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Abstract: The need to carry different items, which become an extra load, is a characteristic of trail
running. The aim of this study is to determine physiological-metabolic changes produced by
running with extra load. Four male well-trained trail runners completed three treadmill maximal
metabolic tests carrying different loads (0% (L0), 5% (L5), and 10% (L10) of their body mass) in a
weighted vest. Gasses exchange was monitored to assess ventilatory thresholds 1 (VT1), and 2 (VT2),
zone of maximal fat oxidation, and peak oxygen consumption (VOzpeak). Heart rate (HR), power and
velocity (V) were tracked for comparing their behavior. A repeated measures ANOVA showed
significant differences in V (p < 0.001; np?= 0.910) as a limitation for reaching peak velocity (Vpeak)
with L10 respect to LO (p = 0.001), and L5 (p = 0.011). Power expression showed differences (p =
0.068; np2= 0.592). It tended to be greater with L10 than LO (p = 0.057), despite achieving lower V.
VT2 tended to occur at different %VOzpeak (p = 0.069; np?= 0.591). L5 VT2 was reached at higher
%V Ozpeak than LO (p = 0.062), and L10 (p = 0.071). ANOVA also showed a tendency to signification
for V at this point (p = 0.098; np2= 0.538). In conclusion, L10 seems to limit Vpeak while L5 may delay
VT2 expression.

Keywords: endurance; mountain running; metabolism; overload; lactate; stryd; performance;
indirect calorimetry

1. Introduction

Trail running (TR) races are characterized by courses that mostly cover natural ground (at most
25% road), and do not require orienteering skills for the runners. This combination of unique
characteristics has contributed to a remarkable growth in both the volume of participants and the
professionalization of TR as a sport [1,2]. Furthermore, TR includes a wide variety of modalities.
These go from shorter races such as vertical kilometer (1000m of elevation gain without exceeding
5km length) to mountain ultra-marathons (longer than marathon) [3].

Metabolic requirements and performance factors for TR have been proven different from road
running [4-7]. One of the main reasons for these differences is the different slopes that are part of the
courses, and that produce biomechanical, neuromuscular and metabolic changes within running [8].
Although irregular terrain generates irregular running patterns [9], during uphill running (UR)
athletes tend to take smaller steps with greater ground contact time and usually stepping with the
forefoot [8]. On the other hand, athletes tend to take greater steps with smaller ground contact times
while stepping with the rear foot while downhill running (DR) [8]. The need to create movement
during UR versus the need to brake during DR also results in neuromuscular differences [10]. While
UR relies more on concentric muscle actions, DR requires repeated eccentric muscle actions [10]. The
nature of these muscle contractions also leads to greater muscle damage as well as lower energy
expenditure during DR [8,11-14].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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TR athlete’s performance relies on different factors. Aerobic capacity, expressed as high VOzmax,
and well-optimized lactate thresholds, has been described as an important characteristic [6,15,16].
Low body fat mass has also been shown relevant to TR performance [17].

As an endurance sport, TR metabolic demands usually require nutritional as well as water
intake, especially during longer races [18]. In fact, many participants choose to self-carry
provisioning, which becomes an additional load. This extra load can be considered another particular
characteristic of TR, and the effect it can have on athletes needs to be understood. This overload
characteristic presents a disadvantage for athletes and coaches in shaping training strategies.

Resisted running has been widely studied as a training method for developing speed, change of
direction, and other neuromuscular actions. Sleds, parachutes, loaded running (LR) with vests and
other devices have been used for this purpose [19-22]. When sprinting with a vest, higher loads seem
to limit maximal speed and flight time while increasing contact time [23]. Similar results have been
obtained for submaximal velocities with an extra load [24]. Shorter flight time and steps, and greater
ground contact time were again characteristics associated with running with heavier loads [24].

In the other hand, there is limited evidence about metabolic changes induced by loaded walking
or LR. Some studies have shown how an increase in slope when walking with extra load can lead to
an increase in metabolic demands such as an increase in oxygen consumption (VOz), heart rate (HR),
respiratory exchange ratio (RER), ventilation (V'E), energy expenditure (EE), and carbohydrates
(CHO) or lipids oxidation [25,26]. The other way around, an increase in load at a fixed slope may also
increase the metabolic demands of walking [27]. As for LR, the present research suggests greater
CHO utilization when LR respect to running without an additional load [25,28]. In addition, blood
lactate has also been found to reach higher values when LR [25], but there is no evidence about the
behavior of other biochemical parameters such as pH or oxygen saturation (sO2). The changes in
metabolic zones during training or competition under overload compared to normal conditions have
not yet been described in the scientific literature. The determination of metabolic zones, such as
ventilatory thresholds 1 and 2 (VI1 and VT2), maximal fat oxidation zone (FatMax), and/or
maximal/peak oxygen consumption (VOzmax/VOzpeak) is decisive for configuring training loads and
paces. Therefore, understanding the behavior of these zones is fundamental when working with
overload conditions.

The aim of this study is to analyze physiological-metabolic changes produced by different loads
in trail runners when performing a maximal incremental metabolic test. We hypothesized that extra
load would trigger differences with respect to unloaded running.

2. Materials and Methods

2.1. Experimental design

The present study was designed as a cross-over pilot study and it was approved by the Ethics
Committee from the Catholic University of Murcia (CE012104). The protocols used for the
investigation were also in compliance with the World Medical Association’s Declaration of Helsinki
(2013) [29]. Three different loads (0% (LO), 5% (L5), and 10% (L10) of body mass (Bm) in a weighted
vest (WV)) were used by athletes during three maximal tests to analyze physiological differences.

2.2. Participants

Four male, well-trained trail runners (Table 1) took part of the present investigation. They all
met the inclusion criteria established: (i) male 18 to 35 years old, (ii) no injuries that prevented training
for more than a week during the previous 4 months, (iii) at least 4 training sessions per week, (iv) at
least one year of experience in TR, (v) not taking any supplements 2 weeks prior to the study, and
(vi) not having any pathology. All participants were informed about the study procedures and signed
informed consent.
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Table 1. General participants characteristics.

N=4 Age(years) Weight (kg) Height (cm) Distance/week (km) Elevation gain/week (m)  Fat mass (%)
28.0 (8.7) 62.5 (3.8) 173.3 (0.5) 58.8 (2.5) 1662.5 (110.9) 9.3(0.7)

2.3. Procedures

Participants visited five times the laboratory at least 6 days apart. First visit was scheduled as an
introduction to the procedures and following visits were arranged for taking maximal incremental
tests with a metabolic cart (Figure 1). In all visits, athletes were asked to follow an established diet
and not to train during previous 24 hours.

[ [ [
il 3+. RET--N 1IN 8-

Medical Familiarization LO, L5 & L10 trials
examination &
antropomety At least 6 days between trials

Figure 1. Procedure. LO = 0% body mass load, L5 = 5% body mass load; L10 = 10% body mass load.

Visit 1: The athletes obtained medical approval (resting electrocardiogram and medical exam).
Anthropometry measurements following the International Society for the Advancement of
Kinanthropometry (ISAK) restricted profile [30] were also taken during this first visit. Fat mass
percentage was then calculated using Yuhasz equation (1974) [31].

Visits 2, 3, 4 and 5: First trial (visit 2) was carried out as familiarization with the maximal
incremental test, and was done with a randomized load (L0, L5 or L10). Randomization was
performed using software (Randomizer) to assign codes to the groups generated in this study [32].
Subsequent trials were then performed carrying each of the loads (L0, L5 and L10) in a randomized
order. The average L5 was 3.12 kg and average L10 was up to 6.25 kg. All trials were held at the same
time in the day, and during tests described as performed with extra 0% of BM participants wore the
WYV (330g) without added load. The day before visit 3, 4 and 5, athletes consumed a standardized
diet, composed of 9.0 g/BM carbohydrate, 1.5 g/BM protein and 0.9 g/BM fat. Additionally,
participants were instructed to consume a standardized breakfast 2 h before the rectangular test,
which consisted of 1.3 g/BM carbohydrate, 0.43 g/BM protein and 0.57 g/BM fat.

2.4, Tests

2.4.1. Incremental test

Maximal incremental metabolic test was performed as a two-phase protocol on a treadmill
(Technogym Excite Med. Cesena, Italy). This combined method was used to assess ventilatory
thresholds 1 and 2 with a step phase, followed by a ramp phase to assess peak values [33-35]. Step
phase started at 5 km/h and velocity (V) increased by steps of 1 km/h each 2 minutes. This first phase
ended when RER reached a value of 1 for more than 30 seconds in the same step. At this point athletes
were asked to indicate their effort perception on a modified Borg Scale (RPE) from 1 to 10 [36].
Participants then proceeded to rest for 5 minutes either standing or walking slowly. The objective of
this resting period was to ensure the maximality of the second phase by reducing fatigue associated
to the first one [37]. Second phase started at final first phase V, and increased 1.5 km/h each minute
as a final ramp, ending at exhaustion. Athletes again indicated RPE at this point.

Gas exchange was monitored with a gas analyzer (Cortex metalyzer 3B. Leipzig, Germany). The
data collection was averaged each 30 seconds to calculate all variables. VT1 was obtained using the
ventilatory equivalent method described by Wasserman [38]. VT2 was assessed when RER reached a
value of 1 for more than 30 seconds. FatMax was calculated as the percentage of VO: where the
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maximum fat contribution occurs, using Frayn equation [39]. Running economy was assessed as the
VO: consumed per BM per and kilometer (mL/Kg/Km).

Other variables were also kept track of to analyze their behavior during FatMax, VT1, VT2 and
peak values with each of the loads. HR was monitored with chest band (Polar H10. Kempele,
Finland).

2.4.2. Power sensor

Stryd power sensor (Stryd 1. Boulder, Colorado, USA) was placed on top of each athlete’s shoe
to assess power during all trials.
2.4.3. ABL-90 (blood gas analyzer)

Previous to each of the tests resting blood lactate, pH and sO: were analyzed in a gasometer
(ABL90 flex, radiometer. Copenhagen, Denmark). This same procedure was repeated at the end of
each maximal incremental test. At this point blood lactate, pH and sO: were analyzed to assess the
maximality of each trial [36,40] (Figure 2).

IR EANI R U VAN

Step phase until VT2 5 min rest Ramp phase until exhaustion

Figure 2. Testing protocol. VT1 = Ventilatory threshold 1; VT2 = Ventilatory threshold 2.

2.5. Statistical analysis

Statistical analysis was performed using Jamovi 2.3.18 (Jamovi, Sydney, Australia) and all
descriptive statistics were presented as mean + standard deviation (SD). Levene’s and Shapiro-Wilk
tests checked for homogeneity and normality of the data, respectively. Different variables at FatMax,
VT1, VI2 and peak values were analyzed using repeated measures ANOVA. Post hoc analysis was
carried out if significance was found in the ANOVA models. Trials performed with LO were taken as
a reference. Statistical significance was set for p < 0.05 while p < 0.10 was considered a trend to
statistical significance. Partial eta square (np?) thresholds were used as follow: <0.01 irrelevant; >0.01,
small; 20.059, moderate; 20.138, large [41].

3. Results

3.1. Peak values

ANOVA did not find significant differences for relative VOzpeak (p = 0.781) or absolute VOzpeak (p
= 0.694) when performing the tests with different loads. However, other parameters were different at
this point. Trials duration showed significant differences (p = 0.022; np?= 0.720). Post hoc revealed
longer duration for LO trials than L10 (p = 0.029), and also for L5 than L10 (p=0.040). Thus, peak
velocity (Vpeak) also presented differences (p<.001; np?=0.910). Post hoc analysis showed differences
between L0 and L10, (p = 0.001) and between L5 and L10 (p = 0.011) (Figure 3). Relative and absolute
power may also be affected by load (p = 0.068; np2= 0.592; and p = 0.047; np2= 0.639 respectively)
(Figure 4). Last, RERpeak (p = 0.008; np2= 0.803) reached higher values during L0 respect L5 tests (p =
0.002) (Table 2).

doi:10.20944/preprints202311.0570.v1


https://doi.org/10.20944/preprints202311.0570.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2023 doi:10.20944/preprints202311.0570.v1

5
Table 2. Peak values.
Zone Variables L0 L5 L10 p np?
HR (bpm) 186.0 (12.8)  184.8 (10.7) 186.3 (14.0) 0.660 0.129
RER 1.15 (0.03) 1.09" (0.03) 1.12 (0.02) 0.008#  0.803
VO2Rpeak (ml/kg/min) 66.8 (2.5) 66.3 (2.1) 67.3 (1.0) 0.781 0.079
Peak VOzpeax (L/min) 4.15 (0.32) 4.10 (0.26) 4.18 (0.28) 0.694 0.115
V (km/h) 21 (0.4) 20.5* (0.8) 19.81 (0.6) <.001*  0.910
AbsPw (W) 3524 (27.9)  355.7 (39.6) 37147 (26.8) 0.047#*  0.639
Pw/BM (W/kg) 5.64 (0.21) 5.65 (0.27) 5.95" (0.34) 0.068* 0.592

Trial duration (seconds) 1621.8 (65.9) 1606.8 (59.0) 1517.8™(79.9)  0.022**  0.720

Peak = Peak values; HR = Heart rate; RER = Respiratory Exchange ratio; VOzpeak = Absolute maximum

oxygen consumption; VO:2Rpeak = Relative maximum oxygen consumption; V = velocity; AbsPw
=Absolute power; Pw/BM = Relative to body mass power; LO = 0% body mass load, L5 = 5% body
mass load; L10 = 10% body mass load; #= significant tendency in ANOVA interaction; # = significant
ANOVA interaction; * = significant tendency respect to L0; ** = Significant difference respect to L0; tt
= Significant difference respect to L5.

25 7

s 11
20

15 4
Peak velocity (km/h)

10

Lo L5 L10

Figure 3. Peak velocity. LO = 0% body mass load, L5 = 5% body mass load; L10 = 10% body mass load;

= Significant difference respect to LO; * = Significant tendency respect to LO; tt = Significant
difference respect to L5.
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Figure 4. Absolute Power at FatMax, VT1, VT2. L0 = 0% body mass load, L5 = 5% body mass load; L10

=10% body mass load; * = significant tendency respect to LO.

3.2.VT1

ANOVA did not show significant differences for physiological parameters, but RER (p = 0.476;
np?=0.219), HR (p = 0.381; np?= 0.275) and %V Ozpeak (p = 0.256; np?= 0.365) showed large effect sizes.
Furthermore, loads showed a trend on both relative (p = 0.083; np?= 0.563) and absolute (p = 0.092;
np?=0.548) power expression. L10 trials showed a trend towards a greater power output than L5 for

both absolute (p = 0.066) and relative (p = 0.062) (Table 3).

Table 3. VT1 and VT2.

Zone Variables L0 L5 L10 p np?
HR (bpm) 123.3 (7.1) 132.0 (15.4) 133.3 (13.2) 0.381 0.275

RER 0.92 (0.03) 0.90 (0.02) 0.92 (0.03) 0476  0.219

%V Ozpeak 49.44 (6.62) 55.11 (3.95) 55.77 (0.97) 0.256  0.365

VT1 V (km/h) 9.5 (0.6) 10.0 (0.8) 9.8 (1,0) 0.670  0.125
AbsPw (W) 171.1 (22.0) 178.5 (3.9) 196.1 (12.5) 0.092%  0.548

Pw/BM (W/kg) 2.73(0.19) 2.85(0.10) 3.15 (0.28) 0.209  0.407

RE (mL/Kg/Km) 314.7 (57.6) 366.5 (54.7) 365.7 (38.2) 0.393  0.268

HR (bpm) 165.0 (12.2) 170.3 (10.5) 167.8 (16.0) 0.180  0.436

%V Ozpeak 78.75 (4.97) 84.57" (2.17) 80.30% (1.28) 0.069%  0.591

VI2 V (km/h) 14.8 (1.3) 15.8 (0.5) 14.3 (0.96) 0.098+  0.538
AbsPw (W) 258.2 (12.7) 280.4 (31.0) 279.9 (26.8) 0.161 0.456

Pw/BM (W/kg) 4.15 (0.31) 4.45 (0.16) 4.48 (0.40) 0.161 0.456

RE (mL/Kg/Km) 214.8 (21.5) 213.5(7.6) 228.2 (17.4) 0.265  0.358

VT1 = Ventilatory threshold 1; VT2 = Ventilatory threshold 2; HR = heart rate; RER = respiratory
Exchange ratio; %VO2peak = VO2Rpeak = Relative maximum oxygen consumption; V = velocity;

AbsPw = Absolute power; Pw/BM = Relative to body weight power; Re = Running Economy; L0 = 0%
body mass load, L5 = 5% body mass load; L10 = 10% body mass load; # = significant tendency in
ANOVA interaction; ## = significant ANOVA interaction; t = significant tendency respect to L5; ** =

Significant difference respect to L0; 1 = Significant difference respect to L5.

3.3. VT2

Participants showed a significant tendency to reach VT2 at different %VOzpeax (p = 0.069; np?=
0.591). VI2 tended to be achieved at a higher %VOzpeax with L5 than with L0 and L10 (p=0.062 and p
= 0.071 respectively) (Figure 5). V reached at this milestone (p = 0.098; np>= 0.538) was also higher
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with L5 than with L10 (p = 0.014) (Figure 6). Furthermore, although HR did not show significant
differences (p = 0.180; np2= 0.436), it showed a large effect (Table 3).

Last, significant differences were not found for developing both relative power (p = 0.209; np2=
0.407) or absolute power (p = 0.161; np?= 0.456) but large size effects were again found (Table 3).
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Figure 5. %VOzpeak differences at VI2. L0 = 0% body mass load, L5 = 5% body mass load; L10 = 10%
body mass load; T = Significant tendency respect to L5; VT2 = Ventilatory threshold 2.

16.5 -
16 -

155 - -
15
. 145
Velocity (km/h) 1 |
135 -
13
125

12
Lo L5 L10
VT2 Velocity

Figure 6. Velocity differences at VI2. L0 = 0% body mass load, L5 = 5% body mass load; L10 = 10%
body mass load; 1 = Significant difference respect to L5; VI2 = Ventilatory threshold 2.

3.4. FatMax

FatMax showed no differences for any parameter, but %VOzpeax (p = 0.484; np?=0.215), RER (p =
0.167; np2=0.449), HR (p = 0.530; np2=0.191), V (p = 0.433; np?= 0.250), absolute power (p = 0.503; np?
=0.205), relative power (p = 0.516; np2=0.198) showed large size effects (Table 4).
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Table 4. FatMax.

Zone Variables L0 L5 L10 ) np?
HR (bpm) 92.3 (12.3) 96.5 (16.1) 102.8 (22.8) 0.530  0.191

RER 0.80 (0.05) 0.81 (0.08) 0.83 (0.09) 0.167  0.449

FatMax %V Ozpeak 28.59 (5.31) 32.71 (6.75) 36.55 (13.96) 0484 0215
V (km/h) 6.0 (0.8) 6.3 (1.3) 7.0 (2.7) 0433  0.250

AbsPw (W) 93.2 (19.7) 102.2 (35.9) 121.6 (61.6) 0.503  0.205

Pw/Bm (W/kg) 1.50 (0.32) 1.65 (0.58) 1.96 (1.04) 0.516  0.198

FatMax = maximum fat oxidation zone; HR =heart rate; RER = respiratory Exchange ratio; %VO2peak
= VO2Rpeak = Relative maximum oxygen consumption; V = velocity; AbsPw = Absolute power;
Pw/BM = Relative to body weight power; RE = Running Economy; L0 = 0% body mass load, L5 = 5%
body mass load; L10 = 10% body mass load.

3.5. Blood lactate, pH, sO2 and RPE

Blood lactate, pH and sO: did not show statistical differences before the test (p = 0.456; np?=
0.230)(p = 0.354; np?=0.293)(p = 0.176; np?= 0.440) or at the end of it (p = 0.902; np?=0.034)(p = 0.576 ;
np?=0.168)(p = 0.367; np?= 0.284) with different loads. At the end of step phase (p =0.523; np?=0.194)
and once finished the ramp phase (p = 0.422; np?=0.250), RPE did not show differences between the
different loads (Table 5).

Table 5. Blood lactate, pH and sO..

Variables L0 L5 L10 p np?
Lactate pre (mmol/L) 1.3 (0.3) 1.6 (0.6) 1.5 (0.3) 0.456 0.230
Lactate post (mmol/L) 11.3 (1.8) 10.9 (1.1) 10.8 (0.6) 0.902 0.034

pH pre 7.39 (0.02) 7.41 (0.03) 7.41 (0.01) 0.354 0.293

pH post 7.27 (0.03) 7.27 (0.05) 7.25 (0.07) 0.576 0.168

sOz pre (%) 91.1 (2.3) 93.7 (0.9) 93.3 (2.4) 0.176 0.440
sOz post (%) 94.7 (1.0) 95.7 (1.5) 94.8 (0.9) 0.367 0.284
Step phase RPE 7.5(0.9) 8.0 (0.9) 8.1(0.9) 0.523 0.194
Ramp phase RPE 9.6 (0.5) 9.6 (0.5) 9.9 (0.3) 0.422 0.250

RPE = rate of perceived exertion; LO = 0% body mass load, L5 = 5% body mass load; L10 = 10% body mass load.

4. Discussion

To the best of our knowledge, this is the first investigation in TR that aims to understand the
physiological differences produced by running with different loads (L0, L5, and L10) in a maximal
incremental test. The experimental design has being developed as a pilot study. Thus, results only
show some tendencies that need to be proven with a larger sample and with some protocol
adaptations, following feedback obtained during the trials. As hypothesized, running with extra load
seems to trigger differences with respect to running without additional load. L10 appears to create
differences in Vpeak and power values while L5 might bring out differences within physiological
parameters at submaximal velocities.

WYV showed an effect on Vypeak reached during the tests. Vpeak reached for L5 and L10 represented
97,6% and 94,7% respectively of Vpeak reached for LO. On the other hand, relative and absolute power
achieved tended to reach greater values with greater loads regardless of Vpea. With respect to
physiological parameters, only RER showed differences, and it reached higher values in L0 than in
L5. There is only one other study that has investigated the effects of running at speeds close to
maximum VO: with WV [24]. However, it focused on other biomechanical variables such as flight
and contact time, frequency, and stride length so a direct comparison cannot be made. Vpeak in a
maximal incremental test is a crucial variable for performance control and race time prediction in TR

(6]
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VT2 occurred at intensities between 79.1% and 87.5% of VOzpeak. These intensities are around the
highest intensity used by Purdom et al. [28] compares energy expenditure and substrate utilization
at different fixed intensities with different added loads in recreational runners. These researchers
suggested higher EE with L10 compared to L0 and L5 during the last minute of 3-minute intervals of
running at 65%, 70%, 75%, and 80% of previously tested maximal aerobic speed (MAS). Although the
present work does not aim to study EE, it has been found that L5, but not L10, might bring changes
compared to the other loads. VT2 with L5 tends to occur at a higher %VOzpeax, allowing greater V
than with L10. These differences could be due to the characteristics of the sample, as TR practitioners
may be lighter (62.5 + 3.8 versus 78.6 + 3.9) and could be more adapted to this load, while the
recreational runners might not be.

An explanation to understand this outcome could involve a greater contribution of the elastic
component of the muscle-tendon system when running with L5. Although running economy showed
no differences at any point (VT1, VT2, FatMax), a potentiation warm-up [42], and more recently as
an intra-trial effect [43] have been previously described. Carton-Llorente et al. [43] used similar loads
as used for the present investigation and showed higher leg spring stiffness for L5 than L0 and L10.
A second explanation to understand why this has only been observed in trail runners could be an
upper load limit. In other cases, this limit might be reached by either higher BM or by lack of specific
strength and adaptation.

On the other hand, VT1 was observed at intensities between 42.4% and 59.4% of VOzpeak. Gaffney
et al. [25] used intensity within that range (55% VO:zmax) to observe physiological differences in a 30-
minute run in CrossFit practitioners. At the corresponding speed to unloaded 55% VObomax, the
addition of a WV of 9.07 kg for men and 6.35 kg for women resulted in significant physiological
changes. Significant VO2 (+0.22 L/min in men, p <0.01; +0.07 L/min in women, p < 0.05), HR (7% men,
p <0.01; 7% women, p <0.05), and RER (+0.04 in men, p <0.001; +0.02 in women, p < 0.05) increases
were reported [25]. Speeds and %V Ozpeak at which VT1 occurred in the current investigation were not
different with different loads (p = 0.670 and p = 0.256 respectively). Also, observing the increase in
RER values experienced by CrossFit practitioners with higher loads [25], the same increase could be
expected for TR athletes when running with the extra load. Contrary to that, RER showed no
significant differences. RER is a parameter of interest at submaximal intensities (below VT2) due to
the fact that changes in this variable reflect bioenergetic behavior, showing different macronutrient
contributions.

Considering that, there seem to be differences compared to the existing evidence [25]. This could
be due to various reasons, such as the weight of the external added load, the duration of the test, and
the characteristics of the athletes. First, the additional load used by Gaffney et al. [25] represents a
higher BM percentage for men (12.99% relative to average sample BM) than our highest load (L10),
and it is close to equal for women (9.94% relative to average BM). Moreover, the test duration was
longer. Participants ran at that fixed speed for 30 minutes, whereas athletes of the present study
reached that range of speeds after 10 to 12 minutes of running at lower intensities. Lastly, subjects’
characteristics, such as BM (the difference between average BM was up to 14.25 kg for men and 1.45
kg for women), and familiarization with the stimulus could be key for showing these differences.

Although Purdom et al. (2019) studied fat consumption at different intensities, they did not
determine FatMax. Additionally, no value reported any statistical difference at this point. It's
important to note that FatMax is a parameter that usually shows high variability due to additional
conditions of carbohydrate and fat intake and absorption. Therefore, considering the small sample
size, a significant dispersion of values is normal despite controlling for previous 24-hour diet.

Unlike previous evidence that described an increase in blood lactate (+0.6 mmol/L, p < 0.05)
associated to loaded running [25], final blood lactate in this study showed no differences. However,
this could be due because, despite matching the speed, participants in that other study exerted efforts
at different intensities in different tests. On the other hand, our trail runners reached almost
maximum intensity with each load.

Lastly, the results of different studies could support the idea that greater changes in different
variables might occur in UR. It has been shown how a positive slope results in greater concentric load
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and greater energy expenditure [8], while BMI has been proven a predictor of UR performance [6].
The mass of the vest would artificially increase that BMI, while the predominance of concentric
contraction would eliminate the hypothetical increased stiffness that a certain load might provide in
level running [43]. Additionally, an increase in load has been used in previous studies [27] to raise
metabolic intensity in uphill walking.

The nature of this pilot study brings some limitations. First of all, the small sample size (n = 4)
needs to be increased for future investigations in order to either corroborate or deny the results
obtained. Another limitation identified after carrying out this pilot study is the discomfort created by
the WV. We suggest the use of proper TR vests for future trials in order to minimize discomfort and
to assess the most specificity possible.

Also in order to understand more specific conditions of TR different slopes, both positive and
negative, should be taken into account. Finally, different samples of TR subpopulations (elite,
females, recreational) should be tested to observe possible differences between groups.

5. Conclusions

In conclusion, an intermediate load (L5) could bring out certain interesting physiological
changes compared to the other two loads (LO and L10) such as a VT2 right-hand displacement.
Additionally, higher loads might limit maximum speed of the test and favor greater absolute and
relative power expression. Our results show for the first time how overload affects different metabolic
zones (FatMax, VT1, VI2 and VOzpeak) during an incremental maximal test in trail runners. With this
first pilot approach, sports scientists can gain insight into how to adjust training loads and monitor
competition based on the overload under which the athlete is running.
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