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Abstract: Objective: Research had shown that hypertension was the main risk factor for coronary heart disease 

(CHD). Hypertension with microalbuminuria (MAU) is the important mark of target organ damage and endothelial 

function impaired, and also the independent factor for CHD. This paper aimed to explore the mechanism that 

patients with hypertension combined MAU increased the risk of CHD by investigating the relationship between 

MAU and IL-6, ET-1, NO in patients with essential hypertension (EH). 
Methods: To select 132 patients with essential hypertension who were hospitalized in the affiliated hospital of 

Qingdao university from October 2014 to July 2015.  According to the MAU levels, there were 2 experimental 

groups in this experiment: MAU positive group (MAU>30 mg/l) and MAU negative group (MAU<30 mg/l). And 50 

healthy persons in physical examination center of the same hospital were selected as a normal control group. All 

patients were performed blood routine, urinary routine, stool routine and biochemical analysis. IL-6 level and ET-1 

level were measured by enzyme-linked immunosorbent assay. NO level was determined by nitrate reductase method. 

Statistical analysis was performed by SPSS version 19.0.  

Results: The serum IL-6 (103.45±4.89pg/ml), ET-1 (209.62±5.00pg/ml) and systolic blood pressure 

(174.59±25.75mmHg) levels in MAU positive group were obviously higher than that in the MAU negative group. 

The difference was statistically significant (P< 0.05). The serum NO level (19.76±2.48umol/l) in MAU positive 

group was significantly lower than that in the MAU negative group. The difference was statistically significant 
(P<0.05). The multi-factor regression analysis showed that the IL-6 (B=0.206, p=0.021), ET-1 (B=0.594, p<0.01), 

were positively correlated to MAU, while NO (B=-0.380, p=0.012) was negatively correlated to MAU. 

Conclusion: 

(1) The levels of IL-6 and ET-1 in hypertensive patients with MAU increased significantly, and the NO level 

decreased. 

(2) IL-6，ET-1 were positively correlated to MAU, while NO was negatively correlated to MAU. 

(3) Hypertension with MAU has important clinical significance. It needs more attention and effective management. 
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Introduction 
With the improvement of living standard and the 

change of our lifestyle, there is a growth trend to the 

incidence of CHD. The risk factors of coronary heart 
disease have attracted people's attention. The 

microalbuminuria is a sensitive indicator of vascular 

endothelial damage, as well as an independent risk 

factor of coronary heart disease (CHD) [1]. 

Inflammatory substances took essential part in this 

progress [2-4]. IL- 6, ET-1 and NO were considered 

to be the important inflammatory factors in the 

vascular endothelial injury. This paper aimed to 

explore the mechanism that hypertensive patients 

with MAU increased the risk of CHD by 

investigating the relationship between MAU and IL-6, 

ET-1, NO in patients with essential hypertension 

(EH), which could guide the primary prevention of 
coronary heart disease. 

 

Patients 
To select 132 patients with essential hypertension 

who were hospitalized in the affiliated hospital of 

Qingdao university from October 2014 to July 2015.  

According to the 1999 World Health Organization 

and the International Hypertension Society 

(WHO/ISH) diagnostic criteria, essential 
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hypertension was diagnosed. There were two 

experimental groups: The MAU positive group in 

which the MAU level was higher than 30mg/l and the 

MAU negative group in which the MAU level was 

lower than 30mg/l. And 50 healthy persons in 

physical examination center of the same hospital 

were selected as a normal control group. The 

following conditions were excluded: secondary 

hypertension, severe hepatic and renal dysfunction, 

malnutrition, malignant tumor, malignant anemia, 

coronary heart disease, heart failure, diabetes and 
infectious diseases.  

 

Laboratory analysis 
Patients with hypertension avoided strenuous activity 

at night. Collect pollution-free urine 10ml as 

specimens and detect immediately the next morning. 

The samples were centrifuged at 3000r/min for 15 

minutes and got the supernatant to measure MAU by 

immune turbidimetry. Blood samples were extracted 

about 5ml from elbow venous blood in the morning, 

then  centrifuged at 4℃ 3000r/min for 15 minutes 
and the supernatant were stored at −80 degrees 

centigrade until assayed. IL-6 level and ET-1 level 

were measured by enzyme-linked immunosorbent 

assay. NO level was determined by 

nitrate reductase method. All patients were performed 

blood routine, urinary routine, stool routine and 

biochemical analyze. 

 

Statistics 
All experimental data which conformed to normal 

distribution were reported as the mean±SD (x±s). 
Statistical analysis was performed by SPSS version 

19.0. The comparison of basic data and IL-6, ET-1, 

NO used single factor analysis of variance. 

Regression analysis used multi-factor regression 

analysis. 

 

Results 
Basic data and IL-6, ET-1, NO results are shown in 

Table1, 2. There were no differences in age, BMI, 

glucose, totalcholesterol, triglycerides, LDL 

cholesterol, serumurea nitrogen, uric acid, creatinine, 

serum total bilirubin and diastolic pressure. The 

serum IL-6, ET-1 and systolic blood pressure levels 

in MAU positive group were obviously higher than 

that in the MAU negative group. The difference was 

statistically significant (P< 0.05). The serum NO 

level (19.76±2.48umol/l) in MAU positive group was 

significantly lower than that in the MAU negative 
group. The difference was statistically significant 

(P<0.05).

Table 1 Baseline characteristics of three groups 

Clinical data 
MAU positive group 

n=47 

MAU negative group 

n=85 

Normal control group 

n=50 

Age (years) 51.23±13.28  50.78±12.51  50.96±15.47 

BMI (kg/m2)  25.98±3.64 24.58±4.12  25.45±3.85 

Glucose（mmol/L） 5.22±1.15  5.27±0.91 5.12±1.23 

Total cholesterol(mmol/l) 4.46±1.28 4.53±0.69  4.36±1.21 

Triglycerides(mmol/l)  1.54±0.98 1.52±1.15 1.48±1.02 

LDL cholesterol (mmol/l) 2.54±0.86 2.49±1.02 2.35±0.56 

Serum urea nitrogen (mmol/l) 5.67±1.42 5.59±1.36  5.68±1.32 

Uric Acid（umol/L) 305.36±79.69 302.58±81.57  295.84±80.54 

Creatinine（umol/L） 88.92±14.25 90.86±13.85 89.64±14.06 

Serumtotalbilirubin（umol/L） 13.85±5.27 14.52±4.42  13.26±5.26 

Systolic pressure（mmHg） 174.59±25.75ab   155.62±23.84a   115.23±12.45 

Diastolic pressure（mmHg） 106.52±18.74  101.36±16.25 76.36±10.52 

ap<0.05，compared with MAU positive group, bp<0.05, compared with MAU negative group. 
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Table 2 The comparison of three groups of IL-6,ET-1and NO 

Group n IL-6(pg/ml) ET-1(pg/ml) NO(umol/l) 

Normal control group 

 (5.74±4.62mg/l) 
50 41.48±4.16 91.35±4.53 64.96±4.61 

MAU negative group 

(10.75±7.39mg/l) 
85 74.05±4.06a 165.17±6.01a 36.53±4.89a 

MAU positive group 

(56.72±12.65mg/l) 
47 103.45±4.89ab 209.62±5.00ab 19.76±2.48ab 

ap<0.05，compared with MAU positive group, bp<0.05, compared with MAU negative group. 

 

The results of multi-factor regression analysis are shown in Table3. The serum IL-6(B=0.206, p=0.021), ET-

1(B=0.594, p<0.01) were positively correlated to MAU, while NO (B=-0.380, p=0.012) was negatively correlated to 

MAU.  

 

 

 
 

Table 3 Multi-factor regression analysis of IL-6,ET-1,NO 

 IL-6 ET-1 NO 

B 0.206 0.594 -0.380 

t 2.622 8.715 -2.938 

p 0.021 <0.01 0.012 
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Discussion 

Research had shown that MAU was the independent 

risk factor of coronary heart disease [5]. In the late 

1980s, scholars had put forward that the MAU was a 

sign of widespread damage to blood vessels [6]. 

Albumin is about 7.2nm in diameter. Usually, it 

hardly goes through the glomerular basement 
membrane in healthy body. So the urine albumin 

excretion rate of healthy adults is very low. Any 

reason that causes the glomerular basement 

membrane injured and enhances the permeability 

could increase the elimination of albumin. Foreign 

studies [7, 8] had confirmed that the endothelial 

function was impaired, the extracellular matrix 

changed, the vascular permeability increased and 

lipid material discharged into the blood vessel walls 

in patients with MAU. Finally, the occurrence of 

atherosclerosis and CHD was increased [9]. However, 

the mechanism that hypertensive patients with MAU 

increased the risk of CHD is unclear. Some 

mechanisms such as vascular endothelial dysfunction, 

inflammatory reaction were accepted widely.  

 

As an inflammatory factor, IL-6 was secreted by 

many cells in the body. This study found that the 
serum IL-6 level in hypertensive patients with MAU 

was significantly higher than the patients without 

MAU. Multi-factor regression analysis showed that 

IL-6 was an influential factor of MAU and IL-6 was 

positively correlated to MAU, which prompted that 

IL-6 had a close relationship with MAU and the level 

of IL-6 in hypertension combined MAU patients was 

significantly increased. Studies had shown that IL-6, 

as an inflammatory cytokines of CHD [10-12], could 

cause damage to the body by various mechanisms [13, 

14]. Firstly, IL-6 could stimulate the proliferation of 
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smooth muscle cell, affect lipid intake and 

metabolism and participate in the formation of 

atherosclerosis. Secondly, because of the vascular 

smooth muscle cell proliferation, the vascular wall 

became stiffness and the peripheral circulation 

resistance increased and then the blood pressure 

raised, which could accelerate the progression of 

atherosclerosis [15]. Wang K et al. showed that 

interleukin-6 gene polymorphisms were the risk 

factor of CHD [16]. Over all, the increased IL-6 level 

in hypertensive patients with MAU could lead to the 
inflammatory reaction enhancement, vascular 

endothelial dysfunction and vascular atherosclerosis 

progress aggravation. Eventually, CHD occurred. 

Patients with hypertension without MAU had lower 

IL-6 level, mild inflammatory reaction, relatively 

well endothelial function and then lower risk of CHD 

relatively. Therefore, IL-6 plays an important role in 

the occurrence of CHD caused by hypertension 

combined MAU. Hypertension with MAU is an 

important symbol that can increase the risk of CHD 

incidence. 
 

ET-1, an important inflammatory factor, was mainly 

generated by vascular endothelial cells. It was also 

the strongest shrink blood vessels material [17] which 

had been discovered until now. NO was produced 

from L-arginine in vascular endothelial cell under the 

catalytic through Carbon monoxide synthase (NOS) 

[18, 19]. NO is a vital inflammatory mediator in our 

body. This study found that the serum ET-1 level in 

hypertensive patients with  MAU was significantly 

higher than the patients without MAU while the 

serum NO level in hypertensive patients with MAU 
were significantly lower than the patients without 

MAU. Multi-factor regression analysis showed that 

ET-1 and NO were influential factors of MAU. ET-1 

was positively correlated to MAU while NO was 

negatively correlated to MAU. It prompted that ET-1 

and NO had a close relationship with MAU and they 

all played important roles in the formation of MAU.  

 

NO and ET-1 are important vascular active 

substances which represented diastolic and systolic 

substance respectively to maintain the tension of 
vascular [20]. ET-1 is a kind of promoting mitosis 

substance that can promote vascular smooth muscle 

cell proliferation and aggravate atherosclerosis. NO 

has many functions: Firstly, as a vasomotor cytokine, 

it can dilate blood vessels. Secondly, it could inhibit 

platelet aggregation and adhesion in order to reduce 

thrombosis and atherosclerosis, thus reducing the risk 

of cardiovascular disease [21]. Thirdly, NO could 

regulate smooth muscle proliferation [22] while ET-1 

has the opposite function. In this way, NO was 

regarded as the inhibitor of atherosclerosis plaque 

formation [23]. High ET-1 level can induce vascular 
endothelial dysfunction and NO synthesis. 

Wedgwood [24] found that ET-1 could reduce the 

activity of Nitric oxide synthetic protein gene and 

decrease the formation of NO. Therefore, ET-1 and 

NO has an inseparable relationship in restraining 

each other and play a crucial role in the process of 

hypertension and CHD development. This study also 

found that the ET-1 level in hypertensive patients 

with MAU increased and the NO level decreased. 

The inflammatory reaction enhanced while anti-

inflammatory response decreased. The vascular 

endothelial dysfunction and vascular atherosclerosis 

progress aggravation increased the incidence of CHD. 
 

Above all, the levels of IL-6 and ET-1 in 

hypertensive patients with MAU increased and the 

NO level decreased. It indicated that the 

inflammatory reaction enhanced obviously in the 

body and endothelial function was impaired which 

can cause arterial vascular sclerosis and increase the 

risk of CHD. Therefore, hypertension with MAU is a 

dangerous sign of CHD. Although other people have 

researched hypertension and CHD, but this paper 

aimed to research the mechanism that hypertensive 
patients with MAU increased the risk of CHD by 

investigating the relationship between MAU and IL-6, 

ET-1, NO in patients with essential hypertension. It 

also confirmed that hypertension combined MAU 

was the independent factor for CHD. MAU is the 

important symbol of CHD incidence. It needs more 

attention and effective management. Positive and 

effective blood pressure level control and MAU 

occurrence reduction has great significance in CHD 

prevention. 
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