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Abstract

Through this paper, we want to prove that the contribution of specific aerobic exercise can be
improved in order to increase the total exercise capacity through physiological adaptations. We conducted
a cross-sectional observational study on a group made up of 19 elite female rowers between the months of
April and November 2015, in Brasov and Bucharest cities, Romania. Two VO,max tests were carried out
in the mentioned period. The first test was initiated during the pre-competitive season 2014-2015, while
the second test was performed during the general training period 2015-2016. The functional
cardiovascular and respiratory parameters were studied, indicating the athlete’s progress and the energy
metabolism adaptation. After processing the data relating to the VO,max tests, the following conclusions
were drawn: the total increase in lower aerobic effort and higher aerobic effort was significantly higher
than the effort performed during the 2014-2015 competitive season. This aspect, through data monitoring,
associated increased lung capacity validated through the following monitored parameters: VE/VO,,
VE/VCO; and VT, VO,, respectively, establishing their direct influence on the reported progress and the
performance achieved by the athletes during the specific maximal effort. The proportion of VO,/kg was
associated with the development and value of the ventilatory thresholds determining their influence on the

evolution of the athlete within a maximal effort.
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1. Introduction

Sustaining VO,max testing with an objective to estimate the maximum volume of oxygen used by
athletes is associated with a form of monitoring often established in endurance sports. Following this test,
the data suggest, through cardiopulmonary assessment, the identification of physiological factors limiting
the general effort performed and establishing the main differences between the groups of athletes (Zinner,
Sperlich, & Wahl, 2015). Thus, changes in VO, during the sustained activity will influence energy
resource during exercise and the total time spent at certain intensity (Bishop, Bonetti, & Dawson, 2002).
Imposing an increased respiratory rate will develop body adaptation through current volume, namely
through the process of loading and unloading CO,expiration/O,expiration under a respiratory cycle in
order to maintain body homeostasis (Wasserman et al., 2005). From this point, the body’s buffer systems
will combat the acidity produced due to high stress area reached by the athlete through the effort
performed. Thus, the change in blood pH will be directly proportional to tissue oxygenation, respectively
induced imbalance in the body. Moreover, during a maximal effort, unloading CO, will maintain
ventilation (VE), the end-tidal carbon dioxide (PetCO,) and the respiratory equivalent of carbon dioxide
(VE/VCO,) at a constant value (Johnston et al., 2016). An increase in CO, will be directly proportional to
the increase in H™', and thus the influence that will be imposed on effective muscle contraction will be
reported by the state of the body’s acidity (Carr, Hopkins, & Gore, 2011).

Both heart rate variability and VO, value evolution in the activity of elite athletes will play an
important role in quantifying the competition results. Moreover, the athlete’s age seems to assign a higher
or lower total volume of oxygen used by the body. Reducing the average age of athletes will increase the
maximum volume of oxygen, while reducing age will associate a decrease in this regard (Hawkins &
Wiswell, 2003), aspects that are related to the transport of oxygen to the tissues. As a result, the validity
of such testing protocols will impose physiological variability, effectiveness and information regarding
the adaptation of individual effort scheduled within the competition season (Stavropoulos-Kalinoglou et

al., 2013).

2. Problem Statement

During the sustained effort, VO, fraction will facilitate the growing contribution of oxygen, which
is often associated with the respiratory rate, determining the evolution of ventilation and respiratory
exchange ratio (Ramos-Jimenez et al., 2008), elements that are significantly associated from a statistical
point of view in T2 (second test) versus T1 (first test). The efficiency of the respiratory through the
contribution of aerobic effort is confirmed by the data for ventilation and discharge rates of carbon
dioxide (Arena et al., 2004), being reported as a direct influence on the result of the final computational
evolution, as in T2. At the same time, supporting a maximal effort will require increased ventilation,
representing a level associated with an inability to satisfy the demands imposed by exercise, which is
possible to reduce the end-tidal oxygen tension (Johnson et al., 1996; Forman et al., 2010) and to limit the
development of effort, as in T1 testing. Thus, in separate cases such as T2, it will decrease the elimination
rate of carbon dioxide, being reported an increase in muscle activity by maintaining carbon dioxide

fraction in the blood. This is described as a constant action associated with the efficiency of the
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respiratory system (Bernardi et al., 2014; Arena et al., 2004). Increased oxygen consumption in T1 and
T2, respectively, by increasing the frequency of breathing during exercise, will assign a proportional
increase in CO, output, this action limiting the total amount of oxygen that will reach the alveoli (Bussotti
et al., 2008). A proportional increase in CO, will not set a stationary level that influences the energy
metabolism through the direct relationship with PetCO, and PaCO,, respectively (George, Sen, &

Raveendran, 2014), setting the final percentage of energy metabolism contribution during exercise, an

action studied in this paper, which was statistically insignificant in T1-T2 testing periods.

3. Research Questions

Can the contribution of specific aerobic effort improve in order to increase the total exercise

capacity through physiological adaptations?

4. Purpose of the Study

Evaluating and monitoring athletes’ adaptations throughout the qualification periods for the 2016

Olympic Games in Rio de Janeiro.

5. Research Methods

A cross-sectional observational study was conducted after obtaining verbal acceptance from the
athletes to participate in this study. Through the establishment of the working methodology, VO,max
testing was scheduled to steady, according to the athletes’ activity. As a result, the athletes performed a
rowing-specific maximal effort on the Concept 2 ergometer, an action during which gas exchange values
were monitored.

The study was conducted between April and November 2015 in Brasov and Bucharest cities,
Romania, locations associated with specific training centres for elite athletes. A group of 19 elite female
athletes were included in the study. In the proposed methodology, the study group was not divided or
subdivided. However, the inclusion criteria were the athlete’s national/international performance and their
presence in the national team. Medical aspects were also taken as criteria for inclusion in the study.

Two VO,max tests were carried out in the mentioned period. The first test (T1) was initiated
during the pre-competitive season 2014-2015 (a study group of 19 female rowers), while the second test
(T2) was performed during the general training period 2015-2016 (a study group of 17 female rowers of
the total of 19 included).

The tests were performed using the Cosmed Quark CPET equipment (Rome, Italy) and Concept 2
ergometer (USA). The heart rate was monitored through ANT+/Bluetooth heart rate monitor made by
Cosmed. The equipment was calibrated at the start of each test with O, concentrations of 16% and 2%
CO,. The turbine was calibrated with a 3 L syringe at the beginning of each test. The athlete’s preparation
for the testing activity, characterized by maximal effort, was achieved through kinaesthetic exercise for
20 minutes, specific functional adaptation and growth potential effort by simulating activity on the
ergometer at a heart range between 120-175 b/min. In performing the effort, the following parameters

were studied: HR (heart rate), RER (respiratory exchange ratio), VE (ventilation), VE/VO, (ventilator
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equivalent for oxygen), VE/VCO, (ventilator equivalent for carbon dioxide), VO, (maximum volume of
oxygen), VO,/kg (maximum volume of oxygen per kg), VT, (ventilatory threshold 1), VT, (ventilatory
threshold 2), PetO, (end-tidal oxygen tension) PetCO, (end-tidal carbon dioxide) METS (metabolic
equivalents), CHO (carbohydrate consumption), fat (fat consumption), EXP (expiration), T1 (test 1), T2
(test 2).

For the statistical analysis, we used the Graph Pad Prism 5.0 software in order to analyse the
monitored data. The used statistical indicators were standard deviation (SD) and the coefficient of
variation (CV). Data exposure was performed through mean and median values. The Pearson correlation

with a 95% confidence interval was used to identify the statistical connection between two different

parameters. The level of statistical significance was 0<0.05.

6. Findings

The average age of the study group in T1 (test 1) and T2 (test 2) was 21 years. The anthropometric
ratio between the two tests was different. Thus, in T1, the athletes recorded a median equivalent to 73.5
kg and 181 cm in height, compared to 75 kg and 181 cm monitored in T2 period. So, the athletes’ body
weight was different, in statistical terms, by p=0.0001, r=0.979, CI95%=0927 to 0994. The total
completion time during the 2,000-m race simulation reached a median of 420 seconds, with a minimum
of 391.2 seconds and a maximum value equivalent to 493.2 seconds. Thus, as against T2, we reported a

statistical difference in the completion time and the performance achieved on the ergometer (Figure 01).
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Figure 01. Evolution of time (median) in the 2,000-m race simulation during the two tests (T1 and T2) -
p=0.0001, r=0.9466, C195%=0830-0983

The variation in ventilatory thresholds was statistically significant for VT,. Thus, we did not
identify statistically significant differences between the ventilatory threshold 1, monitored in the two tests
(p=0.1629, r=0.394, CI195%=-0189 to -0772); however, we identified a different statistical ratio regarding
VT, (p =0.0001, r=0.869, CI195%=0617 to -0959). Thus, during test 2, VT, had the value 168 b/min, as
compared to 156 b/min identified in T1. At the same time, VT, in T1 was equal to 183 b/min, while the
T2 test identified an increase of 189.5 b/min at the midpoint. The respiratory system required significant
changes in the proposed values of respiratory rate, namely ventilation and VO,. As a result, a decrease in
respiratory rate was found in T2 test, the maximum median value in T1 being 67.95 b/min and 66.88

b/min in T2. However, the evolution of ventilation was directly proportional to the maximum volume of
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oxygen used by the body through p=0.0001, r=0.923, CI95%=0733 to -0979. Thus, statistically
significant differences were identified between the two values, VE and VO,, monitored during T1/T2
(Figure 02). Also, changes in VO,/kg were statistically significant in T2, along with an increased ratio of
maximal heart rate achieved during exercise. The VO,/kg differentiation between T1 and T2 was
performed through median values equivalent to 56.28 ml/min/kg for T1 and 59.59 ml/min/kg for T2. As a
result, the maximum heart rate achieved by the study group in T2 (191.3 b/min), compared to T1 (187

b/min), imposed statistical differences in this direction through p=0.0001, r=0.876, CI195%=0619 to 0964.
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Figure 02. Evolution of VO, (p=0.0080, r=0.697, C195%=0221 to -0905) and VE (p=0.0001, r=0.895,
CI95%=0670 to -0969) during the testing periods T1 and T2

VE/VO, or VE/VCO,, along with the tidal volume, significantly changed between the two periods,
with positive developments in T2, but without identifying statistically significant differences regarding
the body’s metabolic equivalent or the respiratory exchange ratio. By the lack of influence of RER, no
differences were found toward the evolution of energy metabolism through carbohydrate and fat
consumption, but the ratio between PetO,/PetCO, and energy output during exercise was statistically
significant (Table 01). Thus, PetO, in T1 was 111.1 mmHg, compared to its decrease in T2 period, 109.8
mmHg (p=0.0001, r=0.895, CI95%=-0670 to 0969). However, the evolution of PetCO, in T1, equivalent
to 37.64 mmHg, was higher in T2, namely 37.99 mmHg (p=0.0010, r=0.802, CI195%=0435 to 0940).

Table 01. Statistical evolution of the cardio-respiratory parameters between T1-T2 periods

Parameters proposed for analysis Statistical results obtained
Studied T1 T2 p r 95% Confidence interval
parameter Median value Median value Lower Higher
VO,/HR 20.15 ml/bpm 20.58 ml/bpm 0.0015 0.784 0.394 0.934
VE/VO, 32.37 31.53 0.0001 0917 0.733 0.976
VE/VCO, 30.13 29.43 0.0153 0.653 0.142 0.889
METS 15.91 16.49 *0.2014 | 0.379 -0.234 0.776
VT 2.071 2.061 0.0001 0.880 0.628 0.965
RER 1.07 1.06 *0.3736 | 0.269 -0.347 0.723
Fat 6.9% 6.79% *0.5171 0.197 -0.411 0.685
CHO 93.19% 93.29% *0.5171 0.197 -0.411 0.685
EEt 18.17 kcal/min 19.36 kcal/min 0.0037 0.741 0.306 0.920
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The results obtained in this paper validate the hypotheses proposed according to which the
individualization of aerobic exercise contribution in daily elite athletes training may impose functional
changes in the evolution of specific physiological adaptation during maximal effort. Studies carried out
over time claims that the evolution of specific energy needs, during maximal exercise, can reach 25-35
kcal/min, similar values identified in the work carried out through this paper, with a slight increase in T2
compared to T1. Moreover, it is noted that most of the studies conduct activities aimed on the
biomechanical and physiological development of body elements, and less on information regarding
energy metabolism elements (Hill & Davies, 2002). Thus, the body's physiological evolution, and the
total quantity of oxygen that can be used by the body will be influenced by the maximum volume of
oxygen (Helgerud et al., 2007) recorded in the effort performed through the two tests carried out. From
this point, the total amount of oxygen taken up by the body will facilitate the adaptation of the body
through metabolic balance (Martin, Tomescu, & Hadmas, 2016). Regulation and increasing the share of
total maximum volume of oxygen is attested in the literature as being able to be achieved through aerobic

effort, the long-term average, established at an HR percentage between 50-75%.

7. Conclusion

The total increase in lower aerobic effort and higher aerobic effort was significantly higher than
the effort performed during the 2014-2015 competitive season. This aspect, through data monitoring,
associated increased lung capacity validated through the following monitored parameters: VE/VO,,
VE/VCO; and VT, VO,, respectively, establishing their direct influence on the reported progress and the
performance achieved by the athletes during the specific maximal effort. Conclusive data showed that
they had an effect on the individual aerobic capacity during maximal effort. The proportion of VO,/kg
was associated with the development and value of the ventilatory thresholds determining their influence

on the evolution of the athlete within a maximal effort.
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