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Purpose: Laboratory tests are fundamental for assessing handball performance, but their ecological validity for amateur 
female players is unclear. This exploratory study compared physiological and perceptual responses between common 
maximal exercise tests and official match play to determine if they replicate competitive demands.
Methods: Sixteen amateur female handball players completed three laboratory tests (Wingate, cycle ergometer, treadmill) 
and were monitored during ten official matches. The data collection included both physiological and psychological indicators: 
heart rate (HR), blood lactate concentration, rating of perceived exertion (RPE), perceived stress, and mood states.
Results: Peak HR values recorded in the Wingate and Cycle ergometer were lower than those reached during actual 
competition (d = -.77 to -.75, P< .05). In addition, compared with the Wingate and cycle ergometer tests, competitive matches 
required players to spend a significantly larger proportion of time with their HR exceeding 90% of its maximum. This 
contrast was less evident when compared with the treadmill test. A clear mismatch was observed between physiological and 
perceptual measures. Despite showing stronger physiological strain during matches -such as greater weight loss and higher 
pre-exercise lactate levels- players reported significantly lower RPE values than in the laboratory conditions (d = .27 to .36, 
P< .05).
Conclusions: None of the laboratory-based tests accurately reproduced the full demands of a handball match. Although 
the treadmill test elicited similar peak HR values, it failed to reflect the sport’s intermittent nature. The Wingate and cycle 
tests showed even greater discrepancies in cardiovascular intensity. These findings underline the importance of developing 
sport-specific or hybrid assessment protocols that integrate intermittent workloads and cognitive demands for a more valid 
evaluation of performance.
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Introduction

The most effective method for early detection of cardiovascular 
pathology is the administration of a maximal exercise test.1 
Myers et al.2 defined such tests as “a non-invasive procedure that 
provides diagnostic information on cardiopulmonary function 
and evaluates an individual’s capacity to perform dynamic 

exercise”.
Beyond their primary role in assessing physical performance 
capacity, maximal exercise tests are also valuable tools for 
evaluating overall health status and identifying cardiovascular 
and metabolic conditions that may limit or contraindicate 
participation in physical activity.3 For these evaluations to be 
effective, it is essential that athletes reach their maximal heart rate 
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(HRmax) during testing.4 As noted by Currell and Jeukendrup,5 
the intensity achieved during testing should match or exceed that 
reached in actual sports participation; otherwise, pathological 
conditions may either go undetected or be misdiagnosed.
Handball is a physically demanding sport characterized by 
frequent high-intensity actions such as jumping, sprinting, and 
throwing, which require significant muscular strength for actions 
like striking, blocking, pushing, and holding. As noted by Fritz et 
al.,6 handball is characterized by constant shifts between attack 
and defense, with players operating mainly around a 6-meter 
line while seeking to score against the opposing goalkeeper. A 
typical match produces roughly 35-70 goals, which illustrates 
the sport’s intense physical nature. For this reason, it is important 
to examine both internal and external load indicators to better 
understand the physiological demands of the game.
However, current evidence on the physiological demands of 
female handball players during competition is scarce, with most 
studies focusing on elite-level athletes and small sample sizes. 
For instance, Manchado et al.7 analyzed a single match between 
a top-tier German club (n = 11) and the Norwegian national team 
(n = 14), reporting average intensities of 86.50 ± 4.50% HRmax 
for field players and 78.40 ± 5.90% HRmax for goalkeepers. 
Similarly, Michalsik et al.8 reported mean HR of 171.00 ± 7.00 
bpm during Live Time and 162 ± 8 bpm when considering Total 
Time across five Danish elite teams. Bělka et al.9 observed that 
exercise intensity varied according to playing position among 
14 elite junior Czech players: wings averaged 89.90 ± 3.50% 
HRmax, pivots 90.10 ± 4.30% HRmax, and backs 89.20 ± 
4.40% HRmax.
While these findings offer valuable insights into the physiological 
demands of competitive women’s handball, they are not easily 
generalizable to amateur-level athletes. Therefore, research 
targeting this specific population is needed. In this context, 
Karpan et al.10 analyzed heart rate zone distribution in amateur 
players and found that goalkeepers and defenders spent more 
time in the 80–89% HRmax zone, while wings and pivots spent 
more time in the 90–100% zone. These results suggest that heart 
rate responses are influenced by a player’s tactical role on the 
court.
Several maximal exercise tests have been used in laboratory 
settings depending on study objectives. Regarding anaerobic 
capacity, the Wingate test has been used to assess the impact of 
physical preparation and the effectiveness of training programs 
such as six-week plyometric regimens.11 For aerobic capacity, 
incremental, interval-based protocols have been applied to 
determine HRmax and VO2max, which are later used to 
calculate internal training load.8

Despite these efforts to characterize physical demands, to our 
knowledge, only one study has directly examined whether 
laboratory-based exercise tests can accurately replicate the 
physiological demands experienced during official competition 
with amateur players.12 The controlled conditions of laboratory 
testing, combined with the potential physiological alterations 
driven by competitive stress and motivation, raise important 
questions about the ecological validity of these assessments.13

Therefore, the main objective of this study is to determine whether 
the most used maximal laboratory exercise tests can replicate 
the physiological and psychological demands experienced by 
amateur female handball players during official matches.

Methods

Participant
The study sample consisted of 16 amateur female handball 

players (age: 21.93 ± 3.25 years, height: 1.66 ± .06 m, weight: 
64.36 ± 13.86 kg, wingspan: 1.69 ± .08 m, fat mass: 20.19 ± 
3.37 %, experience: 10.44 ± 1.86 years). The players completed 
four two-hour training sessions per week and one match on the 
weekend. Participants were monitored to prevent moderate- or 
high-intensity physical activity outside assessment or training 
sessions. The participants had no personal or family history of 
cardiac pathology, nor had they suffered any injury that could 
alter regular sports practice in the 6 months prior to the study. 
None of the participants received any financial 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 respiratory or metabolic disorder. The sample size was 
determined using the G*Power3 for Mac. The effect size value 
used was: d = .70, based on the findings of a similar study from 
Batalla-Gavaldà et al.,12 that analyzed the differences between 
the values of various physiological and psychological variables, 
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. The alpha error 
probability set at .05 and a power of .80. The minimum required 
sample size was 13 participants. Accounting for a potential 
dropout rate of 25%, 16 participants were required. To assess the 
minimum effect size to which the model would remain sensitive, 
a sensitivity analysis was conducted with this final sample size 
assuming a 25% dropout rate (n = 16). The power and alpha 
values were kept at .80 and .05, respectively, showing that the 
model would be sensitive enough to detect effects as small as d 
= .61.14 This study was conducted considering the principles of 
the Declaration of Helsinki for human research.
Experimental Design
The study was temporally structured into two distinct phases:
•	 Phase 1: A pre-competitive period (two weeks prior to the 

onset of the season), during which maximal laboratory-
based exercise tests were conducted.

•	 Phase 2: A competitive period, during which 10 consecutive 
official league matches (Matchdays 2 to 11) were analyzed.

The laboratory tests performed during Phase 1 included:
1.	 A Wingate anaerobic test (WIN),
2.	 A maximal incremental ramp test on a cycle ergometer 

(CYC), and
3.	 A maximal incremental step test on a treadmill (TRE).
In Phase 2, 10 official league matches spanning from Matchday 

2 to Matchday 11 were analyzed.
For each phase, two categories of variables were monitored:
1.	 Psychological variables: Perceived stress levels (PSS), 

Mood states (POMS), and Perceived exertion (RPE).
Physiological variables: Maximum heart rate (HRmax), defined 
as the highest absolute value recorded during each laboratory 
test and competitive match; Heart rate zones (HRZ), according 
to Edwards,15 and analyzed during Live Time (LT) defined as the 
period in which the player is on the court, the ball is in play, and 
the game clock is running; Fluid balance;16 Blood pressure17 and 
Blood lactate concentration.18

Procedures
Phase 1: Pre-Competition Assessments
Two weeks prior to the start of official match data collection, 
players underwent a comprehensive medical evaluation that 
included anamnesis, physical examination, and anthropometric 
measurements. Three days before the scheduled medical 
assessments, players were contacted and instructed to avoid 
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strenuous physical activity and the consumption of caffeinated 
or carbonated beverages for at least 12 hours before testing. 
Participants were asked to abstain from smoking for at least 
three hours before testing. Upon arrival at the laboratory, they 
provided written informed consent, confirming their agreement 
with both the testing procedures and the data protection policy.
A certified sports medicine physician conducted a full medical 
screening, which included a detailed health history interview and 
a resting 12-lead electrocardiogram. All procedures were carried 
out under controlled environment (temperature: 18–22ºC; 
relative humidity: 40–60%). Anthropometric measurements 
were then obtained, including height (Seca® 220 stadiometer, 
Hamburg, Germany; accuracy: .10 cm), body mass (Seca® 700 
column scale, Hamburg, Germany; accuracy: .05 kg), arm span 
(Smartmet anthropometer, Zapopan, Mexico; wall-mounted, 
level with the floor), and body fat percentage (HBF-306-E, 
Omron Healthcare Europe, B.V., Hoofddorp, The Netherlands; 
accuracy: .10%).
Laboratory Test Scheduling
The laboratory evaluations were distributed across two separate 
sessions, spaced 48 hours apart to allow for adequate recovery. 
During the first session, participants performed the Wingate test 
(WIN) and the incremental ramp cycle ergometer test (CYC), 
separated by a 30-minute recovery period. The incremental 
treadmill test (TRE) was administered in the second session. 
To minimize possible order effects, participants were randomly 
assigned to two groups: one group completed the WIN and CYC 
test first, while the other began with the TRE test and carried out 
the remaining assessments on the following day.
Test Descriptions
•	 Wingate Test (WIN): this anaerobic test required participants 

to pedal on a cycle ergometer (Ergoline, Ergoselect 4, Bitz, 
Germany) at maximal speed for 30 seconds after a 5-minute 
warm-up. Revolutions per minute (rpm) were recorded 
every 5 seconds, and gas exchange was analyzed using the 
Quark CPET system (Cosmed, Rome, Italy). Resistance was 
set at 75 g/kg of body weight.

•	 Cycle Ergometer Test (CYC): this maximal ramp protocol on 
a cycle ergometer (Ergoline, Ergoselect 4, Bitz, Germany) 
began with a 4-minute warm-up at 20 W. Starting from 
minute 4, power output increased by 25 W every minute. 
Cadence was maintained between 70 and 100 rpm. Gas 
analysis was performed using the Quark CPET (Cosmed, 
Rome, Italy).

•	 Treadmill Test (TRE): this continuous, maximal incremental 
test on a treadmill (hp Cosmos Saturn, hp Cosmos, 
Traunstein, Germany) used a constant incline of 1%. After 
a 2-minute warm-up at 4 km/h, speed increased by 1 km/h 
every minute starting from minute 3 (baseline 6 km/h). 
Gas exchange was measured with the Quark CPET system 
(Cosmed, Rome, Italy).

Phase 2: Competition Period
To ensure proper familiarization with data collection protocols, 
the first official league match (Matchday 1) served as a 
preparatory session for both participants and the research staff. 
During Phase 2, data were collected across 10 consecutive 
official matches (Matchdays 2 to 11), corresponding to the 
highest regional competitive category in Catalonia (Spain): the 
Catalan Women’s Senior League.
Variable Recording
Throughout the execution of both laboratory tests and official 
matches, a set of variables was systematically recorded with 
the aim of comparing the physical and psychological demands 
across different settings.

Psychological Variables: 
Perceived Stress Scale (PSS): Perceived stress was evaluated 
using the Spanish adaptation of the Perceived Stress Scale 
(PSS),19 administered prior to each test and competitive match. 
The PSS is a widely used self-report tool that assesses perceived 
stress levels over the past month. It consists of 14 items rated 
on a five-point Likert scale (0 = never, 1 = almost never, 2 = 
sometimes, 3 = often, 4 = very often).
To calculate the total score, responses to items 4, 5, 6, 7, 9, 10, 
and 13 are reverse-coded (i.e., 0 = 4, 1 = 3, 2 = 2, 3 = 1, 4 = 
0), after which all item scores are summed. The resulting score 
reflects the participant’s overall level of perceived stress, with 
higher scores indicating greater stress.
Profile of Mood State: Mood states were assessed using the 
Spanish translated version of the POMS questionnaire.20 
This is a 58-item inventory of six subscales: tension–anxiety, 
depression–dejection, anger–hostility, vigor–activity, fatigue–
inertia, and confusion–bewilderment. Each item was responded 
to by the participants on a 5-point Likert scale anchored by 
0 (not at all) and 4 (extremely). The score of each factor is 
obtained by the sum of the answers of the items that compose 
each subscale. All items have the same direction except two: 
“relaxed” from the tension–anxiety subscale and “efficient” 
from the confusion–bewilderment subscale, which are inverted. 
Total Mood Disturbance (TMD) is obtained with the sum of 
the subscale scores. It should be noted that the vigor–activity 
subscale is subtracted instead of summed. To avoid negative 
scores, a 100-point constant was added to the total score. 
Rate of Perceived Exertion: Obtaining the RPE declared after 
the laboratory test and Match, once the event ended, the players 
completed the Original Borg scale21 (a scale of 15 points (6-20), 
where 6 is a very, very slight perception, and 20 is a very, very 
hard perception) in response to the question “How much have I 
exerted myself in relation to my 100% best?” The questionnaire 
was administered 30’ after each event.22 To prevent participants’ 
responses being influenced by those of their peers, the registration 
was carried out individually in an area set up for this purpose, 
and the participants were prevented from commenting on the 
marked result.
Physiological Variable Monitoring
Heart Rate Monitoring: Heart rate (HR) was continuously 
monitored using Garmin™ chest strap sensors (Garmin Ltd., 
Olathe, Kansas, USA) operating at a frequency of 4 Hz, paired 
with WIMU Pro™ UWB devices (RealTrack Systems, Almería, 
Spain) recording at 100 Hz. This system has been previously 
validated for HR measurement (R² = .96) and spatial tracking 
(ICC = .98).23,24 To complement the physiological data, each 
match was also recorded using two synchronized video cameras 
(Panasonic HC-V380EG-K, 2.51 MP, Full HD, Kadoma, Osaka, 
Japan). Synchronization with the UWB devices was achieved 
using both visual and acoustic signals at three specific moments: 
immediately before the warm-up, at the start of the match, and at 
the beginning of the second half. 
Fluid Balance Assessment: To assess hydration status, players 
underwent body mass measures immediately before and after 
each test and match using a Siltec Large Capacity Model GS-1 
scale (Ohaus, Ohio, USA). Individual rehydration containers 
were also assigned and weighed pre- and post-activity using a 
precision scale (Traveler TA5000, Ohaus, Ohio, USA). In cases 
where containers were refilled during the session, a member of 
the research team documented the volume added. Fluid balance 
was calculated using the formula by Cox et al.:16 Fluid loss (kg) = 
Pre-match body mass (kg) – Post-match body mass (kg) + Fluid 
ingested (kg) – Fluid excreted (kg). Results were expressed as a 
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percentage relative to the player’s body mass.
Blood Pressure Measurement: Blood pressure was assessed 
before and after each test and match using the OMRON 
HEALTHCARE M2 Basic sphygmomanometer (HEM-
7120-E, Omron Healthcare Europe, B.V., Hoofddorp, The 
Netherlands), a validated derivative of the Omron HEM-7130 
model, following the guidelines provided by James & Gerber.17

Lactate Analysis: Capillary blood lactate was measured before 
and after each test and match. Samples were obtained from the 
earlobe using the Lactate Scout photometer (Lactate Plus DP110, 
Diaglobal GmbH, Berlin, Germany), following the protocol by 
Sánchez-Arjona et al.18

Statistical analysis
To confirm the data normality of each dataset, a Kolmogorov–
Smirnov test, a Q‐Q plot of residuals, and a random coefficient 
histogram were used. Mixed model analyses were used to 
compare the psycho-physiological demands of Match, Wingate, 
Treadmill and Cycle Ergometer conditions. The model used for 
each dependent parameter included type of condition (i.e., Match, 
Wingate, Cycle, and Treadmill) as independent fixed factor and 
random intercepts on the individual player. A log‐likelihood ratio 
test was used to assess the goodness of fit of the models. Planned 
contrasts were specified to assess the differences between the 
Match and the other conditions. To evaluate differences in risk 
across conditions, mixed-model analyses were conducted. The 
model used included type of condition (i.e., Wingate, Cycle, and 
Treadmill) as independent fixed factor and random intercepts 
on the individual player. A log‐likelihood ratio test was used to 
assess the goodness of fit of the models. To assess the differences 
between each condition, post-hoc analyses with Bonferroni’s 
correction were applied. Standardized mean difference and 
Cohen effect sizes were obtained and interpreted as: <.20 = 
trivial; .20–.60 = small; .60-1.20 = moderate; 1.20–2.00 = large; 
> 2.00 = very large.14 Statistical significance was established at 
α <.05. Data analysis was performed using JAMOVI for Mac 
(version 2.6.25, The Jamovi Project, Sidney, Australia) and the 
GAMLj jamovi module: General analyses for linear models.

Results

Cardiovascular responses.
Heart rate profiles revealed distinct patterns between match and 
laboratory conditions (Table 1). Both the WIN and CYC tests 
elicited a lower HRmax compared to the Match (WIN: d = -.75, 
95% CI [-.95, -.56], P< .001, moderate; CYC: d = -.77, 95% CI 
[-.96, -.57], P< .001, moderate). In contrast, no difference was 
observed for the Treadmill (TRE) condition.
The distribution of time across HR zones showed pronounced 
differences. All laboratory tests resulted in a significant reduction 
in the highest intensity zone (z5) compared to the Match (WIN: 
d = -.38, 95% CI [-.54, -.22], P< .001, small; CYC: d = -.53, 
95% CI [-.70, -.36], P< .001, small; TRE: d = -.29, 95% CI 
[-.45, -.13], P< .001, small). This was compensated by increased 
time in lower and moderate-intensity zones. The CYC and TRE 
conditions showed significant increases in zones z0, z1, z2, 
and z3 (all with small to moderate effect sizes). The WIN test, 
however, led to a significant increase specifically in the z3 (d = 
.43, 95% CI [.27, .60], P< .001, small) and z4 zones (d = .32, 
95% CI [.16, .48], P< .001, small), while the CYC condition 
showed a decrease in z4 (d = -.16, 95% CI [-.31, .00], P= .045, 
trivial).
A key additional finding concerned the proportion of match live 
time that athletes spent above the HRmax values obtained in 
each of the laboratory tests (t> HRmax). During the WIN and 

CYC tests, players' heart rates exceeded this threshold for a 
substantial portion of the match live time (54.36 ± 33.83% and 
54.02 ± 32.77%, respectively). These values were significantly 
greater than the time recorded during the TRE condition (8.99 ± 
16.88%; WIN vs. TRE: MD = -45.37%, 95% CI [-50.42, -40.32], 
P< .001, d = -.89, 95% CI [-1.02, -.76], moderate; CYC vs. TRE: 
MD = 45.03%, 95% CI [39.98, 50.08], P< .001, d = .88, 95% CI 
[.75, 1.01], moderate), with no statistically significant difference 
between the WIN and CYC protocols (MD = .34%, 95% CI 
[-4.71, 5.39], P= 1.000, d = .01, 95% CI [-.09, -.11], trivial).
Psychological Variables.
Marked differences in perceptual responses were found (Table 
2). Participants reported higher RPE values on both the RPE-20 
and RPE-10 scales following all laboratory tests compared to the 
Match (all with small effect sizes ranging from d = .27, 95% CI 
[.11, .42] to .36, 95% CI [.20, .53], all P< .001). Regarding mood 
states, both the WIN and CYC tests induced greater feelings of 
fatigue (d = .16, 95% CI [.00, .31], P= .046, trivial) compared 
to the Match. The TRE condition was uniquely associated with 
a significant increase in vigour (d = .23, 95% CI [.08, .39], P= 
.003, small). No other significant differences were found for 
stress, tension, depression, anger, confusion, or TMD. It should 
be noted that, due to the testing protocol, the Stress and POMS 
variables for the WIN and CYC tests were measured only once, 
hence the identical values.
Metabolic, Hemodynamic, and Body Composition Measures.
Significant contrasts emerged in metabolic and cardiovascular 
strain (Table 3). All laboratory conditions began with lower 
pre-exercise lactate levels than the Match (WIN: d = -.48, 95% 
CI [-.69, -.26], P< .001, small; CYC: d = -.47, 95% CI [-.69, 
-.25], P< .001, small; TRE: d = -.34, 95% CI [-.55, -.14], P< 
.001, small). Post-exercise, this pattern reversed dramatically, 
with substantially elevated lactate concentrations in all tests 
compared to the Match, showing large to moderate effect sizes 
(WIN: d = 1.22, 95% CI [.88, 1.55], P< .001, large; TRE: d = 
1.04, 95% CI [.74, 1.34], P< .001, moderate; CYC: d = .91, 95% 
CI [.62, 1.19], P< .001, moderate).
Regarding blood pressure, DBP_post was consistently lower in 
WIN and CYC conditions compared to the Match (WIN: d = 
-.23, 95% CI [-.39, -.08], P= .003, small; CYC: d = -.29, 95% CI 
[-.45, -.13], P< .001, small). In contrast, the WIN test produced 
a significantly higher SBP_post than the Match (d = .32, 95% 
CI [.16, .48], P< .001, small), a difference not observed in the 
other tests. A lower SBPHR_pre was also found for the WIN 
condition compared to the Match (d = -.25, 95% CI [-.42, -.10], 
P= .001, small).
Finally, a critical finding was that all laboratory protocols resulted 
in significantly less body weight loss than the Match condition, 
with the most pronounced effect observed after the WIN test (d 
= -.63, 95% CI [-.80, -.45], P< .001, moderate), followed by the 
CYC (d = -.58, 95% CI [-.75, -.40], P< .001, small) and TRE (d 
= -.52, 95% CI [-.69, -.35], P< .001, small) tests.
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Variable Match WIN CYC TRE

HRmax (bpm) 187.76 ± 17.63 175.76 ± 9.90*M 175.69 ± 9.07*M 188.52 ± 8.98

z0 (%) .01 ± .10 .00 ± .00 .72 ± 1.69*S .54 ± 1.26*S

z1 (%) .41 ± 1.49 .00 ± .00 15.67 ± 11.15*M 5.21 ± 6.63*S

z2 (%) 1.94 ± 4.88 .83 ± 3.33 20.69 ± 8.28*M 17.75 ± 13.17*M

z3 (%) 8.02 ± 11.66 22.50 ± 18.99*S 28.71 ± 5.55*M 21.13 ± 5.12*S

z4 (%) 37.37 ± 22.98 57.93 ± 18.33*S 27.05 ± 12.00*T 30.01 ± 7.91

z5 (%) 47.87 ± 28.68 18.76 ± 26.60*S 7.16 ± 9.65*S 25.36 ± 15.45*S

t>HRmax (%) -- 54.36 ± 33.83^ M 54.02 ± 32.77^ M 8.99 ± 16.88

Table 1. Values of the HR variables measured in the different conditions.

Values are presented as mean ± SD. Match: mean values of the heart rate variables for the Match condition during the live time; WIN: mean values 
for the Wingate condition; CYC: mean values for the Cycle ergometer condition; TRE: mean values for the treadmill 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; t>HRmax (%): time of the match live time spent above the 
HRmax obtained in the laboratory test; *P≤ .05 statistically significant from Match values; T: trivial effect size; S: small effect size; M: medium/
moderate effect size; L: large effect size; VL: very large effect size. ^: P≤ .05 statistically significant from TRE values.

Variable Match WIN CYCa TRE

RPE-20 (AU) 14.29 ± 3.23 17.56 ± 1.26*S 17.44 ± 1.90*S 16.69 ± .95*S

RPE-10 (AU) 6.34 ± 2.30 8.50 ± .52*S 8.63 ± 1.15*S 8.13 ± .72*S

Stress      (AU) 29.07 ± 8.28 27.81 ± 5.89 27.81 ± 5.89 27.88 ± 5.54

Tension (AU) 10.17 ± 4.87 10.81 ± 3.90 10.81 ± 3.90 11.00 ± 4.37

Depression (AU) 7.74 ± 8.47 8.13 ± 4.57 8.13 ± 4.57 7.06 ± 4.43

Anger (AU) 8.03 ± 6.10 8.19 ± 3.82 8.19 ± 3.82 8.50 ± 4.31

Vigour (AU) 10.78 ± 4.52 11.88 ± 3.58 11.88 ± 3.58 13.31 ± 4.05*S

Fatigue (AU) 6.02 ± 4.28 7.69 ± 3.75*T 7.69 ± 3.75*T 7.25 ± 4.07

Confusion (AU) 5.93 ± 3.61 6.13 ± 3.07 6.13 ± 3.07 6.13 ± 3.03

TMD (AU) 127.12 ± 23.01 129.06 ± 9.48 129.06 ± 9.48 126.63 ± 13.35

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

Values are presented as mean ± SD. Match: mean values of the psychological variables for the Match condition; WIN: mean values for the Wingate 
condition; CYC: mean values for the Cycle ergometer condition; TRE: mean values for the treadmill condition; RPE-20: Rate of perceived 
exertion; Stress: Perceived stress scale; TMD: Total Mood Disturbance; AU: Arbitrary units; *P≤ .05 statistically significant from Match values; 
T: trivial effect size; S: small effect size; M: medium/moderate effect size; L: large effect size; VL: very large effect size. a: Due to the protocol applied 
for conducting the tests, the WIN and CYC tests were performed with a 30-minute interval. This made it impossible to repeat the measurement 
of psychological variables, as these tests are not sensitive to short time periods. That is why Stress and POMS values are the same in both tests.

Variable Match WIN CYC TRE

Lactate (mmol·L-1)

Pre (mmol·L-1) 2.60 ± .57 1.94 ± .27*S 1.96 ± .27*S 2.13 ± .46*S

Post (mmol·L-1) 3.85 ± 1.49 9.39 ± 1.77*L 7.98 ± 2.33*M 8.58 ± 2.78*M

Blood pressure (mm Hg)

SBP_pre (mm Hg) 113.12 ± 11.77 111.38 ± 8.58 108.56 ± 5.55 113.88 ± 8.44

SBP_post (mm Hg) 113.56 ± 11.86 124.69 ± 8.30*S 114.50 ± 7.48 117.81 ± 9.79

DBP_pre (mm Hg) 77.36 ± 14.73 73.69 ± 8.61 74.00 ± 8.98 75.44 ± 7.48

DBP_post (mm Hg) 80.09 ± 13.47 70.69 ± 6.42*S 68.31 ± 5.85*S 76.50 ± 6.68

SBPHR_pre (mm Hg) 78.18 ± 10.41 70.44 ± 10.42*S 80.31 ± 11.94 75.44 ± 7.48

SBPHR_post (mm Hg) 100.55 ± 12.20 105.31 ± 12.43 97.75 ± 13.85 102.50 ± 11.56

Body mass loss (%) 1.18 ± .83 .00 ± .00*S .09 ± .10*S .19 ± .19*S

Table 3. Values of the lactate, blood pressure and bodyweight loss variables measured in the different conditions.

Values are presented as mean ± SD. Match: mean values of the lactate and blood pressure variables for the Match condition; WIN: mean values for 
the Wingate condition; CYC: mean values for the Cycle ergometer condition; TRE: mean values for the treadmill condition; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; *P≤ .05 statistically significant from Match values; T: trivial effect size; S: small effect size; M: medium/
moderate effect size; L: large effect size; VL: very large effect size.
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Discussion

The primary objective of this study was to determine the 
ecological validity of common maximal laboratory exercise tests 
by comparing them with the demands of official competition 
in amateur female handball players. Our findings indicate that 
none of the laboratory tests—Wingate (WIN), cycle ergometer 
(CYC), or treadmill (TRE)—fully replicated the multifaceted 
physiological, psychological, and metabolic demands 
encountered during actual match play. The following discussion 
is structured to address these discrepancies in alignment with the 
results, focusing sequentially on cardiovascular, psychological, 
and metabolic/hemodynamic responses.
Cardiovascular Responses
The analysis of cardiovascular profiles revealed fundamental 
differences between laboratory tests and match play. Both 
the WIN and CYC tests elicited significantly lower HRmax 
compared to matches, with moderate effect sizes (d = -.75 to 
-.77). In contrast, the TRE test achieved a comparable HRmax to 
competition. However, the distribution of time across heart rate 
zones provided a more nuanced picture of intensity distribution. 
All laboratory tests resulted in a significantly reduced proportion 
of time spent in the highest intensity zone (z5) compared to 
matches, which was compensated by increased time in low-to-
moderate intensity zones (z0-z3). Specifically, the WIN test led 
to more time in zones z3 and z4, while the CYC and TRE tests 
showed pronounced increases in zones z0 to z3.
This pattern suggests that the continuous or short-term maximal 
nature of laboratory tests fails to replicate the intermittent, 
high-intensity bursts characteristic of the sport,12 where players 
frequently operate at or near their maximum cardiovascular 
capacity. A critical finding underscoring this limitation is the 
proportion of match live time that players spent above their 
laboratory-derived HRmax (i.e. t> HRmax).25  For over half of 
the effective playing time (54.36% and 54.02% for WIN and 
CYC, respectively), players' heart rates exceeded the peaks 
recorded in these tests. The large standard deviation observed 
for WIN (± 33.83%) suggests that positional roles may have 
contributed to this variability. This starkly illustrates that the 
cardiovascular system is subjected to far greater and more 
frequent peak strains during competition than what is elicited 
by the WIN and CYC protocols. Although the TRE test matched 
the absolute HRmax, the significantly lower t>HRmax value 
(8.99%) confirms that even this test does not provoke the 
repeated supra-maximal cardiovascular efforts seen in actual 
play. These results align with the intermittent nature of team 
sports, where the physiological profile is defined by variability 
and peak efforts rather than sustained high outputs.26,27

Psychological Variables
Marked dissociations were observed between physiological 
and perceptual measures. Despite experiencing a lower overall 
physiological strain in the laboratory—as indicated by lower 
body mass loss and pre-exercise lactate levels—participants 
reported significantly higher Ratings of Perceived Exertion 
(RPE) on both the RPE-20 and RPE-10 scales following all 
laboratory tests compared to matches (small effect sizes: d = 
.27 to .36). This paradox highlights a critical limitation in the 
ecological validity of these tests.
The standardized, monotonous, and physically isolating 
environment of the laboratory, where the athlete's focus is 
directed almost exclusively to the sensation of effort, likely 
amplifies the perception of exertion.28,29 In contrast, during 
competition, psychological factors such as game strategy, 
situational awareness, scoreboard pressure, and the motivating 

context of team dynamics and spectatorship may divert attention 
from internal sensations of fatigue, leading to a lower RPE for a 
given, or even greater, physiological cost.30 This is supported by 
the "rebound effect" described in intermittent activities, where 
affective responses and perceived exertion are more favorable 
compared to continuous exercise.31 Furthermore, mood state 
profiles indicated that the WIN and CYC tests induced greater 
feelings of fatigue than matches, while the TRE test was 
associated with a significant increase in vigour. No significant 
differences were found for stress, tension, depression, anger, 
confusion, or Total Mood Disturbance, suggesting that the 
laboratory tests primarily increased the perception of physical 
effort and fatigue without markedly altering emotional states.
Metabolic, Hemodynamic, and Body Composition Measures
Significant contrasts were also evident in metabolic and 
hemodynamic responses, reinforcing the gap between laboratory 
and competitive environments. Pre-exercise blood lactate levels 
were consistently lower in all laboratory conditions compared 
to matches, likely reflecting the absence of the pre-competitive 
activation and warm-up routines inherent to official games. 
Post-exercise, this pattern reversed dramatically, with lactate 
concentrations substantially elevated in all tests compared to 
matches, showing large to moderate effect sizes (WIN: d = 1.22; 
TRE: d = 1.04; CYC: d = .91). In intermittent sports, blood 
lactate concentration reflects a balance between production and 
clearance; thus, the lower post-match values may partly result 
from clearance during low-intensity phases prior to the final 
whistle. This indicates that while the laboratory tests provide an 
intense, concentrated glycolytic challenge, they do not mimic the 
dynamic lactate kinetics of a handball match, where intermittent 
activity allows for periods of resynthesis and clearance.32,33 
The single post-exercise measurement in the match likely 
underestimates the peak lactate levels reached during the most 
intense phases of play.
Hemodynamic responses further differentiated the conditions. 
Diastolic blood pressure (DBP_post) was consistently lower 
after the WIN and CYC tests compared to the match, while the 
WIN test produced a significantly higher systolic blood pressure 
(SBP_post) than match play. The combination of high SBP and 
low DBP in the WIN test resulted in an increased pulse pressure, 
a response characteristic of intense, isolated anaerobic efforts 
that differs from the more variable circulatory demands of match 
play, which allow for partial hemodynamic recovery during 
lower-intensity periods.34,35

Finally, a key indicator of overall physiological strain, body 
mass loss (a proxy for fluid loss and thermoregulatory demand), 
was significantly lower in all laboratory conditions than during 
matches. The most pronounced difference was observed after the 
WIN test (d = -.63, moderate). This finding strongly suggests 
that the laboratory setting, with its controlled climate and shorter 
duration, fails to induce the thermoregulatory and metabolic 
stress imposed by the prolonged, intermittent, and externally 
influenced conditions of real competition.36

Future Directions
In line with findings from other sports, such as basketball,12 and 
supporting evidence from field-based testing in soccer,37 our 
study suggests that traditional laboratory-based fitness tests do 
not accurately reflect the physiological demands experienced by 
amateur handball players during official matches. These findings 
underscore the need for develop assessment protocols that more 
closely reflect the demands of actual gameplay.38 Nevertheless, 
they should be interpreted with caution, as the findings are 
particularly relevant to amateur female handball players with 
characteristics comparable to those of the sample analyzed.
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Despite the insights provided by this study, some limitations 
should be acknowledged. The small sample size may limit the 
generalizability of the results, and caution is warranted when 
extrapolating the findings to other sports with different gameplay 
characteristics. In addition, testing was conducted only once, 
prior to the competitive period. Future studies should consider 
repeating assessments after the monitored matches to track 
potential changes over time. Finally, performing the WIN and 
CYC within the same session, with only 30 minutes of recovery, 
may have led to residual fatigue affecting the second test results. 
To more accurately evaluate player performance, upcoming 
research should explore protocols that capture the physiological, 
metabolic, and psychological demands of handball. This 
might include validated field tests for intermittent sports39 or 
the creation of handball-specific assessments that integrate 
intermittent effort, pace variations, and decision-making tasks. 
Moreover, hybrid protocols that combine laboratory measures 
with sport-specific exercises could help bridge the gap between 
controlled testing and the realities of competition. 

Practical Applications

The results of this study can help coaches better evaluate amateur 
female handball players. Traditional laboratory tests often fail to 
capture the stop-and-start rhythm and repeated bursts of high 
intensity that occurs during real matches, so assessments and 
training programs should reflect these demands.
For instance, drills that mix repeated sprints with changes of 
direction and brief recovery periods are likely to prepare athletes 
more effectively for the metabolic challenges of competition. 
Coaches may also find it useful to track both heart rate and players 
perceived exertion during these drills, as this combination offers 
a more complete sense of a player’s readiness and resilience in 
situations that mimic actual match play.
In addition, sport-specific field tests, such as the Yo-Yo 
Intermittent Recovery Test or the 30-15 Fitness Test, could 
provide further insights into player fitness under conditions that 
closely resemble match play. Implementing these practical tools 
can help amateur coaches design more effective and realistic 
training programs.

Conclusions

The results of this study highlight important limitations 
of traditional maximal laboratory tests in capturing the 
physiological, metabolic, and psychological demands faced by 
amateur female handball players during official competition. 
None of the tests examined were able to reproduce the peak 
heart rates observed in actual match play. Interestingly, players 
reported significantly higher ratings of perceived exertion 
(RPE) in the laboratory, even though their body mass was 
lower and the thermoregulatory strain was reduced compared 
with competition. These findings suggest that conventional 
performance evaluations may not fully reflect the realities of the 
sport, emphasizing the need to adopt testing protocols that are 
more specific and contextually relevant.
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