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Abstract: Background: Data about physiological performance of female ironman-triathletes are rare. However, some
papers reported endurance sport may cause damage of the right or left ventricle even in females. Aim: The goal of this
study was to assess prospectively the right/left ventricular function and physiological performance in female
ironman-athletes (middle- and long-distance). Methods: 33 female healthy triathletes were examined using spiroergometry
and echocardiography. Inclusion criterion was participation in at least one middle distance triathlon. Results: The triathletes
achieved the following results: VO,max 52.8 + 5.7 ml/min/kg, Wmax 264.0 + 26.1, VAT (aerobic threshold) VO2 38.5 +
7.9 ml/min/kg, 193.0 + 48.4 Watt. In respect of echocardiographic readings LVEDD (left ventricular end-diastolic diameter)
was 4.4 + 0.3 cm and the left ventricular muscle mass (LVM) was 145.9 £ 31.3 g (LVM index 85.8 g/m? + 18.7).
Conclusions: The performance date of female triathletes can be used as training goals for leisure female triathletes, when
middle or long distances in triathlon competitions should be finished. In respect of echocardiographic parameters a right or
left ventricular dysfunction could not be found despite of long times of training and finishing of long distance competitions
(5.4 + 2.8 years triathlon competitions non-elite and 7.6 + 5.8 years elite athletes).
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1. Introduction

Participation in triathlon competitions has increased in
the recent years. At the end of 1999, membership (annual

to complete middle distance events and 8 to 10 hours for
long distance events. Amateur athletes typically take

and one-day) stood at 127,824. Those numbers had more
than doubled to 262,703 by 2005, and USA triathlon
continued to experience double-digit annual growth through
2007, when it reached 336,356 members [1]. Performance
and echocardiographic data of average female triathletes
participating in middle and long distance triathlons are rare.
Some papers presumed pathological right ventricular
remodelling [2] and “left ventricular fatigue” after middle
or long distance triathlons [3]. Cases of sudden death
during triathlons were reported [4].

Triathlon is an endurance sport specifically performed in
middle and long distance formats (e.g. middle/long distance
ironman: 1.9/3.8km swim, 90/180 km bicycle ride and
21.1/42.2 km run), mainly under aerobic conditions [5]. It
is particularly important for triathletes to perform at
sub-maximal levels over a long period to avoid reaching a
state of exhaustion [6]. Elite athletes require 4 to 4.5 hours

periods of 5 to 6.5 hours for middle distance events and 10
to 16 hours for long distance events. Such long periods of
stress require both the amateur athletes as well as the top
athletes to be adequately trained and to have sufficient
aerobic capacity [5, 7]. A number of studies with small
cohorts have been published in respect of spiroergometric
data [8-13]. Echocardiographic data of triathletes

(retrospective analysis, mainly males) have also been

reported [14]. All these studies raise the question which

types of cardiac changes in function or structure can be
found in female triathletes. Further questions are:

. Which performance data can be achieved by
mainstream female triathletes participating in middle
and full distance competitions?

. Are there signs of cardiac dysfunction (cardiac fatigue)
in middle and long distance female triathletes?
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2. Patients and Methods

33 female triathletes have been examined by
echocardiography and spiroergometry. The
echocardiograph produced by General Electric, model
Vivid 7 was used for the examinations. The Ergobike 8I
produced by Daum and the Metalizer 3B produced by
Cortex were used for spiroergometric examination. In
order to compare the data from elite triathletes with those
of non-elite triathletes, athletes were divided into two
groups according to the aerobic capacity (relative
VmaxO,/min/kg at the aerobic threshold).

All triathletes were examined during one day using at
first echocardiography and later spiroergometry.

2.1. Echocardiography

The echocardiographic analysis and estimation of left
ventricular mass (LVM) was conducted according to
general recommendations (20). The formula recommended
by the American Society of Echocardiography (ASE) was
used to calculate the muscle mass. EDV and ESV was
determined monoplane (unclear meaning) after the
modified Simpson method.

2.2. Spiroergometry

Spiroergometry was performed in the following way:
The stress test was conducted in stages after successful gas
and volume calibration: 50 W for 3 minutes, 100 W for a
further 3 minutes and thereafter increased by another 30
Watt every 3 minutes. The test ended when the subject
could no longer maintain the predefined RPM of 90 or if
the subject was exhausted.

Spiroergometric analyses were conducted according to
literature: VAT was determined as first non-linear increase
of the wventilatory equivalent for oxygen without
simultaneous increase of the ventilatory equivalent for CO,
and RCP as simultaneous non-linear increase of both
ventilatory equivalents according to recommendations (21).
VO,max was registered as the highest average value of
oxygen absorption over 30 seconds.

2.3. Statistics

The entire statistical analysis plan was designed as
follows: Stata/IC 13.1 for Windows was used for data
preparation and statistical analysis. The
Mann-Whitney-U-Test was used for comparing the groups.

3. Results
3.1. Anthropometry

Anthropometric data and general echocardiographic
parameters of triathletes are listed in table 1. Systolic blood
pressure values at rest were similar: 117.4 + 8.6 mmHg vs.

121.9 + 8.4 mmHg (n.s.) in females with LVM >95 g/m’vs.

LVM <95 g/m”.
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Table 1. Anthropometry and echocardiographic parameters.

n Mv Sd Min-Max
Age (years) 33 34,3 8,1 20.0 - 53.0
Weight (kg) 33 61,5 7,8 48.7-79.6
Size (cm) 33 168,8 6,4 158.0 - 180.0
BMI (kg/m?) 33 21,6 2,28 18.3-26.6
BSA (m?) 33 1,7 0,13 1.48-1.97
%bodyfat 33 22,8 4,7 12.7-32.6
Aorta (cm) 33 2,47 0,24 2.00-2.9
Leftatrium (cm) 33 2,35 0,25 1.90-2.9
LAESV* (ml) 33 27,4 9,3 14.0 - 55.0
IVS diastolic (cm) 33 1,02 0,17 0.70 - 1.50
IVS systolic (cm) 33 1,44 0,22 0.90 - 1.90
PWD diastolic (cm) 33 1,02 0,16 0.80 - 1.40
PWD systolic (cm) 33 1,48 0,2 1.20 - 2.00
Relative Wallthickness 33 0,47 0,09 0.33-0.76
LVEDD (cm) 33 44 0,32 3.7-5.0
LVESD (cm) 33 2,9 0,27 240-3.4
LVM (g) 33 145,9 31,3 86.8 -212.6
LVM (g/m?) 33 85,8 18,7 58.3-134.6
LVEDV (ml) 33 105 17,8 79.0 - 148.0
LVESV (ml) 33 38,9 7,1 28.0-52.0
SV (ml) 33 66,1 11,3 48.0-98.0
EF (%) 33 63 2,7 57.0 - 68.0
LVOT Vmax m/s 32 0,86 0,13 0.63-1.17
MYV E Max (m/s) 33 0,56 0,12 0.33-0.98
MV A Max (m/s) 33 0,38 0,09 0.26 - 0.72
MV E/A Ratio 33 1,54 0,34 0.85-2.27
RV parastenal 33 2,4 0,18 2.10-2.9
RV AFC% 33 32,2 2,8 24.6 - 38.8

Legend: n = number, Mv = mean value, Sd= standard deviation, Min =
minimum, Max = maximum* = of the Mann-Whitney-U-Test, BMI = body
mass index, BSA = body surface area, LA = left atrial diameter, LAESV
= left atrial endsystolic volume, IVS = intervent. septum, LVPWT = LV
posterior wall thickness, RWT = relative wall thickness, LVEDD = LV
enddiastolic diameter, LVEDV = LV enddiastolic volume, = diastolic,
s=systolic, RV FC%: right ventricular area fractional change.

The first best 15 females were chosen as elite, according

to the aerobic capacity (relative VO,max ml/min/kg at the
aerobic threshold). In this group, there was a world ironman
champion (age group), a national champion, and
participants of the 1* national triathlon league.
The mean time of participation in triathlon for elite athletes
was 7.6 £ 5,8 and for non-elite athletes 5.4 + 2.8 (p = 0.456)
(table 2). There were no significant differences according
to anthropometric data between elite and non-elite athletes,
especially with regard to weight or %body fat value (table
2). Only heart rate at rest was significant lower and
diastolic wall thickness was minimally increased in
elite-females.

Table 2. Differences between Elite and Non- Elite female triathletes.

p-value Elite-Females Non-Elite females

Mv SD Mv SD
Age (years) 0.786 33.6 9.2 34.8 7.2
weight (kg) 0.759 60.9 6.8 62.0 8.6
BMI (kg/m?) 0.247 21.1 2.2 22.0 2.3
BSA 0.986 1.69 0.11 1.7 0.14
% bodyfat 0.366 22.1 43 23.4 5.0
distance swimm/week  0.185 8.5 3.9 6.1 3.1
distance bike/week/km 0.971 173.0 67.7 164.7 75.2
distance run/week/km  0.085 55.3 9.1 48.3 16.6
HRr 0.002 160.6 14.5 138.6 19.9
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p-value Elite-Females Non-Elite females

Mv SD Mv SD
IVSdiastolic cm 0.024 1.09 0.18 0.95 0.12
LVPWd cm 0.034 1.09 0.18 0.97 0.13
IVSsystolic cm 0.042 1.53 0.21 1.37 0.21
EF (Teich) % 0.069 63.7 3.7 61.2 39
LVs Mass Index g/m*>  0.159 92.3 20.8 80.5 154
abs. VOsmax 0.006 34 0,3 3,1 0,3
rel. VOamax 0.004 56.1 5.7 50.1 4.1
rel. VO2ur 0.000 45.5 5.4 32.7 3.8

3.2. Echocardiography

One triathlete showed aortic valve insufficiency, which
can be described as mild. All other triathletes showed
normal results in respect of their cardiac valves.

There were no significant differences between elite and
amateur athletes in respect of echocardiographic parameters.

In the study population concentric changes of the left
ventricle characterised the morphology. 17 females (51 %)
displayed concentric remodelling and 6 (18 %) concentric
hypertrophy. Normal LV-morphology was found in 9 (27 %)
females. Eccentric hypertrophy was rare: 1 (3 %) participants
of the study.

The classification into the types of hypertrophy followed
the criteria of Lang et al. [15]. Right ventricular remodelling
or other pathological findings in right ventricle were not
found. Left and right ventricular function was excellent in all
female triathlete even if they train a lot (Table 3).

Table 3. Training characteristics for Elite-females and Non-Elite females.

Elite Females

Non-Elite Females

n Mv Sd n My Sd P values*

Swimming time hrs/ week 15 4.0 1.2 18 32 1.1 0.072
Swimming dist. km / week 15 8.5 39 18 6.6 3.1 0.185
Biking time hrs/ week 15 6.7 23 18 6.5 1.9 1.000
Biking dist. km / week 15 173 67.7 18 165 75.2 0.971
Running time hrs/ week 15 5.5 1.3 18 4.8 1.4 0.116
Running dist. km / week 15 55.3 9.1 18 483 16.6 0.085
Training time hrs/ week 15 16.5 32 18 14.7 32 0.059
Triathlete since years 15 7.6 5.8 18 5.4 2.8 0.456

n = number, Mv = mean value, Sd= standard deviation, * = p value of the Mann-Whitney-U-Test

3.3. Spiroergometry Non-elite  female  triathletes showed  maximal

Average maximal relative VO,max uptake was 52.8 +
5.7 ml/min/kg, at the aerobic threshold (VAT) 38.5 + 7.9
ml/min/kg.

Oxygen absorption, ergometer performance and heart
rate at VAT, at the anaerobic threshold (RCP) and at peak
capacity are shown in table 4, according to the performance
data.

Tab 4. Heart frequency, oxygen uptake and power output depending on
performance.

Elite females Non-elite females

n Mv Sd n Mv Sd P values *
VAT (aerobic threshold)
HR 15 160.6 145 18 1386 199  0.002
avo2 15 276 035 18 1.99 0.46  0.000
rvVO2 15 45.5 5.4 18 327 3.8 0.000
%VO2max 15 81.2 7.0 18 644 129  0.000
w 15 230.0 245 18 1622 41.4  0.000
RCP (anaerobic threshold)
HR 15 169.8 12,6 18 1523 21.0 0.016
avo2 15 306 028 18 233 0.56  0.001
rvVO2 15 46.8 149 18 374 63 0.000
%VO2max 15 91.7 6.7 18 753 14.7  0.001
w 15 2525 238 18 1950 44.0 0.000
Peak capacity
HR 15 179.7 100 18 179.8 7.6 0.971
aVO2max 15 34 0.3 18 3.1 0.3 0.006
rVO2max 15 56.1 5.7 18  50.1 4.1 0.004
Wmax 15 2740 325 18 256.7 164  0.097

n = number; Mv = Mean value; Sd = standard deviation, aVO2 = absolute
VO2 in L/min, rVO2 = relative VO2 in ml/minkg, * = of the
Mann-Whitney-U-Test, HR = heart rate, W = power output.

performance values comparable to values of recreational
female triathletes (50.1 vs. 48.2 ml/min/kg) described by
Butts et al. [11]. As expected, the relative oxygen uptake
was higher in elite females (abs. and rel. VO,max),
according to the aerobic capacity. The performance data of
our long-distance triathlon collective showed lower
VO,max values as compared with data of clite female
triathletes from Olympic distance (61.3 ml/min/kg vs. 56.1)
[13]. Female triathletes from Olympic distance can obtain
even higher values in the range of 65.6 ml/min/kg from
treadmill ergometer test [16].

4. Discussion
4.1. General

Most studies of triathlon have focused to male triathletes,
this study describes so far the largest cohort of long
distance female triathletes using echocardiography and
performance data.

4.2. Cardiac Adaptation and Left Ventricular
Hypertrophy

The specific endurance training of triathletes leads to
physiological changes of the performance parameters [5] and
also results in changes of cardiac function or its architecture
[17]. This adaptation is linked to the nature and magnitude of
the physical exercise [18]. The physiological adaptation is a
“harmonic increase in size” of a healthy heart caused by
physical activity [19]. The term “athlete’s heart” [18] is
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known since 1899 [20] and has been a topic of medical and
scientific interest since the late nineteenth century [18].

Female athletes have generally less frequently a
LVM >220 g. LVM of female endurance athletes was
described with 175 + 38 g [21]. There was a mixed analysis
of cyclists, rowers, runners, swimmers and roller skaters.

In our study we found a smaller LVM of 145.9 + 31.3.
Concentric hypertrophy in triathletes has already been
described [14].

Douglas et al. [22] published a comparison of 36 male
triathletes comprising 17 normal control and 15 high
pressure subjects. The authors suggested that triathletes
undergo cardiac adaptations like under increased arterial
pressure conditions and described a RWD of 0.41. In these
triathletes the left ventricular muscle mass was correlated
positively with the increased systolic blood pressure during
exercise [22]. This problem occurs more often in male
triathletes. The present study showed no significant
relationship of myocardial thickening to blood pressure
values. Hypertension in female triathletes is rare. Neither
resulted a correlation between muscle mass and blood
pressure values at the aerobic threshold, nor a correlation
between increased blood pressure values at rest or at peak
capacity. The females of the present study showed no signs
of exercise-induced arterial hypertension.

Douglas at al. [14] examined the occurrence of concentric
hypertrophy in a retrospective study. Echocardiographic
results of 168 male and 67 female Hawaii Ironman triathletes
were collected retrospectively and examined from 1985 to
1995. However, in this study concentric hypertrophy was
observed only rarely (in 2 % of the triathletes) and eccentric

Table 5. Distribution of cardiovascular causes of sudden death in young athletes
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hypertrophy in 7 % of the triathletes.

In other large cohorts of different athletes concentric
hypertrophy was also described rarely [23]. However, the
meta-analysis described by Pellicia et al. [23] included
athletes from 25 different disciplines, so that the results
cannot be compared to triathletes. 15 female cyclists of this
meta-analysis demonstrated a LVM Index g/m? of 115 & 23.

Cardiovascular adaptations to exercise have been
systematically defined and differ depending to the type of
conditioning endurance training. Cycling and rowing have the
most effects on cavity size and wall thickness. Strength trained
athletes showed the highest increase in wall thickness [24].

The main difference between triathletes and cyclist is that
triathletes train not only under cycling, but also under running
conditions; cycle racing includes more components of strength
training. The functional changes of cardiac structures for
triathletes resemble the changes in runners [25].

Even though an enlarged atrium should be characteristic
for endurance athletes [17], the present study did not show
enlarged atria in female triathletes. Highly trained cycle
racers however showed an enlarged atrium, which was even
larger in older cycle racers than in younger subjects [26].

The systolic and diastolic function in our study was not
influenced. The diastolic function in our cohort is not
materially impaired.

Sudden cardiac death is more likely in male athletes. [27].
The different causes of sudden cardiac death in athletes
were reported: silent coronary disease [28], hypertrophic
cardiomyopathy [29] and arrhythmogenic right ventricular
cardiomyopathy [30] (table 5).

<12-35Years in %.

Maron 2007 Corrado 2003 Sollberg 2010 Marijon 2011
Aorticrupture 2,2 1,8 43 2
Aorticstenosis/cong. HD 1,8 43 6
ARVC 4 22 4
Channelpathies (QT, WPW) 3 1,8 8,7 12
Coronaryarteryanomalies 24 11 33
Coronarydisease 3 18 48 6
Dilatative CM 2 1,8 4
Hypertrophic CM 36 1,8 43 10
MVP 4 7,3
Myocarditis 5,4 9 22 4
Possible HCM 11,3
Riva musclebridge 2,2 3,6
Unclear 1,8 36

n = 1049 n=>55 n=22 n=>50

4.3. Physiological Performance

An important prerequisite of successful participation in
the middle and long distance of triathlon is a sufficient
aerobic capacity. It also appears that this is essential to
avoid possible damage due to long time endurance training
[3]. Well trained endurance athletes do not suffer

significant long-term damage [3] even athletes can exhibit
momentary “cardiac fatigue* [3, 31].

The female triathletes examined in the present study
showed no signs of pathological right ventricular
remodelling or signs of left ventricular dysfunction. The
performance data for amateur athletes identified by this study
should be assumed as guide values for athletes participating
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in middle and long distance triathlons.

In the present study female athletes showed a VO,max of 52.8
+ 5.7 ml/min/kg, the VO, uptake at the aerobic threshold was
38.5 + 7.9 ml/min/kg. This data match with published data of
smaller studies. We could not find any value for VO, uptake
at the aerobic threshold for female triathletes.

The maximum oxygen absorption in the previously
published studies had a range of 48.2 up to 61.6 ml/min/kg
body weight amongst different groups that have been
examined.

In contrast, in studies of groups with, for example, five
world class athletes [13] results turn out higher. However,
it can be postulated that a VO,max above 55 ml/min/kg
body weight is a good marker for successful participation
in an Ironman competition, both in middle and long
distance events. The oxygen absorption at the aerobic
threshold should be above 35 ml/min/kg body weight for
females. In the present study, the examinations always took
place using ergometric peak capacity by bicycle; so
treadmill data can differ depending on the
athletes® background [32]. Bunc et al. [33] proposes
VO,max values for young Olympic triathletes - males an
average of above 65 ml/min/kg and females above 60
ml/min/kg. This pertains to elite triathletes. In smaller
studies VO,max values for female athletes [9] were
averaged at 57.5 ml/min/kg.

Comparing the performance values of elite and amateur
female athletes in the present study, a significant difference
can be observed as expected: relative VO,max 56.1 £5.7
vs. 50.1 £ 4 ml/min/kg and VO, for VAT 45.5 + 5.4 vs.
32.7 + 3.8 ml/min/kg.

5. Limitations and Future Directions

The cross-sectional design of this study does not allow a
certain decision about the lack of exercise-induced cardiac
fatigue in female triathletes. Although our data suggest
normal right and left ventricular function, confirmatory
longitudinal work is necessary.

The results of this study support the subjective
impression of daily practice and engagement in sports
medicine since 15 years that female athletes suffer less
frequently from negative-cardiac remodelling as discussed
by different authors [31, 34, 35].

6. Summary

The data of the present study on German female
triathletes participating in middle and long distance events
allow the practical use of this data as a routine part of
everyday sports medicine and in classifying the efficiency
of performance diagnostic centres. We favour as training
goals for successful finishing a middle or long distance
triathlon a minimum of aerobic capacity of 35ml/min/kg in
female triathletes. In terms of echocardiographic
measurement we can expect concentric remodelling
/concentric hypertrophy. Concentric hypertrophy can be

expected up to 20 % in healthy female triathletes. Valve
dysfunctions are possible but in our cohort rare.

We have not found negative long term effects on cardiac
structures as proposed for “exercised-induced cardiac
fatigue” [35]. In our cohort we have triathletes with a mean
time of participation in triathlon competitions of 5.4 years
(non-Elite) and 7.8 years (elite). The longest time
participating in triathlon competitions was 32 years.

Sudden cardiac death in female athletes is rare (20 x less
frequently as in men) [36]. The known problem of
arrhythmias in the aged athletes also more often occurs in
the male athlete [37].

Adequate screening of triathletes for possible silent
diseases based on the different cardiologic diagnostic tools
should be considered [38-40]. With regard to our data, we
can suggest that long-term adverse cardiac effects of
endurance sport in female triathletes seem to be rare [41].
The positive impact of physical activity at the recreational
level is not up for discussion [42, 43].
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