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Abstract 

Hypertension is one of the most common causes of premature death under non communicable diseases. 

Prehypertension remains highly unnoticed and gains attention only after its manifestation as established 

hypertension. Prehypertension is considered as a separate category of blood pressure and early detection is need 

for the better management. The study includes the genders of both the sexes (n=40) of age between 35 and 50. 

The individuals were taken with normal blood pressure as control (Group I) and with Prehypertension as cases 

(Group II). Informed consent was taken from all the subjects. Data is expressed as Mean and Standard deviation 

and the statistical significance is determined at 5% (p < 0.05) level. There is a mean significant elevation of the 

Systolic and Diastolic blood pressure and high sensitive C-reactive protein (hs-CRP) in Group 2 in comparison 

to Group 1. The mean value of serum 25-hydroxy cholecalciferol is decreased significantly in Group 2. The 

proinflammatory state can be identified by the increased levels of hsCRP associated with vitamin D can predict 

the prehypertensive state. Hence, the early detection of prehypertension is necessary to prevent the development 

of hypertension and its associated complications. 
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Introduction 

The incidence of hypertension is on the steep rise and 

would reach to almost 29% by 2025 among adult 

population [1].   However, Prehypertension has not 

been looked into, many a time in general or as a 

matter of fact in different studies. The JNC (Joint 

National Committee) 7 has used the term 

prehypertension on the prevention, detection, 

evaluation and treatment of high blood pressure 

recommendations [2,3].  As per the JNC  7 report, the 

individuals with systolic blood pressure (SBP) 

between 120 and 139 mm Hg or diastolic blood 

pressure (DBP) between 80 and 89 mm Hg are 

considered to have prehypertension [4].  

Prehypertensives are at the risk of developing 

hypertension twice to that of normal people [5].  

Many clinical trials proved that prehypertension can 

be effectively prevented from progressing to 

hypertension [6] and further leading to cardiac 

ailments through the measures such as therapeutic 

intervention as well as life style changes [7]. 

However studies show that prehypertension is on the 

rise among Asians with almost one in every three 

fitting into the prehypertensive range [8]. 

Inflammation plays an important role in the 

development of hypertension [9].  

The C reactive protein is identified as an 

inflammatory marker determining the risk of 
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cardiovascular morbidity and mortality [10]. 

Vascular inflammation is an evidential factor not 

only for the development of hypertension but also for 

its initiation [11].  C reactive protein (CRP) is a 

plasma protein and an inflammatory marker produced 

in the liver in response to interleukin-6 (IL-6) and 

interleukin-1β (IL-1 β) [12]. It is measured as high 

sensitivity CRP (hs-CRP) and is usually present in 

traces in healthy individuals. According to Cleveland 

clinic, hs-CRP less than 1 mg/L is normal, between 1 

and 2.9 mg/L indicates intermediate or moderate risk 

and greater than 3 mg/L shows high risk for 

cardiovascular disease. However, greater than 10 

mg/L signals for further evaluation of the cause of 

inflammation.  hs-CRP is associated with 

prehypertension and recent onset of hypertension. 

CRP always rises before blood pressure elevation 

[13] Hypertension itself causes inflammation 

producing pro inflammatory cytokines and CRP is 

elevated as a defence mechanism. CRP inhibits the 

production of nitric oxide by endothelial cells and 

this causes leucocyte adhesion, platelet activation, 

vaso constriction and thrombosis. Angiotensin 

receptors are unregulated by high CRP levels. 

Expression of plasminogen activator inhibitor-1 by 

endothelial cells is enhanced [14]. These two changes 

could raise the blood pressure and also promote 

atherogenesis. Thus hs-CRP causes elevated blood 

pressure and can be used to predict heart attacks, 

strokes and other related co morbid conditions. 

Serum 25-OH vitamin D is the active metabolite of 

circulating Vitamin D. The serum levels <20 ng/ml is 

Vitamin D deficient,  the vitamin D insufficiency is 

21 to 29 ng/ml and the optimal concentration of 

25(OH) D is at least 30 ng/ml  [15].  

Vitamin D regulates immune cell activity either 

directly or indirectly [16]. The work of Fristche and 

Van Etten identified the Vitamin D receptor (VDR) 

in the immune cells like the neutrophils, activated 

lymphocytes etc [17]. It also enhances the functions 

of dendritic cells, monocytes and macrophages. The 

deficiency of vitamin D and elevation of blood 

pressure have found to be associated with 

inflammatory markers. Vitamin D is inversely related 

to high blood pressure levels [18]. It is also found 

that vitamin D is associated with prehypertension 

independent of the compounding risk factors for 

hypertension such as BMI, eGFR, serum cholesterol 

etc, [19].  Vitamin D supplementation in 

insufficiency or deficiency could at least delay the 

onset of Hypertension from a prehypertensive stage 

and its complications up to a certain degree [4].  

Now, vitamin D is considered an essential adjuvant 

for treating patients who show active inflammation. 

Hence, present study is taken up to establish a 

relation between hs-CRP, Vitamin D and 

prehypertension, so that the manifestation of 

hypertension may be delayed with due intervention at 

the prehypertensive stage.  

Materials And Methods 

After obtaining institutional ethical committee 

approval, healthy attendants of the patients who 

attended MIMS Outpatient and Inpatient 

Departments were chosen for the study.  Both the 

sexes between the age group 35 to 50 were chosen. 

40 subjects with normal blood pressure were taken as 

controls under Group 1 and 40 with Prehypertension 

were taken as cases under Group 2 (SBP between 120 

and 139 mm Hg or DBP between 80 and 89 mm Hg). 

Informed consent was taken from all the subjects. 

Exclusion Criteria 

Subjects with hypertension, diabetes and on treatment 

with anti hypertensives, statins, anti-inflammatory 

drugs, alcoholism, and smoking were excluded. The 

individuals on medication which influence the serum 

vitamin D levels were also excluded from the study. 

BP measurements were taken twice after the 

participants were seated for 5 min using a digital 

automatic BP monitor. If the measurements differed 

by more than 10 mmHg, reading was taken for a third 

time and the average of two near readings were 

taken. Serum levels of hs-CRP and 25 hydroxy 

vitamin D levels were estimated from the collected 

blood samples. For serum hs-CRP, 2 ml of fasting, 

venous, non-haemolysed blood sample was collected 

without the aid of a tourniquet, in a plain sterile bulb 

and analysed immediately. The estimation of serum 

hs-CRP was done on Automatic analyzer with the 

Erba Mannheim kit. Serum 25 OH vitamin D was 

estimated by CLIA. 

Statistical Analysis 

Data is expressed as Mean and Standard deviation 

(mean ± SD). Statistical significance among the 

subjects is observed, the Z test is performed using 

Microsoft Excel and SPSS software 16.0.The 
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statistical significance is determined at 5% (p < 0.05) 

level. 

Results 

Age and sex matched individuals were chosen under 

Group 1 and 2 for the present study (Table I).

 

Table 1: Comparison of mean age in Group 1 and Group 2 

Parameter Group I (n=40) 

25 Males & 15 

Females 

Group II (n=40) 

28 Males & 12 

Females 

Mean ± SD Mean ± SD 

Age 44.10±4.32 44.07±4.26 

 

The sex distribution in group I for males is (62%), females (38%) and in group II, the males are (70%) and 

females (30%) respectively. The mean age in group I and II is 44 and the age is ranging in both the groups is 35 

to 50 (Table I) 

The present work shows that in some of the subjects who claim to be healthy and not being treated for any 

medical or surgical condition, the systolic (between 120 and 139 mm Hg) and the diastolic blood pressure 

between 80 and 89 mm Hg) were in the prehypertensive range which would have gone unnoticed until 

hypertension manifests in due course of time (Table 2). 

Table 2: Comparison of Systolic and Diastolic blood pressures among Group 1 and Group 2 

Parameter Group 1 (n=40) Group II (n=40) P value 

Mean ± SD Mean ± SD 

Systolic Blood 

Pressure (mm 

Hg) 

115.45±4.27 130.1 ±4.36 <0.001 

Diastolic Blood 

Pressure (mm 

Hg) 

74.35±5.24 84.15±1.99 <0.001 

The mean Systolic and Diastolic blood pressure increased in Group 2 when compared to Group 1 and this 

increase is statistically significant (p value <0.05) 

In these prehypertensives, the hs-CRP levels are higher compared to the normotensives. The vitamin D levels 

are lower in the subjects with prehypertension compared to those with normal blood pressure. These findings 

are statistically significant (p < 0.05) (Table 3 and 4).  

Table 3   Comparative study of serum 25-hydroxy cholecalciferol in Group 1 and Group 2 

Parameter Group I (n=40) Group II 

(n=40) 

P value 

Mean ± SD  Mean ± SD  

25-hydroxy 

cholecalciferol 

(ng/mL) 

31.25 ± 2.44 17.85± 4.59 <0.001 
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The mean serum 25-hydroxy cholecalciferol is decreased in Group2 when compared to Group 1 and this 

decrease is statistically significant (p value <0.05). 

Table 4: Comparative study of serum hs-CRP in Group1 and Group 2 

Parameter Group I (n=40) Group II 

(n=40) 

P value 

Mean ± SD Mean ± SD 

hS-CRP 0.77± 0.30 2.49±0.84 <0.001 

 

The mean serum hs-CRP is increased in Group2 when compared to Group 1 and this increase is statistically 

significant (p value <0.05). 

Discussion 

In the third National Health and Nutrition 

Examination survey (NHANES III) in the United 

States, there was a clear association of elevated CRP 

levels with blood pressure [20]. The same findings 

were established among both men and women by 

ATTICA study in Europe [21]. The women’s health 

study in United States gave a similar report that CRP 

levels are higher in prehypertensives and there is a 

risk of developing Hypertension [22]. Various 

mechanisms establishing the link between the CRP 

and Hypertension have been put forth. Elevated CRP 

stimulates endothelial dysfunction which down 

regulates NO synthesis causing vasoconstriction. 

Angiotensin II type 1 receptor is expressed by 

vascular smooth muscle cells. This leads to the 

development of hypertension [23]. Circulatory 

Inflammatory markers are an inevitable finding in 

arterial stiffening measured by pulse wave velocity 

and augmentation index. Increase in the large artery 

stiffness is associated with increased blood pressure 

[24]. The study of Ki Chul Sung and other workers 

found that in Korean population, hs-CRP was an 

independent risk factor for the development of 

hypertension. Even the CRP levels have come down 

along with the blood pressures when the patients 

were treated with Angiotensin converting enzyme 

inhibitor in few clinical trials [25]. Positive 

association between hs-CRP and BP is attributed also 

to oxidative stress and interaction with adhesion 

molecules, Plasminogen activator inhibitor and LDL 

cholesterol uptake.  Moreover, hs-CRP levels vary 

with the duration of hypertension and are 

significantly elevated with a history of shorter 

duration that is less than 1 year compared to the 

history of longer duration of more than five years 

[26]. Vitamin D too has profound influence on blood 

pressures. It improves endothelial function and alters 

the production of proinflammatory cytokines. 

Vitamin D also reduces the activity of Renin 

angiotensin aldosterone system. It also reduces the 

Parathyroid hormone levels [27]. A meta analysis of 

observational studies and genetic studies reported 

that there is 16% higher risk of hypertension with 

every 16ng/ml decrement in Vitamin D [28] and also 

the polymorphisms related to lower vitamin D status 

are associated with elevated blood pressure. The 

guidelines for prehypertension have an unequivocal 

role in preventing the occurrence of high blood 

pressures. However identifying the subjects with 

prehypertension when primary prevention is effective 

requires still more awareness among the general 

public. Prevention or reduction of hypertension by 

vitamin D through its immunomodulatory and anti 

inflammatory effects is clearly evident in many 

studies. It acts on rennin angiotensin system as an 

endogenous inhibitor causing a decrease in blood 

pressure [29]. The present study reflects the need to 

identify the rising sign of inflammation measuring as 

hs-CRP and Vitamin D levels in subjects who may be 

on the threshold of prehypertension and consequently 

prevent the continuum to hypertension and 

cardiovascular diseases. 

Summary 

In the present study, otherwise normal individuals 

were diagnosed as prehypertensives as per JNC 7 

classification of prehypertension. These individuals 

showed a higher range of hs-CRP compared to 
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normotensives. Vitamin D levels have also showed a 

fall in prehypertensives. The deficiency of vitamin D 

and the elevation of blood pressure are associated 

with inflammatory marker production measured as 

hs-CRP in the present study. 

Conclusion  

The hs-CRP detects the pro-inflammatory state and 

along with vitamin D deficiency can act as a warning 

signal for the development of prehypertension. 

Therefore, the early detection of elevated hs-CRP or 

decreased vitamin D or detection of prehypertension 

should be a wakeup call to prevent the development 

of hypertension and the consequent risk associated 

with it such as Coronary artery disease and stroke . 

Our study emphasizes the seriousness of 

prehypertension progressing to hypertension and 

insists on the promotion of appropriate life style 

modification or therapeutic approach to prevent as 

well as control elevated blood pressure. 
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