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Abstract:

In recent years, stress tests have emerged as one of the best ways to assess fitness and health of athletes.
However, there is some controversy as to their ability to replicate the actual physiological needs generated
during competition. The aim of the study was to compare the levels of various physiological variables measured
during laboratory stress tests with those observed during competition. Heart rate, blood lactate, blood pressure,
rate of perceived effort and stress level were analysed in ten amateur male basketball players, during three
maximal laboratory tests (TREADMILL, CYCLE and Wingate test), and in five official competition games.
The level of significance for the study was set at p<.05. Statistically significant differences between the
physiological needs of competitive matches and those of stress tests were reported (p<.05). Furthermore, the
time during which a higher HR was recorded during the competition compared to the HR obtained during
the stress tests was calculated. This time was 12.36 £ 9.21% of the Live Time (LT) on TREADMILL, 35.04
+ 11.78% of the LT on CYCLE and 63.75 + 11.57% of the LT on Wingate. The results suggest that laboratory
stress tests do not reproduce the physiological requirements of amateur basketball players during competition.
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a higher incidence among high-level athletes, in
some countries such as Spain, 96% of athletes
who suffered a sudden death were recreational or
amateur athletes (Morentin et al., 2021), showing a
direct relationship between a lower level of phys-

Introduction

In recent years, an increase in the number of
cardiovascular accidents occurring during sport
competitions has been observed (Emery & Kovacs,
2018), which has been related to several factors such

as the continuous increase in the number of sport
practitioners, the type of sources consulted when
accounting for accidents (media, insurance reports
or sport federations) (Harmon, Zigman, & Drezner,
2015), the inclusion criteria used in epidemiolog-
ical studies (Hajduczok, Ruge, & Emery, 2022)
and, more recently, an increase in the number
of myocarditis caused by coronavirus 2 (SARS-
CoV-2) (Daniels et al., 2021). Moreover, it seems
the variation in incidence depends on several factors
such as race, gender and the intensity at which the
sport is done (Maron, Haas, Ahluwalia, Murphy, &
Garberich, 2016). Although some authors suggest

ical fitness and a higher probability of suffering a
serious cardiovascular accident (Kokkinos et al.,
2017).

Therefore, early detection of cardiovascular
pathology prior to any physical activity is partic-
ularly important (Cetin, Ekici, Kibar, Siiriici,
& Orgun, 2018). A complete anamnesis, phys-
ical examination and 12-lead resting electrocar-
diogram are some of the recommended tools for
early detection of cardiac impairment (Ldllgen &
Leyk, 2018). In addition, the heart rate achieved
during high-intensity physical exercise has been
associated with an increased risk of sudden death
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(predictive factor), especially when the exercise is
strenuous (Jouven et al., 2005). On the other hand,
several studies suggest that the combination of high
training volumes and intensities could lead to nega-
tive cardiac adaptations such as accelerated coro-
nary artery calcification, acute release of cardiac
biomarkers or the development of certain patholo-
gies such as myocardial fibrosis or atrial fibrilla-
tion (Franklin et al., 2020). For example, in recent
years, an increase in the latter pathology has been
observed in high-intensity endurance sports (Estes
& Madias, 2017).

In this regard, the American College of Sports
Medicine (ACSM) suggested that the best way for
early detection of cardiovascular pathology is the
performance of a maximal stress test (American
College of Sports Medicine, Liguori, Feito, Foun-
taine, & Roy, 2021). This has been defined as “a
non-invasive procedure that provides diagnostic
information on cardiopulmonary function and
assesses individual dynamic exercise capacity”
(Myers et al., 2009).

Furthermore, apart from their usefulness for
the assessment of physical performance capacity
and advice before the start of training, they could
also be used as a tool for: 1) the assessment of the
general state of health of the athlete, 2) the detection
of various cardiovascular and metabolic pathologies
that could limit and/or contraindicate the practice
of physical exercise and sport (Lollgen & Leyk,
2018), and 3) as a way of assessing the evolution
of sporting performance throughout a competitive
season.

Given that a direct relationship has been
observed between the inability to reach certain heart
rates—calculated from an estimated maximum
heart rate—and an increased risk of death from
cardiovascular disease (Harber et al., 2017), for this
type of assessment to be effective, the athlete must
reach maximum intensities (HRmax) during perfor-
mance (Hamlin, Draper, Blackwell, Shearman, &
Kimber, 2012).

Therefore, a stress test should reproduce the
maximum intensity levels at which the athlete
performs when doing sport in order to be consid-
ered effective (Currell & Jeukendrup, 2008), since
the intensity reached could determine whether
a pathology can be detected or, on the contrary,
would go undetected. As such, it is essential that
the intensity of effort reached during the perfor-
mance of an exercise test is equal to or higher than
that the athlete will attain during the competi-
tion and that there are no significant differences
between the two (Santos et al., 2012). In fact, the
performance of a stress test without meeting the
completion criteria, which ensures maximum effort
by the participant, is considered a cause of a false
negative in the performance of the test (Higgins
& Higgins, 2007). Moreover, the existing differ-

ences may vary depending on the sport, the type
of ergometer (treadmill, cycle ergometer...), the
population group practising, and, finally, they may
also be influenced by various psychological factors
such as stress or anxiety (Sanchez-Belena & Garcia-
Naveira Vaamonde, 2017).

Unfortunately, as far as we are aware, there are
no studies in basketball that have made an in-depth
analysis of the differences between the intensity
levels reached during stress tests and during compe-
tition, which opens the door to questioning whether
the intensities reached during stress tests are high
enough to reflect the true intensity developed during
competition. On the other hand, in many cases the
players and/or the clubs they play for do not have
qualified personnel and/or laboratories where all
these aspects can be assessed, so many assessments
are carried out by applying field tests (Durmic et
al., 2019).

On the other hand, although during the perfor-
mance of the laboratory tests an attempt is made
to reproduce the conditions and patterns applied
during competition (movement patterns, types of
effort, duration, etc.), the need to apply standardised
protocols, the performance of the tests in a limited
space and the impossibility of adapting the type
of test used to all movement patterns and sports,
means that the tests are performed in reduced
spaces and using instruments such as the cycle
ergometer or treadmill, which could cause a change
in the performance conditions that would limit the
intensities achieved in the tests. This could lead to
very different perceptions of fatigue depending on
the assessment conditions used.

Therefore, the main objective of this study was
to analyse whether there were differences between
the values of various physiological and psycholog-
ical variables related to cardiovascular pathology,
obtained in different maximal stress tests performed
in the laboratory and the values obtained during
official competition, in a group of amateur male
basketball players.

Methods

Experimental approach to the problem

The study was organised in two phases: Phase 1:
pre-competitive period (two weeks before the start
of the competition), in which the maximal labora-
tory tests were carried out, and Phase 2: competi-
tive period, in which the physiological and psycho-
logical variables of the first five official matches
(MATCH) were recorded.

The maximal laboratory tests consisted of the
following: 1) a Wingate (WIN) test (Ayalon, Inbar,
& Bar-Or, 1974), 2) a treadmill (TREADMILL)
maximum incremental step-up test (Manoelles,
2005), and 3) a cycle ergometer (CYCLE) maximum
incremental ramp test (Keir et al., 2015). These tests
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were selected because they are the most commonly
used in laboratory assessments during pre-season
in many competitive sports (Manonelles P., Franco
L., & Naranjo, J., 2016).

Two types of variables were monitored: 1)
physiological: heart rate, blood lactate, and blood
pressure, and 2) psychological: level of effort and
perceived stress. In the case of matches, HR data
were recorded and the corresponding Live Time
(LT; defined as “the time that elapses when the
player is on the court, the ball is in play and the
stopwatch is running”) was considered for the anal-
ysis (Mclnnes, Carlson, Jones, & McKenna, 1995).
The experimental design of the study is shown in
Figure 1.

Subjects

The study sample consisted of 10 amateur male
basketball players (age: 21.40 + 2.22 years; body
height: 1.92 + 0.07 m; body mass: 88.44 + 8.52 kg;
fat mass: 15.49 + 3.41 %; years of practice: 12.40 +
2.50 years), belonging to the top-level regional cate-
gory (1st National Division). The players had three
2-hour training sessions per week and one match
on the weekend. In addition, during the study,
special care was taken to ensure that participants
did not engage in moderate- or high-intensity phys-
ical activity apart from the assessment or regular
training sessions. The participants had no personal
or family history of cardiac pathology, nor had they
suffered from any injury that could alter regular
sports practice in the six months prior to the study.

To check the minimum effect size to which the
statistical model was sensitive, a sensitivity analysis
with the analysed sample size (n = 10, number of
groups = 1, number of measurements = 4, and non-
sphericity correction of € = 1) was done. The power
and alpha values used were 0.80 and 0.05, respec-
tively. The model was sensitive enough to detect
moderate effects of at least f = 0,39 or the equivalent

d = 1,12 described as moderate (Hopkins, Marshall,
Batterham, & Hanin, 2009).

None of the participants received any finan-
cial or in-kind reward for their collaboration in the
study. They also signed an informed consent form,
and a protocol was established for the delivery and
explanation of the results. At the time of the study,
none of the participants were taking any type of
medication, nor were they following a specific
dietary pattern, nor did they suffer from any respi-
ratory or metabolic disorder.

Procedures

The timing of the records of the variables is
detailed in Table 1.

Information prior to the initiation of the
research. Three days prior to the first exercise
test, participants were contacted to remind them
not to exercise or consume caffeinated or carbon-
ated beverages at least 12 hours before the assess-
ments. They were also not to smoke in the three
hours prior to data collection.

Information protocol and consents in the labo-
ratory. When they arrived at the laboratory, having
understood the procedure to follow for data collec-
tion and clarified any queries they might have, they
were asked to sign the informed consent form for
the study and for the clinic where the stress tests
were carried out.

Anamnesis and physical examination of the
participants. A complete anamnesis and a 12-lead
electrocardiogram were performed by a sports
medicine physician in a specially equipped room
(18-22°C and 40-60% relative humidity). In addi-
tion, anthropometry was assessed (height: Seca®
220 measuring rod with an accuracy of 0.1 cm;
weight: Seca® 700 column scale (Germany) with
an accuracy of 0.05 kg; and body fat: BC-601 meter
(Tanita® scale) with an accuracy of 0.1%).

Amateur basketball male players

Laboratory tests

\

Matches

I

Registered variables

.......................................................................................

Physiological
HR
BP
La

Psychological

RPE
PSS

Note. HR: heart rate; BP: blood pressure; La: lactate; RPE: rate of perceived exertion; PSS: perceived stress scale.

Figure 1. Experimental design.
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Table 1. Timing of the recording of variables from laboratory tests and matches

Condition Before During After
Laboratory tests
PSS BP
Wingate BP HR La
La RPE
PSS BP
Cycle ergometer BP HR La
La RPE
PSS BP
Treadmill BP HR La
La RPE
PSS BP
Matches BP HR La
La RPE

Note. HR: heart rate; BP: blood pressure; La: lactate; RPE: rate of perceived exertion Borg-20; PSS: perceived stress scale.

Laboratory tests

Temporal organisation of stress tests. The labo-
ratory assessments were divided into two recording
sessions separated by 48 hours of recovery time.
In the first session, the WIN test (Ayalon et al.,
1974) and the CYCLE test (Keir et al., 2015) were
performed, leaving a full recovery period of 30
min between the tests. In the second session, the
TREADMILL test (Rabadan & Boraita, 2005) was
performed. Half of the participants took the WIN
and CYCLE on the first day, while the other half
started with the TREADMILL and took the rest of
the tests on the second day, in order to avoid that
the order of the tests could influence the final result
of the study.

Wingate test (WIN). 1t followed the protocol
proposed by Ayalon et al. (1974). After a 5-minute
warm-up on the cycle ergometer, the participant
pedalled at the maximum possible speed for 30
seconds, and revolutions per minute (rpm) were
collected every five seconds. The load applied was
75 g/kg body weight.

Cycle ergometer test (CYCLE). 1t followed the
protocol described by Keir et al. (2015), which
consists of a maximum incremental ramp test,
starting at 20W for four minutes, increasing by 25W
every minute, maintaining a pedalling cadence of
between 70 and 100 rpm at all times.

TREADMILL test. A continuous stepwise
maximum incremental test with a constant slope of
1% was performed. The test began with a 2-minute
warm-up at 6 km/h with progressive increases of 1
km/h every minute (Manoelles, 2005).

Competitive matches

The week before the start of the recording of
physiological and psychological variables during
the competition, a friendly match was organised
so that both the participants and the research team
could familiarise themselves with the data collec-

tion protocol. Subsequently, the first five official
competition matches were assessed.

Recording of physiological variables

Heart rate. Polar Team heart rate monitors
(Polar Electro, Corp., Finland) with a recording rate
of 1 Hz (second by second) were used for HR moni-
toring. At the same time, the matches were recorded
with two video cameras (JVC -GZ620SE HDD.
Hong Kong, China) synchronised with the heart
rate monitors by means of an acoustic and visual
signal, just before the start of the warm-up. The
cameras were placed in an elevated position in the
grandstand from where they could record at least
half of the arena without having to be moved. The
heart rate monitors were placed 10 minutes before
the start of the warm-up (36 min before the start of
the matches, the specific warm-up had a duration
of 26 min). The recording was synchronised acous-
tically and visually with the video cameras at the
beginning and end of each quarter.

Blood pressure. An OMRON HEALTHCARE
M2 Basic (HEM-7120-E) sphygmomanometer
(Derivative of Omron HEM-7130) was used for
blood pressure assessment following the recom-
mendations proposed by James and Gerber (2018).
This model was previously validated by Takahashi,
Yoshika, and Yokoi, (2015). The assessments were
carried out before and after each test and each
match.

Lactate. Blood samples were drawn from the
earlobe of each participant following the protocol
proposed by Sanchez-Arjona, Ruiz Martinez, and
Martin Fernandez (2008). For this purpose, the
lactate scout photometer (Lactate Plus DPI110,
Diaglobal GmbH, Berlin, Germany) was used.
Measurements were taken before and after each
test and match, following the protocol by Warr-di
Piero, Valverde-Esteve, Redondo-Castan, Pablos-
Abella, and Sanchez-Alarcos Diaz-Pintado (2018).
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Recording of psychological variables

Perceived Stress Scale (PSS). The Spanish
version of the Perceived Stress Scale (PSS) (Remor,
2006) was administered before each test and match.
This questionnaire is a self-report instrument that
assesses the level of perceived stress over the past
month, consisting of 14 items with a five-point scale
response format (0 = never, 1 = hardly ever, 2 =
occasionally, 3 = often, 4 = very often). The total
PSS score is obtained by inverting the scores of
items 4, 5,6, 7,9, 10 and 13 (in the following sense:
0=4,1=3,2=2,3=1and 4 =0) and then adding
up the 14 items. The direct score obtained indicates
that a higher score corresponds to a higher level of
perceived stress.

Rate of Perceived Exertion (RPE). The orig-
inal Borg Scale (Borg, 1982), consisting of 15 items
(6-20), where 6 is a very, very mild perception, and
20 is a very, very hard perception, was administered
in response to the question “How hard have I tried
relative to my 100% effort?”. The scale was admin-
istered after each test and match (30 min after) and
during match breaks.

Statistical analyses

To compare the psycho-physiological demands
of Match, Wingate, Treadmill and Cycle Ergom-
eter conditions, a repeated measure analysis of
variance (ANOVA) was used. Normality assump-
tions were checked using the Shapiro-Wilk test and
exploring the Q-Q plots and the histogram plot of
the residuals. Assumptions of sphericity were evalu-
ated using the Mauchly’s test. When sphericity was
violated (p<.05), the Greenhouse-Geisser correc-
tion factor was applied. Whenever a significant
main effect was observed, post-hoc comparisons
were performed with the Bonferroni correction.
Effect sizes were evaluated using a partial omega
squared (w?), with 0.06, 0.06-0.14, and > 0.14 indi-

cating a small, medium, and large effect, respec-
tively. Mean difference was obtained and the stan-
dardised mean difference Cohen’s d effect size was
calculated (Lakens, 2013), where ¢ is the ¢ statistic
and n is the sample size. Effect sizes were inter-
preted as: < 0.2 = trivial; 0.2-0.6 = small; 0.6-1.2
= moderate; 1.2-2.0 = large; > 2.0 = very large
(Hopkins et al., 2009). The level of significance
was set at 0.05 for all the tests. Statistical analyses
were performed using JASP for Mac (version 0.16.4;
JASP Team (2024)).

Results

The descriptive values of the different depen-
dent variables measured are shown in Tables 2, 3,
and 4. The percentage of time of the LT in which
the player’s heart rate stayed above the registered
heart rate max of each laboratory test is shown in
Figure 2.

100;
801 .
5 s
f:j 60 %
© e 3
O\O 40 ° R °
201 Oo °®
0 °

Figure 2. Percentage of time of the live time (LT) in which the
player’s heart rate stays above the registered heart rate max
of each laboratory test.

Table 2. Values of the HR variables measured in the different conditions

Treadmill

Cycle ergometer

Variable Match Wingate
HRmax 197.91 £4.72 164.90 £ 12.19 *V*
z0 0.00 £ 0.00 0.00 +0.00

z1 0.00 +0.00 1.00 + 3.16

z2 1.09+0.73 6.00+ 717

z3 9.91+4.88 22.67 £4.10*V-
z4 43.84 +9.91 25.00 £4.23 %+
z5 4516 + 13.55 45.33+9.96

188.70 £ 8.49 *M
8.88 +6.49 *\t
917 £4.15*Vt
12.71 £5.21*

13.77 £ 3.07

20.97 +6.26 *V*

34.50+5.78 *M

179.60 £ 8.87 *V-
0.14 £ 0.46
4.97 +9.36 *M
16.43 £ 14.32 *Vt
21.01+8.78 *\*
24.04 £ 7.71 "
33.40+ 717 *\*

Note. Values are presented as mean + SD. Match_LT: mean values of the heart rate variables for the match condition during the live
time; Wingate: mean values of the heart rate variables for the Wingate condition; Treadmill: mean values of the heart rate variables
for the treadmill condition; Cycle ergometer: mean values of the heart rate variables for the cycle ergometer condition; z0: percentage
of minutes accumulated under 50% of the heart rate maximum; z1: percentage of minutes accumulated between 50 and 60 % of
the heart rate maximum; z2: percentage of minutes accumulated between 60 and 70 % of the heart rate maximum; z3: percentage
of minutes accumulated between 70 and 80 % of the heart rate maximum; z4: percentage of minutes accumulated between 80 and
90 % of the heart rate maximum; z5: percentage of minutes accumulated between 90 and 100 % of the heart rate maximum; *p<.05
statistically significantly different from match values; T trivial effect size; S: small effect size; M: medium/moderate effect size; \: large

effect size; V-: very large effect size.
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Table 3. Values of the psychological variables measured in the different conditions

Variable Match Wingate Treadmill Cycle ergometer
RPE-20 1413 £2.31 16.20 £ 0.92 *- 18.20 £ 0.42 *V- 18.30 £ 0.95 *V+
Stress 10.17 £4.26 10.40 + 3.41 7.60 +5.52 10.40 + 3.41

Note. Values are presented as mean + SD. Match: mean values of the psychological variables for the match condition; Wingate:
mean values of the psychological variables for the Wingate condition; Treadmill: mean values of the psychological variables for the
treadmill condition; Cycle ergometer: mean values of the psychological variables for the cycle ergometer condition; RPE-20: Rate of
perceived exertion; Stress: Perceived stress scale; *p<.05 statistically significantly different from match values; ™: trivial effect size;
S: small effect size; M: medium/moderate effect size; \: large effect size; V': very large effect size.

Table 4. Values of the lactate and blood pressure variables measured in the different conditions

Variable Match Wingate Treadmill Cycle ergometer
Lactate (mmol/L)

Pre 0.85+0.07 0.94 +£0.05 0.94+£0.13 0.95+0.05
Post 412+1.20 12.02+0.87 *\- 6.99 £ 0.54 *Vt 6.59 £ 0.35 *V-
Blood pressure (mm Hg)

SBP_pre 130.17 £ 5.39 125.50 + 7.62 125.00 £ 12.02 125.00 £ 9.13
SBP_post 125.33+6.15 165.50 + 13.43 *V- 166.00 + 8.43 V¢ 177.00 £ 13.37 *\t
DBP_pre 74.73 +4.30 71.00 £ 7.38 65.50 + 4.97*- 72.00 £7.89
DBP_post 77.45 £ 3.65 70.00 £ 6.67 *- 62.50 + 3.54 V- 66.50 + 3.37 *\t

Note. Values are presented as mean + SD. Match: mean values of the lactate and blood pressure variables for the match condition;
Wingate: mean values of the lactate and blood pressure variables for the Wingate condition; Treadmill: mean values of the lactate and
blood pressure variables for the treadmill condition; Cycle ergometer: mean values of the lactate and blood pressure variables for the
cycle ergometer condition; SBP: systolic blood pressure; DBP: diastolic blood pressure; *p<.05 statistically significantly different from
match values; ™: trivial effect size; S: small effect size; M: medium/moderate effect size; -: large effect size; V-: very large effect size.

Match vs. Wingate differences

Regarding the HR variables, statistically signif-
icant lower values of HRmax (very large) and z4
(very large) variables were shown in Wingate than
in Match. However, statistically significant higher
values of z3 (very large) were shown in Wingate
than in Match (Table 2).

Regarding the psychological variables, statis-
tically significant higher values of RPE-20 (very
large) were shown in Wingate than in Match (Table
3).

Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP
post (large) were shown in Wingate than in Match.
However, statistically significant higher values of
Lactate at post condition (very large) and SBP_post
(very large) were shown in Wingate than in Match
(Table 4).

Finally, when the Wingate test was performed
63.75 % of the time of the LT, the players’ heart
rate stayed above the registered HRmax at the test
itself (Figure 2).

Match vs. cycle ergometer differences

Regarding the HR variables, statistically signif-
icant lower values of HRmax (very large), z4 (very
large) and z5 (very large) variables were shown in
Cycle ergometer than in Match. However, statis-
tically significant higher values of zI (moderate),

72 (very large) and z3 (very large) variables were
shown in Cycle ergometer than in Match (Table 2).

Regarding the psychological variables, statis-
tically significant higher values of RPE-20 (very
large) were shown in Cycle ergometer than in Match
(Table 3).

Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP
post (very large) variables were shown in Cycle
ergometer than in Match. However, statistically
significant higher values of lactate at post condi-
tion (very large) and SBP post (very large) were
shown in Treadmill than in Match (Table 4).

Finally, when the Cycle ergometer test was
performed, 35.04 % of the time of the LT, the
players’ heart rate stayed above the registered
HRmax at the test itself (Figure 2).

Match vs. treadmill differences

Regarding the HR variables, statistically signif-
icant lower values of HRmax (moderate) and z5
(moderate) variables were shown in Treadmill than
in Match. However, statistically significant higher
values of z0 (very large), z1 (very large), z2 (very
large) and z5 (moderate) variables were shown in
Treadmill than in Match (Table 2).

Regarding the psychological variables, statis-
tically significant higher values of RPE-20 (very
large) were shown in Treadmill than in Match
(Table 3).
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Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP
pre (large) and DBP_post (very large) variables were
shown in Treadmill than in Match. However, statis-
tically significant higher values of Lactate at post
condition (very large) and SBP post (very large)
were shown in Treadmill than in Match (Table 4).

Finally, when the Treadmill test was performed
12.36 % of the time of the LT, the players’ heart
rate stayed above the registered HRmax at the test
itself (Figure 2).

Discussion and conclusions

This is the first study, at least to our knowledge,
to compare the differences between the intensity
achieved during various laboratory stress tests and
the intensity recorded during an official competi-
tion in amateur men’s basketball. The results seem
to confirm the existence of differences between the
two conditions in some of the variables analysed.
Although the intensity levels observed were higher
during the competition, the levels of RPE, lactate
and blood pressure were found to be lower than in
the stress tests. In contrast, no significant differ-
ences were observed in the vast majority of variables
between conditions prior to the match, ensuring that
the tests and the match were conducted under equal
conditions.

Match vs. Wingate differences

Basketball is a sport with a combination of high
intensity aerobic and anaerobic actions (Petway,
Freitas, Calleja-Gonzalez, Medina Leal, & Alcaraz,
2020) and lactate concentrations ranging from 2.7
to 6.8mmol-L-1 (Stojanovi¢ et al., 2018), suggesting
the importance of the glycolytic pathway in energy
production. The Wingate test is a maximal anaer-
obic test in which the adenosine triphosphate-phos-
phocreatine system and the glycolytic system are
significantly stimulated, activating purine catab-
olism and lactate production (Granier, Mercier,
Mercier, Anselme, & Préfaut, 1995; Sawada et
al., 2023). This makes it the gold standard tool for
monitoring improvements in anaerobic capacity
and power in sports where anaerobic metabolism
is clearly involved (Bar-Or, 1987; Dobashi, Kata-
giri, Fujii, & Nishiyasu, 2023). It is also the most
commonly used test to assess anaerobic perfor-
mance in some groups such as athletes with disabili-
ties (Marszatek, et al., 2019).

This test has been used in basketball as a
way of assessing anaerobic performance, both in
competitive players and young basketball players
(Apostolidis, Nassis, Bolatoglou, & Geladas, 2004;
Gholami, Ali, Hasani, & Zarei, 2022), although its
usefulness has been questioned, due to the fact that
its duration allows the assessment of capacity and
not so much anaerobic power, which seems to be

the most relevant in basketball (Delextrat & Cohen,
2008).

Despite this, it has been used in the field of
prevention and health promotion as a way of
assessing cardiac and respiratory function and arte-
rial response to exercise (Coates, Millar, & Burr,
2023; lamonti et al., 2022). In our study, this test
was used because of its simplicity and short dura-
tion and because it can be applied in conjunction
with other laboratory tests in the same assessment
session, which means that it is used by many clubs
as a complementary test to the stress test. Further-
more, it seems that this test could correlate with
other anaerobic track tests (Fatouros et al., 2011;
Yanci et al., 2014), which would allow us to obtain
a first approximation of the state of this pathway in
the athletes analysed.

When comparing the results obtained between
the WIN test and the MATCH, we observed that the
HR levels achieved were lower in the WIN than in
the MATCH, with the exception of the z3 values.
This could indicate that the players did not reach
the maximum heart rate intensity during the test
(see Table 2). This may be due to the short dura-
tion of the WIN test (30 seconds). However, the
subjective perception of reported effort was higher
in the WIN test (see Table 3). This could indicate
that, although the intensity during the test was not
maximal, the perception of exertion experienced by
the participant during the test was maximal. This
point leads to the view that individual perception
of effort should not be considered as synonymous
with the level of intensity achieved, which could
lead to a false-negative, when the aim is to ensure
the cardiovascular health of the athlete (Higgins &
Higgins, 2007).

Although this could be attributed to the fact
that the lactate values achieved in the WIN test
were significantly higher (large effect size), since
for many years there has been a certain consensus
on the idea that the higher the lactate concentra-
tion, the greater the subjective perception of effort,
recent studies question this relationship (Lee et al.,
2023). In addition, it seems that intermittent exer-
cises, such as basketball practice, could generate a
“rebound effect” that would generate a lower percep-
tion of effort, generating more pleasurable effects
(Jung, Bourne, & Little, 2014), which would suggest
that the subjective perception of effort should be
greater in continuous efforts. On the other hand,
the data collection of all players was performed
following the protocol proposed during the stress
tests by Warr-di Piero et al. (2018), consisting of the
collection of lactate and blood pressure values after
the end of the effort. However, the application of
this protocol during competition can only be effec-
tively carried out on players who have finished the
match on court, losing the information on lactate
kinetics during competition. In addition, several
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studies suggest that the specificity of the move-
ment pattern to be assessed could influence the
final result of the test, as it has been found that the
higher the specificity and complexity of the test,
the lower the performance during the test (Batra,
2019). This could be caused by the fact that stress
tests are performed in a controlled and standardised
environment (Weichenberger, Esefeld, & Miiller,
2023), where all the player’s attention is focused
on completing the test with the best possible effort,
whereas during competition, there are many vari-
ables that can affect the perceived effort, such as
emotions, game strategy, the match environment
or the score (Batalla Gavalda, Bofill Rédenas,
Montoliu Colas, & Corbi Soler, 2018; Sansone,
Gasperi, Tessitore, & Gomez, 2021). In addition,
the complexity and intermittent nature of movement
patterns are also factors that should be considered,
as in the case of the court movement patterns may
vary depending on the needs of the game (Boutios
et al., 2022).

Blood pressure has been associated with an
increased risk of cardiovascular disease (Yang et al.,
2021), although its influence will vary depending on
various factors such as age, arterial elasticity and
the existence of atheromatous plaques (Wu et al.,
2023). In our study, an increase in both post-exercise
SBP and post-exercise BOD was observed in both
tests, although this increase was greater in the WIN
test. This fact could be determined by the different
nature of the effort made (continuous vs. intermit-
tent high intensity) and by the existence of pauses
during the competition, which would naturally tend
to normalise blood pressure (Huang et al., 2023).
In addition, the high intensities reached, together
with the fact that in the WIN test, the action of the
arms and trunk are performed in a quasi-isometric
manner, could further increase blood pressure in
the trunk (Lé&ssing et al., 2023).

Match vs. cycle ergometer differences

When comparing the variables recorded
between the MATCH and the CYCLE, significant
differences of large or very large magnitude were
observed in almost all the variables analysed (with
the exception of the values recorded in z0, which did
not present significant differences, and the values
of z1, which presented significant differences of
moderate magnitude), with the results obtained on
the court being higher in relation to HRmax, % time
spent in z4 and z5 (see Table 2), and DBP post (see
Table 4), and lower in % time spent in z1, z2 and
73 (see Table 2), and RPE-20 (see Table 3), lactate
post, and SBP_post.

These differences could be due to a number of
reasons. First, it is different types of efforts made in
both situations. While in the CYCLE test a contin-
uous effort is made (Keir et al., 2015), in match
situations the type of effort made involves actions

of an intermittent high intensity (Khoramipour et
al., 2021). In fact, as indicated by Hauer, Tessitore,
Binder, & Tschan (2018), one of the elements to
take into account is exercise density, i.e., the ratio
of activity time to pause time within an event, as
this can modify intensity levels. In addition, the
alternation between high intensity and recovery in
match situations could lead to spontaneous regu-
lation of blood pressure behaviour, moderating the
difference between the two variables (Ghasem,
Abouzeid, Toresdahl, & Shah, 2022). Second, due
to the fact that during the match the HR is in the
z4 and z5 for more than 85% of the time, the work-
load at high intensity is considerably higher than in
the CYCLE test. These values are similar to those
reported by Sanders, Boos, Rhodes, Kollock, and
Peacock (2021) in an NCAA female population,
who found that players were at values above 85%
of HRmax for an average of 34.5 minutes of the
match. Third, the type of motor patterns performed
during competition is very different from that used
during the CYCLE test, since in pedalling actions,
hip flexors and extensors would not be fully acti-
vated, contrary to what happens in running actions
(Dorel, Guilhem, Couturier, & Hug, 2012). This
justifies the greater capacity to generate power
during competition, an aspect that allows higher
levels of intensity to be reached (Medbe & Toska,
2001). Fourth, the change in blood pressure, which
was much greater during the CYCLE test compared
to the MATCH, as a result of peripheral vasocon-
striction in the upper limbs and vasodilation in the
lower limbs (Joyner & Casey, 2015).

Match vs. treadmill differences

A comparison of the variables analysed between
the MATCH and the TREADMILL shows signifi-
cant differences in the vast majority of the vari-
ables analysed. While HRmax and % at z4 and
75 were higher during the competition, RPE-20,
lactate and blood pressure were higher during the
TREADMILL test. This aspect could be related,
as mentioned above, to the conditions in which the
test was carried out and the psychological factors
that derive from its performance, as it is difficult
to reproduce the emotional situations generated by
the competition in a laboratory test (Khoramipour
et al., 2021).

In relation to the lactate levels obtained during
the MATCH, these were similar to those obtained
in previous studies carried out on players during
competition (Ben Abdelkrim, El Fazaa, El Ati, &
Tabka, 2007; Mclnnes et al., 1995; Stojanovic et al.,
2018). In addition, the ability to clear lactate also
appears to be related to the position and type of
movements performed by participants after exer-
cise (Wilson, 2016) and there appears to be a move-
ment pattern specificity in the recording of lactate
concentrations (Legaz-Arrese, Munguia-lzqui-
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erdo, Carranza-Garcia, & Torres-Davila, 2011),
which may be related to the amount of muscle mass
recruited. On the other hand, the need to counteract
the inertial loads generated by body mass on the
vertical component during running may also lead
to increased lactate concentrations (Quittmann et
al., 2021).

Therefore, and as a result of the above, our
study suggests that laboratory stress tests do not
reproduce the real physiological needs that amateur
basketball players have on the court during an offi-
cial competition. All this suggests the need to adapt
the assessment protocols to the real competitive
context of amateur basketball, as it seems that the
type of pattern selected for the assessments could
contribute significantly to the final result of the test.

Limitations of the study

This study has several limitations. Firstly,
the gas exchange during the stress tests was not
assessed. Although from the respiratory exchange
ratio we can know the level of involvement of the
athlete during the test (Myers, et al., 2009) and
whether this is a reflection of the true level of effort
applied (Mehra, et al., 2006), there are significant
drawbacks to these assessments, such as the neces-
sity of specialized technology and knowledge how
to use it, associated legal constraints, and practical
issues like athlete discomfort when using masks
(Pinkstaff, Peberdy, Kontos, Finucane, & Arena,
2010). Additionally, the equipment requires regular
calibration, and its use during competition is not
feasible.
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