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Abstract
Introduction. The aim of the study was to verify the influence of warm-up before a ramp incremental exercise test with linearly increasing loads on the maximal values of physiological variables which determine performance. Material and methods.
Thirteen healthy and physically active male students (age = 23.3 ± 1.5 years, body height = 179.1 ± 8.6 cm and body mass = 79.5
± 9.1 kg) completed a cross-over comparison of two incremental exercise test interventions – an incremental exercise test with
a 15-minute warm-up at an intensity of 60% of the maximal oxygen uptake obtained in the first incremental exercise test and
the same test without warm-up. Results. The peak values of physiological variables were statistically significantly higher for the
incremental exercise test with warm-up, the differences between tests being 2.66% for peak power output (p = 0.039, t = 2.312,
ES = 0.24), 7.75% for peak oxygen uptake (p = 0.000, t = 5.225, ES = 0.56), 7.72% for peak minute ventilation (p = 0.005, t =
3.346, ES = 0.53) and 1.62% for peak heart rate (p = 0.019, t = 2.690, ES = 0.60). Conclusions. Warm-up before a ramp incremental exercise test resulted in higher values of maximal oxygen uptake, maximal minute ventilation, maximal heart rate and
peak power output.
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Introduction
Maximal oxygen uptake (VO2max) is a parameter which is
widely used for assessing cardiorespiratory fitness [1]. It makes
it possible to determine the potential for performing long-lasting effort [2, 3] and select adequate loading in recreational and
sports training [4]. Thus, it is important to determine reliable
values of VO2 and the factors which determine it. These include
the difference in arterio-venous oxygen saturation (a-VO2diff),
cardiac output (Q) [5], minute ventilation, the surface area of
the pulmonary capillary network in the lungs and muscles and
the level of haemoglobin in the blood.
Incremental exercise tests are a common method of measuring maximal oxygen uptake (VO2max), the factors which affect it and maximal aerobic power [6]. The reliability of VO2max
measurement is verified in the plateau phase of maximal oxygen
uptake [7]. Until recently, the accuracy of measurements was
also evaluated on the basis of secondary criteria: the respiratory
exchange ratio (RER) exceeding 1.1, peak heart rate over 90%
of the anticipated maximal heart rate and peak blood lactate
concentration higher than 8 mmol·l−1 [8]. The values of the parameters measured can also be affected by the type of endurance
training [1]. Yoon et al. [9] suggested that the test should take
up to 12 min for non-training participants, as any longer effort
may result in fatigue and influence oxygen uptake. On the other
hand, it was shown in individual cases that a verification phase
(a second effort to be performed at an intensity higher than the
incremental test) is a practical and sensitive method of confirming VO2max, which allows for the achievement of higher values of peak oxygen uptake compared to an incremental exercise
test (IET) [7, 10]. It can be presumed that in such a situation,

the main phase of the IET serves as a warm-up for the verification phase. Therefore, it seems reasonable to examine whether
warm-up performed prior to an incremental exercise test affects
the parameters measured in this test.
Warm-ups are used to increase body temperature and blood
flow in the muscles, improve nerve conduction [11] as well as increase the activity of oxidative enzymes, the recruitment of motor units [12] and the kinetics of oxygen uptake [13]. Submaximal
loading plays this role in the incremental test [1]. ChwalbińskaMoneta and Hänninen [14] found that an additional warm-up
performed prior to an incremental exercise test allows for the
achievement of higher power at anaerobic threshold. Previous
studies have not, however, investigated the change in peak oxygen uptake and the influencing factors for an incremental exercise test preceded by a moderate, low-intensity warm-up.
For this reason, the current study aimed to verify the differences in maximal and submaximal values of physiological
variables between an incremental exercise test (IET) with linearly increasing loading and the same test preceded by warm-up
(IETWU).
Materials and methods
Participants
Thirteen healthy active male students, who performed
a minimum of 5 hours of exercise per week, participated in the
study. All were physically active, but none of them participated
in regular sporting competitions during the study period. Information concerning weekly physical activity in the last month
before the experiment was collected by means of a questionnaire. The participants performed three tests, each separated by
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