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Abstract

Long-term Antarctic expedition’s studies indicated harmful or positive behavioral and
psychophysiological adaptive changes that arise from adversities in isolated, confined,
and extreme environments. Whereas most of the published studies focused on over-
wintering situations, most Brazilian Antarctic Program summer expeditions consist of
short-term stays. We evaluated the influence of a permanence in Antarctic short-term
(13-day) summer camp on the hormonal responses and mood states in eight volunteers.
Data collection was carried out at the beginning (initial measure, days 3 to 5) and the end
(final measurement, days 10 to 12) of the camping. Morning and evening samples of
saliva were obtained to measure the testosterone and cortisol concentrations. Morning
blood drops were used to determine thyroid-stimulating hormone (TSH) and thyroxine
(T4) concentration. The volunteers also answered a mood states questionnaire. During
the short-term camp, T4 (3.92 +0.75 vs 2.21 £ 0.71 pg.dL™") and T4/TSH (3.16 £ 0.97 vs
1.79 £ 0.74 AU) reduced, without concomitant changes in TSH (1.28 £ 0.17 vs 1.30 +
0.09 pU.mL™), and salivary cortisol increased (2,392 + 1,153 vs 4,440 + 1,941 pgmL™)
resulting in greater cortisol amplitude (calculated from the difference between morning
and evening measurement, 1,400 + 1,442 vs 3,230 + 2,046). In men, testosterone in-
creased as well (26.2 + 12.5 vs 67.8 + 45.8, all differences with P<0.05). There was a
moderate effect in mood states evidenced by increased anger and fatigue, and reduced
vigor. At the end of the camp, the change in cortisol correlated with anger, and the final
cortisol values with anger and tension. We concluded that staying in a short-term
summer camp in Antarctica induced endocrine and mood state changes, indicators of
stress reaction.
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Introduction

Every year, several researchers travel to
the Antarctic field to carry out data col-
lection that may last for days, weeks, or
even months. ICE elements - i.e., isolation,
confinement and extreme situations - are
environment-dependent (Moraes et al. 2020,
Bartone et al. 2018, Sandal et al. 2006),
and are potentially experienced in Ant-
arctic summer camps because of the al-
most 24 h of luminosity, significant cold,
and adverse conditions (storms, white-out
situations, and displacements in rouge ter-
rains), associated with communication re-
strictions (Moraes et al. 2018, Pattyn et al.
2017, Palinkas and Suedfeld 2008).

Prolonged exposure to luminosity in-
fluences circadian concentrations of hor-
mones associated with the dark-light cy-
cle; for example, stimulating cortisol (Ka-
nikowska et al. 2019, Scheer and Buijs
1999) and inhibiting thyroid-stimulating
hormone (TSH) (Hassi et al. 2001, Palin-
kas et al. 2001). Cortisol is a catabolic
(Brillon et al. 1995, Simmons et al. 1984)
and stress-related hormone (Russell and
Lightman 2019) that inhibits testoster-
one secretion (Cumming et al. 1983); thus,
changes in cortisol concentration alter the
body anabolic-catabolic balance. Also, cor-
tisol presents an inhibitory effect on TSH
secretion (Van der Spoel et al. 2021, Re et
al. 1976). The stress of moderate and in-
tense physical exertion is an additional
stimulus for cortisol secretion (Hill et al.
2008). Noteworthy to mention that our
previous work showed that the physi-
ological strain associated with labor in
Antarctica consisted of low-to-moderate-
intensity efforts, with moments of high-
intensity physical effort during displace-
ments (reaching 80-90% of maximum
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heart rate) (Moraes et al. 2018). Besides,
cold exposure is a physical-psychological
stressor stimuli(Schwabe et al. 2008, Dick-
erson and Kemeny 2004) that increases
cortisol concentration (Vitale et al. 2018,
Izawa et al. 2009, Pidkkonen and Lep-
paluoto 2002, Chrousos and Gold 1992).
Thyroid hormones regulate metabolism
(Mullur et al. 2014, Silva 1995), increas-
ing metabolic heat production (Silva 2001,
Reed et al. 2001, Do et al. 1996), which, in
turn, helps to defend the body temperature.
Cold can induce T4 (thyroxine) conversion
to triiodothyronine (T3), reducing T4 con-
centration (Mullur et al. 2014). Divergent
responses to the cold environment expo-
sure were reported (Padkkonen and Lep-
piluoto 2002); while severe cold exposure
in water relates to increased TSH (Kovani-
Cova et al. 2020), mild cold conditions can
decrease or even not affect TSH concen-
tration (Kovanicova et al. 2020, Iwen et al.
2017, Leppéluoto et al. 1988).

Antarctic ICE conditions influence en-
docrine responses, which can affect mood
states (Pattyn et al. 2017, Palinkas and
Suedfeld 2008, Palinkas et al. 2007, Hari-
nath et al. 2005, Xu et al. 2003, Palinkas et
al. 2001). Chronic cortisol elevation can
generate maladaptive responses such as
depressed or elevated mood (i.e., depres-
sion or mania), irritability, lability, and
anxiety (Brown 2009), as glucocorticoids
alter the brain's neural circuitry by modu-
lating neurotransmitters and neurotrophic
factors (Belanoff et al. 2001). Elevated
TSH accompanied by reduced T3 and T4
is associated with winter syndrome mood
fluctuations, characterized by depressive
symptoms (e.g., high levels of anger and
irritability described as "polar syndrome")



(Palinkas et al. 2001, 1996). As glucocor-
ticoids and TSH affect emotional states
(Wirth et al. 2011, Kritz-Silverstein et al.
2009, Xu et al. 2003), these hormones can
be a physiological link between staying in
ICE environments and changes in states of
humor.

Studies about long-term expeditions
have reported the harmful behavioral and
psychophysiological alterations resulting
from prolonged wintering exposure to iso-
lation, confinement, and extreme environ-
ments (Zimmer et al. 2013). However, salu-
togenic effects may also arise from suc-
cessful adaption to environmental adver-
sities due to an increased sense of self-
sufficiency and personal growth (Zimmer
et al. 2013, Palinkas and Suedfeld 2008).
In this sense, a previous study showed that
for a three-week summer camping expedi-
tion to Antarctica, the vigor scores were
constantly higher than the negative catego-
ries (Moraes et al. 2020). This may be
associated with the season of the year, the
duration, and conditions of stay in Antarc-
tica. Considering that several countries car-
ry out summer camps in Antarctica, it is
relevant to know the possible hormonal
and mood changes in these camps, with
different durations (from days to months).

Previous studies have reported hor-
monal and mood state changes during pro-
longed summer camps in Antarctica, i.e.,
three or more weeks (Moraes et al. 2020,
Pattyn et al. 2017, Harinath et al. 2005,
Farrace et al. 1999), and after returning
from a long expedition (Woods et al. 2015,

Material and Methods
Ethics

This study followed the regulations es-
tablished by the Brazilian National Health
Council (resolution 466/2012) and was ap-
proved by the research ethics committee of
the Universidade Federal de Minas Gerais
(protocol number 56360516.5.0000.5149).
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Harinath et al. 2005). Although these ear-
lier studies have focused on the effects
of medium- to long-term camps, it is also
possible to expect hormonal changes in
short-term stays, given the different stimu-
li provided by the Antarctic environmental
conditions. Relevantly, while in a long-
term camp, individuals spend more days
exposed to polar environmental conditions,
in a short-term camp, fewer days to car-
ry out the work, and less time between
assembly and disassembly of the camp
structure, can add up as a stress factor.
Therefore, the physiological and mood re-
sponses may differ with the length of stay
in the camp. Notably, short-term camp-
ing may also provide relevant information
about early human adaptations to adverse
conditions.

The present study aims to evaluate
the influence of a permanence during 10-
to 12-day Antarctic camping compared to
initial days in camping on hormonal re-
sponses (i.e., TSH, T4, cortisol, and tes-
tosterone) and mood states. We hypothe-
sized that intense and prolonged exposure
to day light and low ambient temperatures
would reduce TSH and T4 concentrations
during a short-term camp. Altogether with
other potential stressors (e.g., displace-
ments in rough terrains), the ICE condi-
tions would increase the cortisol concen-
tration, favoring a catabolic state (i.e., a re-
duced testosterone/cortisol ratio)a TSH in-
hibition and negative mood states (i.e., an-
ger, tension, fatigue, depression, and con-
fusion).

The volunteers were informed about the
research objectives and all the experimen-
tal procedures before giving their written
informed consent for participation in this
study.
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Subjects and experimental approach to the problem

Eight nonmilitary individuals (five men
and three women) that took part in a jour-
ney to Antarctica to conduct fieldwork (i.e.,
prospection) were recruited to participate
in this study (Table 1). Seven volunteers
were researchers, and the other one was a
mountaineer. The expedition took place in
January of 2017, during the Antarctic sum-
mer season, and lasted 19 days: 6 days
onboard the Brazilian navy polar ship
“Almirante Maximiano” (number of tack
H-41), and 13 days (12 nights) in a camp
settled on the Byers Peninsula (Living-
stone Island), located on the South Shet-
land Islands (62° 39.851” S, 61° 05.998°
W). During the field expedition, the vol-
unteers spent their first two days assem-
bling the camping site structures. The first
data collection (initial measure) was per-
formed from the 3™ to the 5™ day and the
last (final measurement) from the 10™ to
12" day after the camp initiation. After
that, the participants returned to the ship.

The field period was characterized
by prolonged daylight, varying from 18 h
51 min. (sunrise: 3:44 a.m. / sunset: 10:35
p.m.) in the first day to 17 h 31 min.
(sunrise: 4:28 a.m. / sunset: 9:59 p.m.) in

the last day of camp. Temperature and rel-
ative humidity (RH) ranged from -1°C to
+6°C and from 42% to 95% RH, respec-
tively, and gales with wind reached val-
ues up to 67 km/h ([1] Zone-related web-
site Time and Date, 2017; 13" to 27" Jan-
uvary daily data from the launch of the
camp until its removal can be accessed at
https://www.timeanddate.com/sun/@6620

723month=1&year=2017[1]). During camp,
individuals kept a regular diurnal sched-
ule. Volunteers usually woke up between
06:30 am. and 7:30 a.m. and left their
tents to arrive at the social tent for break-
fast (days without data collection), walked
to the work area around 9:00 a.m., re-
turned to the camp around 5:00 p.m., and
slept from a time between 9:00 p.m. and
11:00 p.m. until the next morning. During
the workday, the individuals performed
excavation and tasks involving the han-
dling of artifacts. Fieldwork and camping
routines were the same for all individuals.
On the days of data collection, the vol-
unteers were woken up at 06:30 a.m. and
at 7:00 a.m. they moved to the laboratory
tent for data collection.

Age (years) Height (cm) Body mass (kg) Body fat (%)
Mean + SD 40.1£13.8 168.5+9.3 77.1+£22.2 242+49
Range 25-65 155.0-183.0 54.2-120.0 16.2-30.7

Table 1. Anthropometric characteristics of the volunteers (n = 8). Footnote: The data are
expressed as means + SD and as the range of variation (from minimum to maximum).

Measurement of anthropometric characteristics

Body mass was measured with men
wearing shorts and women wearing shorts
and a top. Skinfold thickness was meas-
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ured in triplicates by the same investigator
at seven sites — triceps, subscapular, pec-
toral, mid-axilla, abdominal, supra iliac,



and mid-thigh —using a skinfold caliper
(Lange, MI, USA). The body fat percent-
age was calculated, according to Jackson

Data collection

On data collection days, the partici-
pants were individually evaluated at the
tent set up as a laboratory. The experimen-
tal procedures (i.e., saliva and blood sam-
ple collection and application of the self-
reported questionnaire for mood states as-
sessment) were carried out between 7:00

Mood states questionnaire

Mood states were assessed using the
24-item Brunel mood scale (BRUMS) (Ter-
ry et al. 2003, 1999). The questionnaire
was applied on paper, and the volunteers
responded using a pen. The BRUMS has
six dimensions, with each dimension be-
ing composed of four items, as follows:
anger (annoyed, bitter, angry, and bad-
tempered), confusion (confused, muddled,
mixed-up, and uncertain), depression (de-

Salivary hormonal analyses

The saliva samples were temporarily
stored inside a styrofoam box buried in ice
(about -2.0°C) in the Antarctic field and,
after 13 days, transferred to a -80°C freez-
er inside the ship. The samples were kept
frozen until processing and analysis. It is
worth highlighting the long-term stability
of salivary cortisol and testosterone sam-
ples, which remain viable and stable for
analyzes after one to three months, even at
temperatures higher (+4°C or above) that
those maintained in the present study (Dur-
diakova et al. 2013, Garde and Hansen
2005).

A 400-uL saliva sample was used to
measure free-testosterone concentration by

SHORT-TERM ANTARCTIC CAMP

and Pollock’s equations (Jackson and Pol-
lock 1978).

and 7:30 am. Data collection was per-
formed with volunteers in a fasted state,
after waking up, and before carrying out
the displacement and fieldwork activities.
Saliva samples were also collected at 7:00
p.m.

pressed, downhearted, unhappy, and miser-
able), fatigue (worn out, exhausted, sleepy
and tired), tension (panicky, anxious, wor-
ried, and nervous), vigor (lively, energetic,
active, and alert). Each item is preceded by
the question “How do you feel right now?”
and should be answered on a 5-point scale
(from 0 to 4). Therefore, the total score for
each dimension ranges from 0 to 16.

enzyme immunoassay (Triturus ELISA
Instrument, Grifols, Spain) (Blanco et al.
2003), and a 300-uL saliva sample was
used to measure cortisol concentration
by electrochemiluminescence (Modular
ERoche, Switzerland) (Carrozza et al.
2010). As cortisol concentration is higher
during the morning than at night (Wright
et al. 2015), the cortisol amplitude was
calculated as the difference between the
7:00 am. and 7:00 p.m. concentrations.
All analyzes were performed in the same
analytical run, minimizing the inter-assay
coefficient of variation (CV): free-testos-
terone = 12.0% and cortisol = 3.6%.
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Blood hormonal analyses

For measuring thyroid hormone con-
centrations, drops of blood were col-
lected on a filter paper (Whatman S&S
903 Screening Cards, Life Sciences, GE
Healthcare, US), dried horizontally, stored
in plastic bags with silica, and kept away
from exposure to light and hot tempera-
tures. Dried blood spot disks (each 3.2 mm
in diameter) were plated, diluted in eu-
ropium buffer solution, and analyzed by
time-resolved two-site fluoroimmunoassay
with direct double-sandwich technique
(AutoDELFIA Neonatal hTSH and Auto
DELFIA Neonatal T4; WallacOy, Fin-

Statistical analyses

Initially, to assess the distribution of
data, the Shapiro-Wilk test was used. The
parameters evaluated did not show a sig-
nificant departure from a normal distribu-
tion. The equal variance was tested and
confirmed using the Levene Median test.
Throughout the text, in the tables and in
Fig. 1, data are shown as mean + SD of the
group values.

Paired Student’s t-tests were used to
compare mood states, salivary hormonal
responses (i.e., cortisol, cortisol ampli-
tude, testosterone, testosterone/cortisol ra-
tio), and blood hormonal responses (i.e.,
TSH, T4, and T4/TSH ratio) between the
beginning and end of the camp. Thus, the
mean and SD of the difference (end minus
beginning; MD and SDD), degrees of free-
dom (DF), and t-value for all data were
also presented. The t-value and DF are
presented as t(DF).The o level was set at
0.05. All the analyses described previous-
ly were performed using the SigmaPlot
11.0 software (Systat Software Inc.). Pear-
son’s correlation was used to evaluate the
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land), as previously reported in a similar
study (Manousou et al. 2020, Moraes et
al. 2020, Magalhaes et al. 2018). TSH sen-
sitivity is typically better than 2 uU/mL,
and T4 sensitivity is typically better than
1.5 pg/dL. There is no relevant cross-reac-
tivity to report (only T4 has cross-reactivi-
ty with D-Thyroxine (30%), an isomer
of thyroxine) ([2] B032-312 AutoDELFIA
Neonatal hTSH, 2016; [3] B065-112 Auto
DELFIA Neonatal Thyroxine (T4), 2016).
All analyzes were performed in the same
analytical run, minimizing the inter-assay
CV:TSH = 12.8% and T4 = 12.2%.

strength of a linear association between
two variables by determining the r coef-
ficient. The r coefficient effect size (ES)
values were classified as small (ES 0.2 —
0.5 or -0.2 — -0.5), medium (ES 0.5 — 0.8
or -0.5 — -0.8), and large (> 0.8 or < -0.8)
(Sullivan and Feinn 2012).

Considering the reduced number of
subjects joining the expedition (n = 8), we
presented the statistical significance by
P-value and the substantive significance
by calculating Cohen’s d ES as a supple-
mentary analysis (Sullivan and Feinn 2012).
Cohen’s d ES allowed the assessment of
the magnitude of differences between da-
ta and was calculated by subtracting the
mean value of one time point from the
mean value of the time point to which it
was being compared.

The Cohen’s d ES values were clas-
sified as small (ES 0.2 — 0.5), medium (ES
0.5 — 0.8), large (ES 0.8 — 1.3), and very
large (ES > 1.3) (Sullivan and Feinn
2012).



Results

During the short-term camp, there was no
statistically significant difference in TSH
concentration between the first and the last
measurement (Initial: 1.28 +0.17 pU.mL",
Final: 1.30 + 0.09 pU.mL"'; MD = -0.026;
SDD = 0.11; P= 0.53; t(7)= -0.656; ES=
0.19) (Fig. 1A), whereas there was a sig-
nificant very large decrease in T4 concen-
tration (Initial: 3.92 + 0.75 pg.dL™, Final:
221 +0.71 ug.dL"'; MD = 1.71, SDD =
0.75; P< 0.001; t(7)= 6.491, ES= 2.35)
(Fig. 1B). These hormonal responses led to
areduction in the T4/TSH ratio (Table 2).

Cortisol concentration at 7:00 a.m. was
largely increased during the camp (Ini-
tial: 2,392 £ 1,153 pg.mL’l, Final: 4,440 +
1,941 pg.mL™'; MD = -2,048; SDD= 2,016;
P=0.02; 4(7)=-2.873; ES=1.29)(Fig. 1C);
whereas there were no statistically signifi-
cant changes in cortisol at 7:00 p.m. (Ini-
tial: 992.3 + 500.4 pg.mL'l, Final: 1,209.8
+ 887.5 pgmL'; MD = -217.5; SDD =
1,108; P = 0.59; t(7) = -0.555; ES = 0.30)
(Fig. 1D). The specific increase in morn-
ing cortisol resulted in greater cortisol am-
plitude at the end compared to the begin-

SHORT-TERM ANTARCTIC CAMP

ning of the Antarctic camp (Table 2).

For free-testosterone concentration meas-
ured at 7:00 a.m. the result of the com-
parison between means did not reach sta-
tistical significance; however, there was a
moderate effect size for the comparison
(Initial: 20.2 + 12.7 pg.mL", Final: 45.7 +
46.1 pg.mL™'; MD = -25.47; SDD = 35.4;
P =0.08; t(7) = -2.033; ES = 0.75) (Fig.
1E). When considering only men, it was
observed a large effect size in the morning
free-testosterone (Initial: 26.2 + 12.5, Fi-
nal: 67.8 £45.8; MD = -41.5; SDD = 36.5;
P =0.06; t(4) =-2.542; ES=1.24, n = 5).
The individual variation values, calculated
as ‘Individual variation = [(Final value
- Initial value) *100]/Initial value module’
can be accessed in the supplementary ma-
terial (Supplemental material, Table S1).
During this short-term camp, there were
no changes in testosterone measured at
7:00 pm. (MD = 0.96; SDD = 9.62;
P=0.78,1(7) = 0.284; ES=0.06) (Fig. 1F)
and in the testosterone/cortisol ratio at
7:00 a.m. or at 7:00 p.m. (Table 2).

midal - Final © MD  SDD  tvalue Pvalue ES
(T:{JT)SHatmoa'm' i3(f967 1!3;? 137 066 587 <0001 1.59
g)‘gﬁnffﬂ;‘mpht“de S 12230(2;: 1830 2221 233 005 103
T L4 19 0n i 0w s o
;e;fgzi‘ieégﬁg_‘%‘ﬂ Jles OW o2 e 035 074 008

Table 2. The T4/TSH ratio, cortisol amplitude, and testosterone/cortisol ratio at 7:00 a.m. and
7:00 p.m. in the beginning (initial measure) and at the end (final measure) of the short-term Ant-
arctic expedition. Footnote: Cohen’s d effect sizes (ES) were calculated to assess the magnitude of
the difference between experimental time points. n=8. *Significantly different (P < 0.05) from the
initial measure. “Large effect size; Y“Very large effect size. The data are expressed as means
+ standard SD. MD: mean of the difference. SDD: standard deviation of the difference. P-value:
probability. t-value: ratio of the difference between the mean of the two sample sets and the
variation that exists within the sample sets. Degrees of freedom (DF) = 7, for all variables.
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Fig. 1. Hormonal concentrations measured in the beginning (initial measure) and at the end (final
measure) of the short-term Antarctic expedition. A) thyroid-stimulating hormone (TSH), B)
thyroxine (T4), C) cortisol at 7:00 a.m., F) cortisol at 7:00 p.m., G) free-testosterone at 7:00 a.m.,
and H) free-testosterone at 7:00 p.m. The data are expressed as means + SD. The dots represent the
individual datum of men (0) and women (®). *Significantly different (P < 0.05) from the initial

measure. n=8.
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Regarding the mood states, there
were no statistically significant changes
(P > 0.05); however, Cohens’ effect size
showed a moderate effect to increase in

SHORT-TERM ANTARCTIC CAMP

anger and fatigue alongside a moderate
reduction in vigor between the initial and
the final measurement, with no relevant
effect on the other mood states (Table 3).

Initial Final

measure  measure MD SDD  t-value P-value ES
Anger 1.8+1.7 3.1+25 -13 3.3 -1.01 0.35 0.60™
Confusion 1.8+23 13+2.0 0.6 2.7 0.56 0.60 0.26
Depression 1.4+2.1 0.7+08 0.7 2.6 0.74 0.49 0.44
Fatigue 31+£32 53+£23 21 4.6 -1.23 0.26 0.76"
Tension 2.4+28 34+£25 -1.0 4.2 -0.63 0.55 0.38
Vigor 51+19 38+25 1.3 1.8 1.89 0.11 0.60™

Table 3. Mood states measured in the beginning (initial measure) and at the end (final measure) of
the short-term Antarctic expedition. Footnote: Cohen’s d effect sizes (ES) were calculated to
assess the magnitude of the difference between experimental time points. n = 7, because the mood
states data were not accessed in one volunteer. Moderate effect size. The data are expressed as
means = SD. MD: mean of the difference. SDD: standard deviation of the difference. P-value:
probability. t-value: ratio of the difference between the mean of the two sample sets and the
variation that exists within the sample sets. Degrees of freedom (DF) = 6, for all variables.

Correlation analysis was used to inves-
tigate the association between short-term
camping-induced changes in hormonal re-
sponses and mood states. There were mod-
erate to large inverse correlations between
the decrement in T4/TSH (final measure -
initial measure, values in modulus) and
tension (Fig. 2A). There was a one non-
significant (but with a tendency towards
significance) correlation between the dec-
rement in T4/TSH and anger (Fig. 2B) at
the end of the field, with no significant
correlations with the other mood states
(Fig. 2C-F). Also, a statistically significant
direct large correlation between the incre-
ment in cortisol (final measure - initial

measure) and anger at the end of the field
was observed (Fig. 2H), but no significant
correlations with the other mood states
(Fig. 2G and Fig. 2I-L). The increase in
cortisol showed an inverse large correla-
tion with the change in T4/TSH (Fig. 3).
Cortisol absolute value at the end of the
field camp also showed a significant mod-
erate correlation with anger (Fig. 2N) and
a significant large correlation with tension
(Fig. 2M), though no other significant
correlations were observed (Fig. 20-R).
There were no significant correlations be-
tween the change in testosterone or abso-
lute testosterone concentration and mood
states.
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Fig. 2. Correlations between mood states and change in the T4 / TSH ratio (final measure - initial
measure) (A-F), the change in cortisol (final measure - initial measure) (G-L) and the absolute
value of cortisol at the final of the field camp (M-R). n = 7. The dots represent the individual
measurements of men (©) and women (®).
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Discussion

The permanence in a short-term camp
during the Antarctic summer induced neu-
roendocrine and mood state changes, as
evidenced by reduced T4 concentration,
T4/TSH ratio, and vigor, as well as morn-
ing increased testosterone in men and in-
creased cortisol concentrations, anger, and
fatigue at final moment compared to initial
days of camping. Importantly, some of
these hormonal and mood state modifica-
tions were associated. Thus, the present
study showed that hormonal changes are
not restricted to long-term Antarctic camps
but also occur during short-term camps.

Regarding thyroid hormones, there was
no change in TSH during permanence in
the field, which is in line with previous
observations made by Moraes et al. (2020)
after 11 days of camping compared to the
4™ day in camp. The short-term camp also
reduced T4 concentration, which reflects
two main possibilities. First, this result
may evidence a changed functioning of the
thyroid axis, with less T4 release to the
same TSH concentration (as shown by the
T4/TSH ratio). Alternatively, as cold expo-
sure diverts T3 to the skeletal muscle, T4
reduction may also reflect an acclimation-

mediated increase in tissue T4 to T3 con-
version by deiodinase enzymes (Mullur et
al. 2014, Silva 2001, Do et al. 1996). The
impact of cold on our volunteers’ physi-
ology was evidenced by reduced face tem-
perature (O'Brien et al. 2011, Gavhed et
al. 2000, LeBlanc et al. 1976) just after
20 minutes of exposure to the Antarctic
environment (Supplemental material, table
S2). Of note, Reed et al. (1990) reported
simultaneous increases in TSH and resting
metabolic rate over a year in an Antarctic
station alongside a decline in T4. In the
present study, we observed a decline in T4
but no changes in TSH. The conflicting
result of TSH could be explained by the
effect of luminosity in Antarctic summer
camp inhibiting TSH release (Moraes et al.
2020, Hassi et al. 2001). Also, Woods et
al. (2015) reported that a 42-day expedi-
tion increased T3 concentration, reinforc-
ing the increased conversion of T4 to T3
hypothesis. In addition, T4 reduction may
reflect an increase in its accumulation in
tissues (Tsibulnikov et al. 2020).

Another possible explanation for the
reduced T4 concentration would be an
activation of the hypothalamus-pituitary-
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adrenal axis. Stressors act in the central
nervous system (CNS) and can cause a
decrease in thyrotropin-releasing hormone
(TRH) mRNA and plasma TSH levels
(Marti et al. 1996, Kakucska et al. 1995),
leading to T3 and T4 decreases (Helmreich
et al. 2005, Bianco et al. 1987). However,
considering that TSH did not decrease be-
tween the two camp measures, the T4 re-
duction is not a result of an inhibitory ef-
fect on TSH release due to increased CNS
cortisol. Interestingly, this reduction in T4
was not observed in the previous study that
compared the measurements obtained on
4™ day to those obtained on the 11" day in
camp (Moraes et al. 2020), suggesting that
specific camping conditions may influence
the T4 response. It is worth mentioning
that the present study was conducted in
January, when Antarctica's extreme bright-
ness is even more prolonged, with three
additional hours of daylight than in Feb-
ruary, the month when the previous study
(Moraes et al. 2020) was carried out. As
thyroid hormones present a circadian
rhythm and respond to light stimuli, the
maximum summer brightness experienced
by volunteers in the present study may
have favored the T4 reduction (Palinkas et
al. 2001, Hassi et al. 2001).

Palinkas et al. (2001) proposed that
cold-induced skeletal muscle T3 uptake
and the subsequent T4 to T3 conversion
reduce the availability of both thyroid hor-
mones to CNS and precipitate mood states
disturbances. It is worth noting, that T4
and T3 receptors are distributed in the
brain and prevalent in limbic system struc-
tures implicated in mood (Bauer et al.
2008, Kohrle 2000). Experimental evi-
dence (mainly from animal studies) sup-
ports the hypothesis that thyroid status in-
fluences the serotoninergic system in the
adult brain (Bauer et al. 2008, 2002, 2001).
In this sense, increasing thyroid hormone
levels elevated serotonin (5-HT) neuro-
transmission in the cortex or whole brain
(increasing concentration of 5-HT, its pre-
cursors, and metabolites) (Kulikov et al.
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1999, Bauer et al. 2008, 2002). Bauer et al.
(2008) summarized this interaction propos-
ing that thyroid hormones may influence
the serotonergic system by reducing the
sensitivity of 5-HT1, autoreceptors in the
raphe nuclei and increasing 5-HT, receptor
sensitivity. It is also suggested that thyroid
hormones interact with other neurotrans-
mitter systems involved in mood regu-
lation, including the dopaminergic system
(Bauer et al. 2008, Atterwill 1981). Ac-
cording to Palinkas et al. (2001), these
mood state disturbances may lead to a
further decline in T3 and T4 levels, which
in turn increase TSH through stimulation
of the hypothalamus-thyroid axis via nega-
tive feedback loops, and consequently in-
duce the increased availability of T3 and
T4, attenuating negative mood states.

In our study, we observed a reduction
in T4 and consequently decreased the T4/
TSH ratio. Unexpectedly, the T4/TSH ratio
reduction was associated with less anger
and tension at the end of the field camp.
One possibility is that the observed asso-
ciation may reflect the occurrence of nega-
tive feedback loops, as proposed by Palin-
kas et al. (2001), with a lower T4/TSH
ratio reflecting increased TSH secretion
induced by reduced availability of T3 and
T4. Since the reduced TSH is associat-
ed with the severity of mood symptoms
(Larsen et al. 2004), the relative increase
in TSH, as observed, could improve mood
states. However, it is possible to consider
that the present association may not repre-
sent the cause-and-effect relationship. Al-
ternatively, it is worth noting that cortisol
values at the end of the camp were posi-
tively associated with anger and tension,
agreeing with previous studies showing
a correlation between increased cortisol
levels and stress perception (Hargreaves
1990). Also, the increase in cortisol is
inversely correlated with the T4/TSH re-
duction. As cortisol inhibits the deioni-
zation of T4 (Toyoda et al. 2009, Helm-
reich et al. 2005, Hidal and Kaplan 1988),
this correlation may reflect the interaction



of the two hormones. Thus, the inverse
relationship between T4/TSH ratio reduc-
tion with anger and tension may reflect (i)
the interaction of cortisol with T4 and (ii)
the effect of cortisol on mood states. In
this sense, an inverse relationship between
the reduction of T4/TSH and cortisol vari-
ation should be further investigated as a
mechanist interaction.

The increase in cortisol may reflect a
possible significant physical demand (Mo-
raes et al. 2018) and environmental stress
of an Antarctic camp. In this sense, the vol-
unteers reported increased fatigue (worn
out, exhausted, sleepy and tired) and re-
duced vigor (lively, energetic, active, and
alert), indicating worsening in subjective
indexes of physiological strain at the end
of the camp. It is also possible that the
increase in cortisol reflects environmental
stress, including an augmented exposure
to light (Kanikowska et al. 2019, Leproult
et al. 2001, Scheer and Buijs 1999), given
the days with almost 24 h of light during
summer camps in Antarctica. The higher
morning cortisol concentration led to an
increased cortisol amplitude in the second
week of camping. This result agrees with
the upward trend observed by Moraes et
al. (2020) but contradicts Pattyn et al.
(2017), as the latter study did not report
changes in cortisol circadian amplitude af-
ter three weeks of camping. Notably, Pat-
tyn et al. (2017) compared the cortisol
secretion curve during 24 h (from samples
collected every 2 h) to curves previously
reported for healthy subjects in normal cir-
cumstances; thus, there was no comparison
between the beginning and end of a spe-
cific field situation. The data in the present
study and those in Moraes et al. (2020)
and Pattyn et al. (2017) studies still differ
from the results of Farrace et al. (1999).
These authors reported a reduction in cor-
tisol after more prolonged camping in Ant-
arctica, lasting two months. Therefore, a
short- or medium-duration camp may not
be sufficiently long to shift hormones acro-
phase towards the later hours of the morn-
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ing; as suggested by Farrace et al. (1999).
This shift occurs due to the lack of dark/
light cycles. Similar to Farrace etal. (1999),
Gagnon et al. (2011) showed a reduction
in cortisol after returning a long-term ex-
pedition (56 days), with 850 km crossing
at the North Pole. The authors argue that
post-expedition reduction in cortisol may
relate to whole-body anabolism following
catabolism during crossing due to ener-
getic deficiency, with a 10 kg reduction
in body mass. In the present study, the
short stay in the field did not seem enough
for this possible inhibition of cortisol, not-
withstanding the free-testosterone increase
in the men. In summary, we suggest that
physiological strain, augmented exposure
to light, and the stressful demands of a
short-term camp (such as the start of dis-
assembly after a few days of setting up a
camp) were predominant over the cortisol
response.

Despite the elevation in cortisol con-
centration, for men at morning free-tes-
tosterone also increased at the end of the
fieldwork. This is an unexpected result be-
cause cortisol inhibits testosterone secre-
tion (Cumming et al. 1983). The unchanged
testosterone/cortisol ratio contradicts ear-
lier studies showing a shift towards a cata-
bolic hormonal profile in the Antarctic
field (Moraes et al. 2020, Anton-Solanas et
al. 2016). However, our results reinforce
previous findings of Woods et al. (2015)
that testosterone reduction is not the only
possible response in the field. Woods et al.
(2015) reported an increase in total testos-
terone, free testosterone, and sex hormone-
binding globulin after a scientific expedi-
tion lasting 42 days, a response that the au-
thor, who controlled the diet of the volun-
teers, attributed to maintenance of a good
nutritional status and body mass.

During the fieldwork, our volunteers
performed tasks that require physical ef-
fort (Moraes et al. 2018), as carrying out
displacements in rugged and snow-covered
terrain using heavy clothing and fieldwork
of excavating, which may have stimulated
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the increase in testosterone concentration
(Crewther et al. 2014, Kraemer 1988).
Therefore, physical efforts have possibly
resulted in an anabolic stimulus within
a short-term field period, as observed by a
lack of difference in the testosterone/cor-
tisol ratio. In this sense, further studies
should be conducted to investigate the ca-
loric and macronutrient intake during dif-
ferent camp periods (from weeks to months)
and in diverse groups. It is worth noting
that increased testosterone in men only in-
dicates a sex-specific response, possibly
due to the absence of Leydig cells in wom-
en, since Leydig cells are likely to be in-
volved in the exercise-induced increase in
testosterone in men (Vingren et al. 2010).
The medical and psychological assis-
tance aimed to prepare individuals for cop-
ing with ICE environments is usually car-
ried out based on expectations for long-
term, over-wintering subjects. However,
our data highlights that distress related
to social and environmental characteristics
of short-term camping, during summer ex-
peditions, should not be disregarded, as the
existence of stressful stimuli could reduce
individual and team performance in this ex-
treme situation and lead to increased risk
for the participants of expeditions. Here-
after, it is necessary to assess the mech-
anistic interactions between physiologi-
cal changes and mood states on short-
term Antarctica expeditions by understand-
ing the hypothalamic-pituitary-thyroid and
hypothalamic-pituitary-adrenal axes cross-
regulation. Therefore, standard approaches
to investigate diverse gender/sex (Strewe
et al. 2019, Steinach et al. 2016, Palinkas
etal. 2011) and cross-cultural/multinational
(Palinkas et al. 2011, 2004; Musson et al.
2002) factors affecting the adaptation to
isolated and confined environments should
be extended to short-term stays in camps.
Notwithstanding the current findings
clarify early adaptations to changes in en-
vironmental conditions, it must be consid-
ered that this study — a non-experimental
descriptive collective case study of two-
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point repeated measures approach - has
inherent limitations: the low number of
participants and the sample's heterogeneity
because of expeditions logistics. Regard-
ing data analysis, it is necessary to con-
sider that, for small data sets, normality
tests may lack the power to detect the de-
viation of a given variable from normality
(i.e., to reject the null hypothesis) (Ghase-
mi and Zahediasl 2012). Furthermore, in a
group consisting of few participants, indi-
vidual variability and measurement errors
(systematic or not) are possible sources of
bias that may affect data interpretation.
Thus, the current data must be taken with
caution, and the conduction of future da-
ta collection characterized by a conceptual
replication of the present study is encour-
aged.

Other limitations of this study are the
absence of pre-camp baseline measure-
ments, assessments of physical effort in
the field, and comparisons to objectively
evaluate whether physical demand in the
field is higher than in quotidian life.

Despite these limitations, the sample
variability did not prevent the detection of
statistical significance in some variables,
and it was possible to observe hormonal
and mood changes between the beginning
and the end of the camp. Considering the
possibility of differences in adaptive re-
sponses according to sex and age in ICE
environments (Strewe et al. 2019, Palinkas
et al. 2011), future studies should assess
physiological and mood responses in more
homogeneous groups concerning partici-
pants' sex and age. Also, we suggest to
subsequent studies: (i) expand the assess-
ment of stress-linked markers associated
with metabolic and mood responses (e.g.,
catecholamines), aiming for a better under-
standing of the psychophysiological inter-
actions in ICE, (ii) measure metabolic de-
mand during rest and exertion by indirect
calorimetry in different camps, to assess
whether there is an adaptive response of
increased metabolism at rest, as well as to
compare the intensity of effort and meta-



bolic demands during tasks and shifts, (iii)
carry out baseline measurements just be-
fore the field period, (iv) include a nu-
tritional register, considering that the ab-
sence of an energy deficit, the good nu-
tritional status and the maintenance of
body mass may be associated with an in-
crease in the concentration of testoster-
one in the field (Woods et al. 2015), and
(v) adopt laboratory-based experimental ap-
proaches to understanding the isolated ef-
fects of each element of ICE conditions
over the psychophysiological responses ob-
served. In addition, future studies may add
monitoring the menstrual cycle in women,
considering that cortisol tends to be high-
er in the follicular phase (Hamidovic et al.
2020).

An important issue is that exploratory
research seldom allows the observation of

Conclusion

Staying in a short-term summer camp
in Antarctica increased morning cortisol
for both men and women and morning tes-
tosterone in men. Also, stay in the camp
reduced T4 without changing TSH con-
centration at the final of camp compared
to initial days. In conjunction with these
endocrine responses, augmented percep-
tion of anger was particularly associated
with increased cortisol. These endocrine
and mood state changes possibly resulted
from environmental stressors, such as ex-
tended day length during the Antarctic
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independent factors determining phenome-
na in a cause-and-effect relationship since,
as pointed by Tipton (2012), groups in field
expeditions do not encounter environmen-
tal stressors in isolation. In this sense, the
mood states and hormonal changes ob-
served in the present study reflect an inte-
gration resulting from different ICE ele-
ments or associations between them. None-
theless, in-loco observations characterized
by combined physiological stressors offer
insights to identify responses (e.g., psycho-
physiological changes) that must be inves-
tigated under controlled conditions. Thus,
in addition to the findings with high eco-
logical validity for individuals traveling to
extreme environments, the present results
may contribute to design future studies in
more details and a higher interpretability
of physiological data.

summer, augmented physical demand, and
exposure to cold.

Despite exciting, these results should
be taken with caution due to the small
sample size and the possible impact of da-
ta variability on the statistical analyses.
In this sense, future data collection with a
conceptual replication of the current study
is encouraged because it will contribute to
understanding the psychophysiological re-
sponses during a short-term summer camp
in Antarctica.
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Skin temperatures and perceptual responses measured in six volunteers in a
sheltered environment (heated tent) and outdoors during a typical day in the
Antarctic camp

This is supplemental material for the article: An exploratory study of short-term camping
in Antarctica: Hormonal and mood states changes authored by Martins, Y. A. T., Moraes,
M. M., Mendes, T. T., Maluf, C. B., Ladeira, R. V. P., Wanner, S. P., Soares, D. D., Arantes,
R.M. E

Sheltered environment Outdoors
Initial Final Initial Final
measure measure P- ES measure measure P- ES
390 5" 10"t 12" value 310 5" 10" to 12" value
day day day day
Skin temperatures (°C)
Cheek 26.7£2.0 268+17 099 0.01 16.6+3.7 222+43 0.08 1.39""
Chin 27.7+35 275+38 0.87 006 17.1+7.7 23.3+3.6* 0.03 1.03"
Ear canal 352403 35602 026 134" 352+02 35.1+03 0.89 0.06
Forehead 30.8+2.0 304+19 0.55 023 198443 254+47*% 0.04 1.25"
Hand 243+3.0 243+45 099 <0.01 184+25 20.0+4.7 0.28 0.42
Nose 233+57 21.7+28 046 034 155+45 16.7+43 0.52 0.28

Perceptual responses
Thermal comfort -0.7+3.9 -0.1+3.8 0.83 0.14 -59+1.5 -62+2.6 0.81 0.13

Thermal 01437 -18+27 018 05 -63+1.1 -67+21 069 023
sensation

Table S2. Facial temperatures and perceptual variables measured in the beginning (initial
measure) and at the end (final measure) of the short-term Antarctic camp.

The facial and hand temperatures and perceptual responses were measured in six
volunteers in the morning, between 7:00 a.m. and 8:00 a.m., at two conditions: the
"sheltered environment" in a heated tent (ambient temperature days 3-5: 27.1 + 1.1°C
vs. days 10-12: 26.7 + 1.6°C; P = 0.45; ES = 0.1), and outdoors, outside the tent
(ambient temperature days 3-5: 2.2 + 0.2°C vs. days 10-12: 2.6 = 0.8°C; P = 0.17;
ES =0.5). Considering the oscillations of the external environment, the weather forecast
was followed to plan data collections in typical days of the Antarctic summer and ensure
the closest climatic conditions between the different experimental days for the same
individual. The volunteers spent 20 minutes sitting in the "sheltered environment" and
then 20 minutes sitting outdoors. In both conditions, the following measurements were
made every five minutes: skin temperature - forehead, cheek, chin, nose, and hand -
(performed with an infrared sensor Fluke 568 © 1995-2010 Fluke Corporation, OH,
USA), ear canal temperature (G-TECH, model IR1DBI1, Accumed, RJ, BR), thermal
comfort, and thermal sensation [1].

Statistical analysis: Paired Student’s t-tests. Data are expressed as means + SD.
Temperature of the ear canal, n=4. Cohen’s d effect sizes (ES) were calculated to assess
the magnitude of the difference between experimental time points. MModerate effect
size; “Large effect size; V-Very large effect size.

[1] NAKAMURA, M., YoDpA, T., CRAWSHAW, L. 1., KAsuGA, M., UcHIDA, Y., Tokizawa, K.,

NAGASHIMA, K., KANOSUE, K. (2013): Relative importance of different surface regions for thermal
comfort in humans. European Journal of Applied Physiology, 113(1): 63-76.
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