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The effect of single acute cold water exposure on the cognitive
function (short-term, working memory and attention) was exam-
ined in 25 male subjects who were exposed to 14 °C cold water
(air temperature ~22 °C, rh ~45%) in the semi-recumbent posture
(up to the shoulders) until the rectal temperature (T ) dropped to
35.5 °C. 6 subjects were excluded from the study, because we do
not reach a necessary condition to drop their (T ) to 35.5 °C in
170 minutes during a passive cooling procedure. During the cold
exposure rectal (T ), skin (T, ) temperatures, heart rate (HR) were
measured and cold strain (CSI) was calculated. A cognitive test
battery (EFFECTON-COLD) was administrated two times (ran-
domized): as a control measurement (CONTROL) and after the
single acute cold water exposure (COLD). After COLD T and T,
significantly decreased (p < 0.05). The average of HR and COLD
time was 82.61 + 4.09 and 93.68 + 8.66, respectively. The COLD
induced CSI resulted as high cold strain (7.02 + 0.22). The present
study manifested that mild hypothermia and high cold strain ex-
perienced in humans during acute cold stress, impair memory
and attention tests performance in more complex tasks (tasks
requiring working memory, attention concentration, sustention
and speed of information processing) while simple tasks remain
unaffected (tasks requiring short-term memory and attention
concentration for fast response).
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ory, attention, cognitive function

INTRODUCTION

tivities. Also, cold stress may occur for builders,
divers, fire-fighters and other workers in everyday

Accidental exposure to cold is frequent in North-
ern countries. The main activities associated with
exposure to cold include boating, snowmobiling,
other types of land and air transport, non-aquatic
activities such as walking, playing, skating, hunt-
ing and fishing on ice, and other non-aquatic ac-
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occupational activities, especially in winter.

It is well documented that exposure of hu-
mans to cold induces physiological changes and
may affect cognitive performance (Palinkas, 2001;
Lieberman et al., 2009; Muller et al., 2012).

Most of the effects related to cold induce an
increment in error numbers and changes in re-
sponse times in the performance of cognitive
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performance tests assessing attention and
memory. Memory tests are used to assess the
stages of short-term memory: memorization,
storage and recall (Morey, Cowan, 2005), and
attention tests allow investigating the main
characteristics of attention: stability, concen-
tration, distribution and transfer (Correani,
Humphreys, 2011). Pilcher et al. (2002) per-
formed meta-analysis and demonstrated that
under cold conditions (~10 °C) reasoning,
learning and memory tasks were impaired.
Exposure to acute cold stress impairs the per-
formance of short-term or working memory
(Thomas et al., 1989; Duncko et al., 2009)
and attention (Teichner, 1958; Muller et al,,
2012). Baddeley et al. (1975) reported a sig-
nificant decrement in memory recall but not
in recognition; however, other authors have
reported a significant decrement in recog-
nition but not in recall (Ellis et al., 1985).
Moreover, Duncko et al. (2009) reported that
exposure to a predominantly adrenergic stress
procedure such as cold pressor stress can be
associated with signs of both enhanced and
impaired working memory performance.
However, it is well known that acute cold
stress exposure increases the levels of ca-
techolamine (Sramek et al., 2000; Palmieri-
Smith et al., 2007) and other stress hormones
(Sramek et al., 2000; Pilcher et al., 2002; La-
Voy et al., 2011) which impairs cognitive per-
formance (Elzinga et al., 2005; Robinson et al.,
2008). Furthermore, very mild decreases in
core temperature (~0.5 °C) have little or even
stimulatory effects on the immune function
(Brenner et al., 1999), but the modest (~1 °C)
decreases in core temperature have depressive
effects on the immune function (Costa et al.,
2010).

Sandi and Pinelo-Nava (2007) showed that
the effect of stress exposure on learning and
memory is complex and is determined by the
factors such as the length of stress exposure,
nature of the stress stimulus, specific cogni-
tive function examined, age and gender. The
lack of consistency across studies and reviews
has been attributed to a variety of factors in-
cluding, but not limited to, the cognitive task

employed, duration of exposure and method
used to induce cold stress (Pilcher et al., 2002;
Hancock et al., 2007). For a long time, experts
in the field have disagreed about which mo-
dality of cooling is the most efficient because
many have been effectively employed (Cos-
trini, 1990; Armstrong, Maresh, 1999). Koha-
gli (1983) concluded that cold-water immer-
sion results in cutaneous vasoconstriction,
a paradoxical increase in core temperature
with increased heat production at skin tem-
peratures of less than 28 °C, and patient’s dis-
comfort. Thus, the body’s ability to cool must
be stronger than the vasoconstriction that
may be evoked by the immersion, and immer-
sion has been found to be the most rapid and
effective method of body cooling (Costrini,
1990; Armstrong et al., 1996). Moreover, some
investigators used a model in dogs and com-
pared ice-water immersion (1 to 3 °C), cold-
water immersion (10 to 11 °C), and tap-water
immersion (15 to 16 °C) and found no sig-
nificant differences among the 3 immersions
(Magazanik et al., 1980).

Most of investigations analyzing cold stress
responses to cognitive performance were lim-
ited by exposure time (Mékinen et al., 2006;
Lieberman et al., 2009; Muller et al., 2012;
Seo et al., 2013), but in a recent study Brazai-
tis et al. (2014) induced cold stress by body im-
mersion in cold water and examined the physi-
ological responses in two groups of subjects:
those who exhibited a fast decrease in rectal
temperature (T,.) (fast cooling, FC) and those
who exhibited a slow decrease in T,. (slow cool-
ing, SC). Accordingly, we assume that cold ex-
posure, limited by time in earlier studies, might
induce different responses on T,, and subject’s
cognitive function could be affected different-
ly. According to cold stress studies the modest
(~1 °C) decreases in core temperature have de-
pressive effects on the immune function (Cos-
ta et al,, 2010), increases the levels of catechola-
mine (Sramek et al., 2000; Palmieri-Smith et al.,
2007) and other stress hormones (Sramek et al.,
2000; Pilcher et al., 2002; LaVoy et al,, 2011),
thus we hypothesized that the method used in
our study (exposure to cold-water limited by
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the set point of T, 35.5 °C) should induce high
cold stress and manifest cognitive performance
on tests involving memory and attention.

MATERIALS AND METHODS

Subjects

25 healthy male volunteers participated in
the study which was approved by the Human
Research Ethics Committee (Kaunas Univer-
sity of Medicine, Protocol No. 101/2011; BE-
2-41, Kaunas, Lithuania). Mean (+SE) age,
weight, height, body fat and skinfold thick-
ness were 21.18 + 0.23 yr; 78.26 + 1.18 kg;
183.50 + 0.86 cm; 15.82 + 0.81%; and
10.95 + 0.60 cm, respectively. The body mass
and body fat of each subject was determined
by taking their nude body mass with a body
composition analyzer (Tanita, TBF-300, II-
linois, USA). Skinfold thickness was estimat-
ed from the average of the ten skinfold sites
(chin, subscapular, chest, side, suprailium,
abdomen, triceps, thigh, knee, and calf sites)
(McArdle et al., 1984) using a medical skin-
fold caliper (Seahan, SH5020, Masan, Korea).
6 subjects were excluded from the study, be-
cause we do not reached a necessary condition
to drop their (T ) to 35.5 °C in 170 minutes
during a passive cooling procedure.

Cognitive function assessment

Cognitive function testing was conducted from
September to December and from March
to June to limit the initial heat and cold ac-
climation through casual exposure to high or
low ambient temperatures. A passive cooling
session with cognitive function assessment
(COLD) or control cognitive function assess-
ment (CONTROL) were conducted indoors at
the same time of the day (7:00 am to 11:00)
to avoid the confounding effects of circadian
rhythms. The subjects could not take any food
at least 12 hours prior to the experiment, but
they could drink water when they wanted.
The subjects were also instructed not to drink
any liquid 60 min before the arrival to the
laboratory. This was done in order to stan-
dardize the state of hydration and body mass.

The experiment was carried out at 22 + 1 °C
room temperature (mean) and 40 + 5% rela-
tive humidity (mean). On arrival to the labo-
ratory, the subjects were weighed in the nude
and after light dressing (T-shirt, shorts and
socks) were asked to rest in a chair for 30 min.
Then on the CONTROL day the subjects were
asked to perform cognitive test battery. On
the COLD day the rectal (T,) and skin (T,)
temperatures were collected as control mea-
surements (CON) and a passive cooling ses-
sion started. In the passive cooling session the
volunteers were immersed in a water bath at
14 £ 1 °C in the semi-recumbent posture (up
to the shoulders) until T dropped to 35.5 °C
(necessary condition). During this procedure,
HR, T were measured every 5 min. Within
~3 min after leaving the bath, the volunteers
were wiped away with a towel and the temper-
ature measurements T , T, (CON2) were re-
peated again. After light dressing, the subjects
were asked to perform cognitive test battery.

Cognitive test battery

The programmed cognitive test battery (EF-
FECTON-COLD) was used for memory and
attention performance assessment. All tasks
were computer controlled with the informa-
tion being presented on the screen of a laptop
(Hp Compaq 6730b). The test battery was per-
formed approximately in 20 min. It should be
noted that Berneckeé et al. (2012) verified the
used tests reliability.

Memory assessment. Memory tests are used to
assess the stages of short-term memory: mem-
orization, storage and recall (Morey, Cowan,
2005). To assess the above-mentioned peculiar-
ities, three standard memory tests were selected
(Collie et al., 2003), which helped to assess the
volume of spatial memory, as well as the mem-
ory of 10 two-digit numbers and recognition of
9 figures.

The volume of spatial memory was assessed
using “the test of memorizing the quantity of
digits”. In a highly cited article the psychologist
Miller (1956) suggested that normally adult
short-term memory hasaforward memory span
of approximately seven items plus or minus
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two. The Forward Digit Span Task (Miller,
1956; Diamond, 2013) tests the ability to re-
member the amount of digits per short time
period. This test assesses short-term memory
(Diamond, 2013), which can hold a limited
amount of information in a very accessible
state temporarily (Cowan, 2008). The subjects
were instructed to remember 7 digits of con-
secutive sequence which were displayed for
3 seconds in the middle of the screen. The
subjects had then immediately entered memo-
rized digits using a numeric keyboard in the
same consecutive sequence as they were pre-
sented, working from the beginning to the end
of the series. If the digits were identified cor-
rectly, then for the next attempt one digit was
added to the sequence and, if the error was
made, then one digit less was displayed. There
were 16 sequences. The mean value of digits
displayed was recorded.

During the assessment of memory of two-
digit numbers, the participants were given
a sequence of two-digit numbers on their
screens. They had to memorize 10 two-digit
numbers, and after their disappearance (eve-
ry two-digit number was showed for 2.5 sec-
onds), enter them into the empty spaces on
the computer in random order. The research
included two sequences of 10 numbers. The
results of the test depended on the number of
correct answers of both attempts (maximum
20). The memory of two-digit numbers test
analyses working memory (Macizo, Herrera,
2011).

The forced-choice recognition memory test
assesses visual recognition and working mem-
ory. This test is subsumed for forced choice
recognition memory tests (Roediger, Karpicke,
2006). After looking at 9 visual figures which
were displayed for 15 seconds in the middle of
the screen, the subjects were required to recall
9 items from 28 figures presented in the study
list in any order. The number of a correct sam-
ple match was recorded.

Attention assessment. Testing of attention
allows investigating the main characteristics
of attention: stability, concentration, distri-
bution and transfer (Correani, Humphreys,

2011). The research of the mentioned peculi-
arities included the following tests: assessment
of complex reaction and attention transfer.

The unpredictable task switching test is in-
tended to determine the speed of the choice
of correct response in a given situation, when
a person needs to choose one of the two pos-
sible responses to a stimulus as fast as possible
(Kubicki et al.,, 2012). While accomplishing
the test for complex reaction assessment, the
research participant had to press the right ar-
row (=) as quickly as possible when an even
number appeared on the computer screen, and
press the left arrow (<) when an odd number
appeared. While accomplishing the test, atten-
tion was focused on one visual field area. The
time span between the emergence of numbers
(the span between the last pressing of the but-
ton and appearance of the next number) shift-
ed from 0.5 to 3 seconds. The variation in time
was necessary that the participant would not
know when to expect the next number. The
duration of the test was 3 minutes; the result
depended on the latent period of the respons-
es (the time between the appearance of a num-
ber on the screen and pressing on the arrow),
the number of responses and the number of
correct answers.

The test for attention transfer was intend-
ed for the investigation of attention concen-
tration and sustention as well as the speed of
information processing (Martens et al., 2010).
The essence of this test was a purposeful trans-
fer of attention from one object to another.
The research participant was presented with
amatrix of 25 hollowand 24 solid numbers. The
participants had to arrange the hollow num-
bers in the increasing order from 1 to 25, and
solid numbers in the decreasing order from 24
to 1. Using the computer mouse, the numbers
were ordered in the following sequence: 1 -
ahollownumber, 24 - a solid number, 2 - ahol-
low number, 23 - a solid number, etc. The sum
of the hollow and solid numbers should always
equal to 25 (1 + 24 = 25,2 + 23 = 25, etc.). The
duration of the test was 5 minutes. The result
reflected the speed of the accomplishment of
the task, which ranged from 0 to 300 seconds.
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Measurements

Rectal and skin temperatures

T, and T, were measured before and at the
end of passive cooling. T was measured using
a thermocouple (Ellab, DM852, Denmark) in-
serted to a depth of 12 cm past the anal sphinc-
ter as recommended (Proulx et al., 2003). T
was measured at three sites: back, thigh and
forearm (Ellab, Skin/Surface probe, Denmark)
and the average was calculated using the fol-
lowing formula (Burton, 1935):

T, =05, +0.36,, +0.14

| * " “forearm®

Cardiovascular responses

HR was measured before and every 5 min dur-
ing passive cooling with a heart rate monitor
(Polar 625x, Finland).

Cold strain index (CSI)

The cold strain index (CSI) was based on T
and T, as a rating of cold strain on a univer-
sal scale of 0-10: 1-2 (no/little cold strain); 3-4

(low cold strain); 5-6 (moderate cold strain);
7-8 (high cold strain); and 9-10 (very high cold
strain). It is as follows (Moran et al., 1999):

CSI=6.67(T_-T_)x(35-T )"+
+3.33 (T, - T, ) x (14 =T, ).

The measurements for CSI were taken be-
fore (T , T, ) and at the end of passive cooling
(T, T,); water temperature was 14 °Cand T
threshold was 35 °C. T and T, were assigned
with weight by using a constant of 6.67 and

3.33, respectively.

Research design

The research design is presented in Figure. The
subjects were required to attend the laboratory
on four separate occasions. The initial 2 vis-
its involved familiarization with experimental
procedures and equipment. In both familiari-
zation visits the subjects performed all 5 cog-
nitive tests 2 times with a one-hour brake. A
week after the familiarization, participants ar-
rived to the laboratory and after a 30-minute

F1

F2

7 days HOLOAYENOI W 7 days

Passive cooling session (after arrival to the laboratory)

HR, T, measurements every 5 min during immersion

Randomized

=

30 min rest in a
chair (weighing)

CON 10 10

min min

20
min

Cognitive function
assessment

v/
| HR Teand Ty Tp
\

—

Until T,. dropped to 35.5 °C

10 10
min min
Vv HR, T, and Ty

b

A

Figure. The research design. Familiarization (F1, F2), 7 days (off days), control cognitive function assess-

ment (CONTROL), cognitive function assessment after passive cooling (COLD), control measurements

(CON, CON2)



6 Henrikas Paulauskas, Marius Brazaitis, Dalia Mickeviciené, Kazimieras Pukénas, Nerijus Eimantas

rest in a chair the passive cooling session with
cognitive function assessment (COLD) or
control cognitive function assessment (CON-
TROL) began. The experimental procedures
(CONTROL and COLD) were randomized.

During the passive cooling session the sub-
jects every 20 min of immersion were asked
to step out from the bath and rest in the chair
for 10 min in room environment and then re-
turn to the water bath for the next 20 min of
immersion. This up to shoulder immersion
procedure in bath water at 14 °C £ 1 contin-
ued until T dropped to 35.5 °C and the expo-
sure time was recorded. After this procedure
the end T _and T, were sampled. During im-
mersion and resting the subjects remained in
the semi-recumbent posture with their arms
folded across their chests and their legs al-
most straight and together. HR and T were
recorded every 5 min throughout the cooling
procedure.

Statistical analysis

Statistical calculations were conducted using
SPSS 17.0 (SPSS Inc., Chicago, IL, USA). To
evaluate the data in terms of statistical sig-
nificance, repeated measures with the General
Linear Model (GLM) were applied. The partial
eta squared (n ?) was estimated as a measure of
the cold stress effect. The level of significance
was chosen as p < 0.05. If a significant effect
was found, the statistical power (%SP, in per-
cent) was calculated. Pearson correlation coef-

Table 1. Effect of passive cooling

ficients (r) were used to identify relationships
between variables. All data are presented as
the mean #* standard error (SE) of the mean.

RESULTS

Physiological symptoms of passive cooling
The effect of the passive cooling session is
presented in Table 1. After the passive cool-
ing T and T, significantly decreased (p < 0.05,
%SP 100). T measured before and after passive
cooling session decreased by 1.54 + 0.06 °C
(p < 0.05, %SP 100). The average of heart rate
and cooling session time was 82.61 + 4.09 and
93.68 * 8.66, respectively. The cooling ses-
sion induced cold strain (CSI) resulted as high
(7.02 £0.22).

Passive cooling effect on cognitive function

The effect of acute cold stress on memory and
attention performance was observed. Descrip-
tive statistics of memory tests are presented in
Table 2. The memory test time after the acute
exposure to cold did not significantly prolong
(p > 0.05). After the passive cooling numbers
quantity and recognized numbers in the vol-
ume of spatial memory test, correct answers in
the memory of two-digit numbers test and the
recognized figures in the figure recognition test
showed significantly lower values (p < 0.05).
However, the percent of correct answers sig-
nificantly decreased only in the memory of
two-digit numbers test and figure recognition

Session time, min 93.68 + 8.66
Heart rate, b/min 82.61 + 4.09
Cold Strain Index (CSI) 7.02+0.22
CON CON2 P values A
Temperature measurements, °C
Rectal (T..) 37.04 £ 0.06 35.50 £ 0.00 p <0.05 1.54 £ 0.06
Ny’ 0.97
Skin (T) 32.28 £0.14 19.13 £ 0.40 p <0.05 11.08 £ 1.2
Ny’ 0.98

Values are means * SE. Significant difference compared with the CON value, p < 0.05. CON - temperature mea-

surements before passive cooling; CON2 - temperature measurements after passive cooling; A - mean difference

between CON and CON2. n ? — partial eta square as a measure of cold stress effect.
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Table 2. Assessment of memory tests
Memory assessment A
Control Cold | P values
Volume of spatial memory
Percent correct, % 48.84 £ 0.78 48.42 £ 0.97 p > 0.05 -0.42 £ 1.08
Numbers quantity 6.87 £0.16 6.61 £0.13 p <0.05 -0.26 £ 0.10
Ny’ 0.26
Recognized numbers 6.58 £0.17 6.30 £ 0.16 p <0.05 -0.28 + 0.10
n, 0.31
Test time, s 17347 + 649  186.21 +8.59 p>0.05 12.74 +9.37
Memory of two-digit numbers
Percent correct, % 55.26 + 2.95 48.95 +2.90 p <0.05 -6.32 +£2.83
Ny’ 0.22
Correct answers 11.16 £ 0.56 9.79 £ 0.58 p <0.05 -1.37 £ 0.58
M2 0.23
Test time, s 176.47 £ 10.63 178.26 £ 12.75 p>0.05 1.79 £ 12.14
Forced-choice recognition memory
Percent correct, % 83.04 + 2.46 7544 +3.24 p <0.05 -7.60 = 3.07
Ny’ 0.25
Recognized figures 7.47 +0.22 6.79 +0.29 p <0.05 -0.68 +0.28
Ny’ 0.25
Test time, s 70.95 + 4.03 68.42 +4.74 p > 0.05 -2.53 + 6.60

Values are means + SE. Significant difference compared wi

th CONTROL value, p < 0.05. A - mean difference between

CONTROL and COLD. n ? - partial eta square as a measure of cold stress effect.

test (p < 0.05, %SP 56 and p < 0.05, %SP 65, re-
spectively), but did not change in the volume
of spatial memory test (p > 0.05). Additionally,
we found significant correlations between T
and the volume of spatial memory test results
(p <0.05,r=0.55).

Table 3. Assessment of attention tests

The data analysis of attention tests is pre-
sented in Table 3. After the acute exposure to
cold the time in the attention transfer test and
the reaction in the unpredictable task switching
test significantly prolonged (p < 0.05, %SP 99
and p < 0.05, %SP 100, respectively). Also, T

Attention assessment A

Control Cold | P values
Unpredictable task switching
Percent correct 95.37 £0.79 95.05 + 1.22 p > 0.05 -0.32 +0.74
Number of responses 43.74 £ 0.32 42.84 £ 0.47 p > 0.05 -0.89 £ 0.45
Reaction time, ms 564.69 = 9.53 662.98 + 21.30 p <0.05 98.29 + 16.36
Ny’ 0.67
Attention transfer
Percent correct 95.74 £ 1.24 91.05 + 1.64 p <0.05 -4.68 = 2.08
Ny’ 0.22
Test time, s 163.68 + 6.97 195.68 + 10.98 p <0.05 32.00 + 6.88
n,’ 0.55

Values are means + SE. Significant difference compared with CONTROL value, p < 0.05. A — mean difference between

CONTROL and COLD. 1),? - partial eta square as a measu

re of cold stress effect.
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and T, decrement significantly correlated
with the prolonged reaction time in the unpre-
dictable task switching test (p < 0.05, r = 0.58
and p < 0.05, r = 0.51, respectively). After
the passive cooling, the number of responses
and correct answers in the unpredictable task
switching test did not significantly decrease
(p > 0.05). However, the percent of correct an-
swers significantly decreased in the attention
transfer test (p < 0.05, %SP 57).

DISCUSSION

The present study investigated the effects of
single acute cold water exposure on cognitive
performance (short-term, working memory
and attention). Our raised hypothesis proved
and the method used in our study (exposure
to cold-water limited by the set point of T
35.5 °C) induced high cold stress and mani-
fested cognitive performance impairment in
both memory and attention tests.

In our study used passive cooling pro-
cedure caused peripheral and central body
cooling. The skin temperature manifests the
peripheral cooling ratio. In our study T, de-
creased by 11.08 £ 1.2 °C, compared with the
control conditions. To set the central cool-
ing ratio we chose the set point of T 35.5 °C.
This type of T  decrement is described as mild
hypothermia (Patel et al., 2012) and may oc-
cur in everyday occupational or leisure time
activities, especially in winter. O’Brien et al.
(2007) studied solders and demonstrated that
T, decrement by 0.3-1.0 °C after cold water
immersions (10 and 15 °C) can maintain cog-
nitive performance despite mild hypothermia.
However, various conclusions exist in previ-
ous studies. When humans are exposed to
cold conditions which produce modest or no
effect on core body temperature (2 °C or less),
improvements, no change, or decrements
in various cognitive functions are reported
(Pilcher et al., 2002; Hancock et al., 2007). The
lack of consistency across studies and reviews
has been attributed to a variety of factors in-
cluding, but not limited to, the cognitive task
employed, duration of exposure and method

used to induce cold stress (Pilcher et al., 2002;
Hancock et al., 2007).

The main difference in our study was
limitation by rectal temperature. All sub-
jects dropped T to 35.5 °C (necessary con-
dition) and the average of T  decrement was
1.54 £ 0.06 °C, which indicates that deep body
cooling had initiated. According to cold stress
studies the modest (~1 °C) decreases in core
temperature have depressive effects on the im-
mune function (Costa et al., 2010), increases
the levels of catecholamine (Srdmek et al,
2000; Palmieri-Smith et al., 2007) and other
stress hormones (Sramek et al., 2000; Pilch-
er et al., 2002; LaVoy et al., 2011). We did not
took the blood samples, but calculated that
our used single passive cooling procedure
induced a very similar level of cold stress for
all subjects (the mean CSI resulted as high as
7.02 + 0.22). The similar level of cold stress
should induce the comparable changes in
blood markers and cognitive performance.
According to the Brazaitis et al. (2014) study
for the subjects who exhibited the decline in
T, to 35.5 °C after the intermittent cold wa-
ter exposure glucocorticoid cortisol (stress
hormone) and catecholamines (ephinephrine,
norephinephrine) concentrations were signifi-
cantly increased. Increase in catecholamines
(Arnsten, 1998; Karlamangla et al., 2005) and
glucocorticoids (Barseqyan et al., 2010) are as-
sociated with decrement in the cognitive func-
tion, especially in working-memory.

Mikinen et al. (2006) showed two distinct
explanations existing for the changes in cog-
nitive performance during cold exposure. The
negative effects of cold exposure and cold-re-
lated physiological changes on cognitive per-
formance are consistent with the distraction
hypothesis (Teichner, 1968; Davis et al., 1975)
and the positive effects of cold exposure and
cold-related physiological changes on cogni-
tive performance are consistent with the arous-
al hypothesis in which cold exposure results in
an initial improvement in performance before
it results in a performance decrement (Ellis,
1982; Ellis et al., 1985). Mikinen et al. (2006)
endorsed arousal hypothesis when examining
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the association between T and cognitive per-
formance and presented that with a slight de-
cline in core body temperature (from 37.1 to
36.7 °C), participants became more aroused
or engaged in performing the task, viewed the
cold as a challenge and devoted greater atten-
tion to completing all tasks. We discarded this
hypothesis because, as we mentioned before,
found the impairments in both memory and
attention tests. A previous cold water im-
mersion study demonstrated that an initial
cooling (not causing a marked drop in T )
improved cognitive performance of complex
tasks (Giesbrecht et al., 1993). Eventually, the
T, temperature dropped further in our study
and adverse cognitive performance outcomes
have been observed (it consists with the dis-
traction hypothesis). In our experimental
study, reaction time, working memory and
executive function declined during acute cold
exposure. These types of abilities are mediated
by frontal brain regions (Tsuchida, Fellows,
2009) and are known to be adversely impacted
by cold stress.

Analysing the memory tests results we
found a decrement of correct answers percent
in all memory tests but test time was not short-
ened or prolonged significantly and it could be
a reason that the main aim in these tests was
accuracy. We found a significant impairment
of correct answers percent in the memory of
two-digit numbers test (working memory) and
forced-choice recognition memory test (work-
ing memory and visual recognition memory),
but the volume of spatial memory test results,
which analyse short-term memory (Diamond,
2013), was not significantly impaired. How-
ever, the short-term memory test significantly
correlated with rectal temperature decrement
and it indicates that deeper changes in rectal
temperature should be critical on short-term
memory. The present study shows that sin-
gle acute cold stress and mild hypothermia
do not affect short-term memory, but affects
working memory. Diamond (2013) reported
that working memory (holding information
in mind and manipulating it) is distinct from
short-term memory (just holding information

in mind). Additionally, Atkinson and Shiffrin
(1971) presented that short-term memory has
a maximum duration of about 30 seconds and
items can be kept in short-term memory by
repeating them verbally (acoustic encoding),
a process known as rehearsal. The volume of
spatial memory task (short-term memory
task) tests the ability to remember the amount
of digits per short time period (Miller, 1956;
Diamond, 2013) and output has been given
immediately after 3 seconds appearance of
digits. It is distinct from the memory of two-
digit numbers test and forced-choice recog-
nition memory test (memory tests analysing
working memory) where output has been giv-
en after 25 and 15 seconds, respectively. Peter-
son and Peterson (1959) showed that the long-
er the delay, the less information is recalled.
According to our results more complex tasks
(like tasks analysing working memory) are af-
fected by mild hypothermia after acute cold
stress while simple tasks (like tasks analys-
ing short-term memory) remain unaffected.
It should be noted that working memory has
been found to correlate with intellectual ap-
titudes (and especially fluid intelligence) bet-
ter than measures of short-term memory and,
in fact, possibly better than measures of any
other particular psychological process (Dane-
man, Carpenter, 1980; Kyllonen, Christal,
1990; Daneman, Merikle, 1996; Engle et al.,
1999; Conway et al., 2005). The present study
of single acute cold exposure agrees with the
few studies that have examined the effects
of repeated exposures to cold temperatures
which found either no effect of cold exposure
or that performance is attenuated in complex
cognitive tasks, while simple tasks remain un-
affected (Ellis, 1982; Ellis et al., 1985; Enander,
1987; Thomas et al., 1989; Giesbrecht, 1993).
The main aim in attention tests is accuracy
and fast response (reaction, i. e. motor response
to a visual stimulus). Analysis of attention tests
results showed a decrement of correct answers
percent in both attention tests, but significant
decrement was only in the attention transfer
test. The attention transfer test is more com-
plex and requires attention concentration,
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sustention and speed of information pro-
cessing (Martens et al., 2010), while the un-
predictable task switching test requires only
attention concentration and fast responses
to two possible (odd/even number) stimulus
(Kubicki et al., 2012). These findings consist
with memory tests results where more com-
plex tasks are significantly affected by mild hy-
pothermia after acute cold stress. The test time
in the attention transfer test and the reaction
time in the unpredictable task switching test
were significantly prolonged. It is a due to sig-
nificantly lower T and T, we found signifi-
cant correlations between T _and the reaction
time and T, and the reaction time in the un-
predictable task switching test. Médkinen et al.
(2006) observed that decreased skin temper-
atures and thermal sensations of cold were
associated with longer response times and
a decreased efliciency in the simple reaction
time task which measures simple visuomotor
response times. Also, our data agree with a re-
cent Brazaitis et al. (2014) study, where decre-
ments in the reaction time were observed dur-
ing the choice reaction task after intermittent
immersion in bath water (14 °C).

A series of studies raise the possibility that
brain temperatures are somewhat independent
from both core and oesophageal temperatures
(Harris et al., 2008; Zhu et al., 2009). However,
it is unknown how actually temperatures may
differ across the brain regions and whether
that pattern helps to account for the differ-
ential impact of cold exposure on different
cognitive abilities. Future neuroimaging stud-
ies may help to explain how acute cold stress
and mild hypothermia impact the brain func-
tion in everyday occupational and/or leisure
time activities. Another possibility is that the
catecholamine dysregulation associated with
acute cold stress and mild hypothermia re-
duces the cognitive function. Catecholamines
are particularly important for tests involving
complex attentional functions and executive/
frontal systems functions (Hyafil et al., 2009)
which are consistent with the observed pat-
tern of deficits in the current study.

CONCLUSIONS

In conclusion, the present study manifested
that mild hypothermia and high cold strain
experienced during acute cold stress impair
memory and attention tests performance in
more complex tasks (tasks requiring working
memory, attention concentration, sustention
and speed of information processing) while
simple tasks remain unaffected (tasks requir-
ing short-term memory and attention con-
centration for fast response).
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STIPRAUS SALCIO STRESO IR SVELNIOS
HIPOTERMIJOS POVEIKIS TRUMPALAIKEI,
DARBINEI ATMINCIAI IR DEMESIUI

Santrauka

Vienkartinis stiprus $alto vandens poveikis kogni-
tyvinei funkcijai (trumpalaikei atminciai, darbinei
atminciai ir démesiui) buvo nustatytas tiriant 25
vyrus. Tiriamieji turéjo guléti 14 °C vandens vonio-
je (oro temperatiira ~22 °C, santykiné oro drégmé
~45 %) panire iki peciy, kol jy vidiné (rektaliné)
temperatiira (T ) pasiekdavo 35,5 °C. 6 tiriamyjy
duomenys nebuvo jtraukti j tyrimo rezultaty ana-
lize, nes nepavyko pasiekti batinos salygos - pa-
syvaus vésinimo procediiros metu sumazinti (T )
iki 35,5 °C per 170 minuciy. Vésinimo metu buvo
matuojama vidiné (rektaliné) temperattra (T ),

odos temperatara (T

odos

), registruojamas Sirdies
susitraukimy daznis (SSD) ir apskai¢iuotas $alcio

krivio indeksas (SKI). Kognityviniy testy pake-
tas (EFFECTON-COLD) buvo sprendziamas du
kartus (atsitiktine tvarka): kaip kontrolinis matavi-
mas (KONTROLINIS) ir po vienkartinio stipraus
$alto vandens poveikio (SALTIS). Po procediros
(SALTIS) reik$mingai nukrito T ir T , (p < 0,05).
Vidutinis SSD buvo 82,61 + 4,09 k/min., o viduti-
nis procediiros (SALTIS) laikas 93,68 + 8,66 min.
Procediira (SALTIS) sukélé auksta SKI (7,02 + 0,22).
Sis tyrimas atskleidé, kad Zzmonéms, patyrusiems
$velnig hipotermija ir aukstg $al¢io kravi, stipraus
$al¢io streso metu pablogéja atmintis ir démesys
sprendziant sudétingesnes uzduotis (uzduotys,
reikalaujancios darbinés atminties, démesio kon-
centracijos ir i$laikymo bei informacijos apdoro-
jimo greicio), o paprastesniy uzduodiy (uzduotys,
reikalaujancios trumpalaikés atminties ir démesio
koncentracijos greitam atsakui) sprendimas islieka
nepakites.

Raktazodziai: stiprus $alcio stresas, trumpalaiké
atmintis, darbiné atmintis, démesys, kognityvinés
funkcijos



