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Abstract

The purpose of our study was to investigate the frequency of the third heart sound (S3) of athletes
after exercise, and to determine whether the frequency and amplitude of S3 were related to cardiac
function.  The phonocardiogram exercise test (PCGET) was used in this study, and healthy volunteers
consisting of 84 athletes (age 21.0 ± 1.7 years; 62 males and 22 females) and 45 non-athletes (age 24.1 ±
2.0 years; 33 males and 12 females) were enrolled.  All subjects were healthy except one with a cardiac
murmur without known cause.  Immediately after exercise, S3 occurred in 21 athletes (25.0%) and 10
non-athletes (22.2%) during PCGET.  There were very significant differences between pre-exercise and
post-exercise in the frequency of S3 (P < 0.01), and no significant difference between athletes and non-
athletes (P > 0.05).  The prevalence of S3/S2 ≥ 1 was significantly (P < 0.05) higher for the athlete group
(47.1%) as compared to the non-athlete group (10%).  Those results indicated that the emergence of
S3 was an indicator of heart burden, and S3 after exercise in the athlete group was physiological.  Our
study showed that the amplitude of S3 had a very sensitive response to cardiac function reduction and
S3/S2 ≥ 1 could eventually be used to assess cardiac fatigue states.
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Introduction

The diastolic sound that occurs during rapid
ventricular filling is called the third heart sound (S3)
(4, 7, 22, 25).  S3 is thought to be caused by abrupt
deceleration of left ventricular inflow during early
diastole, increased left ventricular filling pressures
and decreased left ventricular compliance (28).  In the
setting of preliminary studies, S3 was present in both
pathological and physiological situations and it has
important clinical and prognostic implications in heart
diseases (1, 3, 13, 21).  Frequently, children and
young adults have an audible S3 or will develop one
during exercise and pregnancy.  At these times, the
occurrence of S3 is considered as a normal cardiac
adaptation to stress state, and is called physiological
S3 (9).  Fatigue of the body and the heart is associated

with overtraining which is defined as the state resulting
from an imbalance between training stress and re-
covery (15, 23) that often occurs in athletes.  Over-
training is not solely related to physical training, but
also to non-training stressors (15).  Training fatigue
is a normal fatigue that is experienced following
several days of heavy training associated with an
overload-training.  This fatigue is reversed and super-
compensation occurs by the last few days of a period
of reduced training load.  However, it was established
that cardiac fatigue persists longer than an appropriate
regeneration period (10) and cardiac fatigue even
results in the decline of the cardiac function (17, 19)
and performance became lower than previous stan-
dards after a period of active recovery (11).  Thus, it
is necessary and important to identify whether the
heart of an athlete is overloaded or suffering from
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cardiac fatigue in exercise training.
The purpose of our study was to investigate the

frequency of S3 in athletes after exercise, and to in-
vestigate the relationship between the frequency of
S3 and heart burden.  Furthermore, we specifically
explored the amplitude of S3.  However, there are
many factors that can influence the absolute ampli-
tude of S3 including the thickness of the chest wall,
the distance between the heart and the chest wall,
physiopathologic conditions, the emotions of dif-
ferent subjects, different postures, respiratory depth,
the position of sensor on the chest wall and others.
Hence, the absolute amplitude of S3 cannot be used
independently.  In order to resolve this problem, we
adopted the relative value method to introduce a new
group of indicators, including the ratio of the third
heart sound amplitude to the second heart sound
amplitude (S3/S2), as an assessment of the intensity
of S3.  This is because the first heart sound (S1) and
the second heart sound (S2) are two main components
in the phonocardiogram and can be clearly identified.
S1 amplitude dramatically varies with breathing and
increased sharply after accomplishing the whole
designed exercise workload.  Therefore, the S2 am-
plitude, which is relatively stable and low, had been
selected as the reference value and that made S3/S2
more reliable and stable.

Reports available indicate that due to different
detection methods and instability of S3 itself, the
prevalence of S3 shows significant differences.  The
presence of S3 after exercise has been extensively
studied; however, the frequency of S3 immediately
after exercise in athletes, especially the amplitude of
S3, has never been reported before.  This paper reports
the related methods and results.

Materials and Methods

Subjects

Two groups of subjects, 129 volunteers in all,
were enrolled in this study.  All subjects were healthy
except one with a cardiac murmur without known
cause.  The first group of subjects consisted of 84
athletes from a physical education department with a
mean age of 21.0 ± 1.7 (range 17 to 27), including 62
males and 22 females.  The second group consisted of
45 students from general subjects departments with a
mean age of 24.1 ± 2.0 (range 21 to 29), including 33
males and 12 females.  The physical makeup of the
two groups is summarized in Table 1.  Subjects of
both groups were students from Chongqing University,
Chongqing, China.  Experimental procedures were
approved by the Ethics Committee of the Chongqing
University, and all subjects gave written informed
consent to participate in the study conforming to the
policy statement with respect to the Declaration of
Helsinki.

In our previous studies, cardiac contractility
change trend (CCCT), which was defined as the in-
crease of the amplitude of S1 after accomplishing
exercise workloads with respect to the amplitude of
S1 recorded at rest (37), was confirmed as a nonin-
vasive and objective indicator for measuring and
evaluating cardiac function (35, 36).  And the data of
the subjects’ cardiac function (reflected in CCCT) are
shown in Tables 2 and 4.

The S3/S2 ratio had a dimensionless value.
When calculating S3/S2, we used the amplitude of S3
divided by the amplitude of S2 in each cardiac cycle.
And the S3/S2 values were calculated automatically
by the CCM heart-sound analysis software.  We found
that the amplitude values of S3 were higher than those
of S2 in some subjects.  S3 is characterized by low
volume and energy.  These characteristics make the

Table 1.  Physical characteristics of the test groups (in means ± standard deviation)

Group N Age (years) Height (m) BM (kg) BMI (kg·m-2)

Athletes 84 21.0 ± 1.7* 1.75 ± 0.08 64.5 ± 9.8 21.0 ± 2.1#

Non-athletes 45 24.0 ± 2.0 1.69 ± 0.07 58.1 ± 9.4 20.3 ± 2.1

m: meters, BM: body mass, kg: kilograms, BMI: body mass index.  *P < 0.01 vs. non-athletes, #P < 0.05 vs. non-athletes.

Table 2.  Frequency of S3, heart rate and CCCT in athlete and non-athlete groups

Group Athlete Non- athlete

S3  N (%) pre-exercise 0 (0%)  0 (0%)
post-exercise 21 (25.0%)* 10 (22.2%)*

Heart rate (beats·min-1) pre-exercise   68.79 ± 9.09   71.84 ± 9.93
post-exercise 159.31 ± 11.05# 165.38 ± 12.65#

CCCT     7.43 ± 3.36     6.44 ± 2.36†

CCCT: cardiac contractility change trend.  *#P < 0.01 vs. pre-exercise, †P < 0.05 vs. athlete.
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amplitudes of S3 lower than those of S2 under general
conditions.  In this research, we defined S3/S2 ≥ 1 as
that in continuous 5 cardiac cycles, at least 3 of the S3
amplitudes were greater than that of the S2 amplitudes.
Otherwise, it would be defined as S3/S2 < 1.

Equipment

A cardiac contractility monitor (CCM, developed
by Bo-Jing Medical Informatics Institute, Chongqing,
China) based on a personal computer was used for this
study.  The CCM hardware consisted of a phonocar-
diographic sensor (placed on the subject’s precordium)
and a heart-sound signal preprocessing box.  The soft-
ware included a fundamental heart-sound measure-
ment system which had several end-user-friendly
capabilities.  The development environment was Visual
Basic 6.0 and the Access relational database, with the
Windows 98/2000/XP (Microsoft, Inc.) operating
platform.  This equipment gave a flat frequency response
in the whole frequency range of usual heart sounds
(from 30 to 800 Hz).  The heart sound signals were
recorded through the sound card of PC at sampling
frequency of 11,025 Hz.

Exercise Testing

The phonocardiogram exercise test (PCGET)
(34) was used for this study.  All subjects were not
allowed to do any hard physical work in the half hour
or longer preceding testing, and they were told to
keep quiet and relaxed during the test.  A trained
researcher placed a PCG sensor on the subject’s
precardium.  In order to avoid human-induced errors,
every testing operator was required to press the sensor
with similar strength against the same area of each
volunteer’s chest in two conditions.  Phonocardio-
grams were recorded both in the sitting position at
rest and immediately after a step-climbing exercise of
23-cm height.  The subjects completed the designed
exercise workload as soon as possible and the signals
of cardiac cycle were immediately collected and
recorded by CCM.  With the purpose of recognizing
S3 accurately, at least four cardiac cycles were re-
corded during each testing.

There are many exercise workload protocols

in PCGET.  In this investigation, the total workload
of 7000 J was used.  The step-climbing number was
calculated according to the target workload, step height
and the subject’s body weight.  The end point of the
exercise test was usually limited by patient symptoms
or by achievement of the designed exercise workload.
Most of the subjects took the test in our Heart Sound
Collecting Laboratory supported by Chongqing
University and Bo-Jing Medical Informatics Institute,
and a few recordings from athletes were collected in
the office of the physical education department.

Statistical Analysis

Descriptive statistics are presented as Means ±
SD.  Comparing differences between groups and dif-
ferences within each group between pre and post
exercise were analyzed for statistical significance
using Independent t-test for heart rate and Chi-squared
test for S3.  Comparison of S3/S2 between athletes
and non-athletes was performed using Chi-squared
test.  Statistical significance was accepted at P < 0.05
and all analyses were performed in SPSS 15.0.

Results

Table 2 shows that immediately after exercise,
S3 was obtained from phonocardiograms in 21 athletes
(25.0%) and 10 non-athletes (22.2%), while at rest S3
was not present in any group.  There were significant
differences between pre-exercise and post-exercise
in terms of the audible S3 (P < 0.01), and there was no
significant difference between athletes and non-
athletes (P > 0.05).  The mean heart rates of 84
athletes and 45 non-athletes at rest were 69.10 ± 9.38
beats/min and 72.21 ± 10.00 beats/min, respectively.
Immediately after accomplishing the exercise, the
values of heart rates were 159.63 ± 10.83 beats/min
and 165.93 ± 12.06 beats/min.  There were statistically
significant increases in the sets of heart rate data from
the pre-exercise to post-exercise (P < 0.01).  Accord-
ingly, cardiac burden was aggravated in terms of
exercise workload.

The two prototypes of phonocardiogram with
S3 were presented in Fig. 1 (S3/S2 < 1) and Fig. 2 (S3/
S2 ≥ 1).  The ratio of S3/S2 of the 21 athletes and the

Table 3. Comparison of S3/S2 between athlete and
non-athlete groups

Athlete Non-athlete

N 21 10
S3/S2 ≥ 1 12 (57.1%)* 1 (10%)
S3/S2 < 1   9 (42.9%)* 9 (90%)

*P < 0.05 vs. non-athlete.

Table 4.  Comparison of CCCT in the athlete group

S3/S2 < 1 S3/S2 ≥ 1 Without S3

N 9 12 63
CCCT 7.56 ± 2.46# 6.32 ± 2.24* 7.63 ± 3.63

CCCT: cardiac contractility change trend.  *P < 0.05 vs.
without S3, #P = 0.82 vs. without S3.
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10 healthy non-athletes are shown in Table 3.  There
were a total of 31 subjects with S3 after exercise
consisting of 13 S3/S2 ≥ 1 (1 from non-athletes, 12
from athletes) and 18 S3/S2 < 1 (9 from athletes, 9
from non-athletes).  The prevalence of S3/S2 ≥ 1 was
significantly (P < 0.05) higher in the athlete group
(47.1%) as compared to the non-athlete group (10%).

Discussion

This study was an initial attempt to investigate
the frequency and amplitude of S3 in athletes at
stress, and the aim of the study was to explore the
relationship between S3 and heart burden.  The results
of this longitudinal study in athletes clearly showed
that S3 occurred more frequently after exercise than
at rest (25% vs. 0%, P < 0.01, see Table 2).  Similar
to our study, Aronow et al. (2) observed that an S3
occurred more frequently during and after exercise
(60%) than at rest (15%).  Previous studies of patients
with acute myocardial infarction (12, 14, 18, 29) and
myocardial ischemia induced by exercise testing (6,
20, 30) showed that S3 occurred more frequently
during exercise than at rest.  Breuer (5) found that S3
was audible in up to 80% of pregnant women.  In our
study, the heart rate increased highly after exercise
which supports the notion that heart burden was
heavier due to exercise.  It is also well accepted that
pregnant women or patients with cardiac disease
endure heavier heart burden in comparison with the
healthy population.  Therefore, the frequency of S3 is
higher in individuals with heavier heart burden.  S3,
which is highly correlated to decreased cardiac output,
reduces ejection farction and elevates end-diastolic
pressures, is thought to evaluate cardiac function, and
the pathological S3 has been long regarded as a
validated indicator of left ventricular dysfunction
(16, 24, 27, 31).  Our results and recent evidences
referenced above all suggest that the emergence of S3
is an indicator of heart burden.  Moreover, no signi-

ficant difference (P > 0.05) was found in frequency of
S3 between athlete and non-athlete group (Table 2).
Therefore, different from patients, the emergence of
S3 after exercise in athlete group is a physiological
phenomenon in line with the study by Wilbert and
Aronow (32).

As Table 3 presents, the proportion of S3/S2 ≥
1 in the athlete group is much higher than that in
the non-athlete group (57.1% vs. 10.0 %, P < 0.05).
Sawayama et al. (26) observed that the amplitude of
S3 was greater in patients with angina than in healthy
subjects and suggested the amplitude of S3 had a very
sensitive response to cardiac function reduction.  In
our previous studies, CCCT was confirmed as a
noninvasive and objective indicator for measuring
and evaluating cardiac function (35, 36).  Table 4
shows that the CCCT of athletes with S3/S2 ≥ 1 was
lower than that without S3 (6.32 ± 2.24 vs. 7.63 ±
3.63, P < 0.05).  It may be recognized that the cardiac
function of those athletes with S3/S2 ≥ 1 was reduced.
The status of transiently reduced function of the heart
in response to a highly intensive activity has been
defined as cardiac fatigue (8, 33).  All the athletes in
our study had taken continuous training for at least a
month.  In addition, 8 of the 12 athletes with S3/S2 ≥
1 had a competitive activity half an hour before, and
one had a history of systolic murmur.  Those evidences
demonstrated that athletes with S3/S2 ≥ 1 were those
that took prolonged strenuous exercises and their
hearts were overloaded.  Therefore, the phenomenon
of S3/S2 ≥ 1 may suggest cardiac fatigue.  Clearly,
their performance and well being could be affected if
athletes developed cardiac fatigue.  Hence, it is needed
to provide an objective and reliable method for iden-
tifying athletes’ risk of developing cardiac fatigue.
Our study showed that S3/S2 ≥ 1 could be used to
assess cardiac fatigue states.

The frequency of S3 and S3/S2 ratio detection
can be a safe and easy technique, and could simul-
taneously detect heart rate and PCG.  Based on this
and other previous studies discussed above, we can
conclude that the emergence of S3 is an indicator of
heart burden and the value of S3/S2 may have a

Fig. 1. The cardiac cycles of the PCG recording from a 23 years
old female non-athlete.  The S2 amplitudes are obviously
greater than S3.
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Fig. 2. The cardiac cycles of the PCG recording from a 21 years
old male athlete.  The S2 amplitudes are obviously less
than S3 in this sample.
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significant value in assessing cardiac fatigue.
Moreover, BHPCGT can be used as a new method for
evaluating cardiac function in both athletes and non-
athletes.

However, our researches on the frequency and
amplitude of S3 are only at a primary stage, and there
are still several limitations.  First, the potential matura-
tion on the heart of males and females is different.
However, we did not carry out a gender-based control
study due to lack of samples.  Second, the age and
body-mass index were of significant differences
between these two groups, as shown in the t-test re-
sults.  Third, the study is also limited by the sample
size.  Further sample of large population and multi-
centre studies are still needed.
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