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Influence of abnormal glucose metabolism on vascular endothelial injury in patients with essential hypertension
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Abstract：Objective: To explore influence of abnormal glucose metabolism on vascular endothelial injury in patients with essential hypertension (EH). Methods: A total of 46 pure EH patients (EH group) and 33 EH patients complicated type 2 diabetes mellitus (T2DM, EH + T2DM group) were enrolled. Blood glucose, blood lipid, body mass index (BMI), serum concentrations of homocysteine (Hcy) and urine microalbumin were measured and compared between two groups. Relationship among serum Hcy, urine microalbumin concentrations and blood glucose, blood lipids, BMI were analyzed. Results: Compared with EH group, there were significant increase in levels of BMI, fasting blood glucose (FBG), 2h postprandial blood glucose (2hPBG), glycosylated hemoglobin (HbA1c), triglyceride (TG), low density lipoprotein-cholesterol (LDL-C) and apolipoprotein B (ApoB), (P<0.05 or <0.01), and even more significant increase in serum levels of Hcy [(12.78±2.51) μmol/L vs. (16.26±2.91) μmol/L] and urine microalbumin [(19.45±5.24) mg/L vs. (33.65±10.70) mg/L] in EH + T2DM group, P<0.01 both; Pearson correlation analysis indicated that in EH patients with DM, serum Hcy level was positively correlated with BMI, FBG, HbA1c, LDL-C, ApoB and urine microalbumin (r=0.667~0.906，P<0.01 all), while urine microalbumin level was positively correlated with BMI, HbA1c, LDL-C, ApoB and serum Hcy (r=0.566~0.685, P<0.01 all). Conclusion: Abnormal glucose metabolism can aggravate both vascular endothelial injury and renal microvascular injury in patients with essential hypertension, and these are closely related with degree of abnormal glucose metabolism. Therefore, controlling blood glucose level can relieve vascular injury, further relieve pathological development of cardiovascular diseases as well as renal complications.
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糖代谢异常对原发性高血压患者血管内皮损伤的影响/王 钢1，夏冰2//广州军区广州总医院（1.老年内一科, 2.医学实验科，广东 广州  510010

摘要：目的：探讨糖代谢异常对原发性高血压（EH）患者血管内皮损伤的影响。方法：对46例单纯EH患者（EH组）与33例EH合并2型糖尿病（T2DM）患者（EH + T2DM组）的血糖代谢、血脂代谢、体质指数（BMI）及血清同型半胱氨酸（Hcy）、尿微量白蛋白浓度进行测定、比较，同时分析血清Hcy及尿微量白蛋白浓度与血糖、血脂及BMI之间的相关性。结果：与EH组相比，EH + T2DM组的BMI、血糖[空腹血糖（FBG）、餐后2h血糖（PBG）、糖化血红蛋白（HbA1c）, 血脂 [甘油三酯（TG）、低密度脂蛋白胆固醇(LDL-C)及载脂蛋白B(Apo-B)]水平均显著升高（P<0.05或<0.01），而且血清Hcy [（12.78±2.51）μmol/L 比(16.26±2.91）μmol/L]及尿微量白蛋白水平[（19.45±5.24）mg/L 比(33.65±10.70 ）mg/L]升高更加显著(P<0.01）；Pearson相关分析显示，在EH + T2DM组患者，血清Hcy水平分别与BMI、FBG、HbA1c、LDL-C、Apo-B及尿微量白蛋白水平显著正相关(r =0.667~0.906，P均<0.01），而尿微量白蛋白水平则分别与BMI、HbA1c、LDL-C、Apo-B及血清Hcy水平显著正相关（r =0.566~0.685, P均<0.01）。结论：糖代谢异常可加重原发性高血压患者的血管内皮及肾微血管损伤，而这与血糖代谢异常程度密切相关，控制血糖水平可减轻血管损伤，进而延缓心血管疾病及肾脏并发症的病理进展。
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    In recent years, a lot of studies [1] indicated that as a kind of vascular endothelial injury factor, homocysteine (Hcy), as well as traditional risk factors of atherosclerosis (AS) such as obesity, hypertension, dyslipidemia and abnormal glucose metabolism, was an independent risk factor for cardiovascular diseases (CVD); and microalbuminuria reflects degree of renal microvascular disease caused by different factors, is also closely related with vascular endothelial injury. The present study explored further injury of abnormal glucose metabolism on vascular endothelium in patients with essential hypertension (EH) through analyzing changes of serum Hcy and urine microalbumin concentrations and their relationship with body mass index (BMI), blood glucose and blood lipid levels in EH patients with type 2 diabetes mellitus (T2DM). 

1. Subjects and methods

1.1 Subjects

    A total of 79 male essential hypertension (EH) patients with age 56~92 (77.5±8.8) years old were enrolled. Exclusion standards were as follow: secondary hypertension (such as renal hypertension, primary aldosteronism and pheochromocytoma et al), complicated with thyroid dysfunction, chronic renal failure (blood creatinine level >225 mmol/L), liver dysfunction et al. There were 46 pure EH patients (EH group) with age (77.0±9.6) years old and 33 EH patients complicated with T2DM (EH + T2DM group) with age (78.2±7.7) years old. All patients received single or combined antihypertensive drug treatment [angiotensin converting enzyme inhibitor (ACEI), angiotensin Ⅱ receptor blocker (ARB), prolonged action calcium channel blocker and diuretics] in long period; EH complicated with T2DM patients also received hypoglycemic agent medication based on above treatment. There were no significant difference in age, used antihypertensive drugs and smoking history between two groups, and all patients didn’t take drugs that had effects on serum Hcy level within eight weeks, such as folic acid and vitamin B12. 

1.2 Methods

1.2.1 General data:    Age (years), body weight (kg), body height (m), smoking history, usage condition of antihypertensive and hypoglycemic drugs were collected through inquiry of disease history and healthy examination. BMI was calculated according to formula: BMI= body weight/body height 2 (kg/m2) 

1.2.2 Measurements of levels of glucose metabolic indexes, serum Hcy and urine microalbumin:  Fasting venous blood was collected in early morning. Serum Hcy was measured by ABBOTT automatic chemiluminescent analyzer. Fasting blood glucose (FBG), 2h postprandial blood glucose (2hPBG) and glycosylated hemoglobin (HbA1c) were measured by automatic biochemical analyzer. Levels of blood triglyceride (TG), total cholesterol (TC), low density lipoprotein-cholesterol (LDL-C), high density lipoprotein- cholesterol (HDL-C), apolipoprotein AI (Apo A-I) and Apo B were also measured. Moring urine was reserved for measurement of urine microalbumin concentration. 
1.3 Statistical analysis

    SPSS 13.0 software was used to perform statistical analysis. Measurement data were expressed as (
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) and its comparison was performed using students’t test. Pearson correlation analysis was used to perform correlation analysis between indexes. P<0.05 was regard as possessing significant difference. 

2. Results

2.1 Comparison of BMI, blood glucose and blood lipid indexes between two groups

    Compared with EH group, there were significant increase in levels of BMI, blood glucose（FBG, 2hPBG, HbA1c）, blood lipid （TG, LDL-C and ApoB）in EH + T2DM group (P<0.05 or <0.01), there were no significant difference in levels of TC, HDL-C and ApoA-I between two groups (P>0.05). They were shown in table 1. 

Table 1 Comparison of BMI, blood glucose and blood lipid between two groups (
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	EH group (n=46)
	EH + T2DM group (n=33)

	BMI (kg/m2)
	22.90±2.11
	24.29±3.23Δ

	FBG (mmol/L)
	5.35±0.52
	6.58±1.17ΔΔ

	2hPBG (mmol/L)
	7.36±0.51
	9.29±1.52ΔΔ

	HbA1c (%)
	5.65±0.43
	7.10±0.90ΔΔ

	Triglyceride (mmol/L)
	1.50±0.55
	1.83±0.65Δ

	Total cholesterol (mmol/L)
	4.27±0.80
	4.60±0.77

	LDL-C (mmol/L)
	2.30±0.63
	 2.83±0.75ΔΔ

	HDL-C (mmol/L)
	1.20±0.24
	1.23±0.34

	Apo lipoprotein-AI (g/L)
	1.26±0.24
	1.30±0.34

	Apo lipoprotein-B (g/L)
	0.70±0.21
	 0.79±0.18Δ


Notes: EH: essential hypertension, T2DM: type 2 diabetes mellitus, BMI: body mass index, FBG: fasting blood glucose, 2hPBG: 2h postprandial blood glucose, HbA1c: glycosylated haemoglobin, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein- cholesterol. Compared with EH group, ΔP<0.05, ΔΔP<0.01. Similarly hereinafter. 

2.2 Comparison of serum Hcy and urine microalbumin levels between two groups

      Compared with EH group, there were significant increase in serum Hcy and urine microalbumin levels  in EH + T2DM group (P<0.01 both). They were shown in table 2.

Table 2 Comparison of serum homocysteine and urine microalbumin levels between two groups (
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	EH group (n=46)
	EH + T2DM group (n=33)

	Homocysteine (μmol/L)
	12.78±2.51
	16.26±2.91ΔΔ

	Urine microalbumin (mg/L)
	19.45±5.24
	33.65±10.70ΔΔ


2.3 Correlation analysis among serum Hcy, urine microalbumin levels and other metabolic indexes in EH + T2DM patients

    Pearson correlation analysis indicated that serum Hcy level was positively correlated with BMI (r =0.688, ), FBG (r =0.667), HbA1c (r =0.692), LDL-C (r =0.906), ApoB (r =0.774) and urine microalbumin (r =0.685), P<0.01 all , but not significantly correlated with 2hPBG, TG, TC, HDL-C and ApoA-I; urine microalbumin level was positively correlated with BMI (r =0.566), HbA1c (r =0.611), LDL-C (r =0.610,), Apo B (r =0.648) and Hcy (r =0.685), P<0.01 all , but not significantly correlated with FBG, 2hPBG, TG, TC, HDL-C and ApoA-I in EH + T2DM patients. 

3. Discussion

Clinical and epidemiological study indicated [2] that many risk factors of CVD often existed together, such as abdominal/central obesity often company with elevated blood pressure, abnormal glucose metabolism (impaired fasting glucose, abnormal glucose tolerance or diabetes mellitus), dyslipidemia et al, they interact with each other, participate and promote AS pathological process featured by chronic vascular inflammation, therefore constitute a group of metabolic disorder symptoms —metabolic syndrome (MS) closely related with CVD. 

As an important intermediate product during metabolic process of methionine and cysteine, homocysteine (Hcy) can impair vascular endothelium, stimulate proliferation of vascular smooth muscle cells, activate monocytes and cause dyslipidemia, and finally participate in pathological change of AS [3]. Therefore, as an index for vascular endothelial dysfunction, increased blood Hcy concentration was regard as an independent risk factor of CVD and it causes CVD synergistically with other CVD risk factors. A study found that [4] elevated plasma Hcy was an important risk factor reflecting pathological development of general vascular AS; and blood Hcy level of EH patients complicated with T2DM was significantly higher than that of EH patients [5]. Coincided with other studies [4, 6], the present study showed that compared with EH patients, the serum Hcy level significantly increased in EH patients with DM, and Hcy level was significantly positively correlated with FBG and HbA1c, but not related with 2hPBG. Masuda et al [7] also found that in male patients with T2DM, FBG and HbA1c were correlated with serum total Hcy. Therefore, it’s speculated that compared with 2hPBG level affected by eating, FBG can better reflect the real level of blood glucose in most time; because HbA1c reflects mean level of blood glucose of T2DM patients in recent 2~3 months, thus it’s a predictive factor for AS development [8], an important influencing factor for impaired vascular endothelium-dependent vasodilation function [9], and closely correlated with occurrence of CVD. 

Microalbuminuria reflects injury of abnormal glucose metabolism on renal microvascular endothelium and it’s an important predictive factor for CVD [1]. Some studies found that [10, 11] microalbuminuria was significantly correlated with HbA1c level in T2DM patients, and elevated plasma Hcy concentration was significantly correlated with increased excretion rate of urine microalbumin. The present study also demonstrated that compared with EH patients, urine microalbumin level significantly increased in EH patients with T2DM, and positively correlated with plasma levels of HbA1c and Hcy, suggesting that EH complicated abnormal glucose metabolism （especially complicated abnormal HbA1c level）can further aggravate vascular endothelial and renal microvascular injury, there is a close correlation between them. Besides, dyslipidemia often exist in T2DM patients [12, 13]. The present study also showed that compared with EH patients, not only BMI but dyslipidemia also significantly increased in EH patients with T2DM, presented as significant increase in TG, LDL-C and Apo-B. Further correlation analysis found that BMI, LDL-C, Apo-B were positively correlated with blood Hcy and urine microalbumin levels, indicating that risk factors for CVD, such as obesity, hypertension, abnormal glucose metabolism and dyslipidemia synergistically injure vascular endothelium. 

In summary, the present study indicated that abnormal glucose metabolism aggravated vascular endothelial and renal microvascular injury in EH patients complicated with diabetes. Therefore, controlling blood glucose level is very important for relieving vascular injury and then development of CVD and renal complications. 
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