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Summary
To investigate the effect of long-term athletic training on the heart, pulsed Doppler echocardio-

graphy was performed in 117 male professional cyclists (Group C: 20-59 years of age), and 40 age- and
sex-matched untrained normal controls (Group N). According to age, the subjects in each group were
categorized in two subgroups: 74 cyclists (Group Ci), 20-39 years of age and 43 cyclists (Group Cyy),
40-59 years of age; 24 control subjects (Group Nj), 20-39 years of age and 16 control subjects (Group
Ny1), 40-59 years of age. The average durations as professional cyclists were eight years in Group C;
and 29 years in Group Cy;.

The ratios of pre-ejection period to ejection time (LV-PEP/ET, RV-PEP/ET) as obtained from
Doppler flow velocity patterns of the left and right ventricles (LV, RV) were used as parameters of
systolic function. The peak flow velocities during rapid filling (LV-R, RV-R) and atrial systole
(LV-A, RV-A), and the ratio of A to R (LV-A/R, RV-A/R) were used as parameters of diastolic filling
dynamics.

The parameters of systolic function of both ventricles and those of diastolic filling dynamics of the
RV did not differ between Group C and Group N, Group C; and Group Nj, and Group C;; and
Group Ny;. Study of the diastolic filling dynamics of the LV disclosed that Group C had a signifi-
cantly higher LV-A/R (p<0.05) than did Group N; therefore, no significant differences between
Group C; and Group Ny, and Group Cy; had a significantly lower LV-R (p<0.005) and a higher
LV-A/R (p<0.005) than did Group Ny;.
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Twenty-four hour ambulatory ECG monitoring was performed for 49 cyclists. Thirty cyclists aged
20-39 years were categorized in two groups according to their LV-A/R values: eight cyclists (Group
A) with the LV-A/R greater than the mean+SD value (0.69) in Group Ny and 22 cyclists (Group B)
with the LV-A/R lower than or equal to 0.69. Nineteen cyclists aged 40-59 years were separated into
two groups according to the LV-A/R value: 11 cyclists (Group A) with the LV-A/R values greater than
the mean+SD value (0.89) in Group Ny, and eight cyclists (Group B) with ‘the LV-A/R equal to or
less than 0.89. The incidence of ventricular premature contractions of grade 3 or 4 by the Lown’s
classification were 389, in cyclists aged 20-39 years in Group A and, 369, in cyclists aged 40-59 years
in Group A as compared to those of Group B—149, and 139%,, respectively.

In conclusion, long-term athletic training in cyclists frequently impaired the diastolic function of
the LV, and cyclists with impaired LV diastolic function often combined serious ventricular arrhy-
thmias. These suggest that some cyclists may have myocardial damage and that their cardiac structure

are not always appropriate adaptations.
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Table 1. Subjects

Cases (No.) Age (yrs) (mean+SD)
Cyclists (Group C) 117 20—59 (36+12)
Younger cyclists (Cy) 74 20—39 (28+ 6)
Older cyclists (Cy1) 43 40—59 (49+ 5)
Normal control subjects (Group N) 40 20—59 (36+12)
Younger subjects (Ny) 24 20—39 (26+ 6)
Older subjects (Ny;) 16 40—59 (50+ 6)
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Fig. 1. Doppler flow velocity curves of the outflow and inflow tracts of both ventricles.
LV =left ventricle; RV =right ventricle; AO=aorta; LA=left atrium; RA=right atrium; PA=
pulmonary artery; SV=sample volume; PEP=pre-ejection period; ET=ejection time; R=peak
flow velocity during rapid filling; A=peak flow velocity during atrial systole.
The values of R and A are corrected for angle.
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Table 2. Comparison of pulsed Doppler echo-
cardiographic measurements of cycl-
ists (Group C) and normal control
subjects (Group N)

Group C (n=117) N (n=40)
LV-PEP/ET 0.37£0.05 0.36+0.04
RV-PEP/ET 0.34+0.04 0.34+0.04
LV
R cm/sec 63.5+14.0 67.2+10.7
A cm/sec 47.0+16.0 43.1+9.8
AR 0.75+0.25* 0.66+0.17
RV
R cm/sec 46.0+7.2 44.5+7.2
A cm/sec 27.3+8.9 27.7+£5.7
AR 0.61+0.22 0.63+0.14

Values are mean+SD. *: p<0.05 vs Group N
LV=left ventricle; RV=right ventricle; PEP/ET=
pre-ejection period/ejection time; R=peak flow ve-
locity during rapid filling; A =peak flow velocity dur-
ing atrial systole.
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Table 3. Comparison of pulsed Doppler echocardiographic measurements of younger cycl-
ists (Group C;) and younger control subjects (Group Nj); and of older cyclists
(Group C;;) and older control subjects (Group Nyj)

Group C; (n=74) N; (n=24) Cyp (n=43) Ny (n=16)
LV-PEP/ET 0.37+0.05 0.36+0.04 0.37+0.04 0.35+0.03
RV-PEP/ET 0.34+0.04 0.34+0.04 0.34£0.04 0.34+0.04
LV
R cm/sec 69.6+12.9 71.1+9.2 52.3+9.0% 61.7+10.6
A cm/sec 41.5+7.0 38.3+7.0 50.3+7.0 481193
A/R 0.62+0.17 0.56+0.13 0.98+0.19* 0.78+0.11
RV
R cm/sec 47.9+7.1 47.0+7.6 41.5+6.6 42.2+6.3
A cm/sec 25.3+6.5 25.6+4.2 31.2+8.8 30.0+6.4
A/R 0.53+0.14 0.55+0.10 0.75+0.21 0.71+0.12

Values are means+SD. *: p<0.005 vs Group Nj;. Abbreviations are as in Table 2.
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Fig. 2. Pulsed Doppler echocardiographic findings in 28-year-old cyclist.
Upper left: Doppler flow velocity curve in outflow of left ventricle. LV-PEP/ET =0.33.
Upper right: In inflow of left ventricle. LV-R=65.8 cm/sec; LV-A=39.5 cm/sec; LV-A/R=
0.60.
Lower left: In outflow of right ventricle. RV-PEP/ET=0.32.
Lower right: In inflow of right ventricle. RV-R=48.3 cm/sec; RV-A=29.0 cm/sec; RV-A/R=
0.60.
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Fig. 3. Pulsed Doppler echocardiographic findings in 53-year-old cyclist.
Upper left: Doppler flow velocity curve in outflow of left ventricle. LV-PEP/ET=0.31.
Upper right: In inflow of left ventricle. LV-R=40.0 cm/sec; LV-A=46.7 cm/sec; LV-A/R=

1.17,

Lower left: In outflow of right ventricle. RV-PEP/ET =0.29

Lower right: In inflow of right venticle.
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Table 4. Lown’s classification of ventricular
premature contractions obtained from
24 hour ambulatory ECG monitorings

Grade Cases (No.)
0 no VPC 23
1 less than 30 VPCs/h 14
2 30 or more VPCs/h 1
3 multiform 5
4A pair 5
4B vT 1

VPC=ventricular premature contraction; VT=
ventricular tachycardia.

Table 5. Number of cyclists with ventricular
premature contractions graded 3 or 4
degrees by Lown’s classification

Age (yrs) 20—39 40—59
Group A 3 (38%) 4 (36%)
Group B 3 (14%) 1 (13%)

Group A: Cyclists with LV-A/R higher than the
value of mean+SD in control subjects.

Group B: Cyclists with LV-A/R lower than or
equal to the value of mean+SD in control subjects.

Mean+SD of LV-A/R in control subjects aged
20-39 years old (Group Nj) and in those aged 40-59
years old (Group Njp) are 0.69 and 0.89.
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