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Influence of impaired glucose metabolism on cardiovascular function in patients with essential hypertension
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Abstract: Objective: To explore the influence of impaired glucose metabolism (IGM) on cardiovascular function in patients with essential hypertension (EH). Methods: A total of 46 pure EH patients and 36 EH + type 2 diabetes mellitus (T2DM) patients were selected. Levels of blood glucose, blood lipids, serum uric acid (UA), fibrinogen (Fb), serum homocysteine (Hcy) and urinary microalbumin were measured, and patients received 24h ambulatory blood pressure monitoring (ABPM) and color Doppler echocardiography. Clinic indexes, ambulatory blood pressure parameters and incidence rate of cardiac diastolic dysfunction were compared and analyzed between two groups. Cardiac diastolic dysfunction was regarded as a binary dependent variable, and it underwent multi-factor gradual binary regression analysis. Results: Body mass index (BMI), blood glucose, blood lipids (except high density lipoprotein cholesterol, apoprotein AI), UA, Fb, serum Hcy and urinary microalbumin levels in EH + T2DM group were significantly higher than those of pure EH group (P<0.05 or P<0.01), and their 24h mean systolic blood pressure (24hSBP), daytime mean SBP (dSBP), 24h mean pulse pressure (24hPP) and daytime mean PP (dPP) were significantly higher than those of pure EH patients (P<0.05 or P<0.01). Left ventricular ejection fraction (LVEF) of both groups was > 40%, and incidence rate of cardiac diastolic dysfunction in EH + T2DM group (72.2%) was significantly higher than that of pure EH group (45.7%), P<0.05. Binary Logistic regression analysis indicated that age (OR=1.160, 95%CI: 1.002~1.342, P=0.012), DM (OR=3.095, 95%CI: 1.056~9.079, P=0.029) and glycosylated hemoglobin (HbA1c, OR=1.756, 95%CI: 1.261~2.445, P=0.008) were independent risk factors for cardiac diastolic dysfunction in EH patients. Conclusion: Impaired glucose metabolism aggravates cardiovascular system dysfunction in patients with essential hypertension through aggravating atherosclerosis and cardiac early diastolic dysfunction. Therefore, improvement of glucose metabolism in these patients could help to reduce their risk of cardiovascular diseases. 
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糖代谢异常对原发性高血压患者心血管功能的影响/王钢, 夏冰//广州军区广州总医院（老年病科: 王钢, 医学实验科：夏冰），广东 广州  510010

摘要：目的：探讨糖代谢异常(IGM)对原发性高血压(EH)患者心血管功能的影响。方法：选择46例单纯EH及36例合并2型糖尿病(T2DM)的EH患者，检测其血糖、血脂、血尿酸（UA）、纤维蛋白原（Fb）、血同型半胱氨酸(Hcy)、尿微量白蛋白(UM)等指标水平，同时行24h动态血压监测及心脏彩色超声多普勒检查，对两组患者的各项临床指标、动态血压参数及心脏舒张障碍发生率进行对比分析，并以心脏舒张功能障碍为二分类因变量，进行多因素逐步二分类回归分析。结果：合并T2DM 的EH患者人体质量指数(BMI)、血糖、血脂（除高密度脂蛋白胆固醇、载脂蛋白A I外）、UA、Fb、血Hcy及UM水平均显著高于单纯EH患者（P<0.05或P<0.01），且合并T2DM的EH患者24h平均收缩压(24hSBP)、日间平均收缩压(dSBP)、24h平均脉压(24h-PP)及日间平均脉压(dPP)均显著高于单纯EH患者(P<0.05或P<0.01)，而两组间其他动态血压参数的差异则无显著性意义(P>0.05)；两组EH患者左心室射血分数(LVEF)值均大于40%，而合并T2DM的EH患者心脏舒张功能障碍发生率显著高于单纯EH患者(72.2% 比45.7%, P<0.05)，二元Logistic 回归分析显示，年龄(OR=1.160, 95%CI: 1.002~1.342, P=0.012)、糖尿病(OR=3.095, 95%CI: 1.056~9.079, P=0.029)、HbA1c水平(OR=1.756, 95%CI: 1.261~2.445, P=0.008)是EH患者心脏舒张功能障碍的独立危险因素。结论：糖代谢异常通过加剧动脉硬化及心脏舒张早期功能障碍，以加重EH患者的心血管系统功能异常，改善EH患者的糖代谢状态有助于降低其心血管疾病的危险。
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Many risk factors of cardiovascular diseases (CVD) are often concomitance and they cause diseases together. For example, incidence rates of impaired glucose metabolism (IGM), such as impaired glucose tolerance or diabetes mellitus (DM) etc. in patients with hypertension are significantly higher than those of people with normal blood pressure; compared with people with normal glucose metabolism, complicated rate of hypertension in DM patients are higher and they are easier to suffer from cardiac dysfunction. The latter usually presents as left ventricular diastolic dysfunction in early period but normal left ventricular systolic function, so they don’t have symptoms of heart failure. The present study made a regression analysis on risk factors of left ventricular diastolic dysfunction through measure and compare levels of metabolic parameters, including blood glucose, blood lipids, uric acid (UA), fibrinogen (Fg) etc., and vascular endothelial injury factors, including serum homocysteine (Hcy) and urinary microalbumin (UM) etc., and ambulatory blood pressure (ABP) and parameters of left ventricular diastolic function between essential hypertension (EH) patients with /without type 2 diabetes mellitus (T2DM), and explored influence of IGM on cardiovascular function in EH patients. 

1. Subjects and methods

1.1 Subjects

A total of 82 male EH patients were selected. Excluded standard were various secondary hypertension (such as renal hypertension, primary aldosteronism and pheochromocytoma etc.), and complicated with coronary heart disease, thyroid diseases, chronic renal diseases, rheumatic heart disease, primary myocardial disease and congestive heart failure. Atrial tachycardia, atrial flutter and atrial fibrillation etc., which may affect echocardiography results, didn’t occur in any patients during the present study. There were 46 pure EH patients with age (77.1±5.6) years old and 36 EH + T2DM patients with age (79.3±5.9) years old. All patients received single or combined antihypertensive medication (angiotensin converting enzyme inhibitor, angiotensin Ⅱ receptor blocker, prolonged action calcium channel blocker and diuretics etc.), EH + T2DM patients received hypoglycemic agents at the same time. There were no significant difference in age, antihypertensive drugs and smoking history between two groups of EH, and all patients didn’t take drugs affecting serum Hcy, such as folic acid and vitamin B12 etc., and anticoagulants in the last eight weeks. 

1.2 Methods

1.2.1 General data:  Age (year), body weight (kg), height (m), smoking history, antihypertensive and hypoglycemic drugs were obtained via medical history inquiry and physical examination. Body mass index (BMI) was calculated, BMI=body weight /height2 (kg/m2). 

1.2.2 Measurements of levels of glucose, blood lipids, UA, Fb, serum Hcy and UM:   Fasting venous blood was taken in morning. Serum Hcy was measured by Abbott automatic chemiluminescence immunoassay analyzer; automatic biochemical analyzer was used to measure levels of fasting blood glucose (FBG), 2h postprandial blood glucose (2hPBG) and glycosylated hemoglobin (HbA1c), triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), serum apoprotein AI (Apo-AI) and Apo-B, serum UA and Fb; meanwhile, morning urine was taken for UM concentration measurement. 

1.2.3 ABP measurement： Japan Manish DS-250 type non invasive portable ABP monitor was used. The 24h ABP monitoring was performed via automatic intermittent inflation with oscillation method, blood pressure was measured with intervals of 30min in daytime (6:00~22:00) and 1h in nighttime (22:00~6:00) respectively. Following indexes were obtained: 24h mean systolic blood pressure (24hSBP), 24h mean diastolic blood pressure (24hDBP), 24h mean pulse pressure (24hPP); daytime mean SBP (dSBP), daytime mean DBP (dDBP), daytime mean PP (dPP); nighttime mean SBP (nSBP), nighttime mean DBP (nDBP) and nighttime mean PP (nPP). 

1.2.4 Measurement of left ventricular function parameters: GE VV-7 type color ultrasonography was used to perform Doppler echocardiography. Left ventricular ejection fraction (LVEF) was obtained via type M ultrasound, mitral early diastolic peak flow velocity (E), mitral late diastolic peak flow velocity (A), mitral annulus early diastolic peak flow velocity (Ea) and mitral annulus late diastolic peak flow velocity (Aa) were measured in cardiac apex four-chamber view. E/A and Ea/Aa were calculated. E/A<1, or E/A>1 but Ea/Aa<1 were regarded as ultrasound diagnostic standard of cardiac diastolic dysfunction. 

1.3 Statistical analysis

    SPSS 13.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), its comparison between two groups was performed using unpaired Student’s t test. Numeration data were expressed as percentage, and its comparison was performed using chi-square test. Cardiac diastolic dysfunction was regarded as binary dependent variable [0=no cardiac diastolic dysfunction, 1=cardiac diastolic dysfunction]. Partial maximum likelihood estimate forward method (Forward LR) was used to perform multi-factor gradual binary Logistic regression analysis, then screened risk factors of cardiac diastolic dysfunction in EH patients. P<0.05 was regarded as possessing significant difference. 

2. Results

2.1 Comparison of all metabolic indexes between two groups

Compared with pure EH patients, there were significant rise in levels of BMI, FBG, 2hPBG, HbA1c, TG, TC, LDL-C, Apo-B, serum UA, Fb, serum Hcy and urinary microalbumin in EH + T2DM patients, (P<0.05 or P<0.01), there were no significant difference in levels of HDL-C and Apo-AI between two groups (P>0.05). They were shown in table 1. 

Table 1 Comparison of all metabolic parameters between two groups (
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	Pure EH group (n=46)
	EH + T2DM group (n=36)
	t
	P

	BMI (kg/m2)
	22.79±2.01
	24.33±3.13△
	2.565
	0.013

	FBG (mmol/L)
	5.34±0.51
	6.54±1.13△△
	5.874
	0.001

	2hPBG (mmol/L)
	7.38±0.50
	9.20±1.53△△
	6.866
	0.001

	HbA1c (%)
	5.63±0.42
	7.06±0.90△△
	8.772
	0.001

	TG (mmol/L)
	1.50±0.55
	1.83±0.63△
	2.538
	0.013

	TC (mmol/L)
	4.25±0.78
	4.64±0.77△
	2.240
	0.028

	LDL-C (mmol/L)
	2.28±0.60
	2.84±0.73△△
	3.868
	0.001

	HDL-C (mmol/L)
	1.21±0.24
	1.24±0.35
	0.421
	0.675

	Apo-AI (g/L)
	1.28±0.24
	1.31±0.36
	0.514
	0.609

	Apo-B (g/L)
	0.69±0.20
	0.80±0.18△
	2.496
	0.015

	UA(μmol/L)
	396.22±76.35
	432.97±76.93△
	2.156
	0.034

	Fb(g/L)
	3.13±0.74
	3.73±0.89△△
	3.365
	0.001

	UM(mg/L)
	19.40±5.22
	33.08±10.55△△
	7.124
	0.001

	Hcy (μmol/L)
	12.59±2.37
	16.35±2.86△△
	6.504
	0.001


DM：Diabetes mellitus, EH: Essential hypertension，BMI: Body mass index，FBG：Fasting blood glucose，2hPBG：2h postprandial blood glucose，HbA1c：Glycosylated hemoglobin，TG：Triglyceride，TC：Total cholesterol，LDL-C：Low density lipoprotein cholesterol，HDL-C：High density lipoprotein cholesterol，Apo：Apoprotein，UA：Uric acid，Fb：Fibrinogen，UM：Urinary microalbumin，Hcy：Homocysteine. Compared with pure EH patients, △P<0.05, △△P<0.01. Similarly hereinafter.
2.2 Comparison of ABP parameters between two groups

    Compared with pure EH patients, there were significant rise in 24hSBP，dSBP，24hPP and  dPP in EH + T2DM patients (P<0.05, P<0.01), but there were no significant difference in nSBP, 24hDBP, dDBP, nDBP, nDBP and nPP between two groups (P>0.05). They were shown in table 2. 

Table 2 Comparison of ambulatory blood pressure parameters between two groups (
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	Parameter
	Pure EH group (n=46, mmHg)
	EH + T2DM group 

(n=36, mmHg)
	t
	P

	24hSBP
	131.22±9.75
	136.81±10.44△
	2.496
	0.015

	24hDBP
	71.61±6.51
	71.28±7.27
	-0.217
	0.829

	24hPP
	59.57±4.82
	65.56±5.01△△
	5.486
	0.001

	dSBP
	133.22±9.74
	140.39±10.87△△
	3.415
	0.002

	dDBP
	73.52±7.27
	72.94±6.15
	-0.381
	0.704

	dPP
	59.70±4.03
	67.44±5.71△△
	7.197
	0.001

	nSBP
	128.30±9.16
	129.28±8.70
	0.488
	0.627

	nDBP
	69.87±6.19
	68.75±7.51
	-0.740
	0.462

	nPP
	58.43±6.39
	60.53±4.54
	1.731
	0.087


d：Daytime，n：Nighttime，SBP：Systolic blood pressure，DBP: Diastolic blood pressure.
2.3 Color Doppler echocardiographic examination results of cardiac function in two groups of EH

LVEF was higher than 40% in both groups, but incidence rate of cardiac diastolic dysfunction in EH + T2DM group (72.2%) was significantly higher than that of pure EH group (45.7%), χ2=5.828, P=0.016. Gradual binary Logistic regression analysis of cardiac diastolic dysfunction indicated that age (OR=1.160, 95%CI: 1.002 ~ 1.342, P=0.012), DM (OR=3.095, 95%CI: 1.056 ~ 9.079, P=0.029) and HbA1c level (OR=1.756, 95%CI: 1.261 ~ 2.445, P=0.008) were independent risk factors for cardiac diastolic dysfunction in EH patients. 

3. Discussion 

Clinical and epidemiological research indicates [1] that many risk factors of cardiovascular diseases (CVD), such as elevated blood pressure, IGM, dyslipidemia etc., usually exist together and constitute a group of metabolic disorder syndrome closely related to CVD onset—metabolic syndromes (MS), which joins vascular endothelial injury factors and procoagulant factors causes disease in common. Among them, IGM and elevated blood pressure have very close relation with CVD; elevated Hcy concentration and microalbumin reflect vascular endothelial injury, which are also the important predictors of CVD [2]. The present study indicated that compared with pure EH patients, there were significant abnormality in metabolic parameters, such as blood glucose, blood lipids, UA and Fb etc., and significant increase in endothelial injury indexes, such as serum Hcy and UM etc., in EH +T2DM patients. It suggests that in EH patients, complicated IGM can cause abnormal blood glucose and blood lipid metabolism, lead to vascular endothelial injury, aggravate atherosclerosis and then affect fluctuation of blood pressure. Through ABP analysis, the present study found 24hSBP of EH + T2DM group was significantly higher than that of pure EH group, especially dSBP, but there were no significant difference in nSBP and 24hDBP (daytime and nighttime) between two groups; corresponding PP analysis indicated that dPP of EH + T2DM group was significantly higher than that of pure EH patients, but no significant difference in nPP between two groups. Previous study of the present topic group [3] also suggested that T2DM can cause blood pressure variability increase in EH patients. Therefore, IGM can aggravate atherosclerosis and arterial stiffness, reduce arterial elasticity and compliance; then increase CVD risk in EH patients. 

Besides, researches in the recent years indicated that DM patients can complicate with diabetic cardiomyopathy, leading to left ventricular dysfunction, whose early manifestation is left ventricular diastolic dysfunction and normal left ventricular systolic function, therefore, the patients don’t present symptoms of heart failure. Doppler echocardiography is a noninvasive measure to assess cardiac diastolic function. Early left ventricular diastolic hypofunction is left ventricular relaxation dysfunction (reduced E peak), showed with reduction of atrioventricular pressure difference and left atrial compensatory systolic enhancement (A peak increasing), thus E/A<1; when left ventricular diastolic function further failed, besides left ventricular relaxation dysfunction, left ventricular compliance reduces, leading to A peak reduction, meanwhile, because left ventricular compliance decreases making left atrial pressure rises, E peak increasing, so E/A>1 fake normalization of cardiac diastolic function appears. At this time, cardiac diastolic dysfunction can be found through measuring mitral annulus diastolic movement velocity [4], presenting as Ea/Aa<1. Some researches [5, 6] found that cardiac diastolic dysfunction may have existed when T2DM patients didn’t show cardiac systolic dysfunction, the former was significantly correlated with their HbA1c level. Through echocardiography, the present study found that cardiac diastolic dysfunction occurred when cardiac systolic function was still normal in EH patients, and incidence rate of cardiac diastolic dysfunction in EH + T2DM patients was significantly higher than that of pure EH patients; further regression analysis indicated that age, complicated DM and HbA1c level were risk factors of cardiac diastolic dysfunction in EH patients. Besides, cardiac diastolic dysfunction is also significantly correlated with age, T2DM course, microvascular complications of DM and degree of diabetic cardiac autonomic disease in T2DM patients without CVD [7-9]. Therefore, complicated with IGM can accelerate pathological process of cardiac diastolic dysfunction in EH patients. Now it’s thought that [10] pathogenesis of diabetic cardiac diastolic dysfunction included myocyte injury and myocardial interstitial fibrosis caused by elevated blood glucose, abnormal activation of local heart renin- angiotension- 

aldosterone system (RAAS), oxidative stress of myocardial cells and increase of inflammatory mediator levels, myocyte calcium homeostasis mechanism dysfunction and cardiac autonomic neuropathy etc. 

In summary, the present study indicated that IGM aggravated cardiac early diastolic dysfunction, so improving glucose metabolism of EH patient’s helps to decrease their risk of cardiovascular diseases. 
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