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Endothelial Function in Female Student Athletes 

Participating Badminton Training 
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"~epartment  of Clinical Laboratory Medicine, Division of Integrated & 

Preventive Medicine, Gifu University School of Medicine 

" ~ o k a i  Women's Junior College 

(~ i rec tor  : Prof. T. MATSUOKA) 

The purpose of this study was to investigate whether enhanced endothelial function in dominant and nondominant upper 

limbs in young student athletes undertaken mainly unilateral upper limb badminton training for years exist. Sixteen female univer- 

sity student athletes (18 .9f0 .8  yr old) participating in at least 5 years of badminton training and 6 healthy female sedentary stu- 

dents (19.8 f 0.2 yr old) were studied. Aerobic exercise capacity (vo2,,,) , grip strength of right and left arms, and fasting plasma 

cholesterol and triglyceride concentrations were measured. Flow-mediated dilation (FMD) was measured by high-resolution ultra- 

sound in bilateral brachial arteries. FMD % was calculated as the difference between the maximal dilatational artery diameter after 

cuff deflation and baseline artery diameter divided by baseline artery diameter. Student athletes had higher Qo~,,,,, and HDL cho- 

lesterol level (p<O. 01, respectively). In the preferred upper limb, grip strength was greater in student athletes (p=O. 05) and 

baseline brachial artery diameter was close to greater in student athletes (p=O. 055) than in controls, and FMD% was similar in 

corresponding comparison. In the nonpreferred upper limb, there were no differences in grip strength, baseline brachial artery di- 

ameter and FMD% between the two groups. Grip strength and baseline brachial artery diameter in the preferred upper limb were 

larger than in the nonpreferred upper limb within student athletes (p<O.  01, respectively), and FMD% showed no difference in 

corresponding comparison. These results indicate that no enhanced endothelial function either in the dominant or in the nondomi- 

nant upper limb was observed in young female student athletes involved in long-term badminton exercise training. 

Acta Sch Med Univ Gifu 51 : 67 - 73 (2003) 
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Introduction 

Endothelial dysfunction is a key early event in athero- 

genesis and has been linked to the clinical manifestations of 

established coronary artery Several studies have 

shown that endothelial function measured in brachial artery or 

superficial femoral artery was abnormal in subjects with clas- 

sical cardiovascular risk factors such as smoking, hypercholes- 

terolemia and insulin-dependent diabetes but without evidence 

of established atherosclerotic d i ~ e a s e ~ ' ~ ~ ' .  Endothelial func- 

tion was improved by regularly aerobic exercise in subjects 

who existed cardiovascular risk factors and were observed en- 

dothelial dysfunctiong' -lo'. 

Endothelial function can be assessed non-invasively in 

either the brachial or femoral artery by high-resolution ultra- 

sound"'. This technique is both accurate and reproducible"). 

Moreover, endothelial function in the brachial artery has been 

shown to be a useful surrogate measure of endothelial function 

in the coronary arterie~'~"'"and more recently has been shown 

to be a predictive tool of future cardiovascular  event^'^"^'. 
The effects of short-and long-term exercise on endothe- 

lial function are contro~ersial'~'. Some investigations demon- 

strated that by short-term aerobic training, endothelial func- 

tion was improved in those populations with either a normal 

or abnormal baseline value of endothelial f u n ~ t i o n ~ ~ ' ~ ~ ' .  How- 

ever, other investigations found that short-term training did 



not seem to improve endothelial function2"'". In fact, 

Bergholm et al.""reported that endothelial function was im- 

paired by relatively intense aerobic training. However, in 

older men involved in long-term endurance training, enhanced 

endothelial function was observed when compared with sed- 

entary controls matched for age1q"0125'26' . There are few studies 

regarding endothelial function in healthy young men partici- 

pating in long-term endurance training. Whether there is en- 

hanced endothelial function in these young men is unclear. In 

the present study, we used non-invasive high-resolution ultra- 

sound to investigate whether young female student athletes 

who had undertaken unilateral upper limb badminton training 

for years showed enhanced endothelial function in dominant 

and nondominant upper limbs. 

Methods 

Subjects : 

Subjects consisted of 1 ) 16 female student athletes in a 

university badminton club (age18. 9-tO.8 yr) and 2 ) 6 sed- 

entary students (age19. 8 k 0 . 2  yr) in another university in the 

same city recruited by advertisement. The student athletes 

trained regularly 6 timeslweek for 3 hourslday and partici- 

pated in local and inter university competitions. All student 

athletes training over at least 5 years, and all had been training 

in the past 4 months. Fourteen out of the 16 used their right 

arm and the remaining 2 used their left arm when they played 

badminton. The six control students were not involved in 

regular training and dominantly used their right arm in daily 

life. All subjects were free of hypertension, hyperlipemia, car- 

diovascular disease, and diabetes mellitus. Questionnaires 

were administered for investigation of exercise and medical 

history. Informed consent was obtained from all subjects. 

V02rndx : 

Vo,,,, was assessed using a grade exercise test on an elec- 

trically braked cycle ergometer (well Bike, BE-360, Fukuda 

Electronic Company, ~ imi t ed )  . This test consisted of a 3 - 

min warming up period at 30 watt (w) followed by 15 W in- 

creases each minute until further increase in workload was 

prevented by fatigue. The criteria for the establishment of 

~ o ~ , , ,  included a plateau in oxygen consumption with increas- 

ing work rate, a respiratory exchange ratio > 1.1, and failure 

to maintain the required work rate despite encouragement. 

We defined 902,,,, as the average oxygen consumption during 

the final 30 s of exercise. Oxygen and carbon dioxide meas- 

urements were made with a cardiopulmonary measuring sys- 

tem ( ~ a r d i o ~ u l m o n a r ~  Function Measuring System, Oxycon 

Alpha, Fukuda Electronic Company, ~ imi t ed )  . The 902,.,, as- 

sessment was preceded by measurement of endothelial func- 

tion in all subjects. 

Endothelium-dependent dilatation : 

In the present study, flow-mediated dilatation was em- 

ployed as a measurement of endothelium-dependent dilata- 

tion. All subjects were asked not to drink coffee or tea for at 

least 4 h before measurement. The student athletes did not 

carry out training on the measuring day. A high-resolution ul- 

trasound was used to measure the brachial artery. Vasodila- 

tion in response to reactive hyperemia was measured by the 

technique described by Celermajer et a1 . l l ' ' L 'L" .  Ultrasound 

scanning was performed using a high-resolution ultrasonic 

system (sequoia, 512, ~ c u s o n )  with an 8 . 0  MHz transducer. 

Electrodes were placed on the subjects7 chests to allow con- 

current electrocardiography. All measurements were per- 

formed by the same experienced ultrasonographer, who was 

not aware of the subjects' state, and was recorded on high 

quality magnet optical disk for subsequent off-line analysis. 

After subjects rested 5 min in supine position, a longitudinal 

scan of the brachial artery, 2 - 10 cm above the elbow, was 

recorded, with the vessel appearing horizontally across the 

screen. Gain, magnification and focal zone settings were ad- 

justed to optimize the lumen-arterial wall interface. While 

maintaining the transducer position, a small pneumatic cuff 

was inflated around the subjects forearms to a pressure of 250 
mmHg and maintained for 5 min. Vessel diameters were 

measured each min after cuff deflation for 5 min. The arterial 

diameter measurements were taken from the anterior wall 

leading edge of the intima-media echo to the leading edge of 

the far wall intima-media vessel interface, at the same point of 

the cardiac cycle on the ECG. Three consecutive cardiac cy- 

cles were measured, then averaged. FMD was expressed as 

percentage change (FMD % ) . The FMD % was calculated as 

the difference between maximal vessel diameter after cuff de- 

flation and baseline arterial diameter divided by baseline arte- 

rial diameter. The right and left upper limbs were measured in 

all subjects in order to compare difference in FMD% between 

dominant and nondominant upper limbs. 

Body composition : 

Height and weight were measured by standard methods. 

BMI was calculated as weight (kilograms) divided by height 

(meters) squared. Percentage of body fat was determined by 

a body fat analyzer (TBF-310, Tanita company). Resting 

systolic and diastolic blood pressure were measured by a 

sphygmomanometer. Grip strength in both right and left arms 

was measured by a digital Grip strength dynamometer (T.K. 

K. 5101, Takei Scientific Instruments CO., LTD. ) .  Fasting 

plasma lipid was determined with enzymatic methods by the 

Clinical Laboratory of Central Clinical Facilities affiliated 

with Gifu University Hospital. 

Statistical analysis : 

Data for grip strength, resting brachial arterial diameter 

and FMD % were compared. Data concerning dominant and 

nondominant upper limbs in student athletes were compared 

with corresponding data for sedentary students by unpaired t- 
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test. Data for the dominant upper limb was compared with 

that for the nondominant one within the student athlete group, 

using paired t-test. All data are expressed as mean+SD ex- 

cept for FMD% (mean + SE) . Characteristic data for student 

athletes and controls were also compared by unpaired t-test. 

Statistical significance was set at p< 0.05. 

Results 

Clinical and physiological characteristics : 

Values for the two groups are shown in Table 1 . There 

were no significant differences between the two groups in 

weight, height, BMI, %fat, systolic or diastolic blood pres- 

sure, plasma total cholesterol and triglyceride concentrations 

 a able 1 ) . The student athletes had significantly higher 

902,,,,, than sedentary controls (p< 0.01). The HDL choles- 

terol level was significantly higher in the student athlete group 

than in the sedentary student group (p< 0. Ol), but both were 

within normal range. 

Grip strength : 

Fig. 1 compares the two groups regarding grip strength. 

The grip strength of the preferred upper limb (primarily right 

arm) in the student athlete group was significantly greater than 

that of the control group (p =0.05), whereas, in the nonpre- 

ferred upper limb (primarily left arm), grip strength was simi- 

lar in both athletic and sedentary groups (p >0.05) ( ~ i ~ .  1 ) . 
When compared preferred with nonpreferred upper limb for 

grip strength within student athletes group, the grip strength of 

the preferred upper limb in the student athlete group was strik- 

ingly larger than that of the non-preferred limb (p<O. 01) 

(F&. 1 ) .  

Brachial arterial diameter : 

Resting brachial arterial diameter in the student athlete 

group was close to greater than control group in the preferred 

upper limb (p=O. 055) . The arterial diameter was similar be- 

Table 1 Subjects' Characteristics 

tween the two groups in nonpreferred upper limb (p >O. 05) 

( ~ i ~ .  2 ) . The brachial arterial diameter of the preferred up- 

per limb was strikingly greater than that of the nonpreferred 

P athletes 
P<O.01 - controls 

P=0.05 
P=NS 

Preferred Arm Non-preferred 
A m  

Fig. 1 Grip strength of preferred and nonpreferred arms in stu- 
dent athletes and controls. Comparison of preferred and nonpre- 
ferred limb for grip strength in student athletes with corresponding 
limbs in controls. Comparison of grip strength of preferred and 
nonpreferred limb of student athletes. Values are means k SD. 

L. a, P<O.O1 
1' athletes 

P=0.055 controls 

D E N S  

m Preferred Ann Non-prefened 

Ann 

Fig. 2 Baseline brachial artery diameter of preferred and nonpre- 
ferred upper limbs in student athletes and controls. Comparison of 
preferred and nonpreferred limbs in student athletes with corre- 
sponding limbs in controls. Comparison preferred with nonpre- 
ferred limb of student athletes for baseline brachial artery diameter. 
Values are means -t SD. 

Student Athletes Controls 

n 16 6 
Age (yr) 18.9f 0.8 1 9 . 8 k 0 . 2  

9ozrnu (ml//rnin/kg) 5 1 . 3 k 5 . 7  39 .7k7 .3" "  

Height (cm) 157.8rt6.0 156 .0k2 .2  

Weight (kg) 5 3 . 7 k 5 . 0  5 3 . 5 k 5 . 0  

BMI (kg/m2) 2 1 . 5 k 1 . 1  2 2 . 0 k 2 . 3  
% Fat 2 4 . 9 k 3 . 2  2 7 . 2 k 3 . 1  

SBP ( m m ~ ~ )  loo* 7 106+ 3 
DBP ( m m ~ g )  63+ 6 6531 5 
Total cholesterol (mgldl) 189.8f 26.5 175.3 f 26.2 

HDL cholesterol (mg/dl) 73.6+ 16.2 58 .2k6 .2" "  
Triglyceride (mg/dl) 61.6f 31.9 75.8f 33.5 

Values are mean* SD; n, no. of subjects; ~oz,,,,, maximal 0 2  consumption; BMI, body mass index; SBP, systolic blood 

pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein. * * Significantly different from student athletes 
group (p<O.  01). 



limb (p<O. 01) ( ~ i ~ .  2 ) . 

FMD% : 

There were no significant differences in FMD% between 

the student athlete group and the sedentary group in either the 

preferred or the nonpreferred upper limb (p>0. 05, respec- 

tively) ( ~ i g .  3 ) , nor was there significant difference in FMD 

% between the preferred and nonpreferred upper limb within 

the student athlete group (p>O. 05) ( ~ i ~ .  3 ) . 

A P=NS 
14 - lBathletes 

CI controls 
cr 

T 
P=MS 
n 

- 
E Preferred Arm Mon-preferred 

Arm 

Fig. 3 Flow-mediated dilation of preferred and nonpreferred up- 
per limbs in student athletes and controls. Comparison of preferred 
and nonpreferred limbs in student athletes with corresponding 
limbs in controls. Comparison preferred with nonpreferred upper 
limb of student athletes for flow-mediated dilation. Values are 
means i SE. 

Discussion 

The vascular endothelium plays an important role in the 

regulation of vascular tone and the maintenance of cardiovas- 

cular homeosta~is'"'~'. Importantly, endothelial dysfunction, 

particularly impaired endothelium-dependent vasodilation, has 

been linked to the pathogenesis of atherosclerotic vascular dis- 

ease and acute cardiovascular events. Indeed, reduced endo- 

thelial vasodilatory function occurs early in atherogenesis be- 

fore histological and angiographic evidence of atherosclero- 
Si S3) 301 31 1 . In addition, impaired endothelium-dependent vasodi- 

lation is a common characteristic of several atherosclerosis 

risk factors. Many studies have shown that decreased endothe- 

lial function has been restored by aerobic exercise in subjects 

with hypertension, dyslipidemia, diabetes, and coronary artery 
disease&) 10132 31) 

Rywik et a1 ..'"evaluated the endothelial function of 12 

older male athletes (average age 70.4 yr) involved in long 

term endurance training. They were active distance runners, 

racewalkers, cyclists and swimmers and had trained regularly 

for at least 45 min three or more times a week for at least 5 

years. Controls were sedentary men matched for age. Rywik 

et a l .  found augmented endothelial function in older athletes 

compared with their sedentary peers. Rinder et a1 . I y )  investi- 

gated 10 older endurance-trained male master athletes (age 

68.5 i 1 .4  yr) and 10 sedentary healthy men (age 64.5 * 
2.3 yr) .  The master athletes had trained regularly at least 3 

timesfweek for at least 1 hourfday for years. They observed 

that endurance trained older men had a better endothelial func- 

tion in comparison with age-matched sedentary controls, and 

they considered that long-term endurance exercise in older 

men is associated with systemically enhanced endothelial 

function, which is detectable even in the conduit arteries of 

untrained muscle. Desouza et a1 reported that aerobic exer- 

cise was able to prevent age associated loss in endothelium de- 

pendent vasodilation in 20 older endurance trained men. 

Studies of endothelial function in young athletes and gen- 

eral populations after short-term exercise have produced con- 

flict results. Clarkson et a1 ..'" investigated 25 healthy male 

military recruits, aged 17 to 24 (mean 20) years. Improved 

brachial artery endothelium-dependent dilation was observed 

after 10 weeks of generalized exercise training. Green et a1 .I6' 

researched 17 healthy male subjects randomly assigned to a 

training (n= 11, age 23 + 1 yr) or a nontraining control group 

(n = 6 , age 23 * 2 yr) . The training group performed four 

30-min sessions of left handgrip exercise per week for 4 

weeks. Forearm blood flow response to the endothelium- 

dependent vasodilator methacholine chloride did not change 

in the training group after 4 weeks exercise intervention. 

Kingwell et a1 .'" showed that there was no difference in the 

response to acetylcholine of forearm blood flow before and af- 

ter four weeks of training performed at 65% Wmax in 13 
male sedentary volunteers (age 24 + 6 yr) . 

Kingwell et a1 .3S' demonstrated that 10 middle-age male 

endurance athletes showed enhanced dilation in response to 

acetylcholine. However, the authors attributed this result to 

lower plasma cholesterol. Rinder et a1 .I9' reported that long- 

term exercise resulted in systemically enhanced endothelial 

function and Hornig et a1 .39' reported the same for short-term 

exercise. 

Bergholm et a1 ."' showed that when 9 male volunteers 

performed 4 one-hour running sessions per week at 70-80% 

of each subject's ~ o L m r X  for 3 months, impaired endothelial 

function was observed after 3 months relative intense aerobic 

training. 

In this study, the students were badminton student ath- 

letes who had been training 3 hoursfday 6 timesfweek for at 

least 5 years. The 902,,,, of the student athletes was signifi- 

cantly greater than that of the controls. Grip strength in the 

dominant upper limb of the student athletes was strikingly 

greater than either the controls' corresponding limb or their 

own nondominant upper limb. The baseline brachial artery di- 

ameter in the dominant upper limb of student athletes was sig- 

nificantly larger than that of theie own nondominant upper 

limb and close to greater than that of the controls' correspond- 

ing limb. These results were consistent with previous stud- 
ie~ '~"" .  These data also confirmed that student athletes had 

been training on certain intensity. The plasma total choles- 
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terol level in student athletes was higher than that of the con- 

trols, although there was no statistically significant difference. 

Furthermore, correlation analysis of plasma total cholesterol 

and FMD% using all subjects' data found no correlation (data 

not shown). 

Our results suggest that long-term endurance exercise in 

young female badminton student athletes was not associated 

with enhanced endothelial function either in the dominant or 

in the nondominant upper limbs. It is unclear whether exer- 

cise intensity might be responsible for these results, but unfor- 

tunately, exercise intensity was not monitored. Some previous 

studies suggested that baseline brachial artery diameter was 

negatively related to endothelium-dependent dilation""'". 

However, other researches suggested no correlation between 

baseline artery diameter and endothelium-dependent dila- 
tion4)44)45) . Celermajer et a1 ."' stated that arteries larger than 

6 .0  mm, even when healthy, have a smaller flow-mediated re- 

sponse. In this study, baseline brachial artery diameters of 

both student athletes and controls were less than 6 .0  mm. 

Our results are inconsistent with previous studies con- 

ducted on older athletes and on subjects with cardiovascular 

risk factors. It is unclear whether sensitivity and adaptation to 

similar stimulation differ in humans under various states. 

Larger samples and ascertaining reason studies will obviously 

be necessary. 

We can conclude that no enhanced endothelial function 

either in the dominant or in the nondominant upper limbs was 

observed in young female student athletes involved in long- 

term badminton exercise training. 
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