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The aim of this study was to evaluate (1) the effect of endurance training on left ventricular
and right ventricular diastolic function and (2) whether the normal aging effect on left
ventricular and right ventricular diastolic function is slowed by endurance training. A total
of 269 healthy subjects were prospectively enrolled for echocardiographic evaluation. Five
groups were defined on the basis of age and athletic activities: (1) young (18 to 39 years)
nonathletes (n = 62), (2) veteran (=40 years) nonathletes (n = 33), (3) young regular
athletes (9 to 18 hours of sports/week; n = 58), (4) young elite athletes (>18 hours of
sports/week; n = 63), and (5) veteran athletes (=40 years and =9 hours of sports/week;
n = 53). Pulsed-wave Doppler indexes for diastolic function in the left and right ventricles
were obtained at rest. No significant differences were found among the young controls,
regular athletes, and elite athletes in left ventricular and right ventricular pulsed-wave and
tissue Doppler diastolic parameters. These were also comparable between the veteran
athletes and controls. In athletes and controls, similar and significant correlations were
found between age and diastolic parameters. Age was the most important determinant in
almost all parameters in multivariate analysis, while the influence of the amount of training
did not account for >2% of the observed variance in any of these parameters. In conclusion,
the amount of endurance training did not alter diastolic parameters in either ventricle in
the young. Furthermore, the biventricular decreases in diastolic function observed in

healthy, nonathletic subjects with age was also observed in aging athletes’ hearts.
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Although biventricular preservation of systolic function
in young endurance athletes has been acknowledged in
multiple studies,' several small studies have reported con-
flicting results concerning the effects of long-term endur-
ance training on diastolic function."*~ Whether intense
and/or long-term endurance training improves and/or slows
the age-related decrease in diastolic function is also un-
clear.®~'® Therefore, the aims of this study were to evaluate
(1) the effect of endurance training on left ventricular (LV)
and right ventricular (RV) diastolic function and (2)
whether the normal aging effect on LV and RV diastolic
function is slowed by endurance training.

Methods

The local ethics committee approved the study protocol,
and written informed consent was obtained before the ul-
trasound examination. All enrolled athletes were endurance
athletes (rowing, triathlon, cycling, and long-distance run-
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ning) participating in national and international competi-
tions for >5 years. A total of 269 healthy subjects were
prospectively enrolled for echocardiographic evaluation af-
ter the exclusion of 2 athletes and 1 control because of
cardiac pathology found during the study and hypertension
in 2 athletes and 2 controls. Five groups were defined on the
basis of age and athletic activities (see Figure 1): (1) young
(18 to 39 years) nonathletes (n = 62), (2) veteran (=40
years) nonathletes (n = 32), (3) young regular athletes (9 to
18 hours of sports/week; n = 59), (4) young elite athletes
(>18 hours of sports/week; n = 62), and (5) veteran athletes
(=40 years and =9 hours of sports/week; n = 54). The
group of veteran athletes was also selected on the total
duration in years (typically >12 years) during which this
amount of endurance training was practiced (=9 hours of
sports/week). All subjects were healthy, with no histories of
cardiovascular disease, including diabetes and known or
treated hypertension; no family histories of sudden cardiac
death; and normal results on electrocardiography. Height,
weight, heart rate at rest, and blood pressure were measured
and electrocardiography was performed before the echocar-
diographic examination.

The echocardiographic examination was performed with
the subject at rest, lying in the left lateral decubitus position.
Ultrasound data were acquired using a Vivid 7 scanner (GE
Vingmed Ultrasound AS, Horten, Norway) with a M3S
broadband transducer. A complete echocardiographic study
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Figure 1. Study population. Subdivisions in the study population by age (at
40 years) and by training intensity (at 4, 9, and 18 hours/week) are
indicated by the horizontal and vertical bars, respectively. Numbers allo-
cated to each group are listed in the tables.

was performed, including standard parasternal and apical
views. LV and RV dimensions were measured according to
the standards of the American Society of Echocardiography.
The parasternal 2-dimensional measurements (M-mode) in-
cluded left atrial and aortic root diameters, LV internal
diameter at end-diastole and at end-systole, and septal and
posterior wall thicknesses. From these measurements the
LV mass was calculated. RV outflow tract end-diastolic
diameter was determined in the long-axis (perpendicular to
the septum) recording. In the apical 4-chamber view, left
atrial and right atrial end-systolic areas and LV and RV
inflow tract diameters (at the level of the mitral valve tips)
were measured.

Conventional pulsed Doppler imaging was used to obtain
LV and RV diastolic parameters using a sample area of 5
mm. All images were acquired at end expiration during
breath hold. All Doppler measurements were averaged over
2 beats. Transmitral (MV) and transtricuspid flow were
measured at the tips of the valve leaflets. From this, the
peak early (E) and late (A) inflow velocity were mea-
sured; the E/A ratio calculated; and, only at the mitral
valve, the E-wave deceleration time. From the 4-chamber
view, the RV and LV peak early (E’) and late (A") diastolic
velocities (average of 3 measurements) were recorded at the
tricuspid and mitral annuli, respectively. For the left ventri-
cle, we used the septal and lateral annulus, and for the right
ventricle, we used the lateral tricuspid annulus. All veloci-
ties were derived from color-coded tissue Doppler imaging
small-angle recordings (frame rate >180 frames/s) and
measured off-line (EchoPAC version 6.0.1; GE Vingmed
Ultrasound AS), as described previously.17 From this, the
RV and LV E/E’ and E'/A’ ratios were calculated. Tricuspid
E-wave deceleration time was not included in the final

analysis, because almost 10% of all available trace mea-
surements of this parameter were of unsatisfactory quality.
In the Doppler recordings of the pulmonary vein and sub-
diaphragmatic hepatic veins, the peak systolic (S) and dia-
stolic (D) flow velocities were measured, and the S/D ratio
was calculated.

All values are presented as mean * SD. Unpaired Stu-
dent’s ¢ tests were used to compare groups, and 1-way
analysis of variance with Bonferroni’s post hoc correction
for multiple comparisons was used for comparisons among
>2 groups. The univariate association of age and the
amount of endurance training on diastolic parameters was
examined by linear regression analysis and partial correla-
tion test using Pearson’s methods. Using multiple regres-
sion analysis, we tested whether the relation between dia-
stolic parameters and age differed between controls and
athletes. Stepwise multiple regressions were performed to
assess the independent correlations of diastolic parameters
with baseline characteristics (age, heart rate, systolic and
diastolic blood pressure, body surface area, LV mass, and
hours of sports per week). We set the p values for variables
to enter and stay in the regression models at 0.05 and 0.10,
respectively. A p value <0.05 was considered to indicate
significance. Statistical calculations were performed using
commercially available software (SPSS version 15.0 for
Windows, SPSS, Inc., Chicago, Illinois).

Results

The baseline characteristics of the study population are
listed in Table 1. By study design, age and amount of
training were different among groups. Relevant differences
among groups were the younger age of the veteran controls
compared to the veteran athletes, slightly increased blood
pressure in the veteran athletes, and, as expected, lower
heart rates in all athlete groups. The amount of endurance
training per week in the veteran athlete group was compa-
rable to that in the regular athlete group. Only 2 veteran
athletes (4%) reported training >18 hours/week.

All ventricular and dimensions are listed in Table 2.
Almost all dimensions were increased in the athlete groups
compared to their age-matched control group; in particular,
the elite athletes showed the most pronounced remodeling.
With respect to age, left and right atrial dimensions in-
creased in the control and athlete populations. Ventricular
dimensions were comparable in the control population,
while in the athlete groups, RV dimensions were signifi-
cantly larger in the veterans compared to the young athletes,
and consequently the LV/RV ratio was lower. When com-
paring the regular to the elite athletes, all parameters were
larger in the elite athlete group but reached significance only
for LV mass.

In line with the 2 aims of this study, we assessed LV and
RV diastolic parameters in 2 separate groups. The young
controls and the young regular and elite athletes were used
to evaluate the first aim: the impact of the amount of
endurance training on ventricular diastolic function. The
young and veteran controls and athletes, excluding the elite
athletes to match the hours of sports per week, were used to
evaluate the second aim: the effect of endurance training on
the age-related changes in diastolic parameters.
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Table 1
Baseline characteristics
Variable Controls Athletes
Young (1) Veteran (2) Regular (3) Elite (4) Veteran (5)
(n = 62) (n = 32) (n = 58) (n = 63) (n = 54)
Age (years) 279 +56 455 + 437 279 +54 27.1 47 50.8 = 6.57%
Men 58.1% 31.3%* 52.5%| 69.9% 72.2%%%
Training (hours/week) 22+ 1.6 25*15 12.4 + 2,38 24.4 * 54% 11.9 * 3.8%
Heart rate (beats/min) 59.3 £ 10.6 59.8 = 8.6 50.7 = 7.3 50.4 = 9.0 50.1 = 11.1%
Body surface area (m?) 1.89 £0.20 1.88 £0.25 1.90 = 0.15 1.96 £ 0.17 1.87 £0.18
Length (m) 178.8 9.0 1744 = 11.7 179.7 =74 183.3 + 8.3* 176.4 = 7.91
Weight (kg) 714 =123 73.7 £ 16.1 71.7 9.3 73.9 £10.3 713+ 11.2
Systolic blood pressure (mm Hg) 1263 = 142 126.8 = 16.3 1255 = 14.2 1228 = 11.2 137.1 = 17.3%
Diastolic blood pressure (mm Hg) 729 £ 9.6 78.8 £12.0 73.0 £9.7 704 £ 8.5 81.4 = 10.5™

Data are expressed as mean * SD or as percentages. Numbers after group classifications refer to subdivisions from Figure 1.
*p <0.05 and T p <0.01 versus training-matched young; * p <0.05 and ¥ p <0.01 versus age-matched controls; “p <0.05 and p <0.01 regular/veteran

versus elite athletes (all using Bonferroni’s post hoc correction).

Table 2
Echocardiographic dimensions
Variable Controls Athletes

Young (1) Veteran (2) Regular (3) Elite (4) Veteran (5) ANOVA p Value
LVIDd (mm/m?) 257+ 19 257 *+24 269 + 1.8% 272 +2.0% 26.6 2.6 <0.001
LVIDs (mm/m?) 173 + 2.1 163 + 2.1 17.7 + 2.0 182+ 2.0 172 +2.8 0.002
IVSd (mm/m?) 5.23 +0.48 5.46 * 0.66 5.62 * 0.59% 5.76 + 0.72% 5.98 + 0.61%% <0.001
LVPWd (mm/m?) 4.84 = 0.55 5.08 = 0.75 5.30 = 0.56° 5.32 + 0.64° 5.08 = 0.75%% <0.001
LV mass (g/m?) 87.6 = 15.8 90.4 + 13.9 107.2 + 18.1% 117.0 = 24.0°% 110.1 = 18.8% <0.001
LA diameter (mm/m?) 193 + 1.8 213+ 1.7° 20.8 + 2.6% 215 +2.5% 23.0 = 2.9%% <0.001
Aortic diameter (mm/m?) 143+ 14 15.6 + 1.7° 144+ 15 15.1 = 1.7% 157 + 1.7° <0.001
RVOT (mm/m?) 14.0 + 2.1 14.8 +2.0 149 +22 152 * 2.6 16.7 = 1.9%% <0.001
LVIT (mm/m?) 229+19 22.6 *2.6 244+ 1.8% 24.6 *2.1% 24.4 *2.6° <0.001
RVIT (mm/m?) 185+22 19.9 2.0 204 + 228 21.0 = 2.1% 224 + 2208 <0.001
LVIT/RVIT ratio 125 +0.15 1.15 + 0.13" 121 +0.14 1.18 * 0.13* 1.10 = 0.11° <0.001
LA area (cm*/m?) 8.63 = 1.68 10.17 = 1.48F 10.20 = 1.50% 10.56 + 1.77% 11.21 = 2.18"# <0.001
RA area (cm*/m?) 8.44 = 1.48 9.76 + 1.62* 10.21 = 1.66% 10.92 + 2.25% 12.29 * 2.00%% <0.001

Data are expressed as mean = SD. Numbers after group classifications refer to subdivisions from Figure 1.

*p <0.05and * p <0.01 versus training-matched young; ¥ p <0.05 and ¥ p <0.01 versus age-matched controls (all using Bonferroni’s post hoc correction).

ANOVA = analysis of variance; IVSd = septal wall thickness; LA = left atrial; LVIDd = LV end-diastolic diameter; LVIDs = LV end-systolic diameter;
LVIT = LV inflow tract; LVPWd = LV posterior wall thickness; RA = right atrial; RVIT = RV inflow tract; RVOT = RV outflow tract.

Doppler-derived parameters for the first aim of the study
are listed in Table 3. The only significant differences were
encountered in the elite athlete group, in which peak MV E,
MV A, and transtricuspid A velocities were moderately
reduced. All other parameters, including the E/A and E/E’
ratios, were comparable between groups. Univariate analysis,
however, did show significant but weak correlations between
the amount of endurance training and some diastolic parame-
ters in the entire group (n = 183). For the left ventricle, MV E
and MV A showed negative associations with the amount of
training (R = —0.19, p <0.05, and R = —0.24, p <0.01,
respectively), and MV E-wave deceleration time increased
with an increase in training (R = 0.15, p <0.05). All other
parameters showed no correlations. In the right ventricle, only
transtricuspid A showed a significant correlation with respect
to training (R = —0.17, p <0.05).

Mean values of Doppler parameters in the different age
groups, the second aim of the study, are listed in Table 4. In
the control groups, all diastolic parameters, with the excep-
tion of peak MV E velocity and MV E-wave deceleration

time, showed significant changes indicative of a decrease in
diastolic function with aging. In the right ventricle, these
changes were less apparent; nonetheless, the E/A and E'/A’
ratios were significantly reduced in the veteran controls. In
the athlete groups, the differences between young and old
were comparable to those described in the control group for
the left and right ventricles.

Univariate analysis of the correlations between age and
diastolic parameters in the control and the athlete groups are
listed in Table 5. In the control group, almost all parameters
for the left ventricle and most for the right ventricle were
affected by age. Notable differences between the left and
right ventricles were the inflow velocities and consequently
the E/A ratio and the change in E’, which seemed less
affected in the right ventricle with increasing age. In the
athlete group, findings were comparable to those observed
in the controls, also for the differences between the 2 ven-
tricles (see Figure 2). Of all diastolic parameters, the only
difference in the regression coefficients between athletes
and nonathletes was observed in the MV E/E’ ratio (p =
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Table 3
The effect of the amount of training on diastolic function

Parameter Controls (1) Regular Elite Athletes ANOVA

Athletes (3) 4) p Value

Left ventricle
MV E (cm/s) 798 £ 125 78.1 £13.6 740 *= 13.7* 0.026
MV EDT (ms) 178.3 +21.3 180.8 = 21.5 186.3 =194 NS

MV A (cm/s) 38.8+63 380x7.0 339=+81%F 0.001
MV E/A 210 =043 211 =045 231 =*0.66 NS
MV E’ (cm/s) 12619 123=*16 125 2.0 NS

MV E/E’ (cm/s) 6.39 =1.07 6.42 = 1.08 5.99 = 1.09 NS

MV E'/A’ 3.00 = 1.30 295 * 131 3.26* 1.58 NS

PV S/D 0.84 £0.20 0.80 =0.23 0.79 £0.24 NS
Right ventricle

TV E (cm/s) 60.9 = 104 569 +102 595113 NS

TV A (cm/s) 272 %63 249*63 241 *50% 0.010

TV E/A 235+0.59 240 *057 256 *0.59 NS

TV E’ (cm/s) 11018 112*+17 11.5%20 NS

TV E/E’ (cm/s) 543 =150 491 *135 521 =*148 NS
TV E'/A’ 1.53 2056 1.50=*0.53 1.71 =0.61 NS
HV S/D 1.79 £0.44 1.62*=0.54 1.75 054 NS

Data are expressed as mean = SD. Numbers after group classifications
refer to subdivisions from Figure 1.

*p <0.05 and T p <0.01 versus controls; * p <0.01 elite versus amateur
(all using Bonferroni’s post hoc correction).

A = late diastolic velocity; A" = late diastolic tissue Doppler imaging
velocity; E' = early diastolic tissue Doppler imaging velocity; E = early
diastolic velocity; EDT = early diastolic deceleration time; HV = hepatic
vein; MV = mitral valve; PV = pulmonary vein; S/D = systolic velocity/
diastolic velocity ratio; TV = tricuspid valve; other abbreviation as in
Table 2.

0.003) and in the pulmonary vein S/D ratio (p = 0.045).
Thus, the changes in all other parameters occurring with
aging were not significantly different between athletes and
nonathletes.

On multivariate analysis (see supplementary file), age
remained a significant factor affecting all LV diastolic pa-
rameters, whether the elite athletes were included in the
analysis or not. The amount of training contributed signif-
icantly, but to a lesser degree, in MV E, MV E/A, and MV
E/E’, but the resulting R? change was never >0.02. For the
right ventricle, age was a significant factor affecting all
diastolic parameters, except the E/E’ ratio, for which the
amount of training was the only (weak) significant factor.

Discussion

This cross-sectional study showed that in 269 athletic
and nonathletic subjects aged 18 to 62 years, the amount of
endurance training did not alter echocardiographic parame-
ters of diastolic function in either ventricle. Furthermore,
the decrease in diastolic function observed in healthy, non-
athletic subjects with aging was also observed in aging
athletes’ hearts for all evaluated diastolic parameters. The
influence of the level of training did not account for >2% of
the observed variance of any of these parameters.

The progressive deterioration of diastolic function with
aging occurs in healthy individuals, free of cardiovascular
disease,'® ?? and it is believed to be an important reason for
the exgonential increase of diastolic heart failure with ag-
ing.*** The possible mechanisms that occur during myo-

cardial senescence, which contributes to the reduction in
diastolic function, include an increase in peripheral resis-
tance, extracellular matrix proliferation and collagen cross
linking, and an alteration in calcium handling.*?

It has been shown that the effects of aging on most
diastolic parameters are independent of the age-related al-
terations in LV morphology and systolic function.'®** The
findings of the present study in the nonathletic subjects
confirm and extend these previous observations. For the
right ventricle, this is less well established, and even not
observed in 1 study.” Our study showed a similar trend
toward decreased RV diastolic function resembling that for
the left ventricle. Aging alone may not totally explain all the
changes that occur during myocardial senescence. Other
factors that change with age, such as diminishing cardio-
vascular fitness, could also account for the gradual decrease
of diastolic function. Indeed, small studies have suggested
that long-term endurance training delays the age-associated
diastolic decrease.®'"'® These findings are further sup-
ported by animal studies in which endurance training, to
some degree, stopped the progress or reversed the impair-
ment of early diastolic filling with aging in rats.?® To the
contrary, our study in human subjects showed no evidence
of this “beneficial” effect of long-term endurance training
on the age-associated decrease in diastolic function.

Several small studies have suggested that early diastolic
function is augmented in young endurance athletes.***
Other reports have challenged these findings by demonstrat-
ing no differences from controls.">’ The findings in our
study comply better with the latter. Compared to previous
published work, we included a relatively large number of
young athletes (n = 121) and ensured that amateur and
high-level, professional athletes were investigated. The only
changes we observed were for the LV diastolic inflow
velocities, which were lower in the elite athletes, possibly
because of ventricular (and thus annular) dilatation in this
group. Nevertheless, newer indexes (tissue Doppler imag-
ing), which are more independent of heart rate, loading, and
ventricular dilatation, showed very comparable values in all
groups. In the retrospective analysis of Pavlik et al,” dia-
stolic LV function using the E/A ratio was assessed in a
comparable, larger study population. An increase in the E/A
ratio was observed in endurance athletes, while in our study,
this ratio and the E'/A’ ratio were only moderately in-
creased in the elite athletes. We could therefore not clearly
establish that Doppler parameters in endurance athletes in-
dicate an improved diastolic function compared to nonath-
letes. Research on RV diastolic function in athletes is scarce
and conflicting.*” Because we have previously shown that
RV structural adaptations in athletes’ hearts are very com-
mon,” sometimes even mimicking specific forms of cardio-
myopathy, knowledge on the normal physiology is very
relevant in the clinical evaluation of endurance athletes. Our
data indicate that RV diastolic function is unchanged in
athletes, considering that all relevant parameters were sim-
ilar between groups.

Age was the most important determinant of variance in
almost all Doppler parameters for diastolic function in both
ventricles in the athletes. It has previously been suggested
that older athletes have better filling properties than age-
matched untrained subjects.®~11!® Other small studies, how-
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Table 4
The effect of age on diastolic function
Controls Athletes

Parameter Young (1) Veteran (2) Young (3) Veteran (5)

Left ventricle
MV E (cr/s) 79.8 = 12.5 76.0 = 14.3 78.1 +13.6 67.5*+13.6"*
MV EDT (ms) 1783 = 21.3 182.1 = 20.8 180.8 = 21.5 190.2 = 25.0%*
MV A (cm/s) 38.8 £6.3 472 + 12.47 38.0 £ 7.0 45.8 + 897
MV E/A 2.10 £ 0.43 1.68 + 0.48" 2.11 £ 045 1.52 + 0.39°
MV E’ (cm/s) 126+ 19 10.5 = 2.0° 123+ 1.6 102 = 1.8"
MV E/E’ (cm/s) 6.39 £ 1.07 7.49 + 2.047 6.42 +1.08 6.82 = 1.58
MV E'/A’ 3.00 = 1.30 1.72 = 0.63" 2.95 + 1.31 1.55 + 0.48"
PV S/D 0.84 = 0.20 1.08 = 0.277 0.80 = 0.23 1.27 + 0.48"*

Right ventricle
TV E (cm/s) 60.9 £ 10.4 54.4 + 9.0% 56.9 £10.2 52.4+9.0
TV A (cm/s) 272 6.3 29.7 £5.7 249 + 6.3 26.4 5.7
TV E/A 2.35 £0.59 1.94 + 0.437 2.40 * 0.57 2.06 + 0.46"
TV E' (cm/s) 11.0 £ 1.8 10.7 £ 1.6 112+ 1.7 11.1 £ 1.6
TV E/E’ (cm/s) 543 *1.50 5.28 = 1.38 491 = 1.35 5.00 = 1.33
TV E'/A’ 1.53 £ 0.56 0.97 + 0.30" 1.50 £ 0.53 0.90 + 0.247
HV S/D 1.79 £ 0.44 1.80 = 0.51 1.62 = 0.54 1.96 = 0.58"

Data are expressed as mean = SD. Numbers after group classifications refer to subdivision from Figure 1.
*p <0.05 and " p <0.01 young versus training-matched old; * p <0.05 control versus age-matched athletes.

Abbreviations as in Table 3.

Table 5
Correlations between diastolic parameters and age in athletes and
controls

Parameter Controls (1,2) Athletes (3,5)*
Left Right Left Right
Ventricle Ventricle Ventricle Ventricle
E —0.18 —0.417 —0.457 —0.30"
EDT 0.049 — 0.21* —
A 0.527 0.18 0.46" 0.11
E/A —0.547 —0.38" —0.64" —0.347
E’ —-0.60" —0.22% —0.60" —0.22%
E/E’ 0.437 -0.10 0.13 -0.039
E'/A’ —0.59" —0.58" —0.64" —0.63"
V S/D 0.597 0.11 0.64%* 0.32°

Values are Pearson’s correlation coefficients (r). Numbers after group
classifications refer to subdivision from Figure 1.

*p <0.05; " p <0.01.

* Elite athletes training >18 hours/week were excluded.

V S/D = venous systolic velocity/diastolic velocity ratio.

ever, have not observed any differences between veteran ath-
letes and controls.>'*™'> The results of our study, with
extensive statistical evaluation, demonstrate that Doppler pa-
rameters of diastolic function in the 2 ventricles showed an
identical decrease with age in athletes comparable to that in the
control population (see Figure 2). The amount of training never
accounted for >2% of total variance in any of the parameters.

All enrolled subjects in our study were free of cardio-
vascular complaints and showed no abnormalities on elec-
trocardiography or echocardiography. The cardiovascular
changes that occur with aging in healthy individuals, in
particular the impairment of diastolic function, do not nec-
essarily result in clinical heart disease. Nevertheless, the
physiologic myocardial senescence does compromise the
cardiac reserve capacity, which decreases the individual

threshold for the development of signs and symptoms, as
well as the severity and prognosis of cardiac disease, when
a disease-related challenge occurs.”® This concept is sup-
ported by the increasing incidence of atrial fibrillation®’ and
heart failure with increasing age.”®** Accordingly, the most
important determinant for the occurrence of diastolic heart
failure is age.**

Previous reports have suggested that lifelong endurance
training somehow impedes myocardial senescence. This
would imply that long-term endurance training throughout
life determines changes in myocardial diastolic properties in
a prognostic favorable direction. Our data on biventricular
diastolic function do not support this hypothesis. From a
different point of view, our data do show that diastolic
function is normal irrespective of morphologic changes that
are a consequence of regular endurance exercise, such as
LV hypertrophy and RV dilatation, which differentiates
these alterations from pathologic changes.

Limitations: A small study has shown that although
Doppler parameters were comparable to controls in the
supine position, significant changes appeared between
athletes and nonathletes when evaluating pulmonary vein
flow in the upright position.*® Second, diastolic function
seems to be augmented in athletes during exercise.® We
aimed to assess diastolic LV and RV function conforming
to the typical clinical setting, in the supine position and
at rest. It would nevertheless be interesting to evaluate
aging athletes’ hearts in these specific conditions, to
assess whether diastolic reserve is better preserved by
long-term training.

Subjects aged >65 years were not included in this study,
mainly because high-level endurance training (=9 hours/
week) is very uncommon above this age. This lack of
subjects aged >65 years could explain some of the unex-
pected findings, such as MV E-wave deceleration time,
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Figure 2. LV and RV diastolic parameters versus age. The MV E/A ratio (A) and E'/A’ ratio (B) in all controls and athletes (excluding elite ath-
letes). Note the similar regression occurring with aging in the 2 groups. A similar pattern was observed for the transtricuspid E/A ratio (C) and E'/A’
ratio (D). Open circles indicate controls and solid circles athletes. The solid and dashed lines correspond to the athlete and control linear regres-

sion curves.

which did not increase with aging, as would be expected.
Nevertheless, the deterioration in diastolic parameters could
be demonstrated in the control group in most parameters,
matching the age-related decreases described by others.
Finally, our study design was cross sectional, so on the basis
of our results, it may not be completely justified to conclude
that no improvement of diastolic function could be achieved
by long-term endurance training. It would be of interest to
evaluate the changes with aging and training in a longitu-
dinal study design, in which variations in Doppler parame-
ters that could be attributed to individual variations would
become irrelevant.
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