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The ultra-short-term outcomes in performance, aerobic endur-
ance, blood-related parameters, and anthropometrics following
prolonged low-intensity ski trekking across Spitsbergen: A case
study
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Abstract

This study aimed to evaluate changes in endurance capacity, blood-related variables, and
anthropometrics following ultra-short-term, prolonged low-intensity ski trekking (LIST).
One female (38 years) and one male (52 years) participated in the study in connection
with a self-selected ski expedition (hauling ~40-kg sledges each) across Spitsbergen
(~126 km), the largest island in Svalbard, Norway. Results revealed that the two moder-
ately aerobically fit participants performed LIST at a mean velocity of ~3.4 km-h™, cor-
responding to ~54—63% of maximal heart rate, ~5 hours-day™, for eight days during this
unsupported event. The mean daily energy intake during the expedition was ~7.8 MJ-
day™ (~1850 kcal-day™), of which ~49—61%, ~25-36%, and ~14—15% was derived from
carbohydrates, fat, and protein, respectively. Body mass, absolute fat mass, and relative
fat mass decreased by 2.2%, 10%, and 8%. In the male participant, time to exhaustion
increased by 10% and 3.8% during a ~5 min and ~40 min incremental ski trek-simulated
treadmill test. The number of leukocytes declined by 30—41%, as did low-density lipo-
protein cholesterol levels. Free triiodothyronine level increased by 19% in the female,
whereas thyroid-stimulating hormone concentration increased by 23% in the male. In
this category of ski trekkers, one can conclude that ultra-short-term, prolonged LIST can
cause slimmer body composition without loss of lean mass, improve performance, re-
duce low-density lipoprotein cholesterol level, and affect metabolic hormones associated
with the pituitary-thyroid axis. However, such an event may impair the immune system.
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Introduction

The short-term to long-term (14-95 days)
changes in endurance capacity, blood-re-
lated variables, or anthropometrics follow-
ing prolonged low-intensity ski trekking
(LIST, ~5-15 hrs-day”, ~60% of maximal
heart rate (HR,.x)) in polar regions have
been investigated in several studies in
moderately and well-trained recreational
individuals (females and males, pre-trek
relative maximal oxygen uptake (VOyuay)
of ~40-70 mL-kg"'-min™) (Booth et al.
1991, Stroud et al. 1997, Sandbak et
al. 1997, Frykman et al. 2003, Helge
et al. 2003, 2006; Péronnet et al. 2009,
Boushel et al. 2014, 2015; Paulin et al.
2015, Anton-Solanas et al. 2016, Parent
et al. 2018, Jarstad and Mamen 2022,
Jarstad et al. 2023). In those studies, data
have showed performance improvements
(Boushel et al. 2014, Jarstad and Mamen
2022), enhanced, maintained, or impaired
aerobic endurance (i.e. VOynay, lactate/ven-
tilatory threshold %VOsn.x, and/or work
economy) (Booth et al. 1991, Stroud et al.
1997, Sandbzk et al. 1997, Frykman et
al. 2003, Helge et al. 2003, 2006; Péronnet
et al. 2009, Boushel et al. 2014, 2015;
Parent et al. 2018, Jarstad and Mamen
2022), and improved or unchanged fat oxi-
dation (Helge et al. 2003, Péronnet et al.
2009, Jarstad et al. 2023). Results have
also revealed either change or no change

Material and Methods
Subjects

One female (subject A, 38 years, body
mass index of 23 kg'm®) and one male
(subject B, 52 years, body mass index of
27 kg-m?) volunteered to participate in this
study in connection with an ultra-short-
term ski expedition in the Arctic. Both par-
ticipants were healthy and performed aero-
bic exercise (moderate-intensity and high-
intensity running or cycling) and strength
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in blood-related parameters (Stroud et al.
1997, Frykman et al. 2003, Helge et al.
2003, 2006; Péronnet et al. 2009), main-
tained or decreased body mass (Booth et
al. 1991, Stroud et al. 1997, Sandbak et al.
1997, Frykman et al. 2003, Helge et al.
2003, 2006; Péronnet et al. 2009, Boushel
et al. 2014, 2015; Paulin et al. 2015,
Anton-Solanas et al. 2016, Parent et al.
2018, Jarstad et al. 2023), and leaner
body composition following such arduous
events (Stroud et al. 1997, Sandbazk et al.
1997, Frykman et al. 2003, Helge et al.
2003, 2006; Paulin et al. 2015, Anton-
Solanas et al. 2016, Parent et al. 2018,
Jarstad et al. 2023). However, there seems
to be a lack of scientific knowledge about
the changes in the above characteristics
following ultra-short-term (<14 days) pro-
longed LIST. Moreover, ultra-short-term
ski expeditions in polar regions are rela-
tively popular among recreational individ-
uals (personal communication with Thea
Torvund Langeland, Norrena Hvitserk Ad-
venture). Hence, it is of great interest to
provide data about the bodily changes that
may occur following such an event.

The present study aimed therefore to
investigate the ultra-short-term outcomes
in performance, aerobic endurance, blood-
related parameters, and body composition
following prolonged LIST.

training (weights and body weight) usual-
ly ~3—4 times-week', and had moderate
aerobic fitness at baseline (relative VOypax
of ~110% of reference values for age
(Edvardsen et al. 2013)). During the ~6—
8 month preparation period for the expedi-
tion, they focused on ski trek-simulating
exercise (walking while pulling tires), ac-
tivity-specific training (ski trekking while
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hauling a sledge), or cross-country skiing
when snow conditions were suitable, as
well as strength training, ~3-4 times-week ' .

Prior to the study, the project was
evaluated by the South-Eastern Norway
Regional Committee for Medical and
Health Research Ethics (reference number:

Energy intake

To estimate the daily energy intake
prior to the study, the two participants de-
scribed in a single report what they consid-
ered to be their usual food and liquid in-
take. During the expedition, the partici-
pants logged their daily food and liquid
intake into a diary. Calculation of energy

Blood samples

Blood samples were collected by a
trained bioengineer 5-6 days before and
2-3 days after the expedition at approxi-
mately the same time of day in each par-
ticipant (between ~8:00-9:20 a.m., with a
maximum time difference of ~25 min. be-
tween pre- and post-trek sampling) fol-
lowing ~10—12 hours of overnight fasting.
During the procedure, a stasis tube was
tightened around the upper arm and ve-
nous blood was sampled with a syringe

Body composition

Body composition was measured by a
skilled technician 5—6 days before and 23
days after the expedition at approximately
the same time of day (between ~9:15 —
10:20 a.m., maximum time difference of
~30 min. between pre- and post-trek meas-
urements) in each participant following
~11-13 hours of overnight fasting. For this

Treadmill tests

The treadmill tests were performed 5—
8 days before and 2-5 days after the ex-
pedition by an experienced test engineer

532996). The committee confirmed that
the project did not need their approval, as
it did not aim to provide new informa-
tion in medicine or health, but to enhance
knowledge of exercise physiology. Both
participants gave written informed consent
before the study.

intake before and during the expedition
was performed using the Norwegian pub-
licly available diet planner''! and, when
necessary, the macronutrient information
on the food packages or the website of the
food supplier.

from the antecubital vein and drawn into
appropriate test tubes (CAT serum separa-
tor, LH lithium-heparin, EDTA). Twenty
to 40 min. after collection, the blood sam-
ples were centrifuged for 12 min at 4500
revolutions per min, then stored in a re-
frigerator (maximum 24 hours), and finally
sent for the below-specified analyses at the
Unilabs laboratories (private/commercial
provider of health services) in Oslo.

purpose, dual-energy x-ray absorptiometry
(DXA) was used (the specific DXA model
is described below in the “Measurement
instruments” section). During the scanning
procedures, the participants lay on their
back for ~5-6 min. in a standardized posi-
tion (fastened in straps over the feet and
knees) on the bed of the DXA machine.

(exercise physiologist) at about the same
time of day (afternoon) using the same ski
trek-simulating test procedures and precau-
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tions as those in the studies by Jarstad and
Mamen (2022) and Jarstad et al. (2023).
Long-distance performance (time to ex-
haustion), lactate threshold, work econo-
my, and substrate utilization were evalu-
ated using an incremental stepwise walk-
ing test lasting ~40 min. After measure-
ment of body weight, the walking test
was initiated with a 10-min. warm-up (sub-
Jject A: 1 km-h™ and 0% incline, subject B:
2 km'h™ and 0% incline). The treadmill
speed was then increased every fifth min
by 1 km-h”, up to 3 km-h™ in subject 4
and 4 km'h™ in subject B, after which the
incline was increased by 2.5 percent-points
every fifth min until volitional exhaustion.
Oxygen uptake (VO,) for evaluation of
work economy and lactate threshold VO,,
pulmonary respiratory gas-exchange ratio
(RER (VCO,/VQ,)) for assessment of sub-
strate utilization, and heart rate (HR) were
measured in steady state phase between
the 8" and 10™ min during warm-up, and
between the 3™ and 5™ min. during the
5-min. steps, while blood lactate concen-
tration (BLC) was measured immediately
after each step (thus 8 blood lactate sam-
ples for each subject) during a 30-sec.
break. Lactate threshold was estimated us-
ing a delta value of 2 mmol-L™ above the
BLC during warm-up, which has been
shown to be a useful estimation of the
maximal lactate steady state (Mamen et al.
2011).

Short-distance performance (time to ex-
haustion), VOj., and HR.., were as-
sessed using an incremental stepwise walk-
ing test lasting ~4—6 min. Following meas-
urement of body weight and a standardized
warm-up (~25 min.), the walking test was

Measurement instruments

Blood samples were centrifuged using a
Universal 320 centrifuge (Hettich, Tuttlin-
gen, Germany) and analyzed using three
different ADVIA instruments: models 2120
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performed at an individual velocity (4 km-
h' in subject A, 5 km'h™ in subject B),
where the incline was increased each min.
by 2 percent-points in subject A and 4 per-
cent-points in subject B until volitional
exhaustion. The classic VO, leveling off,
despite increased workload, was used as
the main criterion for achievement of
VOomax (Taylor et al. 1955). If VO, lev-
eling off was not observed, the following
secondary criteria had to be met to estab-
lish that VO, was achieved: a BLC of
>7.0 mmol-L™" 2 min. after exhaustion and
a RER of >1.10 in subject A, a BLC of
>6.0 mmol-L™" 2 min. after exhaustion and
a RER of >1.05 in subject B, a rate of
perceived exertion corresponding to >17
on the BORG 6-20 scale (Edvardsen et al.
2014), and visible exhaustion of the sub-
ject (Esfarjani and Laursen 2007). VOpmax
was calculated as the mean of the two
highest consecutive 30-sec VO, measure-
ments (Tennessen et al. 2014). For esti-
mation of HR,x, peak heart rate (HRcax)
+5 beats min”' was used (Ingjer 1991).

During both test procedures, the partici-
pants pulled weights of 12.5 kg via a rope
connected to a stand ~2.5 meters behind
the treadmill (Fig. 1). This corresponds to
a ~70-kg sledge on snow on level ground
(Juhani et al. 1986), which was a mid-
range sledge weight in several ski expedi-
tions (~40-120 kg) (Helge et al. 2003,
2006; Péronnet et al. 2009, Boushel et al.
2015, Anton-Solanas et al. 2016, Parent et
al. 2018, Jarstad and Mamen 2022). The
test engineer did not inform the partici-
pants about their results until all tests were
completed.

and 2400, and Centaur XP (Siemens, Mu-
nich, Germany). Based on the analytical
and intra-individual biological variabili-
ty (Unilab’s own test analyses), the total
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measurement variability of the different
blood parameters was calculated using the
equation:

CVt = V(CVa? + CVbw?

where CVt is the total coefficient of vari-

ation, CVa® is the analytical coefficient of
variation, and CVbw? is the intra-individ-
ual biological coefficient of variation. The
CVt of the blood parameters presented in
this study ranged between 1.6-25%.

Fig. 1. Treadmill walking test while pulling weights (ski trek-simulation). Photo: Even Jarstad.

The DXA scanning system used was a
Lunar iDXA (GE Healthcare, Madison,
WI). This system has shown excellent total
body composition measurement precision:
same-day test-retest coefficient of varia-
tion (CV) of 0.2% for body mass (Dorde-
vic et al. 2018), 0.5-0.6% for bone mineral
content (Hind et al. 2011, Rothney et al.
2012, Henriksen et al. 2021), 0.4-0.5% for
lean mass (Hind et al. 2011, Rothney et al.
2012, Dordevic et al. 2018, Henriksen et
al. 2021), 0.7-1.0% for absolute fat mass
(Hind et al. 2011, Rothney et al. 2012,
Dordevic et al. 2018, Henriksen et al.
2021), and 0.8-0.9% for relative fat mass
(Hind et al. 2011, Dordevic et al. 2018). It
has also shown high measurement preci-
sion (same-day test-retest CV of 3.5%) for

subcutaneous adipose tissue mass and vol-
ume (Henriksen et al. 2021), and relatively
high to moderate measurement precision
(same-day test-retest CV of 5.3-16%) for
visceral adipose tissue mass and volume
(Dordevic et al. 2018, Henriksen et al.
2021). Furthermore, the longitudinal day-
to-day test-retest CV (three visits over three
months) has been reported to be 0.8% for
body mass, 1.2% for lean mass, 2.5% for
absolute fat mass, 2.5% for relative fat
mass, and 42% for visceral adipose tissue
mass and volume (29% when including on-
ly participants with visceral adipose tissue
mass > 0 g for all three visits) (Dordevic et
al. 2018). This indicates low total measure-
ment variability (high reproducibility) for
total body composition variables, but high
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total measurement variability (low repro-
ducibility) for visceral adipose tissue mass
and volume, for the Lunar iDXA.

The exercise tests were performed on a
Woodway PPS 55 treadmill (Woodway
GmbH, Weil am Rhein, Germany). VO,, car-
bon dioxide production (VCO,), RER, and
minute ventilation (VE) were analyzed us-
ing the Jaeger Vyntus CPX metabolic sys-
tem with mixing chamber (Vyaire Medi-
cal, Hochberg, Germany). To the author’s
knowledge, this system has not been vali-
dated against the gold standard Douglas
bag method during exercise. However, the
previous metabolic system, Jaeger Oxycon
Pro (Vyaire Medical, Hochberg, Germa-
ny), using a mixing chamber, has shown
good agreement with the Douglas bag
method for gas exchange (VO, and VCO,)
and VE measurements over a wide range
of workloads and ventilations (Foss and
Hallén 2005). Furthermore, the Vyntus
CPX and Oxycon Pro have shown good
mutual agreement for gas-exchange and
VE measurements during submaximal
exercise (workloads < 120 Watts) using
breath-by-breath methods (Groepenhoff et
al. 2017). These reports (Foss and Hallén
2005, Groepenhoff et al. 2017) therefore
indicate indirectly that the Vyntus CPX
with a mixing chamber is a valid system
for measurement of gas exchange and VE.
Also, during incremental walking-specific
testing to exhaustion (~4—8 min duration),
the day-to-day test-retest CV has been
shown to be ~6% for VO,pax (L-min'1 and
mL-kg"‘min™) and 3.4% for RER when
using the Vyntus CPX with mixing cham-
ber (Glesaaen et al. 2023), indicating rela-
tively low total measurement variability
(relatively high reproducibility) for this
metabolic analyzer. The day-to-day test-

The expedition
The expedition took place between
25 April and 2 May 2023; the two par-

ticipants performed LIST while hauling
~40-kg sledges ~126 km from Agardhbuk-
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retest CV for RPE (Borg 6-20) at exhaus-
tion was 3.9% in the study by Glesaaen et
al. (2023). Moreover, the mean day-to-day
test-retest CV (three laboratory visits a
week for nine weeks) has been reported to
be 3.8%, 2.1%, and 2.6% for submaxi-
mal running-specific VO,, HR, and RER
(steady state values below lactate thresh-
old), respectively, and 5.1% for time to
exhaustion, 1% for HRc, and 18% for
BLC (Lactate Pro 2 LT-1730, Arkray Inc.,
Kyoto, Japan) during exhaustive incremen-
tal running-specific testing (~7.5-9-min
duration) (Zinner et al. 2023). It is reason-
able to assume that the CV findings by
Zinner et al. (2023) are similar to expecta-
tions following a walking-specific mode,
in accordance with the results reported by
Glesaaen et al. (2023), who found approxi-
mately similar CVs following walking-
specific and running-specific modes.

Volume and gas calibration of the
Vyntus CPX was performed step-by-step
in accordance with the manufacturer’s rec-
ommendations; volume was calibrated us-
ing a built-in pump blowing air through a
turbine at rates of 2 L-s” and 0.2 L-s™,
whereas gas calibration was performed
against room air and against a gas contain-
er with a known content of O, (~16%) and
CO; (~5%).

HR during the treadmill tests was
measured with a Polar HR monitor (Polar
Electro Oy, Kempele, Finland). BLC was
analyzed using the Lactate Pro 2 LT-1730
(Arkray Inc., Kyoto, Japan). Time was
measured with a Hanhart Prisma 200 digi-
tal stopwatch (Hanhart 1882 GmbH, Giiten-
bach, Germany), whereas body weight was
measured using a Seca Model 877 digital
scale (Seca GmbH, Hamburg, Germany).

ta in the east to Finneset in the west of
Spitsbergen in Svalbard (Fig. 2 shows the
expedition route).
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Harald|v Land

i Austfonka
" Nordaustlandet

Svalbard’s largest island, Spits-
bergen (adapted and edited from
GPSMAP 66i (Garmin)). Credits:
TopoSvalbard, a service of the
Norwegian Polar Institute™, Stig
Tore Roe, and Asbjern Horn.

Fig. 3. Low-intensity ski trekking across Spitsbergen. Photo credit: Kine Gotfredsen.
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During ski trekking, the participants re-
corded HR with HR monitors; subject A
used a Polar RCXS (Polar, Kempele, Fin-
land) and subject B used a Garmin
Forerunner 935 (Garmin, Olathe, Kansas,
USA). Total distance covered was meas-
ured using a GPS system (GPSMAP 66i,
Garmin). The mean velocity (km-h™) dur-
ing LIST was calculated by dividing the

Data analysis and interpretation

Data are presented individually in the
text and tables. For calculation of mean val-
ues £ SD, Excel spreadsheets (Microsoft
Corp., Redmond, WA, USA) were used.

total distance covered by the number of ski
trekking days, which in turn was divided
by the mean duration of LIST per day.
During the expedition, the air temperature
varied between approximately -18°C and
5°C (Norwegian Climate Service Center®).
Figures 3 and 4 show some of the ski trek-
king and tent site conditions, respectively,
during the event.

Numerical changes in the dependent varia-
bles that were within total measurement
variability are interpreted as no changes.

Fig. 4. A tent site during the expedition across Spitsbergen. Photo credit: Kine Gotfredsen.
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Results
Exercise duration and intensity

The two participants performed 4.7 +
2.0 hours of LIST per day, for eight
consecutive days, at a mean velocity of
~3.4 km'h™. This corresponded to a mean

Energy intake

The usual energy intake in subject A
prior to the expedition was ~8.5 MJ-day”
(~2033 kcal-day™), where ~39% (~3.1 g
kg'-day"), ~38% (~1.3 g-kg'-day"), and
~23% (~1.8 g'kg'-day"') of the energy
came from carbohydrates, fat, and protein,
respectively. During the expedition, the
mean daily energy intake in this partici-
pant was ~7.8 MJ-day™ (~1868 kcal-day™),
where ~61% (~4.4 g'kg'-day') of the
energy was from carbohydrates, ~25%
(~0.8 gkg'-day') from fat, and ~14%
(~1.0 g'kg'-day™") from protein (Table 1).

In subject B, the usual energy intake
before the expedition was ~9.3 MJ-day”
(~2226 kcal-day™), where ~41% (~2.7 g-
kg'-day") of the energy came from carbo-
hydrates, ~38% (~1.1 g'kg'-day") from
fat, and ~22% (~1.4 g-kg"'-day™") from pro-
tein. During the expedition, this par-

relative exercise intensity of 63 + 3%
HR.x in subject A and 54 + 7% HR .«
in subject B.

ticipant’s mean daily energy intake was
~7.7 MJ-day™ (~1838 kcal-day™), of which
~49% (~2.6 g'kg'-day"), ~36% (~0.9 g
kg'-day'), and ~15% (~0.8 g-kg'-day")
of the energy was from carbohydrates, fat,
and protein, respectively (Table 2).

The energy intakes of the two partici-
pants on the final expedition day were
greater than the previous days, as they en-
joyed a dinner (pizza’hamburger, dessert,
and four units of alcoholic beverage each)
at a restaurant in Longyearbyen in the eve-
ning to celebrate successful completion of
their great event. Furthermore, their ener-
gy intakes the day before the post-trek
tests were approximately the same as in
their everyday diet prior to the expedition,
but of different content (hotel breakfast,
pizza/hamburger/soda/candy) due to trav-
eling.

Meals and type of food Net weight Carbohydrates Fat Protein
Breakfast

Fruit muesli (drytech) 116 77 5 17
Lunch*

Meat soup/pasta (drytech) 64 31 10 12
Potato wedges 11 6.8 2.8 0.5
Nut mixture 93 67 5.2 8.7
Dried mango 19 11 0 0.6
Cured ham 8.8 0 0.8 2.6
Dinner

Various stews (drytech) 136 65 29 23
Beverage with energy

Iced tea 375 26 0 0
Sum 823 284 53 64

Table 1. Macronutrient distribution (grams) of the mean daily ration in subject A during the
expedition. Note: * — Includes lunch, and snacks consumed in the breaks during LIST.
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Meals and type of food Net weight Carbohydrates  Fat Protein
Breakfast

Fruit muesli (drytech)/ 233 78 7 19
hotel breakfast day 1

Lunch*

Various stews (drytech) 154 73 30 27
Chocolate 13 7.4 3.8 0.9
Peanuts 13 1.2 6.4 33
Dinner

Various stews (drytech) 131 65 26 20
Sum 544 225 73 70

Table 2. Macronutrient distribution (grams) of the mean daily ration in subject B during the
expedition. Note: * — Includes lunch, and snacks consumed in the breaks during LIST.

Body composition

Changes in total body composition, and
visceral and subcutaneous adipose tissue
mass and volume are shown in Table 3.
Both participants decreased body mass and
body mass index by 2.2%. Lean mass in-
creased by 1.4% in subject A, but did not
change in subject B. Absolute and relative
fat mass decreased by 10% and 8%, re-

spectively, in both participants. Bone min-
eral content decreased by 1.0% in sub-
ject A and 0.9% in subject B. Visceral
adipose tissue mass and volume did not
change in the two participants, whereas
subcutaneous adipose tissue mass and vol-
ume decreased by 19% in subject A and
18% in subject B.

Subject A Subject B

. Pre- Post- Pre- Post-
Variables trek trek Change trek trek Change
Total
Body mass (kg) 65.1 63.7 -1.4 84.8 82.9 -1.9
Body mass index (kg-m?) 22.8 22.3 -0.5 27.1 26.5 -0.6
Lean mass (kg) 42.1 42.7 0.6 59.0 59.4 0.4
Absolute fat mass (kg) 20.0 18.1 -1.9 22.5 20.3 -2.2
Relative fat mass (%) 323 29.8 -2.5 27.6 25.5 -2.1
Bone mineral content (kg) 2.97 2.94 -0.03 3.25 3.22 -0.03
Visceral adipose tissue
Mass (g) 0 0 0.0 1169 924 -245
Volume (cm”) 0 0 0.0 1239 980 -259
Subcutaneous adipose tissue
Mass (g) 991 800 -191 1748 1442 -306
Volume (cm”) 1050 848 -202 1853 1528 -325

Table 3. Total body composition, and visceral and subcutaneous adipose tissue mass and volume,

pre- and post-trek.
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Endurance capacity and substrate utilization

Body weight decreased by ~2.9% in
subject A and ~2.3% in subject B (Tables 4
and 5). Time to exhaustion during the ~4—
6 min (Table 4) and the ~40 min stepwise
walking test (Table 5) did not change in
subject A, but improved by 10% (Table 4)
and 3.8% (Table 5), respectively, in sub-
ject B. No changes in VO, (Table 4), lac-
tate threshold, or work economy (Table 5)
were observed in the two participants. At
pre- and post-trek, VO, cost (mL-kg"-m™)

was 15-20% lower in subject B than in
subject A at 2 kmh" and 3 kmh™ (Ta-
ble 5). Furthermore, there were no notable
changes in HRyax, HRpeak, VEpear, OF sec-
ondary criteria for VOpmax (RERea, BLC,
RPE,c.) in subject A or subject B (Table 4
and Table 5). No changes were found in
RER or VE/VO, in subject A, whereas
in subject B these variables increased by
4-9% and 4-12%, respectively (Table 6).

Subject A Subject B
Variables frr:k_ };::lt(_ Change frr:k_ };::lt(_ Change
Body weight (kg) 65.8 64.1 -1.7 85.0 82.9 -2.1
Short-distance performance
Velocity (km-h™) 4.0 4.0 0.0 5.0 5.0 0.0
Peak incline (%) 10.0 10.0 0.0 16.0 16.0 0.0
Time to exhaustion (min) 6.08 6.18 0.10 4.18 4.58 0.40
VOZmax
L-min™ 2.71 2.73 0.02 3.43 3.38 -0.05
mL-kg " -min” 41.2 42.6 1.4 403 40.7 0.4
HR s (s'min™) 182 187 5 182 179 -3
RERcak (VCO,/ VO,) 1.21 1.18 -0.03 1.34 1.31 -0.03
BLC (mmol-L™) 16.6 17.6 1.0 16.8 18.9 2.1
VEpear (L-min™") 124 121 -3 158 163 5
RPE,co (Borge.n) 19.5 19.5 0.0 19.5 19.5 0.0

Table 4. Short-distance performance and maximal aerobic power pre- and post-trek. Note:
VOimax = maximal oxygen uptake, HR,,« = maximal heart rate, RER ., = peak pulmonary respi-
ratory gas-exchange ratio, BLC = blood lactate concentration, VE., = peak pulmonary ventila-

tion, RPE,., = peak rate of perceived exertion.

Hematology

Hematology outcomes are presented
in Table 7. In subject A, the number
of erythrocytes and hematocrit, and the
amount of hemoglobin concentration, in-
creased by 4.8%, 10%, and 3.2%, respec-
tively, while the number of reticulocytes
decreased by 14%. These parameters did
not change in subject B, with the exception
of an 82% increase in the number of
reticulocytes. Furthermore, the number of

leukocytes decreased by 30% in subject A
and 41% in subject B, whereas the number
of thrombocytes only changed (-7%) in
subject A. The concentration of vitamin
By, decreased by 19% in subject A and
14% in subject B, whereas the levels of fer-
ritin and bilirubin were unchanged in sub-
ject A, but ferritin increased by 19% and
bilirubin decreased by 40% in subject B.
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Subject A Subject B
Variables frr:k_ };f:lt(_ Change frr:k_ };f:lt(_ Change
Body weight (kg) 66.5 64.4 2.1 85.0 83.2 -1.8
Long-distance performance
Peak velocity (km-h™) 3.0 3.0 0.0 4.0 4.0 0.0
Peak incline (%) 12.5 12.5 0.0 12.5 12.5 0.0
Time to exhaustion (min) 44.03 4387 -0.16 41.13 4268  1.55
HR ;i (s'min™") 182 186 4 167 162 -5
BLC (mmol-L™) 11.8 13.5 1.7 18.1 16.2 -1.9
RPE .1 (Borgs.20) 19.5 19.5 0.0 19.5 19.5 0.0
Lactate threshold
BLC (mmol-L™) 2.9 3.1 0.2 3.2 3.0 -0.2
Incline (%) 4.6 5.1 0.5 2.3 2.2 -0.1
Velocity (km-h™) 3.0 3.0 0.0 4.0 4.0 0.0
VO, (mL-kg"-min™) 32.2 33.4 1.2 31.6 31.3 -0.3
%V Omax 78 78 0 78 77 -1
%HR o 85 83 -2 72 72
Work economy
VO, (mL-kg"'m") 1 kmh'  0.83 0.83 0.00 - - -
HR (s'min™) 1 kmh™' 105 94 -11 - - -
VO, (mL-kg"'m")2kmh”’  0.64 0.61 -0.03  0.52 049  -0.03
HR (s'min™") 2 kmh™' 119 113 -6 100 99 -1
VO, (mL-kg"'m")3kmh’  0.55 0.55 0.00 0.47 046  -0.01
HR (s'min™") 3 kmh™' 137 132 -5 110 111 1
VO, (mL-kg"'m™) 4 kmh™ - - - 0.44 043  -0.01
HR (s'min™") 4 kmh™' - - - 122 122 0

Table 5. Long-distance performance, lactate threshold, and work economy pre- and post-trek.
Note: HR .o = peak heart rate, BLC = blood lactate concentration, RPE,..« = peak rate of per-
ceived exertion, VO, = oxygen uptake, % VO, = work intensity percentage of maximal oxygen
uptake, %HR,,, = work intensity percentage of maximal heart rate, HR = heart rate.
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Subject A Subject B
Variables frr:k_ };f:lt(_ Change frr:k_ };f:lt(_ Change
1 km-h
RER (VCO,/VO,) 0.83 0.85 0.02 - - -
VE/VO, 27 28 1 - - -
% VOrmax 34 33 -1 - - -
2 km-h
RER (VCO,/VO,) 0.81 0.83 0.02 0.85 0.93 0.08
VE/VO, 25 24 -1 26 29 3
% VOrmax 52 48 -4 43 40 -3
3km-h’
RER (VCO,/VO,) 0.88 0.89 0.01 0.88 0.93 0.05
VE/VO, 25 24 -1 27 28 1
%V Ormax 67 65 -2 58 56 -2
4 km-h"
RER (VCO,/VO,) - - - 0.91 0.95 0.04
VE/VO, - - - 28 30 2
%V Ormax - - - 72 70 -2

Table 6. Substrate utilization (RER) at three work intensities pre- and post-trek. Note:
RER = pulmonary respiratory gas-exchange ratio, VCO, = carbon dioxide production,
VO, = oxygen uptake, Vi/VO, = ventilatory equivalent for oxygen, %VOy,.x = exercise intensity

percentage of maximal oxygen uptake.

Subject A Subject B

Variables frr:k_ };;):lt(_ Change frr:k_ };;):lt(_ Change
Erythrocytes (10°12-L™) 4.2 4.4 0.2 4.8 4.9 0.1
Hematocrit (%) 39 43 4 48 47 -1
Hemoglobin (g-dL™) 12.5 12.9 0.4 15.1 15.3 0.2
Retikulocytes (10E9-L™) 87 75 -12 67 122 ** 55
Leukocytes (10°9-L™) 4.4 3.1*  -1.3 6.1 3.6 -2.5
Thrombocytes (1079-L™) 188 175 -13 219 225 6
Ferritin (ug-L™) 6 * 5% -1 54 64 10
Vitamin By, (pmol-L™) 360 293 -67 302 260 -42
Bilirubin (umol-L™) 12 11 -1 10 6 -4

Table 7. Hematology pre- and post-trek. Note: * — below the reference area, ** — above the refer-

€nce arca.
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Glucose, lipids, and albumin

Results for glucose, lipids, and albu-
min are shown in Table 8. Glucose con-
centration increased by 6% in subject A,
whereas no change was observed in sub-
ject B. Total and LDL cholesterol levels
decreased by 14% and 41%, respective-
ly, in subject A, and 17% and 30% in
subject B. LP(a) concentration remained
<100 mg-L" in subject A, while the same

variable decreased by 8.8% in subject B.
No changes in HDL cholesterol levels
were observed. Triglyceride concentra-
tions were 75% and 31% higher post-
expedition in subject A and subject B, re-
spectively. The level of albumin did not
change in subject A, whereas a 5% de-
crease was observed in subject B.

Subject A Subject B

Variables frr:k_ };::lt(_ Change frr:k_ };::lt(_ Change
Glucose (mmol-L™) 4.8 5.1 0.3 5.7 6.0 0.3
Total cholesterol (mmol-L™) 3.5 3.0 * -0.5 53 4.4 -0.9
LDL cholesterol (mmol-L™) 1.7 1.0 * -0.7 4.4 3.1 -1.3
LP(a) (mg-L™") <100 <100 - 194 177 -17
HDL cholesterol (mmol-L™) 1.5 1.6 0.1 0.9 0.9 0.0
Triglycerides (mmol-L™) 0.4 * 0.7 0.3 1.3 1.7 0.4
Albumin (g-L™) 38 38 0 40 38 -2

Table 8. Glucose, lipids, and albumin pre- and post-trek. Note: LDL = low-density lipoprotein,
HDL = high-density lipoprotein, LP(a) = lipoprotein small a. * — below the reference area.

Enzymes

Table 9 shows results for enzymes. The
level of creatine kinase increased by 196%
in subject A, but no change was found in
subject B. Further, the concentrations of

aspartate aminotransferase (ASAT) and al-
anine aminotransferase (ALAT) increased
by 135% and 123% in subject A, and 67%
and 68% in subject B.

Subject A Subject B
. Pre- Post- Pre- Post-
Variables trek trek Change trek trek Change
Creatine kinase (U-L") 144 426 ** 282 265 294 ** 29
ASAT (U-Lh 23 54 ** 31 18 30 12
ALAT (U-L™") 31 69 ** 38 22 37 15

Table 9. Enzymes pre- and post-trek. Note: ASAT = aspartate aminotransferase, ALAT = alanine

aminotransferase. ** — above the reference area.
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Hormones

The changes in the levels of selected
hormones are shown in Table 10. Thyroid
stimulating hormone (TSH) did not change
in subject A, but increased by 23% in sub-
ject B. In subject A, free triiodothyronine
(T3) increased by 19%, while no change in
free thyroxine (T4) was observed. Free T3

and free T4 did not change in subject B.
Further, cortisol concentration did not
change in either participant. In subject A,
the level of estradiol increased by 667%,
while no change was observed in the con-
centration of testosterone in subject B.

Subject A Subject B

Pre- Post- Pre- Post-
Variables trek trek Change trek trek Change
TSH (mU-L™) 0.8 0.7 -0.1 1.3 1.6 0.3
Free T3 (pmol-L™) 4.7 5.6 0.9 5.8 5.8 0.0
Free T4 (pmol-L™) 14 15 1 14 13 -1
Cortisol (nmol-L™)
(morning) 296 358 62 525 513 -12
Testosterone (nmol-L™) - - - 18 19 1
Estradiol (nmol-L™) 0.09 0.69 0.60 - - -

Table 10. Hormones pre- and post-trek. Note: TSH = thyroid stimulating hormone, T3 = triiodo-

thyronine, T4 = thyroxine.

Discussion

This study appears to be the first to in-
vestigate changes in ski trek-simulated en-
durance capacity, blood-related variables,
and anthropometrics following ultra-short-
term prolonged LIST in an Arctic region.
Somewhat surprisingly, the results indicat-
ed lower daily energy intake during the
expedition than before it, despite ~5 hours
of exercise each day for eight consecutive
days in a cold environment. This caused
considerable weight loss in both partici-
pants, given the short duration of the event.

Exercise duration and intensity

The mean duration during LIST
(~5 hours-day™) in this study was close to
those (~6-—7 hours-day) in some short-
term (Jarstad and Mamen 2022) and me-
dium-term studies (Helge et al. 2006,
Boushel et al. 2015), but substantially
shorter than the duration (~8—15 hours:

Furthermore, ski trek-simulated perfor-
mance improved in one of the two par-
ticipants. Another interesting finding was
that both participants decreased their lev-
els of LDL cholesterol substantially. Blood
concentrations of skeletal muscle enzymes
increased, whereas the levels of white
blood cells decreased. Moreover, increased
concentrations of metabolic hormones as-
sociated with the pituitary-thyroid axis
were observed.

day') in other studies of short-term
(Péronnet et al. 2009, Paulin et al. 2015),
medium-term (Helge et al. 2003, Parent et
al. 2018), and long-term prolonged LIST
in polar regions (Booth et al. 1991, Stroud
et al. 1997, Frykman et al. 2003). Fur-
ther, the mean relative exercise intensity
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(%HRax) differed somewhat between the
two participants during LIST, similar to
that during submaximal treadmill trekking
in the laboratory. This difference was prob-
ably due to dissimilar work economy be-
tween them (see the section “Endurance
capacity and substrate utilization” below).
Nevertheless, both relative exercise inten-
sity and mean velocity during LIST in the
present study were similar to those report-
ed during short-term (Jarstad and Mamen
2022), medium-term (Helge et al. 2006,
Boushel et al. 2015, Anton-Solanas et
al. 2016), and long-term prolonged LIST

Energy intake and body composition

The results indicated that the partici-
pants’ daily energy intake during the expe-
dition was ~8—17% lower than their usual
energy intake. Feedback verbally and in a
written diary confirmed that subject A did
not experience greater appetite during the
expedition than in her normal life (she
actually had poorer appetite during some
lunch and dinner meals), whereas subject
B stated that the breaks during LIST were
too short (~10 min) to consume enough
food and fluid during the day. These cir-
cumstances, in addition to the substantial
increase in energy output of performing
~5 hours of LIST for 8 consecutive days,
led to a significant loss of body mass
in the two participants, corresponding to
~1.2-1.7 kg'week'. The changes are in
line with weekly weight loss reported fol-
lowing short-term (~1.3-2.4 kg-week™)
(Péronnet et al. 2009, Paulin et al. 2015,
Jarstad and Mamen 2022), medium-term
(~0.9-1.5 kg-week™) (Helge et al. 2003,
2006), and long-term prolonged LIST
(~1.6-1.8 kg-week™) (Stroud et al. 1997),
indicating a common energy deficit per
unit of time in the present study compared
to those studies. Furthermore, the loss of
body mass in this study was solely due to
decreased fat mass. This shows similarities
with body composition changes observed
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(Frykman et al. 2003). Overall, this shows
that ski trekkers prefer a low pace during
expeditions, regardless of daily exercise
duration (~5-15 hours) and total distance
(~125-2900 km). This is primarily to
avoid sweating, which increases the risk of
feeling cold, leading to muscle shivering
(personal communication with Lars Ebbe-
sen, experienced polar explorer (Jarstad
and Mamen 2022)). Muscle shivering can
increase whole body metabolism ~3—5-fold
(McArdle et al. 2015, p. 616), thus wasting
valuable energy in polar conditions.

in short-term (Paulin et al. 2015, Jarstad et
al. 2023) and medium-term studies of pro-
longed LIST (Helge et al. 2003, Parent et
al. 2018), in which the loss of body mass
ranged from ~0.9 to ~2.2 kg-week™ (Helge
et al. 2003, Paulin et al. 2015, Parent et al.
2018, Jarstad et al. 2023). In this context,
it is interesting to note that the relative (%)
contribution of energy from carbohydrates,
fat, and protein to the total energy intake
in this study and the others (Helge et al.
2003, Paulin et al. 2015, Parent et al. 2018,
Jarstad et al. 2023) ranged between ~17—
61%, ~25-67%, and 9-16%, respectively.
Overall, this indicates that a loss in body
mass of ~1-2 kg-week™ can be achieved/
allowed and lean mass can still be main-
tained during ultra-short-term to medium-
term LIST expeditions, regardless of the
relative energy distribution in the diet.

The decrease in bone mineral content in
the two participants was slightly larger
than the analytical variation for this pa-
rameter in the Lunar iDXA. However, as
far as the author knows, the total meas-
urement variability for bone mineral con-
tent is unknown when the Lunar iDXA is
used, and the findings must therefore be
interpreted with caution. Nevertheless, the
changes probably had no clinical signifi-
cance for the two participants.
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The estimated visceral adipose tissue
mass and volume were zero pre- and post-
trek in subject A, while this variable de-
creased by 21% in subject B following the
trek. However, as total measurement varia-
bility is high for visceral adipose tissue
mass and volume (see “Measurement in-
struments” in the method section), the nu-
merical decrease in this variable in sub-
ject B is interpreted as no change. Fur-
thermore, the decrease in subcutaneous ad-

ipose tissue mass and volume in the two
participants was larger than the analytical
variation, but should be interpreted with
caution as the total measurement varia-
bility in this parameter, to the author’s
knowledge, has not been assessed when
using the Lunar iDXA. On the other hand,
as the total fat mass decreased in both
participants, it is reasonable to assume that
subcutaneous adipose tissue mass also de-
clined.

Endurance capacity and substrate utilization

The results revealed no change in short-
distance or long-distance performance in
subject A, but subject B achieved moder-
ate improvements. Further, no changes in
VOomax lactate threshold %V Oy pmax, or work
economy were observed, indicating no en-
hancements in aerobic endurance. Also,
the RER data indicated no improvement in
fat oxidation. The lack of performance
enhancements in subject A may have been
due to insufficient muscle recovery (pos-
sibly muscle damage, as indicated by the
increase in creatine kinase, ASAT, and
ALAT, see the “Enzymes” section below),
and/or the fact that she was nursing a cold
during the post-trek tests. It is also quite
simply possible that eight days of LIST
was too short a period of exercise at low
work intensity to affect aerobic endurance
and performance in this individual. This
may be the most plausible explanation, as
she felt recovered, and actually fitter, dur-
ing the post-trek tests than the pre-trek
tests. In subject B, the performance im-
provements may have been due to a learn-
ing effect. On the other hand, there was no
change in short-distance performance (time
to exhaustion) between the habituation and
pre-trek test in this participant (habitua-
tion test data not shown in table). There-
fore, it seems reasonable to believe that
small physiological changes (VOjnax, lac-

tate threshold %V Oymax, and/or work econ-
omy), which were not detected due to
measurement variability, may explain the
performance improvements in subject B.
In addition, the small decrease in body
mass could also have been a slight con-
tributing factor to the performance en-
hancements. The improvements of perfor-
mance in this participant are similar to
those reported in one of two well-trained
recreational athletes (subject B) follow-
ing short-term (23 days) prolonged LIST
across the length of Spitsbergen (~640 km)
(Jarstad and Mamen 2022).

The two participants in the present
study had similar relative VO .x (mL~kg'1 .
min'l) and lactate threshold % VO, but
different work economy. In terms of per-
formance, the difference in work economy
in favor of subject B was clearly revealed
during the exhaustive long-distance incre-
mental test, where this participant covered
~2.4 km in ~42 min (2—4 km-h™, 0-12.5%
incline), while subject A covered ~1.8 km
in ~44 min (1-3 km-h™, 0-12.5% incline).
The superior work economy in subject B
could possibly be attributed to a higher
oxidative capacity of the exercise-specific
muscles or a more efficient technique of
movement (Pate and Kriska 1984) and/or
greater maximal muscle strength (Steren et
al. 2008).
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Hematology

In subject A, the results revealed small
increases in erythrocyte count, hematocrit,
and hemoglobin concentration, accompa-
nied by a concomitant decrease in the level
of reticulocytes. As the altitude exposure
was low during the present expedition,
these changes were possibly because she
started a new menstrual cycle the day the
pre-trek blood tests were performed, and
the post-trek blood samples were collected
14 days later in the ovulatory phase of her
menstrual cycle. This assumption may be
supported by the fact that the change in the
number of erythrocytes and hemoglobin
concentration in subject A after 14 days
points in the same direction as that re-
ported after 14—16 days (ovulatory phase)
in healthy young females (speed and endur-
ance athlete students) (Yadav et al. 2022).

The substantial decrease in the number
of leukocytes indicates that the immune
system was impaired in the two ski trek-

Glucose, lipids, and albumin

The percentage increase in glucose con-
centration in subject A was slightly larger
than the CVt for this variable. However,
the absolute change was of such a modest
nature that it probably had no clinical sig-
nificance. Further, the results indicated de-
creased total, LDL, and LP(a) cholesterol
levels, stable HDL cholesterol concentra-
tion, and increased levels of triglycerides.
The decrease in total, LDL, and LP(a) cho-
lesterol concentrations may have been due
to the substantial energy deficit and the
apparently lower fat content (~18-38%) in
the expedition versus everyday diets. By
comparison, the decrease in total choles-
terol concentration in the present study is
unlike the relatively stable levels observed
in a study of long-term (95 days) pro-
longed LIST (moving ~2.4 km-h" with
sledges of ~220 kg initially for ~10 hrs-
day" over ~2300 km across Antarctica)
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kers following the traverse (subject A did
in fact experience a cold the day after the
last post-trek test). An explanation for this
could be the modest energy intake during
the expedition, which may have resulted in
an inadequate supply of key substances for
blood formation, such as e.g. vitamin B,
(decreased in both participants) and folic
acid (McArdle et al. 2015, p. 43). Further,
as the erythrocyte levels increased slightly
in subject A, and the number of reticulo-
cytes increased substantially in subject B,
perhaps their bodies prioritized formation
of red blood cells due to the nature of dai-
ly prolonged oxygen demanding exercise
during the expedition. It could also be
speculated whether insufficient day-to-day
recovery (no rest days and little sleep at
night (4-5 hours in subject B)) during the
trek may have affected the participants’
white blood cell formation.

(Stroud et al. 1997). The different total
cholesterol results may be explained by the
difference between fat intake in the present
study and in the study by Stroud et al.
(1997) (~30% versus ~57% of total energy
contribution, respectively). Furthermore,
the increased triglyceride levels observed
in the present study may have been due to
the extraordinary food and beverage intake
(e.g. the celebration dinner and fast food/
soda/candy during traveling) in the time
gap between the completed expedition and
the post-trek tests. Additionally, it cannot
be excluded that the change from ~5 hours
of daily exercise for eight consecutive
days to sudden physical inactivity (and
thus substantially reduced oxidation of fat-
ty acids) in the days between the expedi-
tion and the post-trek tests could also
partially explain the elevated triglyceride
concentrations.
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The results showed relatively stable al-
bumin levels (only a slight decrease in sub-
ject B) following the trek, which is similar
to the findings in the long-term study by
Stroud et al. (1997). Overall, this may in-
dicate that a substantial energy deficit dur-

Enzymes

The elevated creatine kinase, ASAT,
and ALAT levels to above the reference
values in subject A, and the increased con-
centrations of ASAT and ALAT in sub-
ject B, may indicate a certain degree of
skeletal muscle damage following the ski
trek. This is also seen in individuals fol-
lowing acute weightlifting (Pettersson et
al. 2008), training for “tough mudder” (a
10—-12 mile military-style obstacle course)
(Pavletic et al. 2015), and “intensive exer-
cise training regimes six times a week”
(Delicata et al. 2018). Although it is dis-

Hormones

It has been suggested that secretion of
TSH and thyroid hormones may increase
as a response to exercise (and remain ele-
vated for several days) in order to raise the
metabolism and thus accommodate an in-
creased energy demand (Arkader et al.
2016). LIST per se could therefore be one
possible explanation for the increased free
T3 concentration observed in subject A
(similar changes were observed in the
long-term study by Stroud et al. (1997))
and the elevated TSH level seen in sub-
ject B after the expedition. It may also
be possible that other energy-demanding
processes, such as thermogenesis, protein
synthesis, glucogenesis and/or lipogenesis
(McArdle et al. 2015 p. 12, 13, 123, 156,
952; Brownstein et al. 2022), during and/
or after the event can help explain the in-
creased levels of these metabolic hor-
mones. In this context, it should be empha-
sized that post-trek signs of increased thy-

ing LIST expeditions does not signifi-
cantly affect albumin. An unchanged albu-
min level may possibly reflect maintained
whole-body protein synthesis (Stroud et al.
1996, 1997).

cussed above (in the “Endurance capacity
and substrate utilization” section) that mus-
cle damage may be one possible explana-
tion for the lack of performance improve-
ments in subject A, it is important to note
that oral feedback indicated no obvious
signs of poor muscle recovery in the two
participants, suggesting that the increased
concentrations of creatine kinase, ASAT,
and ALAT probably had little or no prac-
tical significance. This appears to concur
with the case reports by Pavletic et al.
(2015) and Delicata et al. (2018).

roid hormones due to thermogenesis dur-
ing the expedition are probably unlikely,
as T3 concentration appears to peak after
~2 hours of cold exposure, and then return
to baseline levels (Zhang et al. 2018).
It should also be noted that glucogenesis
has been found to be impaired in a hyper-
thyroidism state (animal studies) (Hasan
Al-bayati and AL-Khateeb 2021). Never-
theless, more research is necessary to
provide further information on the influ-
ence of prolonged LIST expeditions on the
metabolic hormones related to the pitui-
tary-thyroid axis.

The levels of cortisol did not change
significantly in the two participants, nor
did testosterone in subject B, from pre- to
post-expedition. As the present study ap-
pears to be the first to assess these hor-
mones following ultra-short-term pro-
longed LIST, there is a lack of studies with
which to compare the findings. However,
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the results are approximately in line with
those observed from the 10™ expedition
day (pre-trek values not assessed) to post-
trek in the long-term study by Stroud et al.
(1997). In this context, it should be noted
that Stroud et al. (1997) also assessed
changes in cortisol and testosterone levels
regularly (every 10" day) throughout the
95-day expedition. The results showed that
cortisol levels increased substantially con-
comitantly with hypoglycemia in the last
~30 days, and there were also clear signs
of a gradual decrease in testosterone con-
centrations throughout the expedition
(Stroud et al. 1997). These findings proba-
bly reflect the role of cortisol in promoting
fat oxidation to maintain stable blood glu-
cose concentration during malnutrition and
indicate that such a serious state of energy
deficit may also have a negative effect on
testosterone levels. Moreover, the results
by Stroud et al. (1997) indicate that pre-
and post-data do not necessarily reveal the
cortisol and testosterone changes that may
occur during an expedition. This must also
be taken into account in the present study,

Practical implications

This study indicates that ultra-short-
term prolonged LIST, performed with a
substantial energy deficit, does not have
a negative effect on lean body mass. On
the other hand, the results show that such
an event may impair the body’s immune
system. Therefore, during skiing expedi-
tions, energy deficit should be limited to a
minimum, even in ultra-short-term events.
Further, if the purpose is to reduce LDL
cholesterol level, this study indicates that
prolonged low-intensity exercise can help
affect this variable significantly even after

Limitations

In this study, substrate utilization was
investigated indirectly using RER. This
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although the expedition lasted only eight
days and the post blood samples were col-
lected only 2-3 days after completion of
the event.

During the menstrual cycle, higher es-
trogen levels are expected in the late fol-
licular and ovulatory phases (days ~6—12
and ~13-15, respectively, of a 28-day men-
strual cycle) than in the early follicular
phase (day ~1-5 of a 28-day menstrual
cycle) (McNulty et al. 2020, Carmichael et
al. 2021). The increased estradiol concen-
tration observed in subject A is therefore
consistent with the pre- and post-expedi-
tion blood samples being collected in the
early follicular phase (day 1) and in the
ovulatory phase (day 14), respectively, of
her menstrual cycle (28 days). Further-
more, the observation that performance
(time to exhaustion) did not change dur-
ing this period (from the early follicular
to the ovulatory phase) in this participant,
although her perceived performance im-
proved, appears to be in line with findings
in other studies (Carmichael et al. 2021).

a short period of time. The present study
also indicates that only ~1 week of daily
prolonged low-intensity exercise can im-
prove short-distance and long-distance per-
formance when aerobic fitness is moderate
initially. This may be interesting informa-
tion for e.g. competitive recreational ath-
letes, as low-intensity training (< aerobic
threshold/the first ventilatory threshold)
appears to constitute ~60—-80% of their ex-
ercise time (Muifioz and Varela-Sanz 2018,
Selles-Perez et al. 2019).

method of assessing change in oxidation of
carbohydrates versus fat is quite sensitive
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to differences in breathing pattern. For ex-
ample, overbreathing, which causes non-
metabolic CO, to be “blown off” from the
lungs, leads to an increase in RER that
does not reflect the respiratory quotient
from aerobic metabolism (McArdle et al.
2015, p. 189). Furthermore, the calculation
of the participants’ energy intakes prior to
the study was based on a single report of

Conclusions

This study indicates that ultra-short-
term prolonged LIST, performed with a
substantial caloric deficiency, can lead to
a slimmer body composition without loss
of lean mass in moderately trained recrea-
tional individuals. Furthermore, such an
event can improve short-distance and long-
distance performance and reduce LDL cho-
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