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ABSTRACT 
Blood pressure is the force exerted by circulating blood against the arterial walls. The elevation of the pressure is known as 
hypertension and is one of the major global health concerns. Early diagnosis and timely interventions are essential and in 

predicting prehypertension to include as regular panel marker, this current work correlated the biomarkers in normal, pre and 
stage-I hypertensives to set the risk ratio and cut-off values independently. The informed consent was obtained from all the 
age and gender matched participants from the respective groups i.e., control group, pre-hypertensive and hypertensive 
groups. The age group of 30 to 60 years were chosen for the study. All the individuals FBS, Fibrinogen, Malondiadehyde 
and High sensitive C-reactive protein (hSCRP). Among the parameters, fibrinogen, MDH and hsCRP, the serum hsCRP 
have showed slight elevation the pre hypertension group compared to control and can be treated as predictive marker 
provided by analysing the more sample size. The serum fibrinogen, MDH and hsCRP have shown an increase in the stage I 
hypertension group compared to control and pre HTN which are statistically significant. The biomarkers showed slight 

association in predicting the hypertension. 
Key words:Hypertension, prehypertension, fibrinogen, malondiadehyde and high sensitive c-reactive protein 
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INTRODUCTION 

Blood pressure is the force exerted by circulating 

blood against the arterial walls. The elevation of the 

pressure is known as hypertension and is one of the 

major global health concerns. In 2015, nearly 1.13 

billion people globally having hypertension and less 
than one in five is under control and expected to 

reduce to 25% by 2025 1. However, several studies 

reporting that the prevalence of hypertension is 

increasing gradually in an uncontrolled manner and it 

is the third most important risk factor for disease 

complications especially in south Asia compared to 

rest of the world. It is treated as "silent killer” as it is a 

significant risk factor for stroke, peripheral vascular 

diseases, renal disorders and coronary diseases. The 

decrease blood flow and oxygen supply to the heart is 

due to hardening of arteries in hypertension. The 

prehypertension, is an initial warning alarm and 

majority of the population are unaware of their 

disease condition. If the disease is not diagnosed in 

time and preventive measures are not taken then 

prehypertension soon gets converted to hypertension. 

There are several stages in hypertension and are often 
silent and asymptomatic 2.Approximately 90% of 

hypertensive patients suffer from essential or primary 

hypertension (EH), this is the condition when the 

cause of blood pressure (BP) elevation is unknown. 

Therefore, the regular monitoring of blood pressure is 

crucial to curtail the disease-oriented complications. 

The prevalence of hypertension increases with 

progressing age affecting both male and female 

population. Framingham Heart Study indicates that 

about 90% of people over the age of 55years will 

gradually develop hypertension 3. 
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On prevention, detection, evaluation and treatment of 

high Blood Pressure (JNC7), the Seventh Report of 

the Joint National Committee published in 2003 uses 

the term prehypertension for blood pressure in the 

range 120-139 mmHg systolic or 80-89 mmHg 
diastolic. Hypertension is classified as hypertension 

stage I, hypertension stage II and isolatedsystolic 

hypertension. Sometimes it is difficult to identify the 

pre hypertension or hypertension until it is elevated on 

several episodes and diagnosed only by regular 

monitoring of the BP readings 4. The abnormal or 

fluctuating BP readings should be monitored carefully 

and the single BP reading is not able to predict the 

condition 2, 5. In hypertension, the vascular function is 

affected and due to remodelling several biomarkers 

are released from vascular endothelium (increased 

media width, reduced lumen size and vascular 
resistance etc.) 6. The utilization of reliable 

biomarkers to diagnose, predict and tracking the 

therapeutic progression of hypertension is proving to 

be tremendously significant. However there are 

several diversified opinions on the elevation of serum 

markers in hypertensionas they are release in the 

serum is influenced by certain factor apart from 

vascular dysfunction and it still remains undetermined 

to choose an early diagnostic marker for diagnosing 

prehypertension. The inflammatory markers and 

oxidative stress markers will rise in hypertension and 
associated with its development 7. 

There is paucity and variety of literature regarding 

biomarkers in forecasting its strongest association in 

hypertension. Therefore, the biomarkers to be focused 

by considering the factors like specificity, easy 

versatility, availability and cost affectivity. It is still 

challenging and a mix up to the early and accurate 

diagnosis of pre and hypertension and any chronic 

condition that leads to devastating consequences. 

Early diagnosis and timely interventions are essential 

and in predicting prehypertension to include as regular 

panel marker, this current work correlated the 
biomarkers in normal, pre and stage-I hypertensives to 

set the risk ratio and cut-off values independently. 

The latest studies have shown the generality of 

hypertension is 25% in urban and 10% in rural 

population in India and the disturbing trend is that it 

mostly affecting the young adults (20-44 years) 8. 

Poor awareness, diagnosis, treatment and control are 

worsening the situation more 9.There is consistent 

relation between increased BP and vascular 

abnormalities and independent from other risk factors. 

The higher the BP, the greater is the risk of cardiac 
ailments, stroke, renal impairments etc.10. The blood 

pressure is measured as systolic and diastolic 

pressures, the maximum and minimum pressures 11. 

However, there are certain cons in measuring the BP 

by manometers like position of an individual, patient 

movement, cardiac arrhythmias, rapid pressure 

changes, inappropriate cuff size, technical errors, 

lacks of expertise, severe shock, abnormal heart rate 

and hyperlipidemias 12. 

The serum markers are having the prominent role in 

diagnosing and predicting the HTN. These biomarkers 

are increased in vascular dysfunction, inflammation 

and oxidative stress. The rapid degradation of NO by 
the oxygen-derived free radical superoxide anion 

modifies endothelial function. If oxidative damage is 

indeed a cause of hypertension, thendepletion of 

oxidative damage to tissues may result in reduced 

blood pressure 13, 14. Fibrinogen is a plasma 

glycoprotein, plays an important role in inflammatory 

response and is a positive acute phase protein 15. The 

degree of oxidative stress can be measured by the 

circulatory of levels of Malondialdehyde 16,17. CRP 

promotes phagocytosis by activating complementary 

system and clears the apoptotic, necrotic cells and 

pathogens 18. 
 

AIM AND OBJECTIVES 

The aim of the present study is to assess the 

correlation of inflammatory and oxidative stress 

markers with normal, pre and stage I hypertensive 

cases to predict the hypertension. 

 To evaluate fibrinogen, high sensitive C-reactive 

protein (hsCRP) and malondialdehyde in 

individuals with pre and stage I hypertensive 

stages. The current study may provide the 

necessary analytical report regarding these 
markers in correlation with the respective 

hypertensive stages. 

 To compare and to set risk ratio among the 

fibrinogen, hsCRP and malondialdehyde in 

normal and stage I hypertensive individuals as an 

indicator in assessing the disease. 

 To determine the predictive element by 

establishing cut off values for these markers 

independently. 

 

MATERIALS AND METHODS SELECTION OF 

PARTICIPANTS 
This descriptive study was carried out after approval 

of the Institutional Ethics Committee. The informed 

consent was obtained from all the age and gender 

matched participants from the respective groups i.e., 

control group, pre-hypertensive and hypertensive 

groups. The age group of 30 to 60 years were chosen 

for the study. 

 

INCLUSION CRITERIA AND EXCLUSION 

CRITERIA 

The participants of the corresponding groups (n=40 
cases) who have fulfilled the diagnostic criteria 

prehypertension and hypertension as per the JNC7 

guidelines were included. Individuals with smoking, 

alcoholism, obesity, pregnancy, cardiac ailments, 

thyroid disorders, renal impairment was excluded 

from the study as these factors influence the blood 

pressure. 
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METHODS: ESTIMATION OF BIOCHEMICAL 

PARAMETERS 

FASTING BLOOD SUGAR (FBS): It was 

estimated by glucose oxidase and peroxidise method. 

Serum Fibrinogen measured by two site enzyme 
linked immunoassay (ELISA). The quantity of the 

fibrinogen in the test samples from standard curve.  

 

ESTIMATION OF MDA:Assayed with 

Thiobarbituric acid by Keisatoh method. The lipid 

peroxide content is estimated as MDAequivalent of 

TBA assay values which measures total MDA (free 

and unbound). High sensitive C-reactive protein 

(hSCRP): It was measured by ELISA method. 

 

SAMPLE COLLECTION 

A detailed clinical examination was recorded with 
reference to age, sex, family and clinical history from 

all the participants. Considering the standardized 

protocol in the different stages of hypertension, the 

participant’s blood pressure was measured with the 

aid of clinician by using mercury column 

sphygmomanometer. The standardized protocol 

involved in measurement of systolic and diastolic 

blood pressures, the average of two systolic and 

diastolic blood pressure measurements was obtained 

at the examination 19. The bloodsample was collected 

separately, 2ml will be taken in EDTA vacutainers for 
fibrinogen and 3ml were collected to plain vacutainers 

for the analysis of other parameters. These blood 

samples in the respective tubes were separated and 

preserved at -40oC for batch wise analysis of  

parameters in the laboratory. 

 

STATISTICAL ANALYSIS 

All the statistical analysis was carried out by using 

SPSS (Statistical Package for Social Sciences) trial 
version 16 in MS excel 2007. The quantitative 

variables were expressed as Mean and Standard 

deviation. p<0.05 is considered as statistically 

significant. 

Kruskal Wallis test was used for mean comparison 

between the groups and receiver operator 

characteristic (ROC) curve was used to identify the 

optimal cut off values. 

 

RESULTS 

The descriptive and mean comparison between the 

groups is shown in Table 1. It is observed that there is 
a statistical significant difference between the levels 

of fibrinogen, hsCRP and Malondialdehyde level in 

Pre hypertension and Stage 1 Hypertension group 

when compared to control. The receiver operator 

characteristic (ROC) curve was plotted for Pre 

hypertension and Stage 1 HTN shown in Figure 1 and 

Figure 2. The value of cut off for markers are shown 

in table 2 and table 3 of pre and stage I HTN.For pre 

Hypertension the cut off levels for Fibrinogen, 

Malondialdehyde and HsCRP are respectively 366,3.5 

and 1.1. It has been noticed from the findings that in 
stage I hypertension the cut off levels for fibrinogen 

425 with sensitivity of 97.5% and Specificity of 

97.5%. Malondialdehyde is 5.3 with sensitivity of 

97.3% and specificity of 96.3% and hsCRP level 2.75 

with sensitivity of 95% and Specificity of 95%. 

 

Table 1: Comparison of Mean betweenGroups 

Variable Control Group Pre Hypertension Stage-1 Hypertension KW-H/df/pvalue 

Age 

Mean+ SD 
44.53 + 8.8 43.98 + 8.8 46.70 + 9.0 2.0/2/0.3 

FBS 

Mean+ SD 
79.6 + 5.2 80.9 + 5.2 84.1 + 7.0 8.4/2/0.015 

Fibrinogen 

Mean+ SD 
279.4 + 43.5 395.2 + 18.1 480.8 + 28.5 105.6/2/<0.001 

Malondidehyde 

Mean + SD 
2.1 + 0.5 4.9 + 0.2 5.7 + 0.2 103.7/2/<0.001 

hsCRP 
Mean +SD 

0.6 + 0.18 2.0 + 0.5 4.2 + 0.48 105.9/2/<0.001 
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Figure 1:ROC curve for Diagnosis of Pre Hypertension 

 

 ROC: Receiver Operator Characteristic curve. 

 AUC: Area under the Curve. 

 

 
Figure 2: ROC Curve for Stage 1 Hypertension 

 

 ROC: Receiver Operator Characteristic curve. 

 AUC: Area under the Curve. 

 

Table 2: Biomarkers cut off for prehypertension and Sensitivity and Specific 

Biomarker Cut off level 

Fibrinogen 366 mg/dl 

Malondidehyde 3.5 nmol/ml 

hsCRP 1.9 mg/l 

 

 HsCRP-high sensitive C reactive protein. 

 

Table 3: Biomarkers cut off for stage I hypertension and Sensitivity and Specificity 

Bio Maker Cut off Level Sensitivity Specificity 

Fibrinogen 425 mg/dl 97.5% 97.5% 

Malondidehyde 5.3 nmol/ml 97.3% 96.3% 

hsCRP 2.75 mg/l 95% 95% 
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According to the findings obtained from the Table I 

the markers hsCRP, fibrinogen and malondialdehyde 

were increased in pre and stage I HTN in compared to 

control which are statistically significant. Studies 

claim that the inflammatory and oxidative stress 
markers will be elevated in both the pre and stage-I 

HTN which is due to vascular endothelium 

dysfunction. The CRP preferentially elevated in 

stressed vessels. Studies reported that hsCRP is 

surprisingly specific for the prediction of vascular 

events [20, 21]. Malondialdehyde is significantly 

increased in both the study groups and the rise of 

MDH in pre and Stage I HTN can be accounted by 

increased oxidative stress which alters its level. 

Studies have shown that MDH is a potential marker of 

recognising pre HTN, however it lacks specificity. In 

one study the MDH in combination with other 
Oxidative stress markersprovides a better diagnostic 

and prognostic marker but not alone serves as 

diagnostic marker and not specific for the HTN. There 

is increasing evidence that free radicals are involved 

in the pathogenesis of hypertension by altering 

endothelial function [16]. The inflammation marker, 

plasma fibrinogen levels were raised significantly in 

both the experimental groups in the current study. 

Several studies showed that the positive association 

between fibrinogenemia and HTN. The structural 

alterations in the artery wall including elasticity 
indicating the important role of fibrinogen as a marker 

of vascular damage 18. 

From the Figure 2, it was evident that the receiver 

operator characteristic curve (ROC) analysis 

demonstrated the area under the curve (AUC) of the 

preHTN subjects. The parameters Fibrinogen and 

MDH does not having the significant diagnostic 

ability to detect PreHTN. The hsCRP showed more 

AUC compared to the other markers (0.59), however 

it is insignificant. This might be due to limited sample 

size. The cut off levels of fibrinogen 366 mg/dl 

whereas malondialdehyde 3.5nmol/L and hsCRP 
greater than 1.1 mg/L has been considered as 

optimum cut off for predicting the pre HTN and to set 

a warning signal forprecautionary measures to be 

adopted immediately to in apparently normal healthy 

individual. Whereas it is evident from the Figure 3, all 

the three parameters showed significant AUC. The 

studies reported the ROC for hsCRP is highly 

sensitive 19.In the present study, none of the markers 

exhibit reliable diagnostic sensitivity and specificity 

in pre HTN. However, to some extent the CRP shown 

elevation in compared to other markers and in 
comparison to other markers hsCRP can be the 

independent predictive of long term HTN 22.Based on 

AUC, the cut off value has been determined for 

hsCRP to predict the pre HTN is 1.9 indicating an 

alarming level for the progression of pre HTN to stage 

I HTN (Table 2). Our study observed from Table 3, 

the diagnostic sensitivity is maximum and the cut off 

for these parameters i.e. of fibrinogen (425mg/dl), 

MDH (5.3nmol/ml) and hsCRP (2.75mg/l) indicating 

beyond this level the pre HTN may progress to stage 

II HTN. The ROC analysis of these markers in pre 

HTN showed insignificant area under the curve. This 

is because of very limited sample size. 

 

Summary 

 The present study was under taken to observe the 

levels of markers of pre and stage I HTN. 

 Among the parameters, fibrinogen, MDH and 

hsCRP, the serum hsCRP have showed slight 

elevation the pre hypertension group compared to 

control and can be treated as predictive marker 

provided by analysing the more sample size. 

Based on AUC, the cutoff values of these 

markers has been established for fibrinogen, 

MDH and hsCRP helps in prediction and 

understanding the preHTN. 
 The serum fibrinogen, MDH and hsCRP have 

shown an increase in the stage I hypertension 

group compared to control and pre HTN which 

are statistically significant fibrinogen (425 

mg/dl), MDH (5.9 nmol/ml) and hsCRP 

(2.75mg/l). As per these findings, the cut off 

levels helps in predicting the stageI HTN and 

beyond these values understanding the 

progression to stage II HTN. 

 

Conclusion 
Nearly two-thirds of population are unaware of their 

pre and hypertensive conditions and the untimely 

diagnosis of prehypertension results in hypertension 

soon. The early and accurate diagnosis of pre and 

hypertension is still challenging and a mix up. There 

is paucity and diversified literature regarding markers 

in predicting the hypertension. Therefore, the 

biomarker hsCRP showed slight association in 

predicting the hypertension. This work tried 

toestablish cut off levels in predicting for pre 

hypertension and its progression.However, due to 

limited population of the study group it is still 
required further studies to establish optimum cut off 

to include as regular panel marker. 
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