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Abstract Compare cardiovascular responses and adaptations of a professional futsal player both at rest and in
action over an uninterrupted twelve-year period. Cross-over case study. Data analysis was performed by descriptive
analysis, which results are expressed as percentages (percentiles) and mean + standard deviation (SD). The study
was conducted between 1999 and 2012 sport seasons. Laboratory tests (Electrocardiogram and echocardiography,
maximum stress test) and field test (competitive and training games).The VO2 max of our athlete decreased from
57.8 to 52.7 ml/kg/min however the anaerobic threshold significantly improved, as it increased from 80.4% to 92%
of his heart rate maximum (HRmax). The athlete’s HRmax changed from 194 bpm in 1999 to 176 bpm in 2012 and
his mean heart rate (MHR) from 168.1 + 13 bpm to 142 + 13 bpm. In 1999 the athlete’s performance was < 150 bpm
9.1% of time while in 2012 his heart rate (HR) was < 150 bpm 60.30% of time. In 1999, he had 150-170 bpm 32.9%
of time, while in 2012 he was 39.7% of time with this HR. He changed from having a HR >170 bpm 57.8% of time
in 1999 to not have this HR at any time in 2012. Comparative analysis indicated that intensity variability over a
decade is < 10%, as it was 86.5% in 1999 and 80.6% in 2012. Conclusions: Age is the main factor causing heart rate
variability in team sports players since maximum heart rate decreases with age. Using heart rate as an indicator of
work intensity involves using relative values of percentage of work intensity with respect to their maximum heart
rate.
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1. Introduction

Heart rate (HR) is widely accepted as an indicator of
cardiovascular response [1,2,3] in many sports —including
team sports— and is used for training load control [4-9].
The reason to using HR is that it can be easily measured,
recorded, read and functionally applied. Moreover, it is a
non-invasive parameter easily measurable by performance
assessment teams.

HR variations have been reported in athletes
performing the same work [10]. Such variations might be
due to different causes, being the most relevant the age,
competitive level and motivation of the athlete [11]. HR
variations are greater in team sports as a result of
individual playing style, playing positions, etc [12].

Researchers have found individual differences in the
physiological profile of different sports modality players.
However, scarce literature is available on the evolution of
intrapersonal HR variations throughout a sports career.

In 1999 [13] we examined the physiological profiles of
two futsal players: a young player performing at a very
high HR, and an older player playing at a low HR. The
profiles obtained led us wonder whether young players

performing at so great absolute intensities maintain the
same HR response over the years. To answer this question
we conducted a ten-year follow-up study on a professional
male futsal player. Accordingly, the aim of this study was
to compare the cardiovascular responses and adaptations
of a professional futsal player both at rest and in action
over an uninterrupted ten-year period.

2. Material and Methods

This is a cross-over case study conducted between 1999
and 2012. Data analysis was performed by descriptive
analysis, which results are expressed as percentages
(percentiles) and mean + standard deviation (SD).

The athlete provided informed consent to undergo all
stress tests and was aware that he could quit the study at
any moment.

As to the specific characteristics of the athlete, he did
not have any relevant injury at any moment throughout the
study period.

The first record was taken in 1999, when the athlete
was 19 years of age, and the last was taken in the 2011-
2012 season.
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Futsal is an intermittent game based on brief intense
actions interspersed by active and incomplete recovery
periods including a sequence of highly demanding
aerobic-anaerobic actions [13], where players frequently
perform maximally [14].

This case study included the following studies:

Kinanthropometry: Height (cm) was measured by a 1-
mm precision stadiometer “Seca”. Weight was assessed by
a 100g.-precision scale. Six skinfolds (mm) were
measured with a “Holtain Crymich” 0.1 mm- scaliper.

Electrocardiograms and echocardiographies: We
performed 12-lead electrocardiograms (Fukuda-Denshi
FK-12) and echocardiographies (Ecocardiografo-Dopler
“Hewlett Packard”) with the subject at rest. These two
tests were performed to find out whether professional
training induces a different cardiovascular response at rest
because of an adaptation of the heart. Electrocardiograms
and echocardiographies were performed and read by the
same observer.

Maximum stress tests were performed on a treadmill
(Jaeger-LE5, Wouerburz, Germany): To determine the
athlete’s HR values and response to progressive-maximum
stress we established work thresholds with a continuous
progressive protocol set at a fixed 3% slope and 1 Km.h-1
load increases at 1-minute intervals. Pulmonary air flow
and gas exchange were analyzed breath by breath

(Medical Graphics CPX/MAX, St. Paul, Minnesota, USA).

We considered that maximum oxygen uptake (VO2
max) was reached:

When the oxygen uptake (VO2) although the training
load was increased.

When the mean heart rate was > 90% of HR for age
(220-age).

And when the gas exchange rate was > 1.15.

The ventilatory threshold was determined during stress
tests by the V-Slope method [15].

Heart rate maximum (HRmax): Different studies
indicate that HRmax is an individual parameter which is
not sensitive to fitness status and is not affected or slightly
affected by age, heredity etc. However, there are other
factors such as fatigue, motivation or stress that may alter
HRmax values [12]. At 32 years of age, the HRmax
begins to decrease linearly. To determine the HRmax we
used the maximum value obtained either in the laboratory
test or during a game. The reason is that according to
Barbero some players may have two or three more beats
during a game than in lab tests [16,17].

Heart rate (HR) recorded in competitive and training
games. We recorded the athlete’s HR in eight matches —
four throughout the 1999-2000 season and four throughout

the 2011-2012 season. We considered that the sample size
was appropriate as the results obtained were consistent
with those obtained in previous studies [10,18]. Thus,
previous studies have reported that HRmax values and
mean HR (MHR) do not significantly vary from match to
match, and each player has their own repeating
performance pattern. Data were collected in the same
conditions: type of work (futsal games); day time (in the
afternoon); place and environmental conditions (indoor
court); and constant hydration, since losing 1% of body
weight negatively affects performance.

HR was measured using Polar heart rate monitors —the
Accurex Plus model in 2000 and the 725X model in
2011- set to record HR at five-second intervals. The data
collected in the field study were analyzed using the Polar
Pro trainer interface.

It is noteworthy that two of the most relevant variables
affecting HR —cognitive and emotional factors [19] — have
changed over time.

3. Results

3.1. Laboratory Tests

In 1999: Age: 19 years old. Weight: 82.5 kg. Height:
181cm. Y 6skinfolds: 60.3 mm. Maximum oxygen uptake:
57.8 ml/kg/min. Loud reached in Maximum stress test 16
Km/h. Anaerobic Threshold: 156 bpm. HRmax: 194 bpm.
Anaerobic Threshold % HRmax: 80.4%.

In 2012: Age: 32 years old. Weight: 84.1 kg. Height:
181.8 cm. }6skinfolds: 60.6 mm. Maximum oxygen
uptake: 52.7 ml/kg/min. Loud reached in Maximum stress
test 17 Km/h. Anaerobic Threshold: 162 bpm. HRmax:
176 bpm. Anaerobic Threshold % HRmax: 92.0%.

3.2. Competitive and Training Games

Cardiovascular response (Figure 1) and Work intensity
by the percentage of maximum heart rate (Table 1):
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Figure 1. Cardiovascular response in matches after twelve years

Table 1. Cardiovascular response in matches

Season 1999-2000

MHRa | %HRmaxb | >100 | 100-109 | 110-119 | 120-129 | 130-139 | 140-149 | 150-159 | 160-169 | 170-179 | 180-189 | 190-199
167114 86.1 0.8 0 0.8 0.8 1.8 3.9 12 28.6 38 13 0.3
162+12 83.5 0.6 1 1.8 4 3.8 7 18.1 22.1 30.1 11.4 0
170+14 87.6 0.7 0.3 0.7 1.7 0.1 3.7 5 18.3 47.3 22.3 0
172413 88.6 0 0.3 0.3 0.3 0.3 1.8 6.3 21.4 41.6 27.7 0
168+13 86.5 0.5 0.4 0.9 1.7 15 4.1 10.3 22.6 39.2 18.6 0.1
Season 2011-2012
MHRa | %HRmaxb | >100 | 100-109 | 110-119 | 120-129 | 130-139 | 140-149 | 150-159 | 160-169 | 170-179 | 180-189 | 190-199
131+1 74.3 0.0 4.3 21.9 18.6 25.4 21.1 8.6 0.0 0.0 0.0 0.0
127417 72.1 0.0 21.3 13.6 21.3 19.2 13.3 5.9 5.2 0.0 0.0 0.0
145415 82.3 0.0 1.6 8.0 9.2 13.0 18.5 35.2 14.4 0.0 0.0 0.0
139+13 78.9 0.0 3.0 8.0 16.7 19.5 23.1 26.8 3.0 0.0 0.0 0.0
142+14 80.6 0.0 2.3 8.0 12.9 16.2 20.8 31.0 8.7 0.0 0.0 0.0
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In 1999: HRmax was 194 bpm. In maches the work
intensity by the percentage of HRmax was 86.5%. The
player were <65% of their HRmax 2.8% of time; between
65-85% of their HRmax 31.6% of time, and >85% of their
HRmax 65.5% of time.

In 2012: HRmax was 176 bpm. In maches the work
intensity by the percentage of HRmax was 80.6%. The
player were <65% of their HRmax 6.3% of time; between
65-85% of their HRmax 69.0% of time, and >85% of their
HRmax 24.7% of time.

4. Discussion
4.1. Laboratory Tests

Anthropometric characteristics: Although the athlete
changed from 825 to 84.1 kg of weight, his
anthropometric characteristics did not change significantly
over the 12-year study period. The reason is that in twelve
years the athlete grew nearly one centimeter, and during
the holidays the subject usually weighs one kilo more than
during the pre-season ten years ago.

Electrocardiogram-echocardiography: In our study of
the 1999 season [14] we found that over 80% of futsal
players had sinus bradycardia. This is the case of our
subject, who in 1999 presented a HR of 55 bpm at resting
position and 45 bpm in 2012. The remaining parameters
on the Electrocardiogram-echocardiography remained
stable over the ten years and are similar to those found in
similar sports players [20].

Maximum stress tests were performed at the beginning
of the pre-season i.e when the player was not in his
optimal fitness status. We found that, in spite of the years,
the athlete maintained almost the same VO2 max, which
was only slightly lower than ten years before. In addition,
the athlete could endure greater training loads.

Maximal oxygen uptake (VO2 max): Firstly, we should
take into account that VO2 max is not a limiting factor for
maximal performance [21]. The reason is that the type of
work performed in futsal is intermittent and correspond to
short high-intensity training exercises that require high-
intensity work. These methods involve a relatively low
load to circulation and breathing by the introduction of
brief sprinting-and-rest intervals appropriately separated
(microbreaks). This physiological concept allows for older
subjects or individuals with a lower VO2 max to perform
intense work provided that work and recovery periods are
appropriately regulated.

The VO2 max of our athlete decreased from 57.8 to
52.7 ml/kg/min, which is consistent with the findings of
previous studies that suggest that the average rate of
decline is 10% per decade after the age of 25. Increasing
VO2 max is difficult. In fact, trained people only can
increase their VO2 max by 10% approx [22]. The 52.7
ml/kg/min value obtained in this study in 2012 is lower
than the value obtained in previous studies on futsal
players (57.80+2.53 ml/kg/min) [21]. However, we think

that such differences wouldn’t exist if we had measured
VO2 max during the in-season as in the referenced study.
The values obtained in this study are consistent with those
found in team sports players [21]. Thus, values < 50
ml/kg/min are considered deficient; between 50 and 55
ml/kg/min. are normal; 55-60 ml/kg/min. are good and >
60 ml/kg/min. are excellent VO2 max values.

HRmax: The athlete’s HRmax decreased from 194 bpm
in 1999 to 176 bpm in 2012, which accounts for a decline
of 20 bpm approx. The age range of team sports players is
wide as players can be 18-36 years of age. Consequently,
their HRmax values also vary significantly, since age —and
individual adaptation to stress— is directly related to
HRmax. These two factors -—age and individual
adaptation— are the main cause of HR variations among
team sports players undergoing the same stress.

Anaerobic threshold: Is the most reliable performance
indicator and one of the primary goals of training. It can
be increased by a maximum of 40% [23]. Training seasons
are intended to make players progressively become more
resistant to fatigue and increase their energy use, which
can pass from 60% to 90% [24]. The anaerobic threshold
of the player in our study significantly improved, as it
increased from 80.4% to 92% of his HRmax, which
accounts for a significant adaptation to high-intensity
stress.

The VO2 max and anaerobic threshold values obtained
in this study are consistent with those obtained by Parr et
al. (1978) [25], who observed that although basket players
do not present high oxygen uptake values, their anaerobic
threshold is greater as compared to that of other sports
players with a similar VO2 max.

4.2. Competitive and Training Games

Mean heart rate (MHR): Futsal is an indoor court sport
with few players that is played in a small area with a
limited number of changes. Consequently, all players
perform considerable work and are in constant movement
to search for spaces. When a player does not work with
enough intensity, he is replaced with another player. As
unlimited changes are allowed, futsal players present high
MHR, as described in previous studies [13,16]. During a
game, futsal players are 83% of time >85% of their
HRmax, which is considered by Woolford and Argove [26]
and the ACSM as a very vigorous intensity [17].

Accordingly, interpersonal HR variability is very
important, and the dispersion of values around the mean
HR value is very high. This was proven by Alvarez [10],
who established a mean HR value of 165+10 bpm and a
range of 141-181 bpm. Another study examining the HR
of eight futsal players at the Division de Plata (second
professional league) in five matches yielded a mean HR of
172.9+0.8 bpm [27].

The cardiovascular response of the athlete in our study
changed over time. HR was always measured in the same
conditions. The only factor that changed was the athlete’s
age and cognitive and emotional factors [19].

Age: The athlete’s HRmax declined by 20 bpm approx.
and his MHR changed from 168.1+13 bpm to 142+13
bpm. MHR should be associated with HRmax, which
accounts for work intensity.

Cognitive and emotional factors: In 1999, the athlete
was at the beginning of his professional career and wanted
to earn a position in the team, so his performance was
maximal in training sessions and competitive matches.
After a decade, our athlete became a veteran player and
had his place in the team, so he regulated his actions and
avoided unnecessary stress, which reflects a better
understanding of the game. In other words, he economized
stress.
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These data confirm that HR can be used as an indicator
of stress provided that HRmax is related to relative
intrapersonal intensity values rather than to absolute
values.

HR distribution ranges (Figure 2): In 1999 the athlete’s
performance was < 150 bpm 9.1% of time while in 2012
his HR was < 150 bpm 60.30% of time. In 1999, he had
150-170 bpm 32.9% of time, while in 2012 he was 39.7%
of time with this HR. He changed from having a HR >170
bpm 57.8% of time in 1999 to not have this HR at any
time in 2012. These results are in agreement with those
obtained by Barbero (2004) [16, 27], who found that
players were <150 bpm 6.9% of time; 150-170 bpm
25.7% of time; and >170 bpm 67.4% of time during a
match.

A possible explanation to this might be that the Barbero
study was performed on players at the Division de Plata,
where players are prevailingly young and have greater
motivation and HRmax as compared to older players. This
is confirmed by their HRmax, which were 192.1+0.8 bpm.

The decline in HR is not caused by a reduction in work
intensity, but to the player’s current inability to work at
such a high HR due to a decline in his HRmax.

Work intensity by the percentage of HRmax: The results
obtained in 1999 were similar to those reported by
Barbero [16,27], who determined that futsal players are
<65% of their HRmax 1.8% of time; between 65-85% of
their HRmax 15% of time, and >85% of their HRmax
80.70% of time.

Comparative analysis indicated that intensity variability
over a decade is < 10%, as it was 86.5% in 1999 and
80.6% in 2012.
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Figure 2. Heart rate distribution ranges in matches

We analyzed the interpercentile interval 65-85% -
which is the interval used for the classification of training
loads in team sports— and observed a significant increase
in the 12-year study period. However, when we analyzed
the 85% percentile we found a significant decrease [28].
The data obtained clearly show that the time spent at each
intensity interval has changed over the years. Our athlete
performed at < 65% of his HRmax 2.8% of time in 1999
and 6.3% in 2012. He played between 65-85% of his
HRmax 31.6% of time in 1999 and 69% in 2012. He
performed at > 85% of his HRmax 65.5% of time in 1999
and 24.7% in 2012. Over the years, the player reduced the
time at >85% of his HRmax and increased the time spent
at 65-85% of his HRmax.

Variability in work intensity can be explained by the
adaptations induced by training, which are confirmed by
an increased anaerobic threshold. An increased anaerobic
threshold allows the player to do the same work at a lower

intensity. In addition, his experience leads him economize
stress.

5. Conclusions

- Age is the main factor causing heart rate variability in
team sports players since maximum heart rate decreases
with age.

- Older players know how to economize stress, since
they have a better understanding of the game.

- Using heart rate as an indicator of work intensity
involves:

+ Determining the cardiovascular profile of each player.

+ Determining their real maximum heart rate.

+ Using relative values of percentage of work intensity
with respect to their maximum heart rate.

Practical Implications:

- The maximum heart rate of each player should be
annually examined by stress tests.

- Training loads can be adapted by using the percentage
of maximum heart rate of each player.

- Training loads can be controlled according to the
cardiovascular response of each player.
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