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ABSTRACT
Background. The 6-minute rowing ergometer test (6-minRT) is valid and reliable
for establishing maximal aerobic power (MAP) in amateur male rowers. However,
ventilatory thresholds (VTs) have not yet been established with their mechanical
correspondence in this test.
Objective. The primary objective was to determine the VTs in the 6-minRT achieved by
amateur male rowers, while the secondary objective was to determine the correspon-
dence between ventilatory, mechanical, and heart rate (HR) outcomes of the 6-minRT.
Methods. Sixteen amateur male rowers were part of the study. All participants were
instructed to perform an incremental test (IT) and a 6-minRT. Determination of the
ventilatory parameters for the first ventilatory threshold (VT1), the second ventilatory
threshold (VT2), and 6minRTVO2max were performed by correlating the outcomes of
VT1, VT2, and VO2max obtained in the IT, with the outcomes of 6-minRT. For these
purposes, Pearson’s test was used, with the following criteria: trivial, <0.1; small, 0.1–
0.3; moderate, 0.3–0.5; high, 0.5–0.7; very high, 0.7–0.9; or practically perfect, >0.9.
The significance level was p < 0.05.
Results. The IT analysis determined that VT1 and VT2 correspond to 55 and 80% of
VO2max, respectively. A high correlation was observed between IT outcomes in VT1,
VT2, and VO2max, with the outcomes of 6-minRT (r > 0.6).
Conclusion. Based on IT ventilatory parameters and concordance analysis, VT1 and
VT2 of 6-minRT are determined at 55 and 80%, respectively, of both ventilatory
parameters and their corresponding mechanical outcomes and HR.

Subjects Kinesiology, Sports Medicine
Keywords Amateur rowers, Maximal oxygen uptake, Power output, Rowing, Ventilatory
thresholds

INTRODUCTION
Some factors that determine the performance of the rowers are physical and technical
development, good boat stabilization, and correct synchronization between the members
of the boat (Muniesa & Díaz, 2010; Huntsman, Drury & Miller, 2011; Rich, Pottratz &
Leaf, 2020). Considering that all regattas are outdoors, factors to consider for the good
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performance of the rowers are the environment, the environmental temperature, the wind,
and the swell also condition the performance in this sport (Ingham et al., 2002). From an
energetic point of view, scientific evidence has shown that the contribution of aerobic
metabolism fluctuates between 70–88%, while anaerobic metabolism fluctuates between
12–30% (Hagerman et al., 1978; Secher, 1993; Pripstein et al., 1999). Because the aerobic
component is a determining factor in the performance of rowers, most of the research has
focused on this component (Klusiewicz et al., 2016; Das et al., 2019). It is also important to
mention that most of the direct evaluations of maximum oxygen consumption (VO2max) in
rowers, which are considered the gold standard, have been developed in the elite category
(Turnes et al., 2020), mainly due to the high cost of gas analysis in laboratories (Wagner,
1996). The high cost of these evaluations, which affects different sports (Metaxas et al.,
2005), has conditioned coaches to prescribe training loads based on the results of field tests
(indirect). In this context, there is evidence that field tests have low reliability in prescribing
exercise to amateur rowers (Huerta Ojeda et al., 2022a).

To determine the ventilatory parameters in rowers (aerobic component), specifically
the VO2max, the gold standard used is the incremental test (IT) on the rowing machine
(Mekhdieva, Zakharova & Timokhina, 2019). In parallel, during any test (especially during
the IT), the rowing meter allows for measuring mechanical parameters, including power
output (PO) (Bourdin, Messonnier & Lacour, 2004), a physical determinant factor in the
performance of rowers (Bourdin et al., 2017). PO on the rowing ergometer results from the
stroke rate and the force exerted by the rower in each stroke (Huerta Ojeda et al., 2022a).
When VO2max is reached during an incremental treadmill test, an ergometric equivalent
in kilometers per hour, defined as maximal aerobic speed (MAS), is also reached (Howley,
Bassett & Welch, 1995). In the case of amateur rowers, there is evidence that, in addition
to reaching VO2max during an incremental test on a rowing machine, they also reach an
equivalent PO, defined as maximal aerobic power (MAP) (Bourdin et al., 2017; Huerta
Ojeda et al., 2022b). This MAP is a critical intensity for the prescription of training loads
and tactical preparation for regattas (Bourdin et al., 2017). Another determining factor
in observing the physical level, programming the training loads, and monitoring the
progress of the rowers is the ventilatory thresholds (VTs) (Davis, 1985; Cerezuela-Espejo
et al., 2018). In this context, the scientific literature describes a first ventilatory threshold
(VT1), which is identified with the first increase in the ventilatory equivalent of oxygen
(pulmonary ventilation/oxygen consumption (VE/VO2)) without a simultaneous increase
in the ventilatory equivalent of carbon dioxide (VE/VCO2). In contrast, the second
ventilatory threshold (VT2) is identified with an increase in VE/VO2 and VE/VCO2 and
a decrease in carbon dioxide (CO2) at end-expiration (PETCO2) (Cerezuela-Espejo et al.,
2018). In fact, VTs are indicators of the ability of athletes to exercise at specific intensities
for prolonged periods (Billat, 1996). Moreover, VTs are attributed to the specificity of
training loads since these, specific to each athlete, increase the oxidative capacity of muscle
fibers and significantly improve the cardiorespiratory system (Mickelson & Hagerman,
1982). Therefore, when VO2max is evaluated through an IT on the rowing machine, along
with obtaining the VTs, their mechanical equivalences are also observed (Cerezuela-
Espejo et al., 2018; Huerta Ojeda et al., 2022a). In this sense, there have been several
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attempts to validate non-invasive and practical methods to help determine VTs (Cabo,
Martinez-Camblor & del Valle, 2011; Stefanov & Neykov, 2021). This background shows
the importance of establishing different training zones based on ventilatory parameters
(López Chicharro, Vicente Campos & Cancino López, 2013). However, most non-invasive
methods for assessing VTs in amateur rowers do not simultaneously integrate ventilatory
and mechanical parameters, resulting in low reliability of exercise prescription in this
category (Huerta Ojeda et al., 2022a).

Intending to contributewith a scientific background in amateur rowers, we described and
analyzed the kinetics of ventilatory and mechanical parameters in male amateur rowers in
a recent study. Male amateur rowers reached VO2max and MAP between 330–345 seconds
(s) (Huerta Ojeda et al., 2022a). Subsequently, based on the study described above, we
determined the validity and reliability of a 6-minRT as a predictor of PO in male amateur
rowers. At the end of the research and after comparing the kinetics of ventilatory and
mechanical parameters between a TI and the 6-minRT, we concluded that the 6-min
RT is a valid and reliable test for establishing MAP in male amateur rowers (Huerta
Ojeda et al., 2022b). Despite the documented evidence, it has not yet been determined
at what percentage of MAP the VTs are found when the 6-min RT isapplied, with their
corresponding mechanical equivalence. Consequently, this study aimed to determine
amateur rowers’ power and cardio-respiratory characteristics at each VT during a 6-
minRT. The secondary objective was to determine the correspondence between ventilatory,
mechanical, and HR outcomes of the 6-minRT.

MATERIALS & METHODS
Experimental approach to the problem
An observational design with an associative and cross-sectional strategy was used to relate
the outcomes of VT1, VT2, and VO2max obtained in the IT to the outcomes of the 6-minRT
(Ato, López & Benavente, 2013) (Fig. 1). All study participants attended the laboratory for
three days at 72-hour intervals. Also, participants did not exercise between assessment days.
The time between races ensures the rowers’ physical recovery (American College of Sports
Medicine, 2013). During the first visit, participants signed the informed consent form and
were evaluated with basic anthropometry; on the second day, they performed the IT, and
on the third day, the 6-minRT (Fig. 1A).

Participants
Sixteen male amateur rowers participated voluntarily in this study (age 20.8 ± 2.2 years
[range: 18–27], bodymass 79.7± 7.6 kg [range: 68.2–103.6], stature 176.2± 5.1 cm [range:
169–186], BMI 25.7± 2.2 kg/m2 [range: 22.5–31.3], body fat percentage 12.9± 2.9% [range:
7.1–19.9], VO2max 46.32 ± 4.09 mLO2 kg−1 min−1 [range: 36.48–52.66], and theoretical
maximum HR (Tanaka, Monahan & Seals, 2001) 191.5 ± 1.9 [range: 187.1–193.4]. The
inclusion criteria were previously described in Huerta Ojeda et al. (2022b). Specifically, the
main inclusion criterion was the VO2max assessed in the IT. This initial evaluation made it
possible to verify the fitness level of the male amateur rowers. In this regard, all participants
in the study presented a VO2max between 33–55 mLO2 kg−1 min−1. Also, it was found
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Figure 1 Research design.
Full-size DOI: 10.7717/peerj.16160/fig-1

that the rowers trained between 3–6 h per week. All these antecedents allowed defining
the participants as amateur rowers, also classified as ‘Recreationally Active’ (McKay et
al., 2022). In contrast, rowers who did not reach the VO2max in the IT, according to
the criteria described in the literature (Howley, Bassett & Welch, 1995; American College
of Sports Medicine, 2013), or could not finish the 6 min of the 6-minRT were eliminated
during the study. Statistical software (G*Power, v3.1.9.7; Heinrich-Heine-Universität,
Germany) was used to calculate the sample (Faul, 2020). The combination of tests used in
the statistical software to calculate the sample size was as follows: (a) t -test, (b) Correlation:
Point biserial model, and (c) A priori: Compute required size –given α, power, and effect
size. Tests considered two tails, slope H1 = 0.61, α-error < 0.05, and a desired power (1
−β error) = 0.8. The total sample size was 16 participants. All participants were informed
of the study’s objective and the possible experiment risks. Before applying the protocols,
all amateur rowers signed the informed consent form in person. The study and the
informed consent were approved by the Scientific Ethical Committee of the Universidad
Mayor, Santiago, Chile (registration number: 197_2020) and developed under the ethical
standards for exercise and sports sciences (Harriss, Macsween & Atkinson, 2019).

Anthropometric measurements
For the characterization of the sample, body mass, stature, body mass index (BMI),
and body fat percentage were evaluated. According to the international anthropometric
assessment protocol, weight (kg) was assessed with a digital weight (TANITA, model
InnerScan BC-554®, Tokyo, Japan). Height (m) was assessed with a stadiometer (SECA,
model 700®; SECA, Hamburg, Germany), respecting the Frankfort plane and maximum
inspiration. This ensured that the participants were evaluated in a euhydrated condition.
The body fat percentage was assessed using an impedance meter (Tanita Inner Scan,
BC-554® digital scale; Tanita, Tokyo, Japan).
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Snack
The snack prevents athletes from starting evaluations with a low blood glucose level (Ojeda
et al., 2019). Este snack ensured a blood glucose level between 100–120 mg/dl, considered
optimal before exercise (DeMarco et al., 1999). It was a carbohydrate load before the IT and
6-minRT. All participants were available two hours before the tests in a fasting condition.
The snack consisted of 2 g of rapidly absorbed carbohydrates per kg body mass, including
fruit, fruit juice, bread, and jam (Fig. 1B).

Standardized warm-up
The warm-up consisted of 10min on a bicycle (Airbike Xebex® resistance; ABMG-3 Xebex
Fitness). The warm-up intensity was 60–70% of the theoretical maximum HR, calculated
through the formula: 208-(0.7*age) (Tanaka, Monahan & Seals, 2001). Five minutes of
upper and lower extremity ballistic movements were then included (upper extremity:
1 × 10 shoulder adductions, abductions, flexion, and extension; lower extremity: 1 × 10
hip adductions, abductions, flexion and extension, and knee and 1 ×10 ankle flexion
and extension, right and left respectively). After, athletes rowed for five minutes between
60–70% of the theoretical maximum HR (Tanaka, Monahan & Seals, 2001), and finally,
there was a 10-minute rest (this time was used to install the mask andHR sensors) (Fig. 1B).

Incremental test
The objective and characteristics of the test were previously described in Huerta Ojeda et
al. (2022b). Specifically, this test aims to progressively reach VO2max and its equivalent
PO or MAP. All ventilatory parameters were evaluated during IT with an automatic gas
analyzer system (model Quark CPET; Cosmed, Rome, Italy). Before IT, the analyzer
was calibrated strictly according to the manufacturer’s recommendations. The data
were processed through a laptop computer, which calculated the results using software
developed by the manufacturer. The IT was performed on a remoergometer (Concept2
Model D, PM5 monitor) using a drag factor of 117–119. The IT started with 100 watts
(W) and was increased by 35 W every minute until exhaustion or the impossibility
of maintaining the requested power (Mekhdieva, Zakharova & Timokhina, 2019). Two
experienced investigators monitored the test. VO2max was determined based on the
following criteria (Howley, Bassett & Welch, 1995; American College of Sports Medicine,
2013): (i) when setting plateau, display a variation < 150 mlO2 min−1, (ii) a respiratory
exchange ratio (RER) ≥ 1.1, and/or (iii) Theoretical maximum HR ≥ 90%. VO2max was
recorded with absolute (LO2 min−1) and relative values (mlO2 kg−1 min−1). In addition,
pulmonary ventilation was recorded (VE) at VO2max (L min−1) and RER at VO2max

(VCO2/VO2) (Howley, Bassett & Welch, 1995). VT1 and VT2 were identified according to
the following criteria (Davis, 1985; Lucía et al., 2000; Cerezuela-Espejo et al., 2018): VT1,
the intensity causing the first increase in ventilatory oxygen equivalent (VE/VO2) without
a simultaneous increase in ventilatory carbon dioxide equivalent (VE/VCO2); VT2, the
intensity that causes an increase in VE/VO2 and VE/VCO2 and a decrease of CO2 at the end
of exhalation (PETCO2). All the mechanical parameters performed in the rowing meter
were recorded during IT. Also, the HR was recorded during the development of the IT
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through an HR monitor (model H10®, Polar, Kempele, Finland). During IT, ventilatory
parameters were recorded breath by breath, while mechanical parameters and HR were
recorded from stroke to stroke. Subsequently, all data were averaged and synchronized at
15 s intervals. At the end of the IT, to evaluate the rating of perceived exertion (RPE) of
the participants, the modified Borg scale was used (1–10) (Borg, 1990).

Six-minute rowing test
The purpose of this test is that the participant rows the longest distance possible for 6 min
on an ergometer rowing machine. From a ventilatory and mechanical point of view, the
6-minRT is a maximal test that allows the establishment of the MAP in amateur rowers
(Huerta Ojeda et al., 2022b). The final 6-minRT distance is recorded in meters (m). The
6-minRT was performed on a rowing machine (Concept2 Model D, monitor) using a drag
factor of 117–119. Two experienced investigators monitored the test. During the 6-minRT,
all ventilatory parameters were evaluated with the same automatic gas analyzer system used
in the IT (model Quark CPET; Cosmed, Rome, Italy). During the 6-minRT, ventilatory
parameters were recorded breath-by-breath and then averaged at 15-s intervals. In this
study, the slow and fast VO2 components were determined by visual inspection of each
curve, specifically from the moment a plateau was generated in the VO2 curve until the
end of the 6-minRT (Billat et al., 1998; Womarck et al., 2000). For the statistical analysis,
the ventilatory parameters correspond to the slow component of the VO2 (VO2max abs,
VO2max rel, VE, and RER). During the 6-minRT, all mechanical parameters performed on
the rowingmeter were recorded. Also, HRwas recorded during the 6-minRT through anHR
monitor (model H10®; Polar). During the 6-minRT, mechanical parameters and HR were
recorded from stroke to stroke. Subsequently, all data were averaged and synchronized in a
single 360 s interval. At the end of the 6-minRT, to evaluate the rating of perceived exertion
(RPE) of the participants, we used the modified Borg scale (1–10) (Borg, 1990).

Statistical analyses
Data were collected as described in Huerta Ojeda et al. (2022b). Specifically, ventilatory,
mechanical, and HR parameters were sorted for all the tests on a spreadsheet designed
for the study. Descriptive data are presented as means and standard deviation (SD). The
Shapiro–Wilk test confirmed the normal distribution of the data (p > 0.05). Pearson’s
test calculated the correlation between the VT1, VT2, and VO2max outcomes obtained
in the IT with the 6-minRT outcomes (r and r2) (Hopkins et al., 2009). The criteria for
interpreting the strength of the r coefficients were as follows: trivial (<0.1), small (0.1–0.3),
moderate (0.3–0.5), high (0.5–0.7), very high (0.7–0.9), or practically perfect (>0.9). A
95% confidence interval was used for all statistical analyses, and the significance level was
p < 0.05. All statistical analyses were performed with Prism version 7.00 for Windows®

software.

RESULTS
The first analysis shows that during IT, the amateur rowers in the present study reached a
VO2max equivalent to 3.67 ± 0.27 LO2 min−1. In parallel, in the 6-minRT, a VO2max was
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Table 1 Ventilatory thresholds andmaximal oxygen uptake in Incremental Test and 6-minute rowing test (n= 16).

Variables VT1 (mean± SD) VT2 (mean± SD) VO2max(mean± SD) 6-minRT

VO2 absotute (LO2·min−1) 2.03± 0.15 2.94± 0.21 3.67± 0.27 3.68± 0.19
VO2 absolute (% of VO2max) 55% 80% 100% —
VO2 relative (LO2·min−1) 25.49± 2.84 37.17± 3.60 46.32± 4.09 46.55± 4.67
VO2 relative (% of VO2max) 54% 80% 100% —
VE (L·min−1) 48.9± 9.8 84.0± 8.3 150.1± 11.8 137.7± 9.9
VE (% of VO2max) 32% 56% 100% —
RER (VCO2/VO2) 0.87± 0.08 0.98± 0.06 1.25± 0.05 1.14± 0.04
RER (% of VO2max) 62% 78% 100% —
Distance (m) — — — 1,697.3± 39.9
Power output (W) 121.2± 14.5 212.7± 26.6 391.9± 29.9* 292.0± 19.7
Power output (% of MAP) 37.9% 66.5% 100% —
Pace every 500 m (min:s) 2:22.4± 6.1 1:58.1± 4.9 1:40.3± 3.4 1:46.7± 2.5
Pace (% of VO2max) 62% 85% 100% —
Stroke rate (spm) 20.2± 3.9 23.6± 4.0 31.1± 3.3 30.4± 1.9
HR (bpm) 132.9± 5.5 162.7± 10.6 191.2± 6.8 193.8± 7.2
HR (% of HRmax) 69%** 85%** 99%** —
RPE (Borg: 1-10) — — 7.94± 0.57 —

Notes.
bpm, beat per minute; HR, heart rate; HRmax, maximum teorical heart rate; L·min−1, liters per minute; LO2·min−1, liters of oxygen per minute; mLO2·min−1, milliliters of
oxygen per kilogram per minute; m, meters; MAP, maximal aerobic power; min, minutes; PO, power output; RER, respiratory exchange ratio; RPE, rating of perceived
exertion; s, seconds; SD, standard deviation; spm, strokes per minute; VE, minute ventilation; VO2, oxygen uptake; VCO2/VO2, carbon dioxide production/maximal oxygen
uptake; VO2max, maximal oxygen uptake; W, watts; VT1, aerobic threshold; VT2, anaerobic threshold; 6-minRT, 6-minute rowing test.
*corresponding to MAP.
**corresponding to % of HRmax.

equivalent to 3.68 ± 0.19 LO2 min−1. The ventilatory, mechanical, and HR parameters of
IT and 6-minRT are listed in Table 1.

The analyses of concordance between VO2 and PO for ventilatory thresholds and
VO2max, evaluated in the IT, were as follows: VT1, r = 0.40 (95% CI [−0.11–0.74], p =
0.12); VT2, r = 0.52 (95% CI [0.03–0.80], p = 0.038); and VO2max, r = 0.56 (95% CI
[0.09–0.82], p = 0.023). The correlations of these parameters are reported in Fig. 2.

The agreement values between VO2, distance, and PO in the 6-minRT, evaluated in the
6-minRT, were as follows: VO2 rel vs. distance, r = 0.69 (95% CI [0.31–0.88], p = 0.0026);
VO2 rel vs. PO, r = 0.70 (95% CI [0.31–0.88], p = 0.0025); and PO vs. distance, r = 0.99
(95% CI [0.99–0.99], p < 0.0001). The correlations of these parameters are reported in
Fig. 3.

The concordance values between VT1, VT2, and VO2max of the IT and the outcomes of
the 6-minRT are reported in Table 2.

DISCUSSION
This study was designed to determine the VTs in the 6-minRTachieved by amateur male
rowers and the correspondence between the ventilatory, mechanical, and HR outcomes
of the 6-minRT. The correlation analysis showed that there is a high correlation (r < 0.6)
between the main ventilatory parameters (VO2), mechanical (PO), and HR obtained in
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Figure 2 (A–C) Correlation coefficient between oxygen consumption and power output in VT1, VT2
and VO2max evaluated in the Incremental Test. mlO2 kg−1 min−1, milliliters of oxygen per kilogram per
minute; p, p-value; PO, power output; VO2max, maximal oxygen uptake; VO2 rel, oxygen uptake relative; r,
correlation coefficient; r2, squared correlation coefficient; VT1, aerobic threshold; VT2, anaerobic thresh-
old; W, watts; 95% CI, 95% Confidence Intervals.

Full-size DOI: 10.7717/peerj.16160/fig-2

Figure 3 (A–C) Correlation coefficient between oxygen consumption, distance and power output in 6-
minRT. m, meters; mlO2 kg−1 min−1, milliliters of oxygen per kilogram per minute; p, p-value; PO, power
output; VO2 rel, oxygen uptake relative; r, correlation coefficient; r2, squared correlation coefficient; W,
watts; 6-minRT, 6-minute rowing test; 95% CI, 95% Confidence Intervals.

Full-size DOI: 10.7717/peerj.16160/fig-3

the IT, both in VTs and VO2max, and some of the outcomes of the 6-minRT (distance,
VO2max, PO, and HR). These results suggest the following: (a) the 6-minRT allows to reach
the VO2max and that the PO of this test can be considered as MAP (Huerta Ojeda et al.,
2022b), and (b) that the results of r2 between ventilatory, mechanical and HR parameters
of both tests (IT and 6-minRT) determine that VT1 and VT2 are at 55 and 80% of 6-minRT.

VTs and VO2max through IT
When analyzingVT1, it was observed thatmale amateur rowers reached aVO2 equivalent to
55% of VO2max. From the ventilatory perspective, the percentage value of VO2max reached
by the present study’s participants is lower than existing theoretical reference parameters
(60–65% of VO2max) (López Chicharro, Vicente Campos & Cancino López, 2013). Finally,
the low percentage of VT1 observed may be associated with the low aerobic capacity
of the amateur rowers in the study (Billat, 1996). This situation would limit both the
oxidative capacity of muscle fibers and the aerobic contribution to energy metabolism
(Mickelson & Hagerman, 1982). However, this point needs to be studied further. Another
essential variable to analyze to establish VT1 is the RER (Davis, 1985; Lucía et al., 2000;
Cerezuela-Espejo et al., 2018). In this sense, the value of RER observed in the present
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Table 2 Correlation coefficient between ventilatory thresholds and 6-minRT outcomes (n= 16).

6-minRT

Distance PO VO2 rel VO2 abs VE RER HR

PO 0.49 0.47 0.38 0.36 −0.28 −0.17 −0.23
VO2 rel 0.64† 0.64† 0.78‡ 0.49+ 0.29 0.27 0.10
VO2 abs 0.42 0.42 0.17 0.59+ 0.05 −0.01 0.04
VE 0.20 0.17 0.12 0.27 −0.26 −0.30 −0.30
RER −0.14 −0.15 −0.24 −0.00 −0.08 0.02 −0.02

VT1

HR −0.62†
−0.63†

−0.64†
−0.33 −0.03 0.07 −0.03

PO 0.66† 0.65† 0.55+ 0.53+ −0.04 −0.06 −0.45
VO2 rel 0.67† 0.66† 0.82f 0.53+ 0.29 0.30 0.11
VO2 abs 0.37 0.36 0.11 0.60+ −0.01 −0.07 0.08
VE 0.18 0.19 0.09 0.45 0.31 −0.11 0.00
RER −0.30 −0.30 −0.43 −0.12 0.05 −0.04 0.14

VT2

HR −0.18 −0.18 −0.32 −0.29 0.06 −0.15 0.25
PO 0.85f 0.84f 0.57+ 0.29 0.25 0.13 −0.04
VO2 rel 0.68† 0.68† 0.76f 0.49 0.32 0.29 0.01
VO2 abs 0.29 0.30 −0.0 0.50+ −0.01 −0.10 −0.02
VE 0.37 0.37 0.41 0.13 0.77‡ 0.37 0.30
RER −0.04 −0.05 0.03 −0.38 0.41 0.55+ 0.50+

VO2max

HR −0.37 −0.36 −0.37 −0.61+ 0.40 0.43 0.78‡

Notes.
HR, heart rate; PO, power output; RER, respiratory exchange ratio; VE, minute ventilation; VO2max, maximal oxygen up-
take; VO2 rel, oxygen uptake relative; VO2 abs, oxygen uptake absolute; VT1, aerobic threshold; VT2, anaerobic threshold.

+p< 0.05.
†p< 0.01.
‡p< 0.001.
f p< 0.0001.

study for VT1 (0.87 ± 0.08 VCO2/VO2) is coincident with the RER value reported by
other research in rowers (0.89 ± 0.018 VCO2/VO2) (Cerda-Kohler et al., 2022). However,
considering that the present study proposes to provide tools for the field without gas
analysis, it is important to analyze some of the mechanical and HR parameters achieved
in VT1. In fact, in this specific area, the pace every 500 m was 144.4 ± 6.1 s (62% of pace
in VO2max), while HR was equivalent to 132.9 ± 5.5 bpm (69% of HRmax). These results
indicate that VT1 corresponds to 55 of the mechanical outcomes and 65–70% of the HR.

When analyzing VT2, it was observed that the participants reached a VO2 equivalent to
80%ofVO2max. From the ventilatory perspective, the percentage value ofVO2max reached by
the rowers in this study is within the theoretical reference parameters (80–85% of VO2max)
(López Chicharro, Vicente Campos & Cancino López, 2013). As in VT1, it is important to
observe the RER achieved in VT2 (Davis, 1985; Lucía et al., 2000; Cerezuela-Espejo et al.,
2018). In this context, the value of RER observed in the present study for VT2 is also
coincident with the RER value reported by other research in rowers (Cerda-Kohler et al.,
2022). In this sense, it is important to observe some of the mechanical and HR parameters
achieved in VT2 to use them for training prescription. In this specific zone, the pace
every 500 m was 118.1 ± 4.9 s (85% of pace in VO2max), while the HR was equivalent
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to 162.7 ± 10.6 bpm (85% of HRmax). In this sense, the contribution of the present
study is associated with the determination of VT. Indeed, after applying the 6-minRT, it
is possible to obtain HR and mechanical parameter values corresponding with VT2 for
amateur rowers (80%). Thus,HR andmechanical parameters facilitate exercise prescription
(Cerezuela-Espejo et al., 2018). The 6-minRT thus becomes a practical and easily accessible
tool for monitoring and evaluating amateur rowers.

The VO2max achieved by amateur rowers classifies them as ‘good’ (Herdy & Caixeta,
2016). In addition, both the RER achieved the HR at the same intensity, indicating that the
male amateur rowers reached the VO2max (Davis, 1985; Lucía et al., 2000; Cerezuela-Espejo
et al., 2018). As in the VTs, the present study proposes providing tools for the field
without gas analysis. Therefore, it is important to analyze some of the mechanical and HR
parameters achieved in VO2max. At this intensity, the pace every 500 m was 100.3 ± 3.4 s,
while the HR was equivalent to 191.2 ± 6.8 bpm.

6-minRT and ventilatory thresholds
Previous studies have established that the 6-minRT is a valid and reliable test for determining
MAP in male amateur rowers (Huerta Ojeda et al., 2022b). Likewise, the present study
determined that male amateur rowers reach VT1 and VT2 at 55% and 80% of VO2max,
respectively. This background, together with the high correlations between IT outcomes
and the 6-minRT (r > 0.6), allows inferring that the distance, PO, and HR achieved in
the 6-minRT should be in good agreement with the VTs and VO2max of the IT. That
is, 55% of the 6-minRT would correspond to VT1, 80% to VT2, and 100% to MAP.
Therefore, training loads should be prescribed ≤60% (VT1) if the purpose of training
is to generate intramuscular and metabolic adaptations (such as increased expression of
type I myosin heavy chains, reduced work HR—sympathoadrenal adaptation—and/or
optimization of the fatty acid oxidative pathway) (López Chicharro, Vicente Campos &
Cancino López, 2013). Based on the results of the male amateur rowers in the present study,
training loads should be prescribed between 55–80% (aerobic-anaerobic transition zone)
to (a) increase the oxidative muscle capacity of type IIa fibers—especially the oxidation
of intramuscular fats—, (b) increase the possibility of sustaining prolonged exercise
with a lactate level close to 2–3 mmol-L-1, and (c) increase the buffering capacity and
maintenance of musculoskeletal acid–base balance (López Chicharro, Vicente Campos &
Cancino López, 2013). However, to achieve the physiological adaptations described above,
it is suggested to train close to, but not over 80%. Finally, if the training goal is to increase
muscle shortening capacity (which would lead to an increase in rowing pace), adapt the
sarcoplasmic reticulum for increased calcium release, increase glycolytic activation, and
enhance lactate transport across cell membranes, training loads should be prescribed
80% (López Chicharro, Vicente Campos & Cancino López, 2013). In this context, an Excel
spreadsheet is available to automatically calculate the PO and stroke rate by zones and the
pace every 500 m from the result in the 6-minRT (see practical applications).

Some responses and adaptations generated by the prescribed loads in the different
training zones have been described. However, it is essential to mention that each athlete’s
physiological responses and adaptations to a stimulus are different; therefore, the training
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prescription should consider the level of training, sex, and years of experience, among
other factors (Scott et al., 2016).

Limitations
The absence of females in the study limits the conclusions only to study participants and
amateur male rowers. The lack of descriptive information on field attainment of VT1 in
rowers made it challenging to compare our results.

CONCLUSIONS
At the end of the study, it could be observed that VT1 and VT2 achieved by amateur
male rowers are at 55 and 80% of VO2max, respectively. The 6-minRT allows male amateur
rowers to reach VO2max, and the outcomes of this test present a high concordance with
VTs and VO2max, evaluated through the IT (r 0.6). Consequently, to interpret and apply
the 6-minRT results, VT1 and VT2 correspond to 55 and 80% of the mechanical and HR
outcomes, respectively, while 100% of the 6-min RT outcomes correspond to the MAP of
amateur male rowers.

Practical applications
Considering that the 6-minRT allows MAP to be obtained and that, in the present study,
the thresholds for this field test were determined (55% for VT1 and 80% for VT2), only the
creation of tools to facilitate its use in training prescription are missing. For this purpose,
a spreadsheet that automatically calculates the pace and PO times for each intensity and
training zones based on the results of the 6-min RT is provided in this study. For the
correct use of the spreadsheet, together with the personal data and evaluation date, the
total distance and the average power achieved in the 6-minRT must be included. After this,
as many sheets as necessary can be created. To facilitate the spreadsheet, 55% for VT1 and
80% for VT2 (thresholds obtained by themale amateur rowers in this study) are highlighted
in yellow. The spreadsheet also allows us to project performance over 2,000 m (green cell).
This projection was obtained through a linear regression performed in previous studies
on male amateur rowers (Huerta Ojeda et al., 2022a). Finally, in black, the MAP for each
rowing pace is highlighted (https://doi.org/10.6084/m9.figshare.22190026).

ACKNOWLEDGEMENTS
We would like to thank the 16 participants who voluntarily attended the different days on
which the procedures were performed.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Huerta Ojeda and Riquelme Guerra (2023), PeerJ, DOI 10.7717/peerj.16160 11/15

https://peerj.com
https://doi.org/10.6084/m9.figshare.22190026
http://dx.doi.org/10.7717/peerj.16160


Author Contributions
• Álvaro Huerta Ojeda conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.
• Miguel Riquelme Guerra performed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study and the informed consent were approved by the Scientific Ethical Committee
of the Universidad Mayor, Santiago, Chile (registration number: 197_2020)

Data Availability
The following information was supplied regarding data availability:

The raw data are available in the Supplemental File and at Figshare:
Huerta, Álvaro (2023). 6-minRT spreadsheet. figshare. Dataset. https://doi.org/10.6084/

m9.figshare.22190026.v1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16160#supplemental-information.

REFERENCES
American College of Sports Medicine. 2013. ACSM’s guidelines for exercise testing and

prescription. Philadelphia: Lippincott Williams & Wilkins.
AtoM, López JJ, Benavente A. 2013. A classification system for research designs in

psychology. Anales de Psicologia 29:1038–1059 DOI 10.6018/analesps.29.3.178511.
Billat LV. 1996. Use of blood lactate measurements for prediction of exercise per-

formance and for control of training. Sports Medicineedicine 22:157–175
DOI 10.2165/00007256-199622030-00003.

Billat VL, Richard R, Binsse VM, Koralsztein JP, Haouzi P. 1998. The VO2 slow
component for severe exercise depends on type of exercise and is not cor-
related with time to fatigue. Journal of Applied Physiology 85:2118–2124
DOI 10.1152/jappl.1998.85.6.2118.

Borg G. 1990. Psychophysical scaling with applications in physical work and the percep-
tion of exertion. Scandinavian Journal of Work, Environment and Health 16:55–58
DOI 10.5271/sjweh.1815.

BourdinM, Lacour J, Imbert C, Messonnier L. 2017. Factors of rowing ergometer
performance in high-level female rowers. International Journal of Sports Medicine
38:1023–1028 DOI 10.1055/s-0043-118849.

BourdinM,Messonnier L, Lacour J. 2004. Laboratory blood lactate profile is suited to
on water training monitoring in highly trained rowers. Journal of Sports Medicine and
Physical Fitness 44:337–341.

Huerta Ojeda and Riquelme Guerra (2023), PeerJ, DOI 10.7717/peerj.16160 12/15

https://peerj.com
http://dx.doi.org/10.7717/peerj.16160#supplemental-information
https://doi.org/10.6084/m9.figshare.22190026.v1
https://doi.org/10.6084/m9.figshare.22190026.v1
http://dx.doi.org/10.7717/peerj.16160#supplemental-information
http://dx.doi.org/10.7717/peerj.16160#supplemental-information
http://dx.doi.org/10.6018/analesps.29.3.178511
http://dx.doi.org/10.2165/00007256-199622030-00003
http://dx.doi.org/10.1152/jappl.1998.85.6.2118
http://dx.doi.org/10.5271/sjweh.1815
http://dx.doi.org/10.1055/s-0043-118849
http://dx.doi.org/10.7717/peerj.16160


Cabo JV, Martinez-Camblor P, del Valle M. 2011. Validity of the modified conconi
test for determining ventilatory threshold during on-water rowing. Journal of Sports
Science and Medicine 10:616–623.

Cerda-Kohler H, Haichelis D, Reuquén P, Miarka B, HomerM, Zapata-Gómez D,
Aedo-Muñoz E. 2022. Training at moderate altitude improves submaximal but
not maximal performance-related parameters in elite rowers. Frontiers in Physiology
13:931325 DOI 10.3389/fphys.2022.931325.

Cerezuela-Espejo V, Courel-Ibáñez J, Morán-Navarro R, Martínez-Cava A, Pallarés
JG. 2018. The relationship between lactate and ventilatory thresholds in runners:
validity and reliability of exercise test performance parameters. Frontiers in Physiology
9:1320 DOI 10.3389/fphys.2018.01320.

Das A, Mandal M, Syamal AK, Majumdar P. 2019.Monitoring changes of cardio-
respiratory parameters during 2000m rowing performance. International Journal of
Exercise Science 12:483–490.

Davis JA. 1985. Anaerobic threshold: review of the concept and directions for future
research.Medicine and Science in Sports and Exercise 17:6–21.

DeMarco HM, Sucher KP, Cisar CJ, Butterfield GE. 1999. Pre-exercise carbohydrate
meals: application of glycemic index.Medicine & Science in Sports & Exercise
31:164–170 DOI 10.1097/00005768-199901000-00025.

Faul F. 2020. G*Power. Available at https://www.psychologie.hhu.de/arbeitsgruppen/
allgemeine-psychologie-und-arbeitspsychologie/gpower .

Hagerman FC, Connors MC, Gault JA, Hagerman GR, PolinskiWJ. 1978. Energy
expenditure during simulated rowing. Journal of Applied Physiology Respiratory
Environmental and Exercise Physiology 45:87–93 DOI 10.1152/jappl.1978.45.1.87.

Harriss D, Macsween A, Atkinson G. 2019. Ethical standards in sport and exercise
science research: 2020 update. International Journal of Sports Medicine 40:813–817
DOI 10.1055/a-1015-3123.

Herdy AH, Caixeta A. 2016. Brazilian cardiorespiratory fitness classification based on
maximum oxygen consumption. Arquivos Brasileiros de Cardiologia 106:389–395
DOI 10.5935/abc.20160070.

HopkinsW,Marshall S, Batterham A, Hanin J. 2009. Progressive statistics for studies
in sports medicine and exercise science.Medicine and Science in Sports and Exercise
41:3–12 DOI 10.1249/MSS.0b013e31818cb278.

Howley ET, Bassett DR,Welch H. 1995. Criteria for maximal oxygen uptake: review and
commentary.Medicine and Science in Sports and Exercise 27:1292–1301.

Huerta Ojeda Á, Riquelme Guerra M, Coronado RománW, YeomansM-M, Fuentes-
kloss R. 2022a. Kinetics of ventilatory and mechanical parameters of novice male
rowers on the rowing ergometer. International Journal of Performance Analysis in
Sport 22:422–436 DOI 10.1080/24748668.2022.2075670.

Huerta Ojeda Á, Riquelme Guerra M, Coronado RománW, Yeomans-Cabrera
M-M, Fuentes-Kloss R. 2022b. Six-minute rowing test: a valid and reliable
method for assessing power output in amateur male rowers. PeerJ 10:e14060
DOI 10.7717/peerj.14060.

Huerta Ojeda and Riquelme Guerra (2023), PeerJ, DOI 10.7717/peerj.16160 13/15

https://peerj.com
http://dx.doi.org/10.3389/fphys.2022.931325
http://dx.doi.org/10.3389/fphys.2018.01320
http://dx.doi.org/10.1097/00005768-199901000-00025
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
http://dx.doi.org/10.1152/jappl.1978.45.1.87
http://dx.doi.org/10.1055/a-1015-3123
http://dx.doi.org/10.5935/abc.20160070
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://dx.doi.org/10.1080/24748668.2022.2075670
http://dx.doi.org/10.7717/peerj.14060
http://dx.doi.org/10.7717/peerj.16160


Huntsman L, Drury DG, Miller TA. 2011. Development of rowing-specific VO2max
field test. The Journal Strength & Conditioning Research 25:1774–1779
DOI 10.1519/JSC.0b013e3181e4f7a9.

Ingham SA,Whyte GP, Jones K, Nevill AM. 2002. Determinants of 2,000 m rowing
ergometer performance in elite rowers. European Journal of Applied Physiology
88:243–246 DOI 10.1007/s00421-002-0699-9.

Klusiewicz A, Borkowski L, Sitkowski D, Burkhard-Jagodzińska K, Szczepańska B,
ŁadygaM. 2016. Indirect methods of assessing maximal oxygen uptake in rowers:
practical implications for evaluating physical fitness in a training cycle. Journal of
Human Kinetics 50:187–194 DOI 10.1515/hukin-2015-0155.

López Chicharro J, Vicente Campos D, Cancino López J. 2013. Fisiología del Entre-
namiento Aeróbico. Madrid: España.

Lucía A, Hoyos J, Pérez M, Chicharro JL. 2000.Heart rate and performance parameters
in elite cyclists: a longitudinal study.Medicine and Science in Sports and Exercise
32:1777–1782 DOI 10.1097/00005768-200010000-00018.

McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey VL,
Sheppard J, Burke LM. 2022. Defining training and performance caliber: a par-
ticipant classification framework. International Journal of Sports Physiology and
Performance 17:317–331 DOI 10.1123/ijspp.2021-0451.

Mekhdieva K, Zakharova A, Timokhina V. 2019. Exercise testing of elite rowers:
comparison of methods and protocols. In: 7th international conference on sport
sciences research and technology support. 97–102 DOI 10.5220/0008166900970102.

Metaxas TI, Koutlianos NA, Kouidi EJ, Deligiannis AP. 2005. Comparative study of
field and laboratory tests for the evaluation of aerobic capacity in soccer players.
Journal of Strength and Conditioning Research 19:79–84
DOI 10.1519/00124278-200502000-00014.

Mickelson TC, Hagerman FC. 1982. Anaerobic threshold measurements of elite
oarsmen.Medicine & Science in Sports & Exercise 14:440–444
DOI 10.1249/00005768-198206000-00006.

Muniesa C, Díaz G. 2010. Características generales del remo. Deporte cíclico del pro-
grama olímpico (General features of rowing. Cyclical sport of olympic the program).
Cronos, Rendimiento en el Deporte 9:93–100.

Ojeda ÁH, Contreras-Montilla O, Maliqueo SG, Jorquera-Aguilera C, Fuentes-Kloss
R, Guisado-Barrilao R. 2019. Efectos de la suplementación aguda con beta-alanina
sobre una prueba de tiempo límite a velocidad aeróbica máxima en atletas de
resistencia (Effects of acute supplementation with beta-alanine on a limited time
test at maximum aerobic speed on endurance at. Nutrición Hospitalaria 36:698–705
DOI 10.20960/nh.02310.

Pripstein LP, Rhodes EC, McKenzie DC, Coutts KD. 1999. Aerobic and anaerobic
energy during a 2-km race simulation in female rowers. European Journal of Applied
Physiology and Occupational Physiology 79:491–494 DOI 10.1007/s004210050542.

Huerta Ojeda and Riquelme Guerra (2023), PeerJ, DOI 10.7717/peerj.16160 14/15

https://peerj.com
http://dx.doi.org/10.1519/JSC.0b013e3181e4f7a9
http://dx.doi.org/10.1007/s00421-002-0699-9
http://dx.doi.org/10.1515/hukin-2015-0155
http://dx.doi.org/10.1097/00005768-200010000-00018
http://dx.doi.org/10.1123/ijspp.2021-0451
http://dx.doi.org/10.5220/0008166900970102
http://dx.doi.org/10.1519/00124278-200502000-00014
http://dx.doi.org/10.1249/00005768-198206000-00006
http://dx.doi.org/10.20960/nh.02310
http://dx.doi.org/10.1007/s004210050542
http://dx.doi.org/10.7717/peerj.16160


Rich J, Pottratz ST, Leaf B. 2020. Understanding the unique psychological demands of
competitive collegiate rowing: a guide for practitioners. Journal of Sport Psychology in
Action 12:42–53 DOI 10.1080/21520704.2020.1770908.

Scott BR, Duthie GM, Thornton HR, Dascombe BJ. 2016. Training monitoring
for resistance exercise: theory and applications. Sports Medicine 46:687–698
DOI 10.1007/s40279-015-0454-0.

Secher NH. 1993. Physiological and biomechanical aspects of rowing: implications for
training. Sports Medicine 15:24–42 DOI 10.2165/00007256-199315010-00004.

Stefanov LG, Neykov SE. 2021. Determination of anaerobic threshold by a new approach
through the incremental exercise using proportion in heart rate and pulmonary
ventilation changes in rowers. Pedagogy of Physical Culture and Sports 25:89–97
DOI 10.15561/26649837.2021.0203.

Tanaka H, Monahan KD, Seals DR. 2001. Age-predicted maximal heart rate revisited.
Journal of the American College of Cardiology 37:153–156
DOI 10.1016/S0735-1097(00)01054-8.

Turnes T, Possamai LT, Penteado Dos Santos R, De Aguiar RA, Ribeiro G, Caputo F.
2020.Mechanical power during an incremental test can be estimated from 2000-
m rowing ergometer performance. Journal of Sports Medicine and Physical Fitness
60:214–219 DOI 10.23736/S0022-4707.19.09967-5.

Wagner PD. 1996. Determinants of maximal oxygen transport and utilization. Annual
Review of Physiology 58:21–50 DOI 10.1146/annurev.ph.58.030196.000321.

Womarck CJ, Flohr JA,Weltman A, Gaesser GA. 2000. The effects of a short-term train-
ing program on the slow component of VO2. The Journal of Strength & Conditioning
Research 14:50–53.

Huerta Ojeda and Riquelme Guerra (2023), PeerJ, DOI 10.7717/peerj.16160 15/15

https://peerj.com
http://dx.doi.org/10.1080/21520704.2020.1770908
http://dx.doi.org/10.1007/s40279-015-0454-0
http://dx.doi.org/10.2165/00007256-199315010-00004
http://dx.doi.org/10.15561/26649837.2021.0203
http://dx.doi.org/10.1016/S0735-1097(00)01054-8
http://dx.doi.org/10.23736/S0022-4707.19.09967-5
http://dx.doi.org/10.1146/annurev.ph.58.030196.000321
http://dx.doi.org/10.7717/peerj.16160

