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Abstract: 

Background: Hypertension is the most important public health problem in developing countries and one of the major risk 
factors for cardiovascular diseases. Lipoprotein (a) is a known risk factor for cardiovascular diseases and systemic 
inflammation such as interleukin-6 and high sensitive C-reactive proteinareimplicated in the development of 
hypertension. 

Objective: The aim of the present study wasto detectthe associations between inflammatory markers as interleukin-6 and 
high sensitive C-reactive protein with atherogenic indices in hypertensive patients and compared with the control. 

Patients and Methods: This study was conducted in Medical City Hospital during the period from November2013 until the 
end of June2014. Ninetyhypertensive patients were enrolledin this study(45 male and 45 female); their age range was 

(40-55) years and compared with 90 healthy subjects as control group. They studied for their serum lipoprotein (a) 
and lipid profile including total cholesterol, triacylglycerols, high density lipoprotein cholesterol, low density 
lipoprotein cholesterol, very low density lipoprotein, and non high density lipoprotein cholesterol in fasting state. Also 
inflammatory marker such as interleukin-6 and high sensitive C-reactive protein were measured in those patients and 
compared with the control group. 

Results:There was a significant increase in lipoprotein (a) levels, total cholesterol, low density lipoprotein cholesterol, non 
high density lipoprotein cholesterol, interleukin-6, and high sensitive C-reactive protein in hypertensive patients as 
compared to the control, (P=0.0001).Also, there wasa significant increase in lipoprotein (a) levels, total cholesterol, 

low density lipoprotein cholesterol, non high density lipoprotein cholesterol, interleukin-6, and high sensitive C-
reactive protein in grade 3 hypertensive as compared to grade 1 and 2 hypertensive patients. 

Conclusions: It can be concluded thatlipoprotein (a) level was significantly higher in hypertensive patients as compared with 
the control group. So lowering its concentration would help prevention of cardiovascular diseases.Serum interleukin-6 
and high sensitive C-reactive protein estimation can be used as potential tools for early identification of individuals at 
the risk for development of hypertension and eventually cardiovascular diseases. 
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Introduction: 

ypertension results from a complex 

interaction of genes and environmental 

factors. Numerous common genetic variants 

with small effects on blood pressure have 

been well-known[1]. Many interconnected 

factors may becontributed to the development of 

hypertension differently in different individuals. 
Among the factors that have been carefully 

evaluated are salt intake, obesity, insulin resistance, 

renin angiotension system, and the sympathetic 

nervous system [2]. 

Lipoprotein (a) is a lipoprotein subclass. It is a 

low density lipoprotein (LDL)-like particle with a 

lipid core encircled by a large glycoprotein, the 

apoprotein (a) is tightly linked to apolipoprotein 

B100 molecule [3]. The two molecules are most 

likely complexed in the hepatocyte cellular 

membrane and are connected biochemically 

byadisulfide bridge through cysteine residues 
within apo (a) (Cys 4057) and apo B100       (Cys 

4326) [4]. Evidence suggests that Lp (a) catabolized 

primarily by hepatic and renal pathways. Elevated 

Lp (a) levels can potentially raise the risk of 

cardiovascular diseases (CVD) (i) via 

prothrombotic/anti-fibrinolytic effects as apo (a) 

possesses structural homology with plasminogen 
and plasmin but has no fibrinolytic activity and (ii) 

via accelerated atherogenesis as a result of intimal 

deposition of Lp (a) cholesterol, or both 
[5].Lipoprotein (a) accumulates in the vessel wall 

and inhibits binding of plasminogen to cell surface. 

This inhibition of Lp (a) promotes proliferates of 

smooth muscle cells. These unique features of Lp 

(a) propose that it causes generation of clots and 

atherosclerosis[6].  

Biochemical markers like some inflammatory 

markers as interleukin-6(IL-6) and high sensitive C- 
reactive protein (hs-CRP) as risk factors of 

developing hypertension are less studied 

parameters. Both endothelial activation and chronic 

inflammation are pathophysiologic processes 

potentially concerned in the development of 

hypertension [7]. 

Interleukin-6 is acts as together a pro-

inflammatory cytokine and                             an 

anti-inflammatory myokine. In humans, it is 

encoded by the IL6 gene[8].  

High sensitive C-reactive protein is a very 
sensitive marker of inflammation, which is 

synthesized in the liver, and this process is 

regulated predominately by IL-6[9]. It is positively 

associated with abdominal fat and closely 
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associated with increased risk of cardiovascular 

(CV) events [10].  

In current strategies of global risk evaluation, lipids 

testing are generally the blood tests that are 

routinely recommended. However, hs-CRP and Lp 

(a) evaluation may have the potential to improve 
CV risk prediction models when used in addition to 

usual lipid profiles [11]. 

The aim of this study was to detectthe associations 

between inflammatory markers such as IL-6 and hs-

CRP with both classical and atherogenic indices in 

hypertensive patients and compared to the control. 

 

Patients and Methods:  

This study was conducted in Medical City Hospital 

during the period from November 2013 until the 

end of June2014. Ninety hypertensive patients were 

enrolled in this study (30 grade 1, 30 grade 2, and 

30 grade 3); their age range was (40-55) years and 

they were compared with 90 healthy 

controls.About5 ml of blood sample was obtained 

from every hypertensive patient and control. The 
separated serum was used for measurements of Lp 

(a), IL-6, hs-CRP, and lipid profile. 

 

Classification of Blood Pressure and 

Hypertension: 
The classification of blood pressure and 

hypertension was recommended by the Latin 

American Consensus[12]. 

 

Blood pressure Value (mmHg) 

Optimal <120/80 

Normal 120/80–129/84 

High normal 130/85–139/89 

Grade 1 hypertension 140/90–159/99 

Grade 2 hypertension 160/100–179/109 

Grade 3 hypertension ≥ 180/110 

 

Exclusion Criteria: 

All subjects who were using any medications that 

interfere in Lp (a)  analysis (lipids lowering 
drugs,steroid), and subjects with renal diseases, 

chronic liver diseases, malignant disorders, diabetes 

mellitus, and thyroid gland were not considered to 

be in this investigation. 

 

Measurements:-Anthropometric Measurements: 
Blood pressures were recorded according to the 

guidelines adopted by WHO[13].Body mass index 

(BMI) was calculated by dividing subjects weight 

(Kg) by their height (m2). BMI calculated as:BMI= 

mass (kg)/(height (m))2 [13]. 

 

-Lipids and Lipoproteins Assessments: 

Lipoprotein (a) in sample or standard cause 

agglutination of the latex particles coated with anti-

Lp (a) antibodies. The agglutination is proportional 

to the Lp (a) concentration in the sample and can be 

measured by turbidimetry [14].Serum total 

cholesterol (TC), triacylglycerol (TAG), and high 

density lipoprotein cholesterol (HDL-C) were 

measured using an enzymatic method [15-17].Serum 

low density lipoprotein cholesterol (LDL-C)was 

calculated indirectly by using the Friedewald’s 

equation [18]LDL-C = TC  [HDL-C + TAG/5]. 

This equation is only accurate when: TAG levels 
are below 400 mg/dl. Serum non high density 

lipoprotein cholesterol(non HDL-C)was calculated 

directly from the difference between serum total 

and high density lipoprotein cholesterol [19].Serum 

non HDL-C= (S.TC–S.HDL-C). 

 

-Estimation of serum of IL-6 and hs-CRP:  

Interleukin-6 was determined in serum using 

ELISA Kit[20]. High sensitive CRP assay employs 

the quantitative sandwich enzyme immunoassay 

technique [21]. 

Statistical Analysis: 
Comparisons between groups were performed using 

ANOVA and student’s t-tests.Data were expressed 

as means (±SD) and P values less than 0.05 was 

considered statistically significant. Simple and 

partial correlation coefficients between the 
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variables were performed to determine the 

relationships between the variables of interest.  

Results: 
Demographic and clinical characteristicsof 

hypertensive patients and the control group were 

shown in table (1). Based on analysis of variance, 

age, systolic blood pressure (SBP), diastolic blood 

pressure (DBP), BMI, Lp (a), TC, LDL-C, non 

HDL-C IL-6, and hs-CRP were significantly higher 

in hypertensive patients than in the control group, 

(P=0.0001), while there was a significant decrease 

in HDL-C in hypertensive patients as compared to 

the control, (P=0.0001). 

Table (2) showed clinical and laboratory 
characteristics of the patients according to the 

grades of hypertension. Lipoprotein (a) levels more 

than 30 mg/dl is generally considered as the 

threshold value of high risk for its pathological 

effect. In the present study taking 30 mg/dl as the 

cut off value, grade 2 and grade 3 of hypertensive 

patients had Lp (a) levels more than 30 mg/dl. It 

was observed that means of age SBP, DBP, BMI, 

Lp (a), TC, LDL-C, non HDL-C, IL-6, and hs-CRP 

were significantly higher in grade 3 hypertensive 
patients than in grade 1 and 2, (P=0.0001), while 

there was a significant decrease in HDL-C in grade 

3 hypertensive patients as compared to grade 1 and 

2, (P=0.0001). Levels of TAG and VLDL were 

elevated in grade 3 hypertensive patients than 

ingrade 1 and 2, but they were not significant.  

Correlations coefficient of the entire 

population showed that there wasa significant 

positive correlation between Lp (a) versus age, 

BMI, TC,LDL-C, non HDL-C, IL-6, and hs-CRP. 

While there was a significant negative correlation 

between Lp (a)and HDL-C, table (3). 

 

 

Table (1): The Demographic and clinical characteristicsof the study group 

P Value Control (n=90) Hypertensive (n= 

90) 

Clinical Data 

0.0001 40.27 ± 0.72 43.62±2.71 Age (years) 

         - 45/45 45/45 (Male/Female) n. 

0.0001 118.80 ±0.45 163.87±1.34 SBP (mm Hg) 

0.0001 78.07 ± 4.71 103.60±1.25 DBP (mm Hg) 

- - 2.24±0.95 Duration (years) 

0.0001 21.53 ± 0.31 30.89±4.46 BMI (Kg/m2) 

0.0001 18.98 ± 1.07 30.54±6.31 Lp (a) (mg/dl) 

0.0001 147.33 ± 2.93 226.15±7.88 TC (mg/dl) 

0.50 NS 91.93 ± 8.98 106.25±8.15 TAG  (mg/dl) 

0.0001 65.60 ± 4.32 37.47±2.07 HDL-C (mg/dl) 

0.0001 63.35 ± 4.32 167.43±5.38 LDL-C (mg/dl) 

0.50 NS 18.39 ± 1.79 21.25±1.43 VLDL-C (mg/dl) 

0.0001 81.73 ± 4.17 188.68±6.81 Non HDL-C (mg/dl) 

0.0001 5.75±0.22   146.47±0.22   IL-6 (ng/ml) 

0.0001 0.5 ± 2.1 15.3 ± 2.5 hs-CRP (mg/dl) 
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Table (2): Clinical and laboratory characteristics of hypertensivepatients according to thegrades of 

hypertension 

Hypertensive  

Patients/ Grade 3                     

(n=30) 

Hypertensive 

Patients/Grade 2 (n= 

30) 

Hypertensive 

Patients/Grade 1 (n= 

30) 

Clinical Data 

45.50 ± 0.73* 44.33 ± 0.68* 41.20 ± 0.64* Age (years) 

15/15 15/15 15/15 (Male/Female) n. 

185.87 ± 1.34*** 162.87 ± 1.34** 142.87 ± 1.34* SBP (mm Hg) 

112.60 ± 1.25*** 103.60 ± 1.25** 94.60 ± 1.25* DBP (mm Hg) 

3.03 ± 0.18 NS 2.08 ± 0.21NS 1.60 ± 0.19NS Duration (years) 

33.73 ± 3.24*** 31.07 ± 0.28*** 27.87 ± 3.24*** BMI (Kg/m2) 

32.95 ± 3.90*** 30.68 ± 0.42*** 27.98 ± 3.75*** Lp (a) (mg/dl) 

232.47 ± 1.56*** 220.0 ± 1.73*** 191.93 ± 5.83*** TC (mg/dl) 

110.20 ± 4.2 NS 109.87 ± 1.50 NS 98.0 ± 0.10 NS TAG  (mg/dl) 

34.40 ± 1.0*** 38.0 ± 1.6*** 39.0 ± 0.54*** HDL-C (mg/dl) 

176.93 ± 0.92*** 159.73 ± 0.01*** 133.33 ± 5.27*** LDL-C (mg/dl) 

22.04 ± 0.84 NS 21.97 ± 0.30 NS 19.6 ± 0.02 NS VLDL-C (mg/dl) 

198.07 ± 0.56*** 182.0 ± 0.13*** 152.30 ± 5.92*** Non HDLC (mg/dl) 

266.11±7.16*** 92.80±2.95*** 80.50±4.50*** IL-6 (ng/ml) 

19.8 ± 2.5*** 15.0 ± 2.5*** 10.2 ± 1.3*** hs-CRP (mg/dl) 

*P< 0.05, **P< 0.001, ***P< 0.0001, NS: not significant. 

 

Table (3): Correlations between lipoprotein (a) and othervariablesunder study  

 

Lp (a) Correlation coefficient (r ) Lp (a) Correlation 

coefficient (r) 

Age (years) 0.85** TAG (mg/dl) 0.20 NS 

BMI (Kg/m2) 0.93** HDL-C (mg/dl) - 0.92** 

SBP (mmHg) 0.48 NS LDL-C (mg/dl) 0.90** 

DBP (mmHg) 0.39 NS Non HDL-C (mg/dl) 0.91** 

Duration (years) 0.30 NS IL-6 (ng/ml) 0.98** 

TC (mg/dl)                            0.86** hs-CRP (mg/dl) 0.92** 

** P <0.001,NS: not significant. 

 

Discussion: 
In this study, dyslipidemia showed that 

hypertensive patientshadhigher levels of serum TC, 

and LDL and significantly lower level of HDL-C 

which is well documented in the study of Onwubuya 

et al. [22]. Further analysis of these lipid and 

lipoprotein indices in different grades of 

hypertension showed a statistically significant 

difference among the levels of non HDL-C in grade 

1, 2, 3 as compared to the control, but there was no 

significant difference in TAG and VLDL between 

these grades.  

Serum Lp (a) had been found in harmony with 
Sonal et al.[23]. This dysregulation of lipid 

metabolism may contribute to the pathogenesis of 

atherosclerosis and CVD and to the progression of 

heart disease. Lipoprotein (a) has properties in 

common with LDL-C but contains a unique protein, 
apo (a), which is structurally different from other 

apolipoproteins[24].Circulating levels of Lp (a) are 

extremely resistant to common lipid lowering 

therapies, and there are currently no robust 

treatments available for reduction of Lp (a) apart 

from plasma apheresis, which is expensive and labor 

intensive [25]. The clinical interest in Lp(a) is largely 

resulting from its role asa cardiovascular risk factor. 

Lipoprotein (a) levels have been associated with 

CVD in numerous studies[26,27]. Compared with 

small, dense LDL particles, Lp (a) is characterized 
bya different protein content (17-29% verse 26-

31%),a longer half-life in vivo and an accentuated 

athero-thrombotic potential, probably due to its 
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preferential accumulation within atherosclerotic 

plaque [28].In the current study,a significant 

correlation was observed between Lp (a) levels and 

the other CVD risk factors, such as BMI which is in 

agreement with the study of Sharma et al
[29]

. 

Recent diagnosis of lipid disorders and 
cardiovascular risk should be based on the indicators 

which present full impact of all plasma lipid 

components involved in atherogenesis. Non HDL-C 

is used as an estimation of the total number of 

atherogenic particles in plasma, which represents 

[VLDL+ intermediate density lipoprotein(IDL) 

+LDL-C] and relates well to apo B levels.In fact, 

Rana et al. suggested it to be better indicator than 

LDL-C in predicting cardiovascular events and has 

been shown to predict coronary heart diseases similar 

to apo B levels[30]. Thus, not only lowering LDL‐C, 
but also nonHDL-C is an important target of 

prevention and treatment of CVD.  

Previous epidemiologic studies have connected 

higher plasma concentrations of inflammatory 

markers including CRPandIL-6 to increased SBP and 

DBP or hypertensive status [31,32].  

This study established that hypertensive 

patients had higher levels of inflammatory markers. 

High sensitive CRP, the most widely studied 

inflammatory marker, may stimulate endothelial 

activation by decreasing the expression and activity 
of nitric oxide synthase[33], facilitating release of 

endothelin-1 and reducing endothelial cell survival 

and differentiation[34]. 

Some studies highlight the possibility that 

arterial stiffening may precede progress of 

hypertension suggesting that inflammation may play 

a role in arterial stiffness [35,36]. All of this data 

suggest that vascular inflammation plays a role in 

pathophysiology of hypertension and may potentiate 

the proatherogenic effects of hypertension. 

 

Conclusions: 
The data of the present study confirm the role 

of Lp (a) and some inflammatory markers as 

predictor of the severity of coronary atherosclerosis, 

suggesting that Lp (a) levels should be determined in 

patients with arterial hypertension, especially in 

those with atherogenic dyslipidemia and high levels 

of hs-CRP and IL-6. ElevatedLp (a) levels ≥30 mg/dl 

beside high levels of hs-CRP and IL-6reportedly 

predict subsequent CV events incidence with stable 

coronary disease, especially in patients with 

suboptimal LDL-C control ≥70 mg/dl 
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