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Abstract

The present systematic review aimed to summarize the research results on the effect of
HIIT on qualified roller and cross-country skiers’ physiological and performance indicators.
The review was performed using digital scientific databases: Web of Science, PubMed,
SCOPUS, and the internet platform Research Gate. The following search keywords were
used: High-intensity interval training AND roller skiing. After considering eligibility and
removing duplicates, only three original research papers on the physiological effects of
high-intensity interval training on roller skiers’ performance were selected.

The main conclusion from this review was that static interval training protocols such as
4 x 4 minutes for all sorts of endurance are still the preferred choice for HIIT research and
have overtaken this field. As looking for research on HIIT in connection with roller skiing
we once again find this static approach with 2 to 10 minutes timed intervals with a prede-
termined total session load. There was only one publication on the dynamic HIIT approach.
The numerous meta-analyses’ results show that this static approach consistently does not
bring positive results: in each investigated HIIT group, we see that the performance and phys-
iological characteristics did not respond to the static HIIT protocols application. Therefore,
the topic of dynamic duration HIIT protocols is widely open for investigation in the future.
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Introduction

Maximal oxygen consumption (VO2 max) plays an important role in modern Sports
Science and Sports Medicine as a functional biomarker for evaluating the functions of
the heart and circulatory system (LaMonte, 2005) (Myers, 2002). It is also a widely described
marker in clinical medicine for assessing cardiovascular event risks (Kodama, 2009). In
cross-country skiers, the result correlates with the peak oxygen consumption; this was dis-
covered by Sandbakk and his colleagues. Analysing the differences between national and
international level skiers, it became clear that the efficiency and technique of athletes of
both groups are at a similar level. However, the large difference was particularly in the aer-
obic capacity and peak oxygen consumption, where international level athletes had shown
better results, (p<0.05) (Sandbakk @. H. A., 2016) In cases where this correlation was not
directly visible, technical aspects such as efficiency have been shown to compensate for
slightly smaller VO2 max in some athletes, as studied in cyclists by Luciano and colleagues
(Lucia A., 2002) and in runners Mooses and colleagues (Mooses M., 2015).

While studying the peculiarities of cross-country skiing and the functioning of energy
systems for muscle energy supply while practicing this sport, Losengard and his colleagues
(2019) have determined the direct connection between athletes’ ability to perform short
intense repetitions in which an oxygen debt is created, the quick ability to extinguish this
debt, and the competition results in cross-country skiing (Losnegard, 2019).

While analysing the literature, high-intensity, maximal oxygen consumption interval
training is recognized as an effective way to improve VO2 max. Bacon et al. (2013) confirm
this in their meta-analysis. Norwegian studies with the 4x4 interval method introduced by
J. Helgerud (2007) have been recognized as more effective. Sloth et al. (2013) also con-
firmed the effectiveness of VO2 max intensity interval training in the meta-analysis. Gist
et al. (2014) observed the same results in their meta-analysis. However, current research
still points to the need for further research into high-intensity interval training to find
the most effective individual model because not all models work for everyone. Exercises
that are effective for one athlete may not be effective for others. Within the wide range that
includes all high-intensity interval training, not all are effective at improving maximal oxygen
consumption, as Wen (2019) mentioned in her meta-analysis, urging researchers to continue
to work and improve their understanding of this training process.

Although literature sources do not provide one exact figure, it is widely recognized that
roller skiing takes a large part of cross-country skiers’ training volume during the preparation
period, especially during the off-season and the season on the treadmill (Per-@yvind T., 2021).

Also, some athletes concentrate specifically on roller skiing (Jakovics M. &. P., 2023).
Considering this, it is vital to understand the effects of high-intensity interval training on
roller skiers’ performance.
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Materials and methods

Search strategy

This literature review was performed using digital scientific databases: Web of Science,
PubMed, SCOPUS, and the internet platform Research Gate. The search was carried out
before June 2024. No date restriction was considered. The following search keywords were
used: High-intensity interval training AND roller skiing.

Eligibility criteria

For inclusion eligibility, the review included all studies where a systemized high-in-
tensity interval training protocol was implemented partially or fully on roller skies. Both
randomized and nonrandomized studies were included. Only original peer-reviewed stud-
ies written in the English were included. Protocols with no results, reviews, meta-analyses,
abstracts, opinion articles, books, statements, letters, editorials, comments, and journal
articles that were not peer-reviewed were excluded.

Article selection

All potential studies were registered in an MS Excel sheet, and duplicates were
removed. Only studies with measured physiological results characteristics were added to
the peer-reviewed journal articles and included in this research. One author, M.])., conducted
the selection process. M.J. independently screened the title and abstract of all the studies to
determine their eligibility. Then, the full texts of eligible studies were examined. A summary
of reviewed studies can be found in Table 1.

Results

Nine articles were found in the PubMed database, 10 in the Web of Science, and 11 in
SCOPUS. After considering eligibility and removing duplicates, only three original research
papers on the physiological effects of high-intensity interval training on roller skiers’ perfor-
mance were found.

Study characteristics

The characteristics of each of the three studies are represented in Table 1.
All the papers included (Rgnnestad B. R., 2022), (McGawley K., 2017), (Sandbakk @. S. S.,
2013) came from the same region - Scandinavia. Sample sizes ranged from 12 to
21 participants. Overall, 53 young adults (16-24 years old) were recruited to participate in
the reviewed studies. Two studies (McGawley K., 2017), (Sandbakk @. S. S., 2013) included
both male and female participants, one study (Rennestad B. R., 2022) included only
the male population. Also, all studies introduced a control group that did not complete
the interval training protocol but performed regular moderate-intensity training.
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Table 1
Summary of the included studies on high-intensity
interval training (HIIT) and roller skier
Study . . . Control
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Kerry 17.3 | 67.1
McGawley | SWE | 20 ’ ’ 50 9 5x4min 7 Yes
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. 2-4 min for
@yvind (+2 -
Sandbakk |NOR| 21 | 172 | 874 | 57 4 | training | 13720 Min | 54 Yes
(2013) 0.5 7.7 sessions) LIG:
5-10 min for
40-45 min

Abbreviations: SIG - short-interval training group; LIG - long-interval training group

Characteristics of HIIT protocols

All studies introduced typical loading protocols; the athletes performed multiple HIITs,
ranging from the shortest 2-minute intervals to as long as 10 minutes. The study carried
out by Sandbakk (2013) prescribed both the shortest and longest intervals. In the other two
studies, interval length was 5 minutes (Rennestad B. R., 2022) and 4 minutes (McGawley
K., 2017) respectively.

Intervention in two studies (Rennestad B. R., 2022) (McGawley K., 2017) was carried
out in the style of block periodization, where a high amount of sessions was prescribed in
a short period or one week: five and nine sessions respectively. The investigation performed
by Sandback (2013) was the longest-lasting study: 8 weeks or 56 days of training interven-
tion, where two extra HIIT sessions were added to regular training practices every week.

Physiological and exercise testing

All studies included in this review had pre- and post-intervention tests. The range
and scope differ from one study to another, but, in general, all studies paid attention to
and examined oxygen consumption and functional markers connected to it. To quantify
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accumulated time in the load’s intensity 290% from the VO2 max during the HIIT block,
VO2 during the intervals was measured by Ronnestad et al. (2022) on the 1st, 2nd, and 5th
HIIT sessions. In their research, the exercise testing protocol consisted of a blood lactate
profile test followed by a VO2 max test, both performed using the cross-country (XC) skate
skiing technique on roller skis. Pre- and post-testing for the individual XC skier was per-
formed at the same time of day (+ 1 h) to avoid the influence of circadian rhythm. VO2 was
measured with a sampling time of 30 s, using a computerised metabolic system with a mix-
ing chamber. Capillary blood samples were taken from a fingertip during a 1-minute break
between each five minutes bout and analysed for whole blood lactate concentration [La-].
The protocol: after a 10-minute warm-up on the treadmill at an inclination of 3% and a veloc-
ity of movement of 12 km/h the test started. A constant inclination of 7% was used during
the test. The first 5-minute bout started at a velocity of 10 km/h and increased by 1 km/h for
each 5-minute bout until a [La—] above 4.0 mmol-L-1 was measured. Ten minutes after
the submaximal test an incremental test was performed, starting at a 7% inclination and
a speed of 11 km/h which increased by 1 km/h every minute until exhaustion. Parallel to this,
a haematological survey was performed to determine total body haemoglobin mass
(Rennestad B. R., 2022).

McGawley and colleagues (2017) also performed similar pre-and post-testing. They
used this protocol: the sub-maximal test was fixed at a 7° gradient and included a 4-minute
warm-up followed by four 4-minute continuous stages. Speeds differed for individuals
depending on age, sex, and skiing ability, with the warm-up and first stage completed at
5.2-7.0 km/h and increased of either 0.8 or 1.0 km/h per stage to final speeds of 7.6-10.0
km/h. At the end of the sub-maximal test, there was a 1-minute break before participants
commenced the maximal test. Depending on age, sex, and ability, the starting speed for
the maximal test was 10, 11, or 12 km/h, and the initial gradient was 3° or 4°.
The gradient was then increased by 1° every minute, up to a maximum of 9°, after which
speed was increased by 0.4 km/h every minute. The test was terminated when participants
were unable to continue. Parallel to this, all participants attended the laboratory once during
each test period to provide a resting saliva sample to measure cortisol, testosterone, and
immunoglobulin A (IgA) concentration, and to complete the 76-question recovery-stress
questionnaire for athletes (RESTQ- Sport) and maximal incremental tests and a 600-m TT.
Also, resting muscle biopsies were taken from the vastus lateralis 1-3 days before the main
test day during each of the three test periods to determine muscle capillary density, fibre
area, fibre composition, enzyme activity (citrate synthase (CS), 3-hydroxyacyl CoA dehydro-
genase (HAD), and phosphofructokinase (PFK)) or the protein content of VEGF or PGC-1a
(McGawley K., 2017).

Sandbakk and colleagues (2013) also performed a functional test. Before and after
the intervention, the skiers were tested for time-trial performance on 12-km roller-ski
skating and a 7-km hill run. VO2max and oxygen uptake at the ventilatory threshold (VO2VT)
were measured during the treadmill running test (Sandbakk @. S. S., 2013).
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Table 2 shows the main results and VO2max changes due to training published by
different researchers.

Table 2

Summary of relevant results for the reviewed studies on physiological effects of
high-intensity interval training on roller skiers’ performance

First Change in
author, VO2max Control Main results
year
In well-trained XC skiers, BLOCK (high-intensity inter-
val (HIIT) block) induced superior changes in indica-
tors of endurance performance compared with CON
Bent R (a time-matched period with the usual training group).
Rennestad | N/A N/A Nevertheless, the correlation betweenthe time of the load
(2022) intensity 290 % of VO2 max during the HIIT sessions and
the main training responses in the BLOCK training group
was insignificant (the correlation coefficient was 0.538;
p =0.071).
Even: Pre- to post-testing revealed no significant differences
| ’ between EVEN (3 HIT sessions (5x4-min of diago-
ncrease by : " .
. nal-stride roller-skiing) were completed at a maximal
Kerry 0,9 ml/kg/min . X . . . . .
Even is sustainable intensity each week while low-intensity
McGawley | £2,6, . L
. control training LIT was distributed evenly around the HIIT )
(2017) Block: : .
. and BLOCK (the same 9 HIT sessions were completed in
-0,8 ml/kg/min . .
124 the second week while only LIT was completed in
- the first and third weeks) for changes
LIG:
@yvind Improved by Longer duration intervals improved endurance perfor-
Sandbakk | 3,7%+1,6%; Unchanged | mance and oxygen uptake at the ventilatory threshold
(2013) SIG: Improved more than shorter intervals.

3,5%%3,2%

Endurance performance was improved in two of three studies with a high reliability
(Rennestad B. R., 2022) (Sandbakk @. S. S., 2013). McGawley tried to find out if it is better
to prescribe intensive block periods of HIIT or to distribute the load more evenly and did not
find significant differences. Nevertheless, the group trained with the evenly distributed load
achieved a non-significant increase of the VO2 max but the group of intensive block periods
of HIIT showed a non-significant reduction of the VO2 max. Pre- to post-testing revealed no
significant differences between groups for changes in resting salivary cortisol, testosterone,
or IgA, or for changes in muscle capillary density, fibre area, fibre composition, enzyme
activity (CS, HAD, and PFK) or the protein content of VEGF or PGC-1a. No differences were
observed in the changes in skiing economy or 600-m time-trial performance between inter-
ventions. These findings were coupled with no significant differences between the groups



LASE Journal of Sport Science * 2025/1 « 1-9 7 RSU LASE
M. JakoviCs, I. Pontaga. Physiological Effects of High-Intensity Interval Training

on Roller Skier Performance: A Systematic Review

for distance covered during HIIT, summated heart rate zone scores, total session ratings of
perceived exertion training load, overall perceived recovery, or overall recovery-stress state
(McGawley K., 2017).

Based on the data obtained by Sandbakk et al. (2013), after the intervention train-
ing period, the long interval training group (LIG) improved 12-km roller ski, 7-km hill run,
VO2max, and VO2VT by 6.8+4.0%, 4.8+2.6%, 3.7+ 1.6%, and 5.8 £ 3.3 %, respectively, from
pre- to post-testing, and achieved the improvement in both performance tests and VO2VT
when compared with the short interval training group (SIG) and the control group (CG)
(all p<0.05). The SIG improved in VO2 max by 3.5+ 3.2% from pre- to post-test (p<0.05),
whereas the CG remained unchanged.

Ronnestad et al. (2022) determined that the 6-day high-intensity interval (HIIT) block
periodisation group (BLOCK) had a larger improvement than conventional training group
in the maximal 1-min velocity achieved during the VO2max test (3.1+3.1% vs. 1.2+ 1.6 %,
respectively; p=0.010) and velocity corresponding to 4 mmol/L blood lactate (3.2+2.9%
vs. 0.6 £2.1%, respectively; p=0.024). During submaximal exercise, the BLOCK group dis-
played a larger reduction in respiratory exchange ratio, blood lactate concentration, heart
rate, and rate of perceived exertion (p<0.05) and a tendency towards less energy expendi-
ture compared to the time-matched period with usual training (CON) group (p=0.073). This
research group found that, for all haematological variables, training responses were similar
between groups (Rennestad B. R., 2022).e

Discussion and Conclusions

This systematic review aimed to evaluate the effect of HIIT on qualified roller and

cross-country skiers’ physiological and performance indicators. The main findings were:

1. The high intensity training HIIT protocols with longer duration intervals improved
endurance performance and oxygen uptake at the ventilatory threshold more than
shorter intervals.

2. The high-intensity interval (HIIT) block (BLOCK) induced superior changes in indi-
cators of endurance performance (the maximal 1-min velocity achieved during
the VO2 max test, velocity corresponding to 4 mmol/L blood lactate, a larger
reduction in respiratory exchange ratio, blood lactate concentration, heart rate,
and rate of perceived exertion during submaximal exercise) compared with
the time-matched period with the usual training group in well-trained the cross-coun-
try skiers compared with CON (a time-matched period with the usual training
group). Nevertheless, the correlation between the time of the load intensity 290%
of VO2 max during the HIIT sessions and the main training responses in the BLOCK
training group was insignificant (the correlation coefficient was 0.538; p=0.071).

3. In short interventions lasting three weeks, the pre- to post-testing revealed no
significant differences between EVEN (3 HIT sessions (5 x 4-min of diagonal-stride
roller-skiing) were completed at a maximal sustainable intensity each week while
low-intensity training LIT was distributed evenly around the HIIT) and BLOCK
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(the same 9 HIT sessions were completed in the second week while only LIT was
completed in the first and third weeks) in terms of changes.

Surprisingly, the HIIT intervention was performed for very short terms in the original
papers evaluated in this review: two of the three publications (McGawley et al., 2017 and
Reonnestad et al, 2022) assessed the interventions with a duration of one week, which is
short and considered ineffective by current literature (Wen D., 2019). Therefore, it might
not be surprising that no changes in fundamental physiological markers like resting salivary
cortisol, testosterone, or IgA, changes in muscle capillary density, fibre area, fibre compo-
sition, enzyme activity (CS, HAD, and PFK), or the protein content of VEGF or PGC-1a were
observed in the study performed by McGawley et al. (2017).

The main conclusion from this review was that static interval training protocols such
as 4x4 minutes introduced by J. Helgerud for all sorts of endurance sports (Helgerud J.,
2007) are still the preferred choice for HIIT research and have overtaken this field. While
looking for research on HIIT in connection with roller skiing, we once again find this static
approach with timed intervals from 2 to 10 minutes with a predetermined total session
load. There was only one publication on the dynamic HIIT approach (Jakovics M. P. I., 2022).
The numerous meta-analyses’ results show that this static approach consistently does not
bring positive results: in each investigated HIIT group, we see that the performance and
physiological characteristics did not respond to the static HIIT protocols application. (Wen
D., 2019). Therefore, the topic of dynamic duration HIIT protocols is widely open for inves-
tigation in the future.
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