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Abstract: During some trail running races, athletes have to carry hydration support, food, and
technical and safety equipment, which generates an additional load that must be mobilized during
the race. The aim of the present study was to determine the physiological responses to overload
running and the effect they may have on metabolic zones. Seventeen well-trained male trail runners
(n = 17) completed three maximal treadmill tests with weighted vests at 0%, 5%, and 10% of their
body mass (L0, L5, and L10). Their gas exchange was monitored to assess their ventilatory thresholds
1(VT1) and 2 (VT2), maximal fat oxidation zone (FatMax), and peak oxygen consumption (VOppeak)-
Their heart rate (HR), power, and velocity (V) were tracked to compare their behavior. One-way
ANOVA showed significant differences in the V (p < 0.001; np2 = 0.4620) as a limitation for reaching
the peak velocity (Vpeak), with a significant decrease in the Vpeqi with the L10 compared to the LO
(p =0.002) and L5 (p = 0.004). In addition, one-way ANOVA showed significant differences in the
peak absolute power (p < 0.001; np2 = 0.468) among the groups, detecting higher power production
between the L10 and LO (p < 0.001) and between the L10 and L5 (p = 0.015). Loads higher than L5
could generated important physiological and mechanical modifications, while a load of L5 managed
to maintain the working conditions without overloading. These insights shed light on nuanced
strategies for optimizing performance and endurance, offering valuable considerations for athletes
seeking to enhance their training regimens during overload conditions.

Keywords: endurance; metabolism; overload; lactate; threshold; oxygen uptake

1. Introduction

Trail running (TR) races are characterized by predominantly natural terrain (up to
75%) and do not necessitate orienteering skills for the participants. This unique blend of
attributes has fueled a notable surge in both participation rates and the professionalization
of TR as a sport [1,2]. Additionally, TR encompasses a diverse range of formats, spanning
from shorter events, like vertical kilometers (1000 m elevation, where the incline is not less
than 25%), to longer mountain ultra-marathons exceeding traditional marathon lengths [3].

Performance in TR is influenced by factors such as the high aerobic power (VOymax)
and optimized lactate thresholds, as well as low body fat mass [4-7]. Metabolic demands
and performance determinants in TR differ from those in road running [4,8-10], primarily
due to the varying terrain gradients encountered, which elicit different biomechanical,
neuromuscular, and metabolic adaptations [11]. Uphill running (UR) typically involves
shorter strides, longer ground contact times, and forefoot striking, whereas downhill
running (DR) is characterized by longer strides, shorter ground contact times, and rearfoot
striking [12] UR relies more on concentric muscle actions, while DR necessitates eccentric
muscle actions [13], resulting in differing degrees of muscle damage and energy expenditure
(EE) [11,14-17]. Increases in creatine kinase, creatinine, blood urea nitrogen, and albumin
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have been observed after a 35 km trail run (+1815 m of elevation gain) [18]. In addition,
this effect has also been found after finishing a marathon, which has less elevation gain but
a similar distance to some trail running competitions [19].

Given the endurance nature of TR, athletes often require nutritional and hydration
support during longer races [20], with many opting to self-carry provisions, adding load
that must be accounted for in training strategies. Therefore, resistance training methods
can be considered for inclusion in the training plans of TR athletes. In this regard, resis-
tance running methods, including sleds, parachutes, and loaded running (LR) with vests,
have been extensively studied for their efficacy in developing speed and neuromuscular
capabilities [21-24]. Higher loads with vests during sprinting have been shown to impact
the maximal speed and flight time, increasing the ground contact time [25]. Similarly,
submaximal velocities with added loads result in shorter flight times and greater ground
contact [26].

However, there is limited evidence regarding the metabolic effects of loaded walking or
LR. Some studies have suggested increased metabolic demands, including elevated oxygen
consumption (VOy), heart rate (HR), and EE when walking with added load on inclines [27,28].
Conversely, increased loads at a fixed slope may also elevate metabolic demands during
walking [29]. With LR, greater carbohydrate utilization has been observed compared to
unloaded running, along with elevated blood lactate levels [27,30]. However, the effects on
other physiological and performance parameters remain unexplored. Therefore, the evaluation
of the effect of loading on the shift of carbohydrate and fat oxidation is essential to be able to
optimally adjust nutrient intake during trail running competitions.

Previous results [31] showed significant interactions between different overloads and
performance during a walking test. Notably, differences in the VO, were observed between
the 0% of body mass (BM) condition and all other weighted-vest (WV) conditions, as
well as between the 10% and 20% BM conditions across all walking speeds. Additionally,
disparities in the relative exercise intensity were found at higher speeds but not at slower
speeds. These findings contribute to our understanding of the metabolic and biomechanical
implications of loaded walking, highlighting the impact of varying WV conditions on
physiological responses and performance measures. In this sense, and taking into account
that extra load can generate metabolic and biomechanical changes in walking, it is necessary
to evaluate how extra load can affect the metabolic, mechanical, and performance variables
in trail runners.

This study aimed to examine the physiological and metabolic differences induced
by overloads in trail runners during a maximal incremental metabolic test to know how
overloading could affect the metabolic zones expression (thresholds, FatMax, VOypeax)-
We hypothesized that added load could modify the physiological responses to the same
intensity, shifting the metabolic thresholds and peak values in an incremental test and
anticipating fatigue (loss of performance). This will be of great importance for coaches’
training prescriptions.

2. Materials and Methods
2.1. Experimental Design

The current investigation was structured as a cross-over study and received approval
from the Ethics Committee at the Catholic University of Murcia (CE012104). All protocols
adhered to the ethical guidelines outlined in the World Medical Association’s Declaration
of Helsinki (2013) [32]. The athletes underwent three maximal tests utilizing varying loads:
0% (L0), 5% (L5), and 10% (L10) of their BM, applied by a WYV, enabling the analysis of
physiological disparities.

2.2. Participants

Seventeen well-trained male trail runners participated in this study (Table 1). All
participants met the following inclusion criteria: (i) male, between 18 and 40 years old;
(ii) no injuries that hindered training for more than 1 week in the preceding 4 months;
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(iii) engagement in at least 4 training sessions weekly; (iv) a minimum of 1 year of ex-
perience in trail running; (v) abstention from consuming any supplements for 2 weeks
preceding the study; (vi) the absence of any pathological conditions. Before participation,
all individuals were briefed on the study protocols and provided informed consent by
signing the appropriate documentation. Using a medium effect size (f = 0.50), a sample
size of 34 participants was considered sufficient to provide 80% power to detect intergroup
interactions (0%, 5%, and 10%), with the probability of error value « set at 0.05 (G*Power,
version 3.0.10). To account for the possible loss of subjects, we increased the target sample
size to 51 participants.

Table 1. General participant characteristics (n = 17).

Age (Year)

Weight (kg) Height (cm) Distance/Week (kms)  Elevation Gain/Week  Fat Mass (%)

31.08 (6.45)

71.02 (9.95) 178.77 (7.88) 55.23 (22.44) 1276.93 (683.31) 7.48 (0.99)

2.3. Procedures

The participants attended the laboratory 5 times, with each visit separated by at least
6 days (Figure 1). The initial visit served as an orientation to the procedures and medical
approval, while the subsequent visits were dedicated to conducting maximal incremental tests
utilizing a metabolic cart. Throughout all sessions, the athletes adhered to a prescribed diet
and refrained from training in the 24 h preceding each visit. Visit 1: The athletes completed a
medical exam, including a resting electrocardiogram and medical exploration. Anthropometric
measurements were conducted according to the International Society for the Advancement
of Kinanthropometry (ISAK) guidelines [33] during this first visit. The fat mass percentage
was subsequently determined using the Yuhasz equation [34]. Visits 2, 3, 4, and 5: The
first trial (visit 2) served as a familiarization session with the maximal incremental test and
utilized a randomized load (LO, L5, or L10). Randomization was facilitated through software
(Randomizer 4.0, Lancaster, PA, USA) to assign codes to the study groups generated [35].
The subsequent trials involved the completion of each load in a randomized order. The
average load for the L5 was 3.55 kg, and it was 7.10 kg for the L10. All trials were conducted
at consistent times of the day. For the trials described as conducted with an extra LO of
body mass (BM), the participants wore a weighted vest (330 g) without additional load.
The days before visits 3, 4, and 5, the athletes adhered to a standardized diet consisting of
9.0 g/BM carbohydrate, 1.5 g/BM protein, and 0.9 g/BM fat. Additionally, the participants
were instructed to consume a standardized breakfast 2 h before the test, comprising 1.3 g/BM
carbohydrate, 0.43 g/BM protein, and 0.57 g/BM fat. The meals the day before and the
breakfasts before the tests were prepared by a sports nutritionist and sent to the participants
2 weeks before the start of the study. In the previous 24 h, no training was to be performed,
and in the previous 72 h, only low-moderate intensity training was allowed.

VISIT 1 VISIT 2 VISIT3,4y5

sl B £+

U
o

| FAMILIARIZATION |

MEDICAL EXAMINATION -
| & ANTHROPOMETRY | | AT LEAST 72h BETWEEN TRIALS |

Figure 1. Protocol for visits 1, 2, 3, 4 and 5, for intervention groups with weighted vests of 0%, 5%
and 10% of their body mass. LO = 0% body mass overload; L5 = 5% body mass overload; L10 = 10%
body mass overload.
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2.4. Tests
2.4.1. Incremental Test

A maximal incremental metabolic test was conducted using a two-phase protocol
(Figure 2) on a treadmill (Trackmaster treadmill, Newton, KS, USA). This approach com-
bined the assessment of the VT1 and VT2 through a step phase, followed by a ramp phase,
to determine the peak values [36-38]. Before starting, the blood lactate, SO,, and pH levels
were evaluated to stablish the resting conditions. The step phase started at 5 km/h, increas-
ing by 1 km/h every 2 min. This first phase concluded when the respiratory exchange ratio
(RER) reached a value of 1 for more than 30 s within the same step. At this juncture, the
athletes reported their perceived exertion on a modified Borg Scale (RPE) from 1 to 10 [39].
Subsequently, the participants rested for 5 min to mitigate fatigue associated with the first
phase [40]. The second phase started at the final velocity of the first phase and increased by
1.5 km/h every minute as a final ramp (0.25 km/h every 10 s), culminating in exhaustion.
The athletes reported their perceived exertion using the modified Borg Scale (RPE) at this
point, and we extracted blood samples to evaluate their blood lactate, SO,, and pH levels
in both testing phases (step and ramp).

POST

Step phase Ramp phase
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Figure 2. Performance tests and measurements to be carried out in the different phases of the
exercise protocol.

The gas exchange was monitored using a metabolic cart (Cortex Metalyzer 3B. Leipzig,
Germany). The collected data were averaged every 30 s to compute all variables. The VT1
was determined utilizing the ventilatory equivalent method described by Wasserman [41].
The VT2 was identified when the RER reached a value of 1.00 for more than 30 s. The
FatMax, representing the percentage of VO, where maximal fat oxidation occurs, was
calculated using the Frayn equation [42]. The running economy (RE) was evaluated as the
volume of oxygen consumed per BM per kilometer (mL-kg~!-km~1).

2.4.2. Power Sensor and HR

The Stryd power sensor (Stryd 1, Boulder, CO, USA) was affixed to the top of each
athlete’s shoe to measure the power output during all trials. Also, the HR was assessed by
the Polar H10 chest band connected to the Polar Flow app (Polar, Kempele, Finland).

2.4.3. Blood Gas Analysis

The resting blood lactate, pH, and oxygen saturation (5O,) levels were analyzed
in each test using a gasometer (ABL90 flex, Radiometer, Copenhagen, Denmark). This
procedure was repeated before the initial test, after each maximal incremental test to
evaluate the effort exerted, and at the finish of the ramp phase during each trial [39,43]
(Figure 2). Blood samples were obtained via capillary puncture, with a sample volume of
65 microliters, by an experienced technician.
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2.5. Statistical Analysis

Statistical analysis was conducted utilizing Jamovi 2.3.18 (Jamovi, Sydney, Australia),
and all descriptive statistics were reported as the mean + standard deviation (SD). The
homogeneity and normality of the data were assessed using Levene’s and the Shapiro-Wilk
tests, respectively. The variables at the FatMax, VT1, VT2, and peak values, such as the HR,
RER, VOszeak, VOZpeak/ V, AbsPw, Pw/BM,, trial duration, and values from the step and
ramp phases, were analyzed employing one-way ANOVA. However, the lactate, pH and
50, variables were analyzed by two-way ANOVA with repeated measures, a time factor
(pre vs. post), and a condition factor (LO vs. L5 vs. L10). Tukey’s post hoc analysis was
performed if statistical significance was observed in the ANOVA models. Trials conducted
at L0 served as the reference point. Statistical significance was defined as p = <0.05, while
p = <0.10 indicated a trend toward statistical significance. Partial eta square (np2) values
were interpreted as follows: <0.01 (irrelevant), >0.01 (small effect), >0.059 (moderate
effect), and >0.138 (large effect) [44].

3. Results
3.1. Peak Values

Table 2 shows HR values, metabolic-biomechanical variables, and trail duration. ANOVA
found no significant differences for the relative VO2Reax (p = 0.145) and absolute VOypeax
(p = 0.342), however, we detected significant changes in the trial duration (p = <0.001;
np2 = 0.644) when performing the tests with different loads. Tukey’s post hoc revealed
longer trial durations for the LO trials compared to the L10 (p = <0.001), and for the L5
compared to the L10 (p = <0.001) (Table 2, Figure 3). In addition, we also observed significant
differences in the peak velocity (Vpeax) (p = <0.001; np2 = 0.462). Tukey’s post hoc analysis
showed changes between the L0 and L10, (p = 0.002) and between the L5 and L10 (p = 0.004)
(Table 2, Figure 3). Concerning the absolute power (AbsPw), we detected significant differ-
ences among the groups (p = <0.001; np2 = 0.468) (Table 2). Tukey’s post hoc showed that
the L10 produced more W than the LO (p = <0.001) and L5 (p = 0.020) (Table 2, Figure 3). The
results observed or the Vpeak, power, and trial duration are in line with our stated hypothesis;
increased load produced a negative effect on the mechanical expression and performance
variables, but not on the relative or absolute VO,peak-

Table 2. Differences in the physiological and biomechanical parameters at peak values during the
exercise protocol in trail runners.

Variables Lo L5 L10 p np2

HR (bpm) 183.3 (9.3) 186.08 (9.20) 187.2 (9.7) 0.800 0.027

RER 1.12 (0.50) 1.11 (0.60) 1.11 (0.50) 0.599 0.031

VO2Rpeak (mL-kg™!-min 1) 63.3 (5.9) 62.6 (6.8) 62.2 (7.8) 0.342 0.065
VOzpeak(L/min) 4.3 (0.5) 4.3 (0.4) 4.2 (0.4) 0.145 0.114
Vpeak (km/h) 19.6 (1.7) 19.20 (1.35) 18.3 (1.1) *, ++ <0.001 ## 0.462
AbsPw (W) 373.8 (59.7) 381.9 (59.1) 396.6 (57.8) **, t 0.003 ## 0.468
Pw/BM (W /kg) 5.4 (0.4) 5.3 (0.4) 5.4 (0.5) 0.149 0136

Trial duration (s) 2000.1 (247.0) 1956.8 (237.8) **  1878.4 (249.3) **, tt <0.001 ## 0.644

Peak values; HR = heart rate; RER = respiratory exchange ratio; VOszeak = absolute maximum oxygen consump-
tion; VOypeak = relative maximum oxygen consumption; Vpeak = velocity at VOppeak; 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 difference ANOVA; t: trend with respect to 5%; ** = significant difference with respect to 0%;
tt = significant difference with respect to 5%. np2 = partial eta square; p = ANOVA between-group differences.



Sports 2024, 12, 189 6 of 12

24
3000,
= Z 2500
E z s
=3 3 b
§ % _g 2000
Q Ke]
> < ®
E 15001
14— 5% 0% 150 — 5% — 10% 1000 — e 5% 0w

Figure 3. Differences in peak velocity, absolute power, and trial duration during the exercise protocol
among the different intervention groups (0%, 5%, and 10%). AbsPw = absolute power output LO = 0%
body mass load; L5 = 5% body mass load; L10 = 10% body mass load; ** = significant difference with
respect to 0%; 1 = trend with respect to 5%; 11 = significant difference with respect to 5%.

3.2. VI1

Table 3 shows the HR values and metabolic-biomechanical variables measured at VT1
and VT2. ANOVA found significant differences for the physiological parameters: Vyr;
(p = 0.015; np2 = 0.230) and RE (p = 0.009; np2 = 0.253) (Table 3, Figure 4). Tukey’s post
hoc found that the L0 achieved a higher Vyr than the L10 (p = 0.041). In addition, Tukey’s
post hoc detected that the RE was lower in the LO compared to the L10 (p = 0.024) (Table 3,

Figure 4).
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Figure 4. Differences in velocity, absolute power, and running economy in VT1 and VT2 during the
exercise protocol among the different intervention groups (0%, 5%, and 10%). AbsPw = absolute
power output; LO = 0% body mass load; L5 = 5% body mass load; L10 = 10% body mass load;
RE= running economy; V = velocity; VT1 = ventilatory threshold 1; VT2 = ventilatory threshold 2;
* = trend with respect to 0%; ** = significant difference with respect to 0%; +1 = significant difference
with respect to 5%.
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Table 3. Differences in the physiological and biomechanical parameters of VI1 and VT2 during the
exercise protocol in trail runners.

Zone Variables Lo L5 L10 4 np2
HR (bpm) 123.7 (11.7) 129.0 (14.7) 119.8 (16.4) 0.301 0.139

RER 0.90 (0.04) 0.90 (0.03) 0.90 (0.04) 0.972 0.002

% VOpeak 54.5 (5.9) 56.7 (5.0) 54.8 (5.0) 0.456 0.048

VT1 V (km/h) 9.7 (1.3) 9.3 (1.2) 8.7 (1.4) ** 0.015 ## 0.230
AbsPw (W) 195.0 (30.5) 195.8 (45.8) 198.9 (31.1) 0.605 0.038

Pw/BM (W/kg) 3.5(0.7) 3.86 (0.60) 3.72 (0.50) 0.135 0.153

RE (mL-kg~1-km 1) 368.8 (50.7) 399.1 (44.0) 422.1 (65.9) ** 0.009 ## 0.253

HR (bpm) 169.0 (9.6) 172.3 (9.7) 173.4 (12.9) 0.106 0.274

% VO)peak 82.2 (7.4) 85.7 (6.3) 84.7 (6.7) 0.182 0.101

V (km/h) 145 (1.3) 145 (1.5) 13.8 (1.3) % ++  0.041 ## 0.180

V12 AbsPw (W) 280.4 (44.0) 303.3 (54.5) 306.7 (54.0) 0.035 ## 0.242
Pw/BM (W/kg) 4.8(0.9) 5.0 (0.5) 4.9 (0.5) 0.224 0.109

RE (mL-kg~1-km 1) 248.0 (27.9) 250.9 (37.9) 257.8 (33.5) 0.352 0.063

VT1 = ventilatory threshold 1; VT2 = ventilatory threshold 2; HR = heart rate; RER = respiratory exchange ratio;
%VOapeak = VO2Reak = peak of oxygen consumption normalized to body weight; V = velocity; AbsPw = absolute
power output; Pw/BM = power output normalized to body weight; RE = running economy; LO = 0% body
mass load, L5 = 5% body mass load; L10 = 10% body mass load; ## = significant difference ANOVA; * = trend
with respect to 0%; ** = significant difference with respect to 0%; 11 = significant difference with respect to 5%.
Np2 = partial eta square; p = ANOVA between-group differences.

3.3. VT2

ANOVA detected significant interactions among the groups in the V (p = 0.041;
np2 = 0.180) in the VT2. Tukey’s post hoc found a trend between the LO and L10 (p = 0.063)
and a significant difference between the L5 and L10 (p = 0.014) in the V that was reached in
the VT2 (Table 3, Figure 4). Furthermore, ANOVA found significant interactions among
the groups in AbsPW (p = 0.036; np2 = 0.242) in the VT2 (Figure 4). In contrast, Tukey’s
post hoc found no significant differences among the groups. Moreover, ANOVA found
no significant interactions among the groups for the HR (p = 0.106; np2 = 0.274), relative
power (p = 0.224; np2 = 0.109), and %VOspeak (p = 0.161; np2 = 0.456) in the VT2 (Table 3).
The results found in the VT1 are in line with the established hypothesis; metabolic (RE) and
mechanical (V) changes were found among the groups, with only biomechanical changes
in the VT2.

3.4. FatMax

Table 4 shows the HR values and metabolic-biomechanical variables measured at
the FatMax. ANOVA found no significant interactions among the groups for all variables
analyzed at the FatMax (Table 4).

Table 4. Differences in the physiological and biomechanical parameters in the FatMax during the

exercise protocol in trail runners.

Variables Lo L5 L10 P np2

HR (bpm) 98.1 (13.9) 101.2 (17.3) 99 (14.2) 0.812 0.023
RER 0.82 (0.10) 0.82 (0.10) 0.83 (0.10) 0.718 0.020

% VO2peak 38.4 (12.4) 41.8 (14.2) 37.9 (10.3) 0.597 0.032

V (km/h) 6.8 (1.6) 7.2 (1.9) 6.5 (1.6) 0.462 0.047
AbsPw (W) 125.9 (41.6) 144.8 (70.3) 132.8 (44.7) 0.377 0.072
Pw/BM (W/kg) 2.4(0.7) 2.5(0.7) 2.4 (0.6) 0.719 0.025
RE (mL-kg1-km™1) 472.8 (197.7) 450.6 (184.0) 498.2 (18.8) 0.389 0.057

FatMax = maximum fat oxidation zone; HR = heart rate; RER = respiratory exchange ratio; %VOpeak = 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; p = ANOVA between-group differences.
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3.5. Blood Lactate, pH, sO,, and RPE

Table 5 shows the values of the capillary blood biochemical markers analyzed pre- and
post-exercise protocol. The results of the two-way ANOVA repeated measures detected
no significant differences in the time X group interaction for SO, (p = 0.785; np2 = 0.015).
However, a trend was observed in the time x group interaction with a large effect size
for the pH levels (p = 0.083; np2 = 0.144) (Table 5). In addition, Tukey’s post hoc detected
significant differences in the pH in the between-group comparison (p = 0.031).

Table 5. Differences in blood lactate, pH, and SO, with time factor (pre and post) and group factor
(LO, L5, and L10).

Variables Lo L5 L10 P np2
Lactate, pre (mmol/L) 1.86 (0.50) 2.01 (0.67) 1.98 (0.65) 0.309 0.071
Lactate, post (mmol/L) 11.48 (2.20) 11.58 (1.60) 10.99 (1.90) : ’

pH, pre 7.40 (0.02) 7.40 (0.03) 7.40 (0.02)
pH, post 7.24 (0.04) 7.25 (0.05) 726 (0.05) ~ 0083# 0144
SO,, pre (%) 92.59 (2.90)  93.30(2.69)  93.39 (1.59) 0785 0,015
SO,, post (%) 93.91(1.26)  94.10(1.56)  94.37 (1.56) : :
Step phase RPE 7.35 (0.81) 7.71 (1.02) 7.91 (0.81) 0.064 0.158
Ramp phase RPE 9.44 (0.58) 9.47 (0.54) 9.62 (0.42) 0.267 0.079

SO,= oxygen saturation; RPE = rate of perceived exertion; L0 = 0% body mass load, L5 = 5% body mass load;
L10 = 10% body mass load. # = trend toward statistical significance in ANOVA interaction. np2 = partial eta square;
p = ANOVA between-group differences.

On the other hand, the two-way ANOVA repeated measures found no time x group
interaction in the lactate (p = 0.309; np2 = 0.071). The maximum lactate value obtained was
11.58 mmol/L at load L5, which represents the mean maximum value. Moreover, the LO
and L10 loads accounted for 99.13% and 94.9% of the mean maximum, respectively.

4. Discussion

The present study aimed to determine possible differences in metabolic zones, such
as the VT1, VT2, VOynax, FatMax, performance, and capillary blood biochemical markers,
during a maximal test with different additional loads (L0, L5, and L10 of BM). The findings
of this study shed light on the physiological and metabolic implications of running with
additional loads, particularly in trail runners. Through comprehensive analysis, significant
differences in key performance metrics, such as velocity, power, and ventilatory thresholds,
have been revealed across varying load conditions. These insights not only deepen our
understanding of the impact of added loads on running performance but also offer practical
implications for athletes and coaches seeking to optimize training strategies in trail running
environments. Our initial hypothesis has been partially fulfilled, as a significant negative
effect on biomechanical variables was observed with L10, but in the L5 group, no significant
loss of performance was observed.

Regarding the peak values, only the mechanical variables showed significant differ-
ences. The Vi for the L10 group was 6.64% lower than for the L0, while the AbsPw
showed higher values with the L5 and L10 loads with respect to the LO. There is only one
other study that has investigated the effects of running at speeds close to the maximum
VO, with WV [26]. However, it focused on other biomechanical variables, such as the flight
and contact time, frequency, and stride length, so a direct comparison cannot be made. The
Vpeak in @ maximal incremental test is a crucial variable for performance control and race
time prediction in TR [4]. Therefore, it is important to consider the overload in maximal
work, especially if training by power parameters.

On the other hand, the VT1 was assessed at intensities between 55% and 57% of the
VOypeak- Gaffney et al. [27] used intensity within that range (55% VOzmax) to observe

physiological differences in a 30 min run in CrossFit® practitioners. Gaffney et al. shower
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significant differences in the VO, (+0.22 L-min~! for men; +0.07 L-min~! for women), HR
(7% for both groups), and RER (+0.04 for men; +0.02 for women) with increasing loads [27].
However, in our study, the %VO;peax at which the VT1 occurred was not different among
the different loads. Furthermore, looking at the increase in the RER values experienced
by the CrossFit® practitioners with higher loads [27], the same increase could be expected
for TR athletes when running with additional load. The observed differences compared to
the existing evidence [27] could be due to the weight of the added load, test duration, and
participant characteristics (sport specialty and gender). Gaffney et al. [27] used a higher
load for men (12.99% BM) than the maximal load of our study (L10) and a similar load
for women (9.94% BM). Their test also lasted longer, with the participants running at a
fixed speed for 30 min, while our athletes completed an incremental maximal test. On the
contrary, the RER did not show significant differences. The RER is a parameter of interest in
submaximal intensities (below the VT2) because changes in this variable reflect bioenergetic
behavior, showing different contributions of macronutrients (fat and carbohydrates).

After analyzing the data in the VT2, we observed that this threshold was between
82% and 85% of the VOppeak, and we found no significant differences in the metabolic
parameters among the groups. However, we did find significant differences in the V in the
VT2. These differences could be due to the characteristics of the sample, as TR practitioners
may be lighter (71.0 £ 9.9 kg vs. 78.12 & 10.9 kg) and could be more adapted to this load.
An explanation of this result could be a greater contribution of the elastic component of the
muscle-tendon system when running with L5. The running economy showed differences
at the VT1 point due to a potentiation warm-up [45] and, more recently, an intra-trial
effect [46] was described. Carton-Llorente et al. [46] used similar loads to those used in
the present study and showed higher leg spring stiffness for the L5 than for the LO and
L10. A second explanation for why this has only been observed in trail runners could be a
higher load limit. In other cases, this limit could be reached by an increased BM or lack of
specific strength and adaptation.

No significant differences were found in the FatMax, probably due to the small sample
size for the variability that this parameter can show, despite controlling for previous diets
and comparing the same athletes in the three conditions. Although Purdom et al. [30] stud-
ied fat oxidation at different intensities, they did not determine the FatMax. Additionally,
no value reported any statistical difference at this point. It will be necessary to further study
this parameter and to design specific studies to monitor bioenergetics during sustained
and prolonged efforts.

Unlike previous evidence that described an increase in blood lactate (+0.6 mmol /L,
p < 0.05) associated with loaded running [27], the final blood lactate levels in this study
showed no differences. However, this could be because, despite matching the speed, the
participants in the other study exerted efforts at different intensities in different tests. On
the other hand, our trail runners reached almost the 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 and greater EE [11], while BMI has been proven to be a predictor
of UR performance [4]. The mass of the vest would artificially increase the BMI, while
the predominance of concentric contraction would eliminate the hypothetical increased
stiffness that a certain load might provide in level running [46]. Additionally, an increase in
load has been used in previous studies [29] to raise metabolic intensity in uphill walking.

In this study, we aimed to make a first approximation in a laboratory test, which is
the most common method for the evaluation of metabolic zones and the most stable one
to see possible differences with overloads. However, the nature of this study brings some
limitations. Trail running occurs across terrains characterized by numerous changes in
gradient, alternating between UR and DR, a phenomenon not addressed in this study. Our
study has the limitation of being carried out on a very specific sample (well-trained male
athletes), so caution should be exercised when extrapolating the results to another type
of sample (women, elite athletes, etc.). These findings represent an inaugural attempt to
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juxtapose physiological changes associated with L0, L5, and L10 additional loads with a
weighted vest during treadmill running. Based on our results, future research is needed to
evaluate the effect of a weighted vest in a rectangular test (submaximal intensity and long
duration) and how it may affect the oxidation of different energy substrates.

5. Conclusions

Our study presents novel data on a topic that is under-researched and generates some
uncertainty in coaches and athletes about how to control training loads when training
or competing with additional load. This investigation offers valuable insights for sports
scientists aiming to refine training load adjustments and competition monitoring strategies
based on the level of overload experienced by athletes. In summary, our findings indicate
that 5% extra load does not induce notable physiological or mechanical shifts, contrasting
with the discernible alterations triggered by 10% extra load. Notably, 10% extra load
may lead to changes, such as the displacement of the VT2 and a reduction in the velocity
parameters (such as the running rhythm). Therefore, coaches and athletes should take
into consideration the adjustment of intensity zones when working with loads greater
than 5% of one’s body mass. The results found in this study provide valuable information
for coaches to be able to establish more precise criteria when structuring training plans
according to the loads that their athletes will be carrying in competitions.
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