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Left ventricular function and maximum oxygen uptake of top female athletes

Shukoh HAGA , Mitsuo MATSUDA, Susumu KOSEKI, Ryuhei KOJIMA,
Etsuo UEYA, Hideo IKARUGI, Kenji TOGASHI, Toshiaki NAKATANI,
Satoshi ORIKASA and Shigeru NASHIBA '

The purpose of this study was to investigate the aerobic work capacity, cardiac dimensions and
function of female athletes in the All Japan class and University female athletes and to compare these
data to previous studies. Interventricular septal thickness (IVST), left ventricular posterior wall
thickness (LVPWT), left ventricular end-diastolic dimension (Dd) and left ventricular end-systolic
dimension (Ds) were obtained from M-mode echocardiogram, and hemodynamic indices were
calculated to evaluate the left ventricular functions. Competitive athletes who participated in the
study were marathon runners and ball game players. They were divid.ed into two groups, 20 top
female athletes (Top G.) and 13 university female athletes (Univ.G.).VO,max was measured in 17
top female athletes and 8 university female athletes.

1. The average age, height and weight for Univ.G. and Top G. were 19.9 years and 20.2 years,
159.0cm and 162.0cm, 53.7kg and 56.3kg respectively. Two groups had the same physical
characteristics. .

2 . Maximum oxygen uptake (VO,max:l/min) was 2.8 1/min in Univ.G. and 3.2 l/mip in Top G.
The latter had significantly higher \'702max (1/min) than the former (p<0.05). VO,max per
body weight (ml/kg+min) for two groups were 50.2ml/kg-min, 56.3ml/kg*min. There was no
significant difference between two groups although Top G. tended to have the higher \.702rnax
(ml/kg+min) than Univ.G.. Top G. was considered to be high class players compared to the
female athletes who had superior aerobic work capacity in foreign countries.

3 . Interventricular septal thickness (IVST) was 7.0mm in Univ.G. and 7.5mm in Top G. No
significant difference between them was noted.. Left ventricular posterior wall thickness
(LVPWT) was 7.6mm and 8.8mm. It was noted that Top G. had higher average value of
LVPWT than Univ. G. (p<0.05) . These values were less than Japanese male athletes or female
athletes in foreign countries.

4 . Left ventricular end-diastolic dimension (Dd) for Univ.G. and Top G. were 48.5mm, 51.3mm
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respectively, and Top G. had significantly higher values (p<0.05). However, there was no
significant difference among Dd per body surface area for two groups. Left ventricular end
-systolic dimension (Ds) for two groups were about same values. It was considered that the Dd
values in Top G. was higher than that in Japanese female marathon runners and same as or
higher than the data from reports in foreign countries. The percentage of Dd in Top G. to male
athletes corresponded to 94~97%.

. Left ventricular end-diastolic volume (LVEDV), LVEDV per body surface area, stroke
volume (SV) and stroke index (SI) in Top G. were higher values than Univ.G. (p<0.05
respectively) . This results reflected the increased Dd in Top G. and also the training effects
on left ventricular volume and cardiac output was observed.

. Left ventricular mass (LVM) in Top G. was significantly higher than Univ.G. (p<0.001) . This
was due to the increased Dd and LVPWT and it appeared to be influenced by training.

. The relationships among cardiac structure, left ventricular function and \.702max were given
in Fig. 1~6. It was indicated in Top G. that Dd and LVEDV were significantly correlated with
LVM (p<0.01, p<0.05 respectively) and the relationship between SV and fractional shortening
(FS) also was significant (p<0.05) . Therefore,\'fozmax in Top G. was contributed to the

increased Dd, SV and FS which was one parameter of myocardial contractility.

Key words . echocardiography, left ventricular function, hemodynamic indices, maximum oxygen

uptake, top female athletes.
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Table 1. Physical characteristics for two groups of female athletes.

UNIV. (n=13) TOP (n=20) Signif.
Mean SD Range Mean SD Range UNIV. vs TOP
Age (years) 19.9 1.10 19~22 20.2 2.02 18~25 ns
Height (cm) 159.0 5.41. 150.0~167.7 162.4 5.67 154.8~175.0 ns
Weight (kg) 53.7 6.47 41.9~64.5 56.3 8.27 44.5~78.0 ns
BSA (m?) 1.55 0.11  1.34~1.74 1.58 0.14 1.40~1.95 ns

UNIV.: University female athletes group, TOP: Top female athletes group.

Table 2. \./OZmax, HRmax, \./'Emax for two groups of female athletes.

UNIV. (n=8) TOP (n=17) Signif.
" Mean SD Range Mean SD Range UNIV. vs TOP
\'/Ozmax (I/min) 2.81 0.46 2.25~3.51 3.21 0.42  2.53~4.14 p<0.05
\'/OZmax (ml/kg*min) 50.2 10.06 36.2~64.5 56.3 7.43  43.6~71.5 ns
HRmax. (beats/min) 198.3 5.92 190~210 192.4 8.16 180~210 ns
VEmax. (I/min,BTPS) 83.1 11.49 62.4~96.6 103.5 15.51 79.8~136.4 p<0.05

UNIV .: University female athletes group, TOP: Top female athletes group.
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Table 3. Echocardiographic data for two groups of female athletes.
UNIV. (n=13) TOP (n=20) Signif.
Mean SD Range Mean SD Range UNIV. vs TOP
IVST (mm) 7.0 1.89 4.2~10.5 7.5 1.25 4.7~9.9 ns
IVST/BSA (mm/m?) 45 1.32 2.6~6.9 4.7 0.8 2.8~6.2 ns
LVPWT (mm) 7.6 1.32 6.0~9.8 8.8 1.19 6.6~11.3 p<0.05
LVPWT/BSA (mm/m?) 4.9 0.81 3.8~6.1 5.6 0.38 4.1~8.0 p<0.05
Dd (mm) 48.5 3.37 44.6~55.5 51.3 2.72  47.0~56.0 p<0.05
Dd/BSA (mm/m?) 31.2 1.30  29.0~33.3 32.5 2.78 27.5~38.2 ns
Ds (mm) 31.9 3.49 26.3~36.5 33.2 3.16 27.8~39.8 ns
Ds/BSA (mm/m?) 20.5 1.68 17.8~23.4 21.0 . 2.59 16.0~26.5 ns
LVEDV (ml) 115.4 24.86 88.7~171.0 136.0 21.52 103.8~175.6 p<0.05
LVEDV/BSA (ml/m?) 73.8 11.60 57.7~97.7 85.9 13.35 63.6~112.6 p<0.05
LVESV (ml) 33.6 10.51 18.2~48.6 37.6 11.25 21.4~62.8 ns
LVESV/BSA (ml/m?) 21.4 5.89 12.6~30.0 23.8 7.11  12.3~40.7 ns
EF (%) 71.3 5.11 62.3~79.5 72.4 6.63 57.6~80.7 ns
FS (%) 34.3 3.99  27.9~41.0 35.3 5.14 24.9~42.2 ns
SV (ml/beat) 81.8 16.41 65.8~122.3 98.4 18.34 70.3~139.7 p<0.05
SV/BSA (ml/m?+beat) 52.4 7.38  43.1~70.1 62.1 11.31 49.8~83.8 p<0.05
CO (1/min) 4.90 1.42  3.24~8.24 5.71 1.51 3.52~8.15 ns
CO/BSA (1/m?+min) 3.13 0.74 2.16~4.42 3.57 0.81 2.25~5.23 ns
HR (beats/min) 59.4 9.65 41~77 58.0 11.37 35.2~74.1 ns
LVM (g) 142.5 28.18 103.4~211.1 180.9 28.32 129.1~237.1 p<0.001

UNIV. : University female athletes group, TOP : Top female athletes group
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