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Influence of long-term exercise training on carotid intima-media thickness in patients with mild-moderate hypertension
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Abstract: Objective: To observe influence of long-term exercise training on carotid intima-media thickness (IMT) in patients with mild-moderate hypertension. Methods: A total of 92 patients with essential mild-moderate hypertension were randomly divided into routine treatment group (n=46) and exercise group (n=46, received exercise training based on routine treatment) according to number table. All patients were followed up for one year, and the blood pressure, carotid artery diameter and carotid IMT were measured, compared and analyzed in two groups before and after treatment. Results: There was no significant difference in systolic and diastolic blood pressure before treatment between two groups (P＞0.05). Compared with baseline value, there were significant decrease in systolic blood pressure [(176.66±l1.78)mmHg vs. (130.89±13.01)mmHg], diastolic blood pressure [(101.43±6.41)mmHg vs. (81.71±8.45)mmHg], carotid artery diameter [(6.62±0.97)mm vs. (6.22±1.01)mm] and carotid IMT [(0.98±0.12)mm vs. (0.84±0.11)mm] in exercise group after one-year training (P<0.05 all), and they were all significantly lower than those of routine treatment group (P<0.05 all ). Conclusion: Long-term exercise training can effectively control blood pressure, decrease carotid artery diameter and carotid intima-media thickness. 

Key word: Hypertension; Exercise; Carotid arteries; Tunica intima

Article number 1008-0074(2014)01-

Doi: 10.3969/j. issn. 1008-0074. 2014.01.

长期运动训练对轻中度高血压患者颈动脉内膜中层厚度的影响/张金春1, 卢英民1, 黄达民1, 罗晓菡1, 陆懿2, 岳冬梅1, 韦彩雯1// 1. 上海交通大学医学院附属新华医院(崇明)心内科，上海  202150；2. 上海交通大学医学院附属新华医院(崇明)堡镇分院

通讯作者：卢英民，E-mail: lymkkkk@yahoo.com
摘要:目的：观察长期运动训练对轻中度高血压患者颈动脉内膜中层厚度(IMT)的影响。方法：92例原发性轻中度高血压患者按数字表法被随机分为常规治疗组（46例）和运动组（46例，在常规治疗基础上进行运动训练），随访1年，测量两组患者治疗前后两组血压、颈总动脉内径、颈动脉IMT，并进行比较分析。结果：与基线值比较，运动组训练1年后收缩压[(176.66±l1.78)mmHg比(130.89±13.01)mmHg]与舒张压[(101.43±6.41)mmHg比(81.71±8.45)mmHg]均明显降低(P均<0.05)，颈动脉内径[(6.62±0.97)mm比(6.22±1.01)mm]、颈动脉IMT[(0.98±0.12)mm比(0.84±0.11)mm]显著减小（P均<0.05)，且较治常规治疗组治疗后显著减小（P均<0.05）。结论：长期运动训练能有效控制血压, 减少颈动脉内径和颈动脉内膜中层厚度。
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Current epidemiological study indicates that if high blood pressure cannot be effectively controlled, it will lead to stroke, coronary heart disease, congestive heart failure and end-stage renal diseases. Clinical practice also indicates that controlling blood pressure can decrease incidence rate and mortality of cardiovascular diseases. In recent years, non-drug therapy for essential hypertension（EH）received more and more attention. Non-drug therapy includes reasonable diet, lose weight, moderate exercise, smoking cessation, alcohol limit and psychological balance etc. Among them, exercise therapy possesses the advantages of simple and little cost. It has become one of the preferred therapies for mild hypertension, and a basic therapy for hypertension treatment. Long-term hypertension can impair and thicken arterial vascular endothelium, which is the pathological basis for atherosclerotic plaque formation, so increased carotid intima-media thickness (IMT) can be regard as an index predicting morbidity and mortality of cardiovascular diseases. The present study used high-definition ultrasonic technique to observe influence of long-term exercise training on carotid artery diameter and IMT in EH patients, aiming at exploring protection of long-term exercise training on vessels of EH patients. 

1  Data and methods

1.1  General data

    A total of 92 EH patients received treatment in our hospitals from Jul 2010 to Jul 2012 were enrolled. They were all accorded with the diagnosis standard formulated by International Society of Hypertension (ISH) [1], namely systolic blood pressure (SBP) 140~160mmHg and/or diastolic blood pressure (DBP) 90~100mmHg. There were 58 males and 34 females with age 39~84 (61.5±12.3) years, and the course of disease was three months to five years. The 92 patients were randomly divided into exercise group (n=46) and routine treatment group (n=46) according to number table. There were no significant differences in general data between two groups. 
1.2  Methods

Patients in both groups all took 24h depot preparations of losartan (Cozaar), amlodipine (Norvasc) and indapamide (Natrilix) to lower blood pressure. And exercise group also received treadmill exercise training and relaxing training etc. ① Treadmill exercise training: the velocity was 4 km/h and total distance was 2 km for 30min, once/day; ② Relaxing training: patients stood or sat in a quiet environment，and relaxed in mind in their body according to three lines. The first line was beginning from Baihui cave to perineum through body central line; the second line was beginning from Baihui cave to middle finger tip of left hand through left side head, ear, shoulder and back side of the arm, then went from inner side of arm to armpit, again from left side of body to foot sole through left hip, then from inner side of leg to perineum; the third line was changing pathway from left to right side for second line. The relaxing training was performed once/day or every other day, 30~60 min for each time. 

1.3  Measurement method

Blood pressure, carotid IMT and carotid artery diameter were measured in all patients. The fixed cardiovascular physician followed up training condition and measured blood pressure in clinic service every 2~3 months. After one-year training, above carotid ultrasound indexes were rechecked by fixed ultrasound physician. ① Measurement of blood pressure: patients were told to empty their bladder, be quiet and rest for 5~10min, then blood pressure of right upper arm was measured in sitting position, SBP reading was taken at Korotkoff’s first phase, DBP reading was taken at Korotkoff’s fifth phase, another measurement was performed after 2 min, mean value of readings of two times was calculated and recorded. No matter SBP or DBP, if the difference between readings of two times was ≥5mmHg, then another measurement was performed after 2 min, then mean value of readings of three times was taken; ② Carotid intima-media ultrasonic measurement: American GE VIVID7 PRO color Doppler ultrasound diagnostic machine was used and probe frequency was 7.5 MHz. Carotid IMT was measured：patients were laid back, first carotid artery was horizontally measured from internal extremity of clavicle, then probe moved towards head along carotid artery, horizontal and vertical real-time two-dimensional images of dual-side carotid arteries were observed from front, profile and back for every segment, lengthways ultrasonic image can be presented as two parallel bright lines divided by relative low echo, the distance between two lines was carotid IMT. Mean value of six points (namely 1cm under bifurcation of carotid artery, and 1cm part from its proximal end and distal end of both sides) was regard as carotid IMT. And IMT>0.9mm was regard as IMT thickening. 

1.4  Statistical method     

SAS software 13.0 was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), and its comparison was performed using self-paired t test. Numeration data were expressed as percentage and its comparison was performed using chi-square test. P<0.05 was regarded as possessing significant difference. 
2  Results

2.1  Comparison of blood pressure between two groups before and after treatment

    There was no significant difference in systolic and diastolic blood pressure before treatment between two groups（P＞0.05）. After one-year treatment, there were significant decrease in blood pressure in two groups (P<0.05 all), those of exercise group after treatment were significantly lower than those of routine treatment group (P<0.05), and blood pressure standard-reaching rate of exercise group was significantly higher than that of routine treatment group (P<0.05). They were shown in table 1. 
Table 1 Comparison of blood pressure between two groups before and after treatment (n=46)
	
	SBP (mmHg)
	DBP (mmHg)
	SBP standard- reaching rate (%)
	DBP standard- reaching rate (%)

	Routine treatment group Before treatment
	171.36±l0.13
	98.43±5.21
	76.00
	66.07

	        After treatment
	145.72±11.31
	88.49±7.32
	
	

	Exercise group 

Before treatment    
	176.66±l1.78
	101.43±6.41
	84.78
	89.13

	      After treatment
	130.89±13.01
	81.71±8.45
	
	

	t
	3.86
	4.01
	

	P1
	0.04
	0.03
	

	t 
	5.38
	4.01
	

	P2
	0.02
	0.03
	

	t
	2.89
	2.99
	

	P3
	0.08
	0.09
	

	t /χ24
	4.01
	3.86
	
	

	P4
	0.03
	0.04
	
	


SBP: Systolic blood pressure, DBP: Diastolic blood pressure, t21, P1: Comparison between before and after treatment in routine treatment group; t22, P2: Comparison between before and after treatment in exercise group; t 3, P3: Comparison between two groups before treatment; t /χ24, P4: Comparison between two groups after treatment. Similarly hereinafter. 

2.2  Comparison of carotid artery diameter and IMT between two groups before and after treatment

There was no significant difference in carotid artery diameter and IMT before treatment between two groups（P＞0.05）After one-year treatment, there were significant increase in carotid artery diameter and decrease in IMT in both groups (P<0.05 all), and those of exercise group were significantly improvement than those of routine treatment group (P<0.05 all). They were shown in table 2. 

Table 2  Comparison of carotid artery diameter and IMT between two groups before and after treatment (n=46)
	
	Carotid artery diameter (mm)
	Carotid IMT (mm)

	Routine treatment group 
Before treatment After treatment
	 6.34±1.23
6.52±0.47
	0.96±0.14
0.89±0.21

	Exercise group 

Before treatment 

After treatment
	6.22±1.01
6.62±0.97
	0.98±0.12
0.84±0.11

	t 
	3．86
	4．01

	P1
	0．04
	0．03

	t 
	5．38
	4．01

	P2
	0．02
	0．03

	t 
	2．89
	2．99

	P3
	0．08
	0．09

	t 
	4．01
	3．86

	P4
	0．03
	0．04


IMT: Intima-media thickness
3  Discussion  

General vascular resistance augmentation is one of main hemodynamic changes for hypertension. Along with vascular resistance continuous increase, pressure on artery vascular wall makes vascular wall elastic fiber transform to non-elastic collagen, leading to artery wall thickening and stiffness, lumen enlargement and artery compliance diminution. Carotid IMT thickening is usually regarded as an early index reflecting general arteriosclerosis. Carotid IMT thickening or atherosclerotic plaque formation is important signals indicating occurrence of severe cerebrovascular complications in EH patients. Color Doppler ultrasound can not only show two-dimensional anatomical images of vessels, but also provide dynamic hemodynamic information, and it can detect early lesion such as carotid IMT thickening in EH patients, comprehensively and accurately evaluate developing process and severity of lesions, and accurately locate the atherosclerotic lesions; so it’s convenient, effective, non-invasive and possesses high repeatability and important clinical value, which is preferred for carotid artery non-invasive measurement. 

Antihypertensive training can reverse structural change of carotid arterial wall caused by hypertension. Results of the present study proved that regular exercise training can effectively help to lower blood pressure, dilate carotid artery diameter, and decrease carotid IMT, which is a necessary component in EH treatment [2]. In 2002, Whelton et al made a meta-analysis on 54 tests performed from 1986 to Sep 2001, and obtained following conclusions: aerobic exercise can decrease blood pressure both in EH patients and normal people; during prevention and treatment of hypertension, increasing aerobic exercise should be regarded as an important measure. There are many similar researches and reports. Mao J et al [3] observed blood pressure changes of 108 aged patients with borderline hypertension three and six months after exercise, and found that there were significant decrease in SBP after three and six-month exercise, and DBP after six-month exercise. Kelley et al [4] found that after same aerobic endurance exercise training plan, absolute value decrease of resting SBP/DBP (6/5mmHg) in EH adult patients were significantly higher than those of adults with normal blood pressure (2/1mmHg). Zhou LY et al [5] found that similar blood pressure lowering effects can be obtained through aerobic training of 20% and 60% maximum exercise capacity, which was similar with foreign reports. Yang WG et al [6] reported that persistence of long-term regular aerobic exercise helps to lose and control body weight, regulate glucose and lipid metabolism, improve cardiopulmonary function, and achieve the goal of lowering blood pressure and decreasing morbidity risk of cardio- and cerebrovascular diseases. In the present study, the blood pressure decreased in patients of exercise group through treadmill exercise. Some study thought that aerobic exercise of low-moderate intensity had definite lowering blood pressure effect, and that of high-intensity exercise was inferior to those of low- and moderate-intensity exercise [7].

Through natural, gentle, deep breathing, reflectively decreasing medulla brain-cardiac sympathetic center excitability, tension impulse release from sympathetic vasoconstrictor center, relaxing training relieves small artery spasm and lowers blood pressure. Lower blood pressure mechanism of long-term aerobic endurance exercise：Mean arterial pressure is determined by cardiac output and total peripheral vascular resistance, because endurance exercise training did not significantly influence cardiac output, so main mechanism lowering blood pressure of aerobic endurance exercise is general peripheral vascular resistance reduction[8]. Main mechanisms lowering blood pressure of exercise training are as below: (1) Aerobic endurance exercise can regulate activity of sympathetic nervous system: Sympathetic activity increase is frequently seen in EH. Sympathetic nerves activation and following norepinephrine (NE) release can mediate vasoconstriction, cause vascular resistance increase, elevate blood pressure; Exercise training can decrease sympathetic nervous activity or circulating NE concentration, or up-regulating local concentration of vasodilation agents, then lowers blood pressure [9,10]. Besides limited available data indicating that impulse released from sympathetic centrifugal fiber will decrease after exercise training, some research also reported that plasma NE concentration also decreased after aerobic endurance exercise training. Therefore, decrease of sympathetic activity induced by exercise may contribute to preventing hypertension-related vascular remodeling [11]; (2) Aerobic endurance exercise training can oppose insulin resistance (IR): hyperinsulinism and IR are related to hypertension occurrence. Aerobic endurance exercise training has sensitization effect on insulin, which may be an important mechanism lowering blood pressure; (3) Aerobic endurance exercise may affect renin-angiotensin system (RAS): Angiotensin Ⅱ is a powerful vasoconstrictor substance and regulating substance for vascular volume, so exercise training-related decreased renin and angiotensin concentrations probably may be helpful for lower blood pressure [12] 

Increased carotid IMT can be regarded as index predicting morbidity and mortality of cardiovascular diseases. Long-term exercise training can effectively reverse early abnormality of carotid artery wall, restore endothelial function besides effectively controlling blood pressure, which is of very important significance for EH prognosis improving [13]. 

Summary the present study thought that EH was a chronic and life-long disease, besides long-term medication, persistence of exercise training is very important.
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