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Influence of serum resistin level on blood pressure in patients with type 2 diabetes mellitus complicated hypertension 
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Abstract: Objective: To study the correlation between serum resistin (SR) level and blood pressure in patients with type 2 diabetes mellitus (T2DM) complicated hypertension. Methods: A total of 124 patients with T2DM complicated hypertension (T2DM + hypertension group), 85 patients with pure T2DM (pure DM group) and 71 normal subjects (normal control group) were enrolled. According to blood pressure level, T2DM + hypertension group was further divided into stage 1 subgroup (n=34), stage 2 subgroup (n=43) and stage 3 subgroup (n=47). Peripheral venous blood was taken to measure levels of SR and other indexes in three groups. Logistic multi-factor regression analysis was used to analyze the risk factors affecting blood pressure level. Kendall’s tau-b correlation analysis was used to analyze the correlation among SR, fasting insulin, quantitative insulin sensitivity check index, homeostasis model-insulin resistance index and blood pressure level. Results: Compared with normal control group, there were significant rise in SR levels [(7.21±2.65) ng/ml vs. (19.87±3.67) ng/ml vs. (31.32±3.89) ng/ml] in pure DM group and T2DM + hypertension group, and that of T2DM + hypertension group was significantly higher than that of pure DM group, P<0.01 all. Logistic multi-factor regression analysis indicated that SR level was an independent risk factor influencing blood pressure level of patients (R2=0.087, P<0.05). Kendall’ s tau-b correlation analysis indicated that SR level was significantly positively correlated with blood pressure level of patients with hypertension (r=0.202, P=0.001); after other influencing factors were controlled, the significant positive correlation still existed between them (r=0.233, P=0.022). Conclusion: Serum resistin level rise is a risk factor of patients with type 2 diabetes mellitus complicated hypertension, and it is significantly positively correlated with their blood pressure level. 
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摘要: 目的: 研究血清抵抗素（SR）水平与2型糖尿病(T2DM)合并高血压患者血压的相关性。方法: 选择T2DM合并高血压患者 (T2DM合并高血压组) 124例，单纯T2DM患者 (单纯糖尿病组) 85例，正常对象 (正常对照组) 71例纳入研究。根据血压水平，T2DM合并高血压组被进一步分为1级亚组(34例)，2级亚组(43例)和3级亚组(47例)。取外周静脉血测量三组SR及其他指标水平。Logistic多元回归分析用来分析影响血压水平的危险因素。Kendall’s tau-b相关分析用来分析SR, 空腹胰岛素，量化胰岛素敏感指数和胰岛素抵抗指数与血压水平的相关性。结果: 与健康对照组比较，单纯糖尿病组和T2DM合并高血压组SR水平显著升高[(7.21±2.65) ng/ml比(19.87±3.67) ng/ml比(31.32±3.89) ng/ml]，且T2DM合并高血压组的显著高于单纯糖尿病组的(P均<0.01)。Logistic多元回归分析表明SR水平是影响患者血压水平的独立危险因素(R2=0.087, P<0.05)。Kendall’ s tau-b相关分析显示SR水平与高血压患者血压水平呈显著正相关(r=0.202, P=0.001)；控制其余影响因素后，二者间仍然呈显著正相关(r=0.233, P=0.022)。结论: 血清抵抗素水平是2型糖尿病合并高血压患者的危险因素,与其血压水平呈显著正相关。
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Along with society develops and living level of citizens constantly improves, diabetes mellitus (DM) gradually becomes a public disease threatening people’s health, and type 2 DM (T2DM) occupies its 90% [1, 2]. Hypertension is one of frequent complicating diseases of T2DM, and its morbidity rate is approximately 40%~60% in newly diagnosed patients [3-5]. In clinic, hypertension can produce damage commonly with T2DM, such as cardio-cerebrovascular, kidney and other target organ damage, then cause various cardiovascular events and kidney failure etc., even lead to patient’s death [6, 7]. The present study explored the correlation among onset risk, blood pressure level and serum resistin (serum resistin, SR) in patients with T2DM complicated hypertension, in order to provide theoretical evidence for clinical treatment.  

1. Data and methods

1.1 General data

A total of 209 T2DM patients, who were diagnosed and treated in our hospital from Oct 2011 to Dec 2013, were enrolled, including 107 males and 102 females with age 35~62 (53.1±7.2) years. According to patients complicated with hypertension or not, they were divided into pure DM group [n=85, 45 males and 40 females with age 35~61 (52.9±7.4) years] and T2DM + hypertension group [n=124, 62 males and 62 females with age 36~62 (53.4±6.9) years]. According to blood pressure level, T2DM + hypertension group was further divided into stage 1 subgroup [n=34, 21 males and 13 females with age 36~60 (53.3±5.8) years], stage 2 subgroup [n=43, 22 males and 21 females with age 35~62 (53.5±5.6) years] and stage 3 subgroup [n=47, 19 males and 28 females with age 35~61 (53.6±5.2) years]. Another 71 normal subjects were enrolled as normal control group, including 39 males and 32 females with age 36~65 (54.1±6.5) years. 

1.2 Methods

Body weight, waist-hip ratio (WHR), systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in all patients; after fasting for 10 h, peripheral venous blood was taken on the second day, and levels of fasting blood glucose (FBG), postprandial blood glucose (PBG), fasting insulin (FINS), total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), serum uric acid (UA), SR, high sensitive C reactive protein (hsCRP), glycosylated hemoglobin (HbA1c) and glucagon (GC) were measured; competitive enzyme linked immunosorbent assay (ELISA) was used to measure SR; homeostasis model-insulin resistance index (HOMA-IR) =[FINS (μIU/ml) × FBG (mmol/L)/22.5]; quantitative insulin sensitivity check index (QUIC-KI) =1/[lgFINS (μIU/L) + lgFBG (mg/dl)].                                                                                                                                                          

1.3 Statistical treatment

SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), comparison among multiple groups was performed using analysis of variance, then LSD-t test was used to perform comparison between two groups; numeration data were expressed as percentage, and its comparison between two groups was performed using chi-square test; Logistic multi-factor regression analysis was performed with blood pressure as dependent variable; Kendall’s tau- b correlation analysis was used to analyze the correlation between SR level and blood pressure level. P<0.05 was regarded as possessing significant difference. 
2. Results

2.1 Comparison of general data among three groups

Body mass index (BMI), WHR, levels of SBP and DBP, percentages of hyperlipidemia, smoking, family history of DM, coronary heart disease and hypertension in T2DM + hypertension group were significantly higher than those of normal control group (P<0.05 or <0.01); levels of SBP and DBP and percentage of hypertension family history in T2DM + hypertension group were significantly higher than those of pure DM group, P<0.05 or <0.01. Compared with normal control group, there were significant rise in BMI, WHR, percentages of hyperlipidemia, smoking, family history of DM and coronary heart disease in pure DM group, P<0.05 or <0.01. They were shown in table 1. 

Table 1 Comparison of general data among three groups

	Index
	T2DM + hypertension group (n=124)
	Pure DM group (n=85)
	Normal control group (n=71)
	F/P
	P1. 2
	P1, 3
	P2, 3

	Age (years)
	53.4±6.9
	52.9±7.4
	54.1±6.5
	0.26/0.78
	0.61
	0.49
	0.29

	Male/female
	62/62
	45/40
	39/32
	0.49/0.80
	0.68
	0.51
	0.80

	BMI (kg/m2)
	24.2±2.5△△
	24.4±1.5△△
	20.1±1.4
	8.52/0.008
	0.51
	0.001
	0.001

	WHR
	0.93±0.05△△
	0.92±0.07△△
	0.80±0.02
	5.98/0.01
	0.23
	0.001
	0.001

	SBP (mmHg)
	143±18△△▲▲
	114±13
	113±16
	10.64/0.005
	0.001
	0.001
	0.67

	DBP (mmHg)
	94±16△△▲▲
	74±12
	73±11
	10.42/0.005
	0.001
	0.001
	0.59

	Hyperlipidemia

        n (%)
	83(66.94) △△
	65(76.47) △△
	10(14.08)
	2.71/0.003
	0.14
	0.001
	0.001

	Smoking n (%)
	22(17.74) △
	18(21.18) △
	5(7.04)
	0.98/0.01
	0.49
	0.04
	0.01

	Family history

of  DM n(%)
	19(15.32) △△
	12(14.12) △△
	2(0.28)
	3.54/0.002
	0.38
	0.003
	0.003

	Family history

of  CHD n(%)
	11(8.88) △
	6(7.06) △
	1(0.14)
	0.81/0.02
	0.60
	0.03
	0.02

	Family history

of  hypertension n(%)
	20(16.10) △△▲
	5(5.80)
	8(1.20)
	2.99/0.002
	0.03
	0.006
	0.24

	
	11(8.88) △
	
	
	
	
	
	


BMI: Body mass index, WHR: Waist hip ratio, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, CHD: Coronary heart disease, DM: Diabetes mellitus, T2DM: type 2 DM. T2DM + hypertension group, pure DM group and normal control group was treated as group 1, 2 and 3 respectively. P1, 2 was P of comparison between group 1 and 2, the rest may be deduced by analogy. Compared with normal control group, △P<0.05, △△P<0.01; compared with pure DM group, ▲P<0.05, ▲▲P<0.01. Similarly hereinafter. 

2.2 Comparison of clinical indexes among three groups

    Compared with normal control group, there were significant rise in levels of FBG, PBG, TC, TG, LDL-C, UA, SR, HOMA-IR, hsCRP, HbA1c and GC, and significant reductions in levels of QUIC-KI and HDL-C in pure DM group and T2DM + hypertension group, P<0.01 all. Levels of SR and hsCRP in T2DM + hypertension group were significantly higher than those of pure DM group, P<0.01 all. They were shown in table 2. 

Table 2 Comparison of clinical indexes among three groups (
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	       Index
	T2DM + hypertension group (n=124)
	Pure DM group

 (n=85)
	Healthy control group (n=71)
	F/ P
	
	P1. 2
	P1, 3
	P2, 3

	      FBG (mmol/L)
	8.5±5.1△△
	8.6±4.5△△
	4.8±0.4
	10.12/0.008
	0.88
	0.001
	0.001

	      PBG (mmol/L)
	13.98±4.65△△
	13.11±5.32△△
	5.98±3.32
	15.98/0.005
	0.22
	0.001
	0.001

	      TC (mmol/L)
	5.1±0.9△△
	5.0±1.3△△
	3.98±0.30
	4.54/0.02
	0.51
	0.001
	0.001

	      TG (mmol/L)
	2.01±1.35△△
	1.97±1.38△△
	0.85±0.24
	6.11/0.01
	0.84
	0.001
	0.001

	      LDL-C (mmol/L)
	3.16±1.20△△
	3.11±1.30△△
	2.45±0.60
	5.78/0.02
	0.78
	0.001
	0.001

	      HDL-C (mmol/L)
	0.89±0.16△△
	0.93±0.20△△
	1.25±0.22
	6.34/0.03
	0.11
	0.001
	0.001

	      UA (μmol/L)
	338±20△△
	332±25△△
	287±23
	14.02/0.005
	0.06
	0.001
	0.001

	      SR (ng/ml)
	31.32±3.89△△▲▲
	19.87±3.67△△
	7.21±2.65
	30.32/0.001
	0.001
	0.001
	0.001

	      HOMA-IR
	0.551±0.232△△
	0.516±0.306△△
	0.234±0.058
	6.78/0.01
	0.35
	0.001
	0.001

	      QUIC-KI
	0.338±0.038△△
	0.340±0.039△△
	0.383±0.051
	2.21/0.04
	0.71
	0.001
	0.001

	      hsCRP (mg/L)
	2.48±1.01△△▲▲
	1.75±1.03△△
	0.31±0.21
	8.87/0.009
	0.001
	0.001
	0.001

	      HbA1c (%)
	8.3±1.1△△
	8.4±1.1△△
	5.1±0.5
	5.67/0.02
	0.52
	0.001
	0.001

	      GC (pg/tube?)
	151±54△△
	153±52△△
	58±30
	35.32/0.001
	0.79
	0.001
	0.001


FBG：Fasting blood glucose, PBG：Postprandial blood glucose，TC：Total cholesterol，TG：Triglyceride，LDL-C：Low density lipoprotein cholesterol，HDL-C：High density lipoprotein cholesterol，UA：Serum uric acid，SR：Serum resistin，HOMA-IR：Homeostasis model-insulin resistance index，QUIC-KI：Quantitative insulin sensitivity check index，hsCRP：High sensitive C reactive protein，HbA1c: Glycosylated hemoglobin，GC：Glucagon. Similarly hereinafter.

2.3 Logistic multi-factor regression analysis

Logistic multi-factor regression analysis was performed with age, BMI, WHR, SR, TC, TG, FBG, PBG, HOMA-IR, QUIC-KI and hsCRP as independent variables, and SBP and DBP were treated as dependent variables. The results indicated that SR accorded with regression equation of DBP, proving that SR level is an independent risk factor influencing blood pressure level in these patients (R2=0.087, P<0.05). 

2.4 Clinical index measurement in three subgroups of T2DM + hypertension group

    Kendall’s tau-b correlation analysis indicated that SR level was significantly positively correlated with blood pressure level in patients with hypertension (r=0.202, P=0.001); when other factors were controlled (such as age, BMI and blood glucose etc.), SR level was still significantly positively correlated with extent of hypertension (r=0.233, P=0.022). SR level in stage 3 group was significantly higher than those of stage 1 and 2 subgroups, and that of stage 2 subgroup was significantly higher that of stage 1 subgroup, P<0.01 all. They were shown in table 3.

Table 3 Comparison of all indexes among three subgroups of T2DM + hypertension group
	Group
	Cases
	SR(μg/L)
	FINS(mIU/L)
	QUIC-KI
	HOMA-IR   

	Stage 1 subgroup
	34
	0.45±0.09
	0.32±0.04
	0.28±0.06
	0.27±0.07  

	Stage 2 subgroup
	43
	0.52±0.07△△
	0.43±0.07
	0.29±0.04
	0.29±0.06

	Stage 3 subgroup
	47
	0.54±0.06△△▲▲
	0.46±0.09
	0.30±0.05
	0.31±0.05

	F          
	
	2.22
	1.34
	0.89
	1.29

	P
	
	0.04
	0.20
	0.42
	0.18

	P1,2 
	
	0.001
	
	
	

	P1,3
	
	0.001
	
	
	

	P2,3
	
	0.001
	
	
	


FINS: Fasting insulin. Compared with stage 1 subgroup △△P<0.01; compared with stage 2 subgroup ▲▲P<0.01

3. Discussion

In recent years, clinical studies indicated that morbidity rates of DM and hypertension constantly rise, and they usually attack together with each other. According to WHO’s statistical data, percentage of complicated hypertension is as high as 40% among DM patients worldwide, and it’s even 50% in China, which is about three times for morbidity among non-DM patients [8, 9]. Compared with normal people, complications make cardiovascular risk increase from the original two times to four times in patients with DM complicated hypertension. In terms of pathogenesis, it can affect physical function of patients via influencing rennin-angiotensin system, angiotensin converting enzyme, angiotensin receptor, lipid metabolic pathway and glucose metabolic pathway etc., then aggravate patient’s condition [10-11]. 

SR, also called adipose tissue specific secretory factor, is a secretory protein rich in cysteine and it exists in human plasma. Clinical research of recent years found that SR played significant role in autoimmune disease, asthma, chronic kidney disease etc [12]. Besides, research also found that SR also played significant role in pathological mechanism of DM. Yang B et al [13] selected T2DM patients as subjects and healthy subjects as control to observe SR level change, the results demonstrated that SR level in T2DM patients was significantly higher than that of control group, suggesting that it may be a risk factor of T2DM. Besides, research found that SR can also lead to vascular endothelial cell dysfunction, aggravate proliferation of vascular smooth muscle and vascular endothelial cells, and affect vascular elasticity of patients with hypertension through enhancing vascular inflammation, then aggravate patient’s disease [14]. Considering the relationship among DM, hypertension and SR, the present study selected T2DM + hypertension patients as subjects, and pure DM patients and normal subjects were treated as control, the results found that SR level in T2DM + hypertension group was significantly higher than those of pure DM group and normal control group, and that of pure DM group was significantly higher than that of normal control group, P<0.01 all. Logistic multi-factor regression analysis indicated that SR level is an independent risk factor influencing blood pressure level in patients (R2=0.087，P<0.05). The comparison among three subgroups of T2DM + hypertension found that SR level was significantly positively correlated with blood pressure level in patients with hypertension (r=0.202, P=0.001); when other factors were controlled, SR level was still significantly positively correlated with extent of hypertension (r=0.233, P=0.022).

In summary, there is significant positive correlation between SR level and blood pressure level in patients with T2DM complicated hypertension, which is worthy of attention
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