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SUMMARY

Morphologic and morpho-functional heart differences between healthy young athletes and
healthy young subjects who do not practice agonistic spott have been studied using Color Doppler
Echography (CDE).

Overall, 68 subjects were enrolled in the study (age range: 19-26 yrs). Of them, 34 subjects (17
men and 17 women) were practicing spott agonistically; the 34 controls (17 men and 17 women) did
not practice any sport on a regular basis. In each subject, age, height, weight, body mass index, prac-
ticed sport, systolic and diastolic blood pressure were recorded. CDE measures included telediasto-
lic left and right ventricular diameters (LVDd and RVDd, respectively), interventricular septum
thickness (IVSd), postetior wall thickness of the left ventricle (PLVWd), left and right atrium diam-
eters during ventricular systole (LAD and RAD respectively), and continence of each heart valve
(mitral; tricuspid; aortic; pulmonic).

In women, LADd was significantly higher in the athletes than in the controls (35.04+4.13 vs
31.81+3.34; p<0.02). Physiological regurgitation in at least one heart valve was observed in 15 out of
17 (88.2%) of the athletes; in 12 cases only one valve was involved: the mitral valve presented physi-
ological regurgitation in 8 women, the tricuspid in 4, the aortic in 2 and the pulmonic in 6. In the
control female population (17 persons), only 2 women showed evidence of regurgitation.

In men, except for RVDd, CDE measurements were all significantly higher in the athletes
than in the controls: LVDd (49.4+3.13 vs 46.02+4.46; p<0.02); IVSd (9.79+1.24 vs 8.59+0.91;
p<0.003); PLVW(d (8.63+1.29 vs 7.48+0.66; p<0.002).

Physiological regurgitation through one or more heart valves was demonstrated in all the 17
male athletes studied; in 9 cases (52.9%) only one valve was involved. Mitral regurgitation was ob-
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served in 8 cases (47%); tricuspid in 6 (35.3%). No physiological regurgitation through the aortic
valve was found, while 15 cases (88.2%) presented a pulmonic regutgitation.

Among male controls, physiological regurgitation was demonstrated only in 2 persons out of
17 (11.8%), both involving the pulmonic and the aortic valve.

In the total population of athletes compared to controls, analyzing men and women jointly, we
found that LAD (p<0.001),RAD (p<0.001), LIVD (p<0.01) were significantly larger in cases than in
controls, while for RVD, IVSd and PLVW(d such a difference did not reach statistical significance.
No relationship was found betweeen CDE data and either age, height, weight or blood pressure.

INTRODUCTION

It is well known that when persons practice a sport agonistically, their heart
must face both the increase of metabolism of muscles used, particularly the increase
oxygen requirements and the emotional stress, which varies according to the differ-
ent type of sport but is generally intense. (Bevegard and Shepard, 1967; Astrand and
Rodhal, 1970; Raskoff ez al., 1976; Frenkl, 1977; Douglas, 1989; Oury et al., 1998;
Dickerman et al., 1999; Zandrino et al., 2000). Sport training, reproducing the
physical challenges of the competition, prepares the heart to face the increase of
metabolic requirements, but no training can reproduce the emotional stress experi-
enced by the athlete during a competition; stress levels may vary in the same person
practicing the same sport from a competition to another. Physiologists have shown
that, compared to persons who do not practice agonistic sport, athletes present a
lower heatt rate, a higher heart weight and volume, and a higher telesystolic ven-
tricular volume (Vasconcelos ez al., 1982; Parmley, 1985; Ganong, 1987; Penco et
al., 1989; Di Bello et al., 1996; Hood and Northcote, 1999). The purpose of this
study was to identify any morphologic and morpho-functional heart difference be-
tween healthy young athletes and healthy young persons who do not practice ago-
nistic sport which can be related to the heart modifications in athletes described by
physiologists and listed above. To address this issue, Color Doppler Ecography
(CDE), a non-invasive technique which provides high-definition morphologic as
well as functional imaging (Shapiro and Smith, 1983; Fedel et a/., 1988; Pelliccia et
al., 1996) has been used in this research.

MATERIALS AND METHODS

The study population included 68 healthy subjects (34 men and 34 women, age
range 19-26). Of them, 34 persons, 17 men and 17 women were practicing sport
agonistically; control subjects did not practice any sport on a regular basis. A list of
the disciplines practiced included: swimming, long distance walking, cycling, body
building, playing tennis. Most of the participants were students of the Superior In-
stitute of Physical Education of Florence, Ttaly. In each participant, sex, age, height
weight, body mass index, practiced sport, systolic and diastolic omeral blood pres-
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sure were recorded. CDE measures included telediastolic left and right ventricular
diameters (LVDd and RVDd, respectively), interventricular septum thickness
(IVSd), posterior wall thickness of the left ventricle (PLVWd), left and right atrium
diameters during ventricular systole (LAD and RAD respectively), and continence
of each heart valve (mitral; tricuspid; aortic; pulmonary).

An Acuson 128XP Echo-Color-Doppler, equipped by 5 and 7 MHz probes,
was used for CDE.

Radiologic, ultrasonographic and hemodynamic data were correlated with age,
sex, and body surface using Student’s “T” test or correlation coefficient when ap-
propriate.

RESULTS

In Table 1 the mean values (+ standard deviation) of each measurement are
presented: in the first section, results are presented separately for cases and controls;
in the second section, they have been grouped by sex; age, height, weight, body in-
dex, systolic and diastolic blood pressure and CDE measurements expressed in mm
are shown for each proband.

The presence or absence of physiological regurgitation in the mitral (1), tricus-
pid (2), aortic (3), and pulmonic (4) valves in each sex are presented in Table 2.

In women, the mean values of age, height, weight and body mass index were
very similar in the athletes and in the controls and the slight differences were not sig-
nificant; also CDE measurements were similar except for LADd, which was signifi-
cantly higher in the athletes than in the controls (35.04+4.13 vs 31.81+3.34; p<0.02).

Physiological regurgitation in at least one heart valve was observed in 15 out of
17 (88.2%) of women athletes; in most cases (12 out of 15), only one valve was in-
volved: the mitral valve presented physiological regurgitation in 8 women, the tri-
cuspid in 4, the aortic in 2 and the pulmonic in 6 (Tab. 3). In the control female
population (17 persons), only 2 women showed evidence of a physiological regurgi-
tation (11.8%). The mitral valve was involved in both women; one of them pre-
sented also a physiological regurgitation through the pulmonic valve.

In men, the mean values of age, height,weight and body mass index were also
remarkably similar in cases and in controls; except for RVDd, CDE measurements
were significantly higher in the athletes than in the controls: LVDd (49.4+3.13 vs
46.02+4.46; p<0.02); IVSd (9.79+1.24 vs 8.59+0.91; p<0.003); PLVWd (8.63+1.29
vs 7.48+0.66; p<0.002).

Physiological regurgitation through one or more heart valves was demon-
strated in all the 17 male athletes studied (100%); in 9 cases (52.9%) only one valve
was involved (Tab. 5). Mitral regurgitation was observed in 8 cases (47 %); tricuspid
in 6 (35.3%). No physiologic regurgitation through the aortic valve was found,
while 15 cases (88.2%) presented a pulmonic regurgitation.



TABLE 1. MEAN AND STANDARD DEVIATION OF ALL VALUES (WEIG.=WEIGHT: BODY IND.=BODY INDEX:
SYST.P.=SYSTOLIC PRESSURE; DIAS. P.=DIASTOLIC PRESSURE; LEFT V.=LEFT VENTRICLE DIAMETER

RIG.V. = RIGHT VENTRICLE DIAMETER ; SEPT. = SEPTUM DIAMETER ; POST.WALL = POSTERIOR WALL [
THICKNESS: LA=LEFT ATRIUM DIAMETER: RA.=RIGHT ATRIUM DIAMETER ).
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Among male controls, physiological regurgitation was demonstrated only in 2
persons out of 17 (11.8%), both involving the pulmonary and the aortic valve.

In Tables 6-7, the distribution of the physiological regurgitations in the popu-
lation of the athletes is shown.

Finally, we compared the total population of athletes to the controls, analyzing
men and women jointly. We found that LAD (36.1£4.09 vs 33.1+2.49; p<0.001),
RAD (34.1+5.43 vs 29.4+2.97; p<0.001), LIVD (48.4+3.5 vs 46.1+4.2; p<0.01) were
significantly larger in cases than in controls, while for RVD, IVSd and PLVWd such
a difference did not reach statistical significance (Tab. 8). No relationship was found
betweeen enlargement of the cardiac chambers and either age, height, weight or
blood pressure.
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DISCUSSION AND CONCLUSIONS

These results have shown that the heart of young athletes develops early mor-
phological as well as morpho-functional changes that, although still within the limits
of physiology, must be promptly detected and monitored, so that practicing sports
may help psychologic and physical development without being an hazard for the
health of some predisposed subjects.

Altogether, our results may be synthetized in three major points. First, we have
shown that young athletes (men and women considered together) present an higher
diameter for all the four heart chambers than controls, with differences that reach
significance for all except the right ventricular chamber. In agreement with most of
the literature (Tkaheimo ef 4/, 1979; Nishimura ez al., 1980; Shapiro and Smith,
1983; Fedele ez al., 1988), these findings are not associated with heart hypertrophy,
expressed as significant increase in the thickness of the IVS or of the PLVW.

Second, we have demonstrated a physiological regurgitation in 32 of the 34
athletes studied; furthermore, 11 of them presented a regurgitation through more
than one valve. As opposed to these findings, only 4 of the 34 controls (11.8%) had
a physiological regurgitation, involving a single valve in one case, and two in the
other three. In our population of young athletes, the distribution of physiological re-
gurgitation through any of the four valves did not appear to follow a recognizable
pattern (for instance right heart vs left heart).

Finally, the observed heart modifications were more consistent in men than in
women; indeed, although chamber diameters and thickness of IVS and PLVW were
always higher in female athletes than in controls, this difference reached significance
only for LAD diameter. Furthermore, while all the male athletes presented a physi-
ological regurgitation, two females (11.8%) did not.

It is necessary to bear in mind that all the modifications observed in the hearts
of these young athletes fall strictly within the limits of normality. Indeed, standard
echocardiographic criteria are <40 mm for atrial diameter, <56mm for ventricular
diameter and <11 mm for the thickness of the IVS and of the PLVW (Feigenbaum,
1986). However, the significant increase of these parameters may evolve in time to
the triad defined by physiologists as the “athletes heart”: decreased heatt frequency,
elevation of cardiac output and cardiac hypertrophy (Hanne-Pararo ez al., 1976;
Bettini ez a/., 1985; Caru’ and Mauri, 1987; Mockel and Stork, 1996), which in turn
may lead few, selected cases to develop pathologic heart function. For this reason,
adequate detection and monitorage of the heart adaptive modifications is recom-
mended, so that sport practice may be corrected before an irreversible damage may
occur.

The association between agonistic sport practice and presence of physiologic
heart valve regurgitation was very strong in our population. Phyisiological regurgi-
tation occurs in structurally normal valves as a small regurgitant flow through the
valvulary leaflets which do not perfectly appose; the use of CDE applied to the dy-
namic study of intra cardiac blood flow is allowing to identify physiological regurgi-
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tation as an highly frequent finding, to be distinguished from the pathologic regur-
gitation which occurs through an anatomically abnormal valve (Perry and Nanda,
1987; Takao ez al., 1988; Macchi et al., 1994). From our data, it is not possible to es-
tablish whether the observed significant increase in heart chambers’ diameters is the
cause or the consequence of the regurgitation. Previous studies (Takao ez a/., 1988;
Pollack ez al., 1988; Douglas ez al., 1989; Zeppilli, 1990) reported a higher preva-
lence of physiological regurgitation through the right heart valves; in their hypoth-
eses, this finding could be explained by an enlargement of right heart chambers due
to adaptation to a countinuous physical effort, which would have led to valve incon-
tinence through enlargement of the annulus and/or relative shortening of the chor-
dae tendineae. However, our results do not support these hypotheses, both because
we could not demonstrate an higher prevalence of physiologic regurgitations involv-
ing the right heart valves and because we have found that in female athletes, where
the heart chambers’ enlargement was not significant, physiological regurgitation was
highly frequent, as if the latter would preceed the former in time.

Arrived 9/3/2001. Accepted 12/4/2001
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