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The purpose of this study was to investigate whether young student athletes participating in basketball training exist en- 

hanced endothelial function. Eight student athletes (age 15.99 + 0.66 yr) regularly participating in a senior high school basket- 

ball training and 8 sedentary students (age 17.06 t 0.55 yr) were studied. Endothelial function was assessed as flow-mediated 

dilatation (FMD) by high-resolution ultrasound in right brachial artery. FMD% was calculated as difference between maximal 

dilatational artery diameter after cuff deflation and baseline artery diameter divided by baseline artery diameter. Maximal oxygen 

uptake (902,,,,) in student athletes group was significantly greater (P< 0.05). Plasma lipid concentrations were within normal 

range in both groups. Monitoring the exercise magnitude in each training day of athletic group being monitored averaged 143 

min at 60 %902rn~~ and 83 min at 80%9oz,,,. Absolute baseline brachial arterial diameter in athletic group was geater (P< 0.01).  

However, difference in brachial arterial diameter normalized for body surface area (BSA) between the two groups did not exist. 

There was no significant difference in FMD% between the two groups (P>O. 05). There was also no correlation between FMD 

% and absolute baseline brachial arterial diameter. These results indicate that no enhanced endothelial function was associated 

with these young female student athletes involved in senior high school basketball training. 
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INTRODUCTION 

Endothelial dysfunction is both a key early event in 

atherogenesis and has been linked to the clinical manifesta- 

tions of established coronary artery disease"-4'. Several stud- 

ies have shown that endothelial function was abnormal in sub- 

jects in the presence of classical cardiovascular risk factors 

such as smoking, hypercholesterolemia and insulin-dependent 

diabetes but without evidence of established atherosclerotic 

disease5'-". Endothelial function was improved by regularly 

aerobic exercise training in subjects in whom cardiovascular 

risk factors existed and endothelial dysfunction was ob- 

served8)-lo'. 

Endothelial function can be assessed non-invasively in 

the brachial or femoral artery by high-resolution ultrasound1". 

This technique is both accurate and reproducible12'. Moreover, 

endothelial function in the brachial artery has been shown to 

be a useful surrogate measure of endothelial function in the 

coronary arteries'"';'" 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 controversia1'". Some investigations demon- 

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

tion was improved in those populations with either normal or 

abnormal baseline value of endothelial f u n ~ t i o n ~ ~ ' ~ ~ ' ,  whereas 

other investigations found that short-term training did not 

seem to improve endothelial Bergholm et alZ4). 

reported that endothelial function was impaired by relatively 

intense aerobic training. In older men involved in long-term 

endurance training, enhanced endothelial funcction was ob- 

served when compared with sedentary controls matched for 
age19)20)25) 26) . There have been few studies with regard to endo- 

thelial function of healthy young men chronically participat- 

ing in regular exercise training. Whether these young men 



have enhanced endothelial function is unclear. In this study, 

we used non-invasive high-resolution ultrasound to investigate 

whether young student athletes participating in basketball 

training have enhanced endothelial function. 

METHODS 

Subjects : 

Subjects consisted of 1 ) 8 basketball female student 

athletes in a senior high school basketball club (age 15.99i- 

0.66 yr) and 2 ) 8 sedentary female students (age 17.06 

5 0 . 5 5  yr) in the same senior high school. The student ath- 

letes were training regularly ( 6 times 5 hourslwk) and used 

to participate in countrywide inter-senior-high-school compe- 

titions. All student athletes had attended regular training of 

basketball club during the three junior high school years and 

had been training in the past 4 months. Control students had 

not been involved in regular exercise training for years. All 

subjects were free of hypertension, hyperlipidemia, cardiovas- 

cular disease, and diabetes mellitus. Questionnaires written by 

all subjects were obtained for investigation of exercise and 

medical history. Informed consent was obtained from all sub- 

jects. 

v02,,,,,s: 

VO~,,,, was assessed during a grade exercise test on an 

electrically braked cycle ergometer (well Bike, BE-360, 

Fukuda Electronic Company, ~ imi ted)  . This test consisted of 

3 -min warming up at 30 watt (w) and increasing by 10 W 

each minute until any further increase in workload was pre- 

vented by fatigue. The criteria for the establishment of Qol,,.,, 

included a plateau in oxygen consumption with increasing 

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 measure- 

ments were made with a cardiopulmonary measuring system 

(~ardiopulmonar~ Function Measuring System, Oxycon Al- 

pha, Fukuda Electronic Company, ~ i m i t e d ) .  The Qoa,,,, as- 

sessment was preceded by measurement of endothelial func- 

tion in all subjects. 

Endothelium-dependent dilatation : 
In the present study, flow-mediated dilation was em- 

ployed as measurement of endothelium-dependent dilatation. 

All subjects were asked not to drink coffee or tea for at least 4 
h before study. The student athletes did not carry out training 

at the measuring day. A high-resolution ultrasound was used 

for measurement of right brachial artery. Vasodilation in re- 

sponse to reactive hyperemia was measured by the technique 

described by Celermajer et a1 .'l"i'L'I Ultrasound scanning was 

performed by using a high-resolution ultrasonic system ( ~ e -  

quoia, 512, ~ c u s o n )  , with 8. OMHz transducer. Electrodes 

were placed on the subjects' chest to enable concurrent elec- 

trocardiography. All measurements were performed by the 

same experienced physician who was not aware of subjects' 

state and recorded on high quality magneto optical disk for 

subsequent off-line analysis. After 5 min rest in the 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 adjusted to optimize the lumen-arterial wall 

interface. While maintaining the transducer position, a small 

pneumatic cuff was inflated around the subjects forearm to a 

pressure of 250 mmHg and maintained for 5 min. Vessel di- 

ameters 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 con- 

secutive cardiac cycles were measured then averaged. FMD 

was expressed as percentage change (FMD% ) . FMD% was 

calculated as the difference between maximal vessel diameter 

after cuff deflation and baseline arterial diameter divided by 

baseline arterial diameter. FMD of right brachial artery were 

measured in all subjects. 

Monitoring the magnitude of exercise : 

In order to know the actual magnitude of exercise in 

these student athletes, heart rate during exercise training was 

monitored by heart rate monitor (polar S610TM, Polar Electro 

Oy, Fin-90440 Kempele,   inland) on 5 separate days. Heart 

rate was recorded at 5 second intervals. The heart rates corre- 

sponding to 60 % 9o:,,,,, and 80 % $'o?,,,,, during Qormax test were 

found out. Exercise training time at or more than60%Voan,, 

and 80%qoa,,,, in each training day was calculated respec- 

tively. 

Body composition : 

Height and weight were measured by standard methods. 

Body mass index (BMT) was calculated as weight (kilograms) 

divided by height (meters) squared. BSA was calculated by 

weight and height. Percentage of body fat was determined by 

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

tolic and diastolic blood pressures were measured by a sphyg- 

momanometer. Right upper arm girth was measured. Fasting 

plasma lipid was determined with enzymatic methods by the 

Clinical Laboratory of Central Clinical Facilities-affiliated 

with Gifu University Hospital. 

Statistical analysis : 
All corresponding data between student athletes group 

and controls group were compared by unpaired t-test. 

Correlation between FMD% and baseline brachial arterial di- 

ameter was analyzed by Pearson Correlation. All data are ex- 

pressed as mean* SD. Statistical significance was set at p< 

0.05. 
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Table 1 Subject's characteristics 

Variable Student athletes Controls 

n 

Age (yr) 

V02rnaX (ml/min/kg) 

Hight (cm) 

Weight (kg) 

BSA (m2) 

BMI 

%Fat 

SP ( m m ~ g )  

DP ( m m ~ g )  

TC (mg/dl) 

TG (mg/dl) 

HDL-C (rngldl) 

LDL-C (mg/dl) 
- -  - 

Values are means+SD. * P< 0.05, **P<O. 01, significant different between two groups. 
BSA: body surface area. BMI: body mass index. SP: systolic blood pressure. DS: diastolic 
blood pressure. 

RESULTS 
difference. Absolute right baseline brachial arterial diameter 

in student athletes group was greater than control group. To 

Physiological and clinical characteristics : exclude effect of BSA difference, absolute right baseline bra- 

Values for two groups are shown in tablel. The f7o2,,,, chial arterial diameters were normalized for BSA. Normalized 

height and BSA in student athletes group were significantly brachial arterial diameters were no significant difference be- 

greater than in controls group. The total cholesterol and LDL- tween the two groups  a able 3 ) .  

cholesterol concentrations in student athletes group were sig- FMD% : 

nificantly lower than in controls group. There were no signifi- There were no significant differences in FMD% between 

cant differences in weight, BMI, %fat, systolic or diastolic student athletes group and controls group (P>O. 05) ( ~ i ~ .  1)  . 
blood pressure, plasma triglycerides and HDL-cholesterol Correlation analysis between FMD% and brachial arterial 

concentrations between the two groups. 

The magnitude of exercise : 

The training intensity and corresponding training time in 

student athletes group in each day are presented in table 2 . 
Right upper arm girth and brachial arterial diameter : 

Right upper arm girths between the two groups were no 

Table 2 The training magnitude in athletic group 

Training intensity Time (min) 

80 % Oo2,,, 83t-31 student athletes controls 
Fig. 1 Comparison of FMD% between student athletes and 

Values are means + SD. 
controls groups. NS : no significant difference. 

Table 3 Right upper arm girths and arterial diameters in two groups 

Variable Student athletes Controls P value 
- -- 

n 8 8 
Upper arm girth (cm) 24.66k1.42 24.15f 2.13 P>O. 05 
DBA (mm) 3.55310.29 3.02kO. 25 P< 0.01 
DBAIBSA 2.13-tO. 23 2 .03k0 .22  P>O. 05 

Values are means k SD. DB A: diameter of brachial artery. BSA (m2) : body surface area. 



Brachial arterial diametedmm) 
Fig. 2 Correlation between right brachial arterial diameter and 
FMD% used all subjects' data. 

diameter : 

There was no correlation between FMD% and baseline 

brachial arterial diameter in all subjects' data (Fig. 2 ) . 

The vascular endothelium plays an important role in the 

regulation of vascular tone and the maintenance of cardiovas- 

cular home~stasis'"~"'. 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- 
siS3)30)31' . In addition, impaired endothelium-dependent vasodi- 

lation is a common characteristic of several atherosclerosis 

risk factors. Many studies have shown that decreased endo- 

thelial function has been improved by aerobic exercise train- 

ing in subjects with hypertension, dyslipidemia, diabetes, and 

coronary artery \- 'I). 

Rywik et a1 .'" evaluated endothelial function of 12 (age 

70.4 yr) older male athletes involved in long-term endurance 

training. The athletes were active and trained regularly at least 

45 min, three or more times a week f o r 2  5 yr. Controls were 

sedentary men matched for age. They found augmented endo- 

thelial function in older athletes compared with their sedentary 

age peers. Rinder et a1 .I9' investigated 10 older endurance 

trained male master athletes (age 68.5 i 1 .4  yr) and 10 sed- 

entary healthy men (age 64 .5  f 2 .3  yr) . The master athletes 

were training regularly at least 3 timeslwk for at least 1 hlday 

for years. They observed that endurance trained older men 

had a better endothelial function in comparison with age- 

matched sedentary controls, and they considered that long- 

term endurance exercise training in older men is associated 

with systemically enhanced endothelial function, which is 

even detectable in the conduit arteries of untrained muscle. 

Desouza et  a1 .'O' reported that aerobic exercise was able to 

prevent the age-associated loss in endothelium-dependent 

vasodilation in 20 older endurance trained men. 

Studies of endothelial function in young athletes and gen- 

eral populations after short-term exercise training exhibit 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 .lb) 

researched 17 male healthy subjects, randomly assigned to an 

exercise training (n = 11, age 23 f 1 yr) or a nontraining con- 

trol group (n=6,  age 2 3 5  2 yr). The training group per- 

formed four 30-min sessions of left handgrip exercise per 

week for4 wk. Forearm blood flow response to the 

endothelium-dependent vasodilator methacholine chloride did 

not change in the training group after 4 wk exercise interven- 

tion. Kingwell et a1 .37' showed that there was no difference in 

the response to acetylcholine of forearm blood flow between 

ante and post four-week training performed at 65%Wmax in 

13 male sedentary volunteers (age 24 f 6 yr) . 
Bergholm et a1 ."" showed that in 9 male volunteers, per- 

forming 4 one hour running session per week at 70--80 of 

each subjects \ioi.,., for 3 months, impaired endothelial func- 

tion was observed after 3 months relative intense aerobic 

training. 

The student athletes participating in this study were train- 

ing regularly as 6 times 5 hourslwk. The average magnitude 

of exercise training monitored in each day was 143 minutes at 

60%\io?,., and 83 minutes at 80%Qorma,. As the magnitude 

of exercise sometimes was regulated, monitoring of training 

magnitude was completed on 5 separate days during two 

months. Student athletes had trained regularly averaging 6 
times 3 hourslwk during respective junior high school years. 

It is impossible to investigate exercise intensity during junior- 

high-school years now. Voz,,, in student athletes group was 

significantly greater than in controls group. These suggest 

that the training magnitude and intensity in student athletes 

were not lower. Lipidic profile of both athletic and sedentary 

groups was normal. Total cholesterol and LDL-cholesterol 

concentration in athletic group was lower. It reveals that exer- 

cise is beneficial. 

In this study, enhanced endothelial function in basketball 

student athletes was not observed. This result is inconsistent 

with previous studies conducted in older endurance athletes 

and the subjects with endothelial dysfunction. We think that it 

should not be attributed to training magnitude and intensity 

deficient. Whether sensitivity and adaptation to similar stimu- 

lation in human under various states are different, larger Sam- 

pling and ascertaining reason studies will obviously be neces- 

sary. 

Absolute baseline brachial arterial diameter in athletic 

group was greater. Previous study suggested that conduit arte- 

rial diameter is positively related to BSA"": Therefore, the 

baseline brachial arterial diameter was normalized for BSA. 

There was no difference in normalized brachial arterial diame- 
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ter between the two groups. This result was consistent with 

the study of Zeppilli et a1 ."' Studies by Herrington et a1 .") 

and Schroeder et a1 .41' showed that baseline brachial artery di- 

ameter was negatively related to endothelium-dependent dila- 

tion. However, studies of Zhang et a1 .", Abbott et a1 ."' and 

 ense en-urstad4" suggested no correlation between baseline ar- 

tery diameter and endothelium-dependent dilation. Our result 

also presented no correlation between FMD% and baseline 

brachial artery diameter. These reveal that having no en- 

hanced endothelial function is not due to greater baseline bra- 

chial artery diameter in athletic group. Celermajer et al."' 

stated that arteries larger than 6 .0  mm, even when healthy, 

have a smaller flow-mediated response. In this study, baseline 

brachial artery diameters of both student athletes and controls 

were less than 6 .0  mm. 

Limitation of this study : 

This study is a cross-sectional study. It is difficult to ex- 

clude genetic and dietary effects. The rationale for the use of 

cross-sectional study was because our objective was to assess 

the effects of chronic endurance training on endothelial func- 

tion in young men. 

We can conclude that no enhanced endothelial function 

was associated with these young female student athletes in- 

volved in senior high school basketball training. 
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