Biomarkers are useful for both prognostic 

and diagnostic purposes. A biological 

marker (biomarker) should be an indicator 

of normal biologic processes, pathogenic 

processes, or pharmacologic responses to a 

therapeutic intervention that can be 

objectively measured and evaluated, 

represent a feature or variable that 

measures how a patient feels, functions, or 

survives, and act as a stand-in for a clinical 

endpoint, according to the Biomarkers 

Definitions Working Group's (2001) 

recommendations [1,2]. As a result, the 

perfect biomarker would be highly 

sensitive, specific, and reproducible. 

Additionally, it would offer incremental 

clinical outcome prediction and better 

clinical value than demographic factors, 

commonly used clinical diagnostics, and 

risk factor evaluations. It should also be 

economical and practical from a technical 

standpoint [3]. Although new biomarkers 

are constantly being developed, their 

application may be restricted. In an effort 

to improve their predictive power, attempts 

have also been made to combine different 

biomarkers to create multiple biomarker 

indices. 

Although there are many studies looking 

into biomarkers in heart failure (HF), there 

aren't many that link these markers to HF 

in people with high blood pressure. This is 

crucial because one of the key predictors 
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of HF is thought to be hypertension. 

Chronic heart failure (CHF), cardiac 

function changes, and left ventricular 

structural remodelling have all been linked 

to persistent hypertension [4-6]. 

The outlook for HF is quite grim. In 

patients with the most severe HF, the 1-

year survival rate is only slightly better 

than 50%, and the average 4-year survival 

rate is only around 50% [4]. The prognosis 

for this condition is comparable to or 

worse than that of advanced cancer [3,4]. 

For individuals with uncomplicated 

essential hypertension, left ventricular 

hypertrophy (LVH), which has been 

established by echocardiography, is a 

potent, independent risk factor for future 

cardiovascular (CV) morbidity and 

mortality [11–13]. The best independent 

predictors of CV events or CV death in 

patients with hypertension, according to 

Koren et al. [8], are LVH and age. These 

findings highlight the significance of 

starting hypertension medication at its 

peak early and beginning symptomatic 

treatment for heart failure early in order to 

stop the development of severe disease. 

According to the most recent European 

Society of Hypertension (ESH) guidelines, 

searching for subclinical organ damage is 

an essential component of quantitative risk 

assessment in hypertension patients [14]. 

Patients with well-controlled hypertension 

may in clinical settings describe activity 

restriction and/or stenocardial pain, which 

are not captured by a typical conventional 

resting echocardiogram. On an 

electrocardiographic stress test and during 

a coronary angiography, there are 

frequently no indications of coronary 

artery disease (CAD) [14,15]. To enable 

the early detection of irregularities before 

the emergence of symptoms and, thus, to 

enable the adoption of the best treatment, it 

is crucial to construct a panel of diagnostic 

tests in patients with hypertension. 

The biomarkers discussed in this article 

were chosen based on novelness and 

predictability, as well as the most recent 

data that suggests their potential utility in 

the diagnosis of left ventricular failure in 

patients with hypertension. 

 

SEARCH STRATEGY 

Electronic databases [MEDLINE (1966–

December 2011), EMBASE and SCOPUS 

(1965–December 2011), and DARE 

(1966–December 2011)] were used for our 

search. In addition, abstracts from regional 

and global CV meetings were looked at. 

To get more information, the appropriate 

writers were contacted as needed. 

Biomarker(s), blood pressure (BP), 

diagnostic, heart failure (HF), 

hypertension, and marker were the primary 

data search terms (s). 

 

SERUM URIC ACID 

In both chronic and acute heart failure 

(AHF), hyperuricemia is an independent 

predictive factor for mortality and 

morbidity [16–18]. High SUA levels are 

present in 25–40% of patients with 

untreated hypertension and in more than 

80% of patients with malignant 

hypertension [19,20]. Echocardiographic 

left ventricular mass and SUA levels were 

shown by Kurata et al. [11] to positively 

and significantly correlate in male 

hypertension patients. The patients with 

concentric hypertrophy had the greatest 

SUA levels, according to a classification 

of these patients made on the basis of their 

left ventricular geometry pattern [11]. 

Given that SUA is a potent antioxidant, 

epidemiological studies that found a link 

between SUA and CV risk [20,21] were 

somewhat unexpected. 
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SUA inhibits the generation of 

peroxynitrite and the inactivation of nitric 

oxide (NO) by superoxide anions while 

defending against the harm caused by free 

radicals [20]. According to some research, 

SUA, which functions as an antioxidant 

under physiologically normal 

circumstances, has negative effects on the 

atherosclerotic state, including endothelial 

dysfunction, vascular smooth muscle cell 

proliferation, increases in platelet 

adhesiveness, oxidation of low-density 

lipoprotein cholesterol (LDL-C), and lipid 

peroxidation [20,22]. SUA concentrations 

are also linked to increased superoxide 

dismutase activity and endothelium-

dependent vasodilation in CHF patients 

[23]. In hypertensive patients, both LVH 

and increased SUA may be signs of 

preclinical CV illness, which may be 

reversible with efficient treatment 

measures [24,25]. SUA as a time-varying 

covariate was strongly related with an 

elevated risk of the composite endpoint in 

the Losartan Intervention For Endpoint 

Reduction in Hypertension (LIFE) study 

(P 0.0001) [25]. Even after accounting for 

additional CV risk variables in women, the 

baseline SUA concentration had a 

significant impact on the composite 

endpoint [25]. When recognised risk 

factors were taken into account 

independently, there was, however, only a 

minor connection in men [25]. 

Losartan significantly decreased the risk of 

the primary composite endpoint by 29% (P 

0.004) by attenuating the rise in SUA [25]. 

The LIFE trial demonstrated for the first 

time that decreasing SUA has positive 

effects on the course of treatment for 

hypertension [25]. Another study that 

showed that hyperuricemia can predict HF 

in those with preexisting hypertension was 

the Samuelsson et al. [26] study. 

Ekundayo et al. [27] found that the link 

between hyperuricemia and concurrent HF 

was only significant in patients without 

hypertension [hazard ratio 1.31; 95% 

confidence interval (CI): 1.03-1.66; P 

0.03]. 

The impact of SUA on CV risk has been 

attributed to a number of different 

mechanisms. SUA values have been 

proposed as a potential indicator of CV 

risk because they may reflect a reduced 

glomerular filtration rate (GFR) [25]. 

However, SUA continued to be a predictor 

of CV events in the LIFE trial after 

accounting for renal function indicators, 

pointing to a distinct mechanism [25]. 

High levels of SUA in people have a 

positive correlation with plasma renin 

activity in hypertensive patients [28], 

which raises the possibility that SUA's 

negative effects on the cardiovascular 

system may be mediated through 

activation of the renin-angiotensin-

aldosterone (RAA) system [25,28]. 

Increased SUA production may also be 

linked to hyperuricemia-induced HF, 

which is most likely caused by elevated 

xanthine oxidase (XO) substrate levels as 

well as an upregulation and increase in XO 

activity [17,19]. Allopurinol's suppression 

of the XO enzyme has positive effects on 

peripheral vasodilator capacity, systemic 

blood flow, and clinical outcomes [29,30]. 

SUA can have extra negative effects on the 

cardiovascular system and can influence 

how the immune system reacts [17,19,31]. 

C-reactive protein (CRP), interleukin (IL)-

6, and neutrophil count are serum markers 

of inflammation that are elevated in HF 

patients who also have hyperuricemia [32], 

as are markers of endothelial activation 

such as soluble intercellular adhesion 

molecule-1 (sICAM-1) and elevated 

inflammatory markers such as IL-6, 
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tumour necrosis factor (TNF)-a, and its 

receptors. [18,25,29,33–46] 

 

INTERLEUKINS AND 

MONOCYTECHEMOATTRACTANT 

PROTEIN-1 

Patients with acute and chronic HF can use 

a variety of inflammatory biomarkers as 

predictors of long-term prognosis [47]. 

When target organ damage is present, 

elevated inflammatory markers that are not 

seen in isolated hypertension become 

obvious [37,48,49]. Significantly raised 

IL-6, MCP-1, and IL-8 levels were seen in 

hypertensive individuals with symptoms of 

HF, according to Collier et al. [37]. The 

amount of IL-6 appeared to be linked to 

damage to target organs, significant 

unfavourable CV event rates, and 

cardiomyocyte hypoxic stress [37,50]. 

When MCP-1 is released, cardiac 

myocytes are invaded by macrophages, 

transforming growth factor (TGF)-b is 

induced, reactive fibrosis develops, and 

diastolic dysfunction occurs [37,51]. IL-4 

has been proposed as an additional HF 

marker. It is an anti-inflammatory cytokine 

that stimulates the synthesis of collagen 

types I and III and inhibits the production 

of inflammatory cytokines [52]. In patients 

with hypertension cardiomyopathy, 

Rosello'-Llet' E et al. [52] found increased 

amounts of IL-4 and N-terminal 

propeptide of type III procollagen(PIIINP). 

Additionally, they found that patients with 

CHF, particularly those with hypertension 

cardiomyopathy, had a substantial positive 

correlation between IL-4 and PIIINP (r 14 

0.7, P 0.01) [52]. This was most likely 

caused by these patients' elevated 

profibrotic activity [52,53]. 

In hypertensive individuals, elevated 

hsCRP and myeloperoxidase (MPO) levels 

have been proposed as indicators of HF 

[47]. The combined analysis of these two 

indicators showed a sixfold increased risk 

of HF (95% CI: 2.4-16.8; P 0.01) when 

both markers were elevated, despite the 

lack of a significant connection between 

log-transformed hsCRP and MPO [47]. 

The authors claim that individuals with 

persistent systolic HF may have separate 

and complementary prognostic value when 

concurrent hsCRP and MPO measures are 

taken [47,54]. 

 

CARDIOTROPHIN-1 

A prolonged increase in CT-1 levels has 

been theorised to be linked to the 

development of HF in hypertensive 

patients [38]. IL-6 superfamily cytokine 

CT-1 was initially thought to have an 

impact on cardiomyocyte hypertrophy and 

survival [38,55,56]. 

The heterodimer made up of the 

glycoprotein 130 (gp130) and the 

leukaemia inhibitory factor receptor b 

(LIFR) is how it affects cells [57]. As 

shown by the correlation between 

ventricular CT-1 mRNA and LVH, CT-1 

likely plays a significant role in the 

structural remodelling of the heart [58]. In 

systemic arterial hypertension, the 

hypertrophy of the left ventricle (LV) is a 

compensatory mechanism that aids the 

hemodynamically overloaded myocardium 

in maintaining normal left ventricular 

function [59,60]. 

The activation of pressure overload-

induced humoral growth hormones and the 

cell response to mechanical strain both 

contribute to the adaptive expansion of 

cardiomyocytes in LVH [59,60].In 

spontaneously hypertensive rats (SHR), 

CT-1 may support cardiomyocyte 

hypertrophy and left ventricular expansion, 

according to experimental research [61]. 

However, other investigations have shown 
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that CT-1 is unlikely to have a mechanistic 

impact on the rat model of LVH formation 

and maintenance [57,62-64]. 

When it comes to identifying stage C HF 

in hypertensive patients, CT-1 is more 

sensitive than N-terminal pro-B-type 

natriuretic peptide (NT-proBNP) but has 

less specificity [38]. However, it appears 

that simultaneous measurement of plasma 

CT-1 and serum NT-proBNP may improve 

the capacity to identify hypertensive 

patients with stage C HF. Increased NT-

proBNPwas linked to lower GFR, but 

increased CT-1 was linked to left 

ventricular hypertrophy and dysfunction as 

determined by echocardiography. [38,40] 

 

FIBROSIS BIOMARKERS 

Myocarditis and CHF-related 

inflammatory fibrosis are both 

characterised by excessive collagen 

synthesis and deposition by fibroblasts 

[50, 51]. According to a cross-sectional 

study [41], changes in the level of 

serological fibrosis markers were linked to 

the progressive decline in heart function in 

hypertensive individuals with HF. 

In hypertensive patients with NYHA 

classes III and IV as well as the upper 

LVMI tertile, the amount of plasma 

PIIINP was considerably higher, indicating 

increased collagen production [41]. 

Additionally, it was found that the 

procollagen type I (PIP) / CITP ratio fell 

while the levels of type I collagen 

telopeptide (CITP) increased, both of 

which may indicate that collagen I 

catabolism was the major process [41]. 

However, NYHA classes I and II did not 

show a change in the levels of the 

serological indicators of collagen 

production and breakdown [41]. This may 

be accounted for by the overlapping effects 

of various extracellular matrix turnover-

influencing agents, including 

metalloproteinases (MMPs) and their 

tissue inhibitors [41]. As a biomarker of 

collagen type 1 synthesis, the serum 

carboxy-terminal propeptide of 

procollagen type I (PICP) has been 

proposed [42]. In hypertensive individuals 

with HF with normal ejection fraction 

(HFNEF), altered levels of plasma tissue 

inhibitor of metalloproteinase-1 (TIMP-1) 

and serum PICP have been found 

[51,71,72,73]. 

 

METALLOPROTEINASES 

TIMPs have been hypothesised to be 

elevated and MMPs to be diminished in 

hypertensive heart disease [78,79]. 

Reduced collagen breakdown and 

increased collagen buildup are related to 

this [6]. The increased fibrillar collagen 

quantity, changed fibrillar collagen shape, 

and elevated collagen I to III isotype ratio 

have all been linked to hypertensive heart 

disease in experimental and clinical studies 

[6,80,81]. In hypertensive heart disease, 

MMP-2 and MMP-9 expression is altered, 

indicating that their activation aids in 

myocardial remodelling [6, 82]. Data from 

multiple investigations indicate that MMP-

2 levels steadily rise following the 

beginning of an acute myocardial 

infarction [83,84]. After an acute 

myocardial infarction, the serum content of 

MMP-9 drops for a few days before 

progressively increasing [84,85]. Reduced 

MMP-2 and elevated MMP-9 levels, 

according to research by Ahmed et al. [6], 

may be a factor in the structural and 

functional cardiac alterations associated 

with hypertensive heart disease.Collier et 

al. [37] similarly noted significant 

elevations of MMP2 and MMP9 levels in 

the context of HF symptoms. 
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BNPAND ITS DERIVATIVES 

Natriuretic peptides [43,86,87] and tumour 

marker antigen carbohydrate 125 (CA125) 

[88,89] have both been proposed as 

biomarkers that may be helpful in 

assessing the severity of the disease and 

predicting clinical outcomes in AHF 

patients [90]. 

 

GLYCOPROTEIN CA125 

Epithelial serosal cells produce 

glycoprotein CA125 in response to fluid 

buildup [97,98] and proinflammatory 

stimulation [99]. A greater NYHA class 

and symptoms of fluid congestion are 

linked to an elevated antigen carbohydrate 

125 level [98,100,101]. Increased levels of 

glycoprotein CA125 have been 

demonstrated to negatively correlate with 

the deceleration time of early filling on 

transmitral Doppler [89,90] and to directly 

correlate with the pulmonary artery wedge 

and right atrial pressures [88,89,102]. 

According to Nu'nez et al. [90], a higher 

CA125 was linked to a higher 6-month 

mortality. It has been proposed that 

measuring both of their levels following 

initial treatment for AHF could provide a 

better tool for risk stratification because 

CA125 and BNP reflect different 

pathophysiological mechanisms for the 

progression of HF and because 

fluctuations of both biomarkers have been 

observed in response to treatment [90]. 

 

CYSTATIN C 

The involvement of CysC in hypertensive 

patients is also significant since renal 

impairment, which may manifest very 

early in this group of patients, also 

indicates the severity of HF [103].A 

protein called CysC, which belongs to the 

class of cysteine proteinase inhibitors, has 

120 amino acids [104]. All of the body's 

nucleated cells express the gene that gave 

rise to it. It quickly gets through 

glomerular filtration because of its low 

molecular weight and high isoelectric 

point [46].It is absorbed and then 

catabolized in the proximal tubule, 

preventing its return to circulation [46]. 

Urinary analysis cannot estimate CysC 

clearance because of the low content of 

CysC in urine. However, its plasma 

concentration and GFR are correlated 

[46,104].Age-related increases in CysC 

concentration are independent of sex, 

muscle mass, or BMI [46]. 

 

CONCLUSION 

Early identification of individuals with a 

higher risk of developing hypertensive 

heart disease may make it easier to apply 

effective preventive measures sooner, like 

more vigilant blood pressure monitoring 

and other risk factor control [37,108,109]. 

Furthermore, high-risk individuals may be 

the best candidates for interventional trials 

evaluating innovative medications 

intended to prevent HF. There are 

currently just a few established indicators 

for HF in hypertensive patients. There is a 

need for a broad search for novel markers 

that are independent of demographic 

variables and have high sensitivity, 

specificity, repeatability, and 

biovariability. 
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