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Cognitive Performance During Night
Work in the Cold

Hilde Fzerevik'*, Jakob Hanborg Hansen?, Qystein Wiggen' and Mariann Sandsund’

" SINTEF Digital, Department of Health Research, Trondheim, Norway, 2 Wood Group, Sandefiord, Norway

Objective: The objective of this study was to investigate how night work at low ambient
temperatures affects cognitive performance (short-term memory and reaction time),
skin- and core temperature, thermal comfort, sleepiness, and cortisol. We hypothesized
that cognitive performance is reduced at night compared with daytime and worsened
when exposed to low ambient temperatures.

Method: Eleven male subjects were recruited to perform three tests in a climatic
chamber at night and daytime: Night —2°C, Night 23°C and Day 23°C. Each test
lasted 6 h. Cognitive performance (short-term memory and reaction time), skin- and
core temperature, thermal sensation and comfort, cortisol levels and sleepiness were
measured during the tests.

Results: A lower mean skin temperature and corresponding lower thermal sensation
were observed at Night —2°C compared to Day 23°C and Night 23°C. Night work
caused increased sleepiness and lower cortisol levels, but was not affected by changes
in ambient temperatures, thermal comfort, or skin temperatures. There was no effect
of either day/night work nor ambient temperature on the short-term memory or
reaction time test.

Conclusion: Lower skin- and core temperature were observed at night when exposed
to low ambient temperature (-2°C), but there was no effect on short-term memory or
reaction time. Increased sleepiness and lower cortisol levels were observed at night
compared to daytime and was not influenced by low ambient temperature at night.
The result from this study suggests that cognitive performance (short-term memory and
reaction time) is not adversely affected by night work when exposed to low ambient
temperatures if adequate protective clothing is worn.

Keywords: day/night work, cold environment, cognitive performance, temperature regulation, sleepiness,
cortisol, protective clothing

INTRODUCTION

Cold exposure is experienced in many occupational and leisure settings and humans exhibit a range
of physiological responses when exposed to cold environments. This includes changes in skin-
and core- body temperature inducing e.g., cutaneous vasoconstriction to decrease heat loss and
shivering thermogenesis which increase metabolic heat production to maintain thermal balance
(Castellani and Young, 2016). Exposure to low ambient temperatures may also be associated
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with declines in cognitive functioning. Both increase and
decrease in accuracy and efficiency on cognitive tests assessing
vigilance, reasoning and memory have been found in laboratory
settings (Palinkas, 2001; Pilcher et al., 2002; Hancock et al,
2007). The few observational studies that have examined
the association between and cognition report a “U” shaped
relationship of temperature and performance (Ramsey, 1995;
Dai et al.,, 2016). The decline in cognitive functioning in the
cold have been explained by the discomfort caused by the
cold exposure, resulting in difficulties in concentration. This
“distraction theory” have been proposed by Muller et al. (2012),
and later supported by studies of Taylor et al. (2015). Other
studies have suggested that acute cold exposure may reduce
levels of catecholamines or thyroid hormones, which in turn is
associated with worse cognitive functioning (Shurtleff et al., 1994;
Leppiluoto et al., 2005). Moderate cold exposure affects cognition
function negatively through the mechanisms of distraction and
both positively and negatively through the mechanism of arousal
(increased vigilance in the cold) (Mdkinen, 2007). The study by
Mikinen (2007) proposes that especially simple cognitive tasks
are adversely affected by cold, while more complex tasks may even
improve in mild or moderate cold.

Occupations that require outdoor work in cold environments
(Naesgaard et al.,, 2017) in combination with night- work face
a combination of several interacting occupational health risk
factors. Both night- and shift work are known to affect cognitive
functioning and sleep negatively (Friborg et al., 2014). Shift
workers commonly report poor sleep and decreased sleep quality
(Harris, 2011). This increases the risk of human error (Akerstedt
et al., 2007; Akerstedt, 2007) and can be a concurrent factor
in explaining why many critical accidents are more prevalent
at night (Mitler et al, 1988). The natural circadian rhythm
in core body temperature results from the heat gain and heat
loss mechanisms caused by the suprachiasmatic nuclei (SCN)
in the hypothalamus, and regulates the natural lowering of core
temperature at night (Panda, 2016). Working at night, when the
body naturally regulates metabolism and temperature to a lower
level, may be a contributing factor to the decline in cognitive
functioning and especially vigilance at night.

To our knowledge no studies have previously investigated
the combination of work at low ambient temperatures during
night and the possible negative impact this may have on
cognitive performance.

The objective of this study was to investigate night work at
low ambient temperatures, and to what extent this will affect
cognitive performance (short-term memory and reaction time),
skin- and core temperature, thermal comfort, sleepiness, and
cortisol. We hypothesized that cognitive performance is reduced
at night compared with daytime and worsened when exposed to
low ambient temperatures at night.

METHODS
Test Subjects

Eleven male volunteer subjects were recruited into the study (age,
23 &+ 2 years; mass, 81.4 & 5.5 kg; height, 1.85 £ 0.04 cm; body

mass index, 23.5 & 2.1 kg - m~2; and body fat, 13.7 & 3.2%). The
subjects were non-smokers, had no sleep disturbances and had
not flown between time zones in the week that preceded the trial.
The subjects had a normal night’s sleep before the test and did
not have any coffee, tea, cola soft drink or chocolate in the 2 h
that preceded the test, or alcohol or tobacco 24 h before the test.
All participants were informed about the aim of the study, the test
protocol, and their rights to terminate their participation at any
time in accordance with the 2013 Declaration of Helsinki before
they provided written consent. All subjects underwent a doctor’s
medical check-up in advance of the study. The exclusion criteria
were previous cold-related injuries or Raynaud’s syndrome. The
study was approved by the Committee for Medical and Health
Research Ethics, Central Norway.

Experimental Protocol

To familiarize themselves with the cognitive test battery and
prevent a learning effect, the participants performed five pre-
tests before participating in the tests. The participants then
performed three main tests in a climatic chamber in the Work
Physiology Laboratory at the Department of Health Research at
SINTEE, Trondheim, Norway, in January and February 2017.
Each test had a duration of 6 h and were performed during
the night at -2 and 23°C ambient temperature and a control
series at 23°C at daytime. The three series was fully randomized,
and each participant accomplished the different tests and was
their own control.

Upon arrival at the laboratory, the subjects were equipped with
thermistors, a rectal probe and a heart-rate recorder. They were
dressed in underwear and rested in a room with temperature
of 22-23°C outside the climatic chamber. Two test subjects
participated in each test. The subjects were allowed to drink
water (2 cups ad libitum) and eat a banana or apple at 03:00 am
(night test) or 11:00 am (day test). They were dressed in woolen
underwear and protective outdoor work clothing and moved into
the climatic chamber, where they performed identical repeated
activities as follows; Time at day/night trials; 08:00/00:00 and
every second hour; cognitive test, 08:00/00:00 and every hour;
subjective score, 08:30/00:30 and every hour; treadmill (6 min,
4 km/h); 12:00/04:00 cortisol test.

Measurements

Upon arrival at the laboratory, the height and weight (IDI;
Mettler-Toledo, Albstadt, Germany) of the participants were
recorded and the fat percentage was measured using a skinfold
pinch (Harpenden Skinfold Caliper; Baty, United Kingdom).
The amount of subcutaneous fat was measured on m. Biceps
brachii, m. Triceps brachii, m. Subscapularis and the supra-iliac
skinfold and calculated based on the formula given by Durnin
and Womersley (1974).

To measure the body’s heat content and detect changes in body
heat, continuous measurements of core and skin temperatures
were performed using a rectal probe and thermistors (YSI 400;
Yellow Springs Instruments, Yellow Springs, OH, United States),
respectively, with an accuracy of £0.15°C. The rectal probe was
inserted to a depth of 10 cm from the spinal cord. Average
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skin temperature was calculated from the formula given by
Ramanathan (1964), based on measurements from the chest,
upper arm, thigh and leg.

The subjects were asked to evaluate their own thermal comfort
and temperature sensation during the experiment. Thermal
sensation was evaluated on a scale from -5 to 5 (extremely cold
to extremely hot) and thermal comfort was evaluated on a scale
of 1-4 (comfortable to very uncomfortable) (Nielsen et al., 1989).

Sleepiness was evaluated using the 9-step Karolinska
Sleepiness Scale (KSS), which is based on a scoring from 1 = very
awake to 9 = sleepy (fighting against sleep) (Akerstedt and
Gillberg, 1990).

To test cognitive function (reaction time and short-term
memory), the iPad-based system CANTAB Connect from
Cambridge Cognition (Cambridge, United Kingdom) was used.
The paired associates learning (PAL) and reaction time (RT)
cognitive tests were performed. In the PAL test, boxes appear
on the screen and are “opened” in a random order. One or
more boxes contain a pattern. The patterns are then displayed
at the center of the screen one at a time and the participant
must select the box in which the pattern was originally placed.
If the participant makes a mistake, the boxes are reordered, to
remind the participant of the placement of the patterns. In the
RT test, the subject holds a response button at the bottom of the
screen. A series of five circular figures is presented above, and
a yellow dot appears in one of the circles. The respondent must
respond as quickly as possible and release the response button
at the bottom of the screen and select the circle in which the
dot appears. The test measures the average time required (in ms)
for a subject to release the response button and select the yellow
stimulus presented on the screen.

The cortisol test was administered at 4:00 am and at 12:00 pm
on the respective night and day trials. All saliva analyses required
at least 1 ml of saliva, which was collected in a test tube. Saliva
production was not stimulated; rather, it formed naturally. No
food was consumed during the 30 min that preceded sampling.
Samples were stored immediately at -20°C. The number and time
of samplings of the test subjects were recorded. The samples were
analyzed by the Department of Medical Biochemistry, Laboratory
Centre at St. Olav’s Hospital, Trondheim, Norway.

During the experiments, the following clothing was worn.
Low ambient temperature (-2°C): woolen sweater, long
underpants, wool jacket and pants, parka and trousers, headgear,
balaclava and hood, winter shoes, gloves and wool socks. High
ambient temperature (23°C): underwear, woolen sweater, long
underpants, and wool socks.

Statistical Analysis

Statistical analyses were performed using SPSS for Windows
(v. 18.0; SPSS Inc., Chicago, IL, United States) and Microsoft
Excel 2010 (Microsoft Corp., Redmond, WA, United States).
Data were checked for normality using Kolmogorov-Smirnoff
tests. The difference in cognitive performance response under the
different ambient conditions was assessed by two-way analyses
of variance (ANOVA) for repeated measures as previously
done by Faerevik and Reinertsen (2003) A within group study
design was used and all subjects were their own control. All

cognitive performance data were tested for effects of time,
ambient condition, and the interaction between these two.
Time-dependent changes in rectal temperature and mean skin
temperatures were also evaluated by two-way analyses of variance
(ANOVA) for repeated measures. When ANOVA revealed a
significant main effect, a contrast test was used as a post hoc test
to locate the significant differences between the temperatures.
Temperature data were analyzed every 10 min and cognitive
measurements had four data points in the analysis. Subjective
measurements were analyzed using Friedman’s non-parametric
test for repeated measurements. Subjective measurements had
seven data points in the analysis. Data are presented as
the average and standard deviation. Significance was set
at P < 0.05.

RESULTS

There was a significantly greater reduction in core temperature
in the night trial performed at -2°C (from 37.4 to 36.2°C)
compared with that performed at 23°C at night (from 37.5 to
36.5°C) (Anova GLM analysis within subjects’ effects: Temp x tid
(p = 0.026, df = 6,224, F = 2,585) (Figure 1). In the day trial
in the warm condition (23°C), a stable core temperature was
maintained throughout the test, with a change from 37.0°C
at the start to 36.9°C toward the end of the test. Both night
trials (-2 and 23°C) had a significant greater reduction in
core temperature compared to the day trial in 23°C [Anova
GLM analysis within subjects effects: Night -2°C vs. Day
23°C: Temp x time (p = 0.001, df = 4,705, F = 29,728),
Night23°C vs. Day 23°C: Temp X time (p = 0.001, df = 4,631,
F =20,389)].

The average skin temperature was significantly lower after
exposure to —2°C compared with 23°C during both the night
and day tests (Figure 1). The skin temperature was 33.4°C at
the start of the night test and 32.5°C at the start of the day
test, regardless of ambient temperature. The skin temperature
was relatively stable throughout both tests at 23°C, but fell
to 31.8°C in the night test at -2°C. During all trials, small
variations (less than 0.5°C) in the average skin temperature
were observed which is due to the variation between rest and
easy work. The repeated work periods included in the test did
not significantly affect core temperature. Thermal sensation of
the body, feet, hands, and head showed that the subjects were
significantly colder and more uncomfortable when exposed to -
2°C compared with 23°C, regardless of whether it was night or
day. There were no significant differences in thermal sensation or
comfort during the night or day exposure to 23°C. There were
no significant effects of either ambient temperature or day/night
on reaction time or short-term memory during the experiments
(Table 1). Sleepiness increased significantly throughout the night
at both -2 and 23°C. During the day trial, there was significant
less decrease in sleepiness over time compared with night trials
(Figure 2). Cortisol levels were significantly lower during both
the night trials compared with the daytime trial; however,
there was no effect of ambient temperature on cortisol level at
night (Figure 3).
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FIGURE 1 | (A) Rectal temperature (Tre) and (B) mean skin temperature (MST) for all exposures. a. A significant difference in the time dependent development of
temperature between Night —2°C and Day 23°C for T, (0 = 0.001) and MST (p = 0.001). b. A significant difference in the time dependent development of
temperature between Day 23°C and Night 23°C for Tre (o = 0.001) and MST (p = 0.001). c. A significant difference in the time dependent development of
temperature between Night —2°C and Night 23°C for T (0 = 0.026) and MST (p = 0.001). Data are presented as means & SD (n = 11 for MST, n = 10 for T,
missing data for one person).

DISCUSSION

The objective of this study was to investigate the effect of night
work at low ambient temperatures, and to what extent this will
affect cognitive performance (short-term memory and reaction
time), skin- and core temperature, thermal comfort, sleepiness,
and cortisol. A control series was performed at day at 23°C.

The results for this study demonstrates a natural lowering
of core temperature at night, as reported by Kriuchi (2002).

During both night studies performed at -2 and 23°C, the core
temperature were higher in the afternoon when arriving to the
laboratory and decreased gradually during night, which is a well-
known physiological response (Wright et al., 2002). A slight
increase in heat production was attributed to the preparation
performed before the experiment, followed by a return of the core
temperature to normal levels as reported earlier (Wiggen et al.,
2011). The change in skin temperature was also dependent on
whether it was night or day, which can be explained by the natural
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diurnal variation in core temperature. Sleep usually occurs in the
descending part of the core temperature curve, when the heat loss
from the body is maximal (Krauchi et al., 2000). This indicates
a close relationship between sleeping and heat loss from the
body. However, in this study the participants were not allowed to
sleep, and this may have influenced the normal regulation of core
temperature during night. A lower core- and skin temperature
was observed at -2°C at night compared to 23°C (both night
and daytime) with corresponding lower thermal sensation and
comfort of the body, especially the hands and feet in -2°C.
Several studies have demonstrated impairment in cognitive
performance (e.g., reaction time and short-term memory) upon
exposure to low ambient temperatures (Stang and Wiener, 1970;
Coleshaw et al., 1983; Palinkas, 2001). Physiological parameters,
such as skin- and core temperature, are often used as indicators
of reduction in cognitive performance. Reaction time is also
among the parameters that are most affected during a simulated
heat stress in pilots (Faerevik and Reinertsen, 2003). Thermal

TABLE 1 | Cognitive parameters.

00:00/08:00  02:00/10:00  04:00/12:00  06:00/14:00

(1a) Reaction time in milliseconds

Night 23°C 141 £ 27 140 £ 22 136 £+ 30 139 £ 20
Night —2°C 143 + 21 150 + 29 142 +£ 24 141 £19
Day 23°C 141 £ 21 138 + 22 137 £ 22 142 £ 24
(1b) Short term memory for every other hour for all exposures.

Night 23°C 3.6+28 3.4 +21 23+20 3.8+38
Night —2°C 29+42 3.9+42 4.5+4.0 41 +£49
Day 23°C 39+32 25+23 41 +£42 25+26

Data are presented as means £ SD (n = 11).

comfort can have a greater impact on cognitive performance
compared to physiological parameters (Pilcher et al., 2002) since
the discomfort by freezing will be able to distract the person and
in this way reduce the reaction time and precision of the given
the task (distraction theory). The results of our study suggest
that neither low ambient temperatures nor night work influences
short-term memory or reaction time. This is in contrasts with
other studies in cold environments and must be considered in
relation to the degree of thermal stress and that the subjects were
protected by the clothing worn in the test. Muller et al. (2012)
showed that several cognitive functions were reduced even at
an ambient temperature of 10°C and that the reduced functions
remained impaired over a heating period. The major difference
between that study and our work was the clothing; Muller et al.
(2012) dressed their subjects in shorts only before exposure to an
ambient temperature of 10°C. This led to a significantly greater
reduction in average skin temperature and thermal comfort
compared with our study. Muller et al. (2012) reported an average
skin temperature of about 22-23°C and a thermal sensation of
cold. They emphasized that the exact physiological mechanisms
that explain the reduction in cognitive performance observed
during acute cold exposure is unclear but suggested that acute
adaptations in the blood vessels in the brain caused by cold
exposure could lead to cognitive dysfunction. Vasoconstriction
has been detected in several parts of the circulatory system during
cold exposure, but the specific relationship between skin cooling
and the effect on the brain remains unclear (Muller et al., 2012).
Adequate clothing will limit the acute effect of exposure to low
ambient temperature, which minimizes the risk of decreased
cognitive performance during work. Optimized clothing is one
important factor for maintaining cognitive performance in cold
environments (Taylor et al., 2015). In our study the subjects were
exposed to significant ambient cold stress at night; but they did

Extremely sleepy, fighting sleep 9

6
Neither alert nor sleepy

3
Extremely alert 0

23°C). Data are presented as means (n = 11).

—o—Night -2 —#—Night 23

00:00/08:00 01:00/09:00 02:00/10:00 03:00/11:00 04:00/12:00 05:00/13:00 06:00/14:00

FIGURE 2 | Sleepiness (Karolinska Sleepiness Scale). *Significant increase in sleepiness at night compared to and day at both temperatures (Night —2°C and Night

Day 23

TIME (HH:MM)
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FIGURE 3 | Cortisol in saliva at 04:00 am and at 12:00 pm under all exposures. (#) A significant difference between Day 23°C and Night 23°C and (A) significant
difference between Day 23°C and Night —2°C. Data are presented as means + SD (n = 11).

Night 23°C

Night -2°C

not experience any critically low skin temperatures (below 10°C)
and subjective thermal comfort was between neutral and slightly
cool throughout the test. The lack of more severe cold stress is
partly explained by the protective clothing worn.

Sleepiness is commonly affected by exposure to night shifts
and gradually increases beyond the night. In our laboratory
study the subjects experienced significant sleepiness at the
night trials, but we did not find any effect of sleepiness on
cognitive parameters. This is in contrast to field studies that have
demonstrated reduced cognitive performance at the end of 12 h
night and day shifts (Kazemi et al., 2016). This study also showed
that cognitive performance was reduced to a greater extent at
night compared with day, as assessed using reaction time as a
measurement parameter. Our findings did not support this study,
one reason may be that our study only had a duration of 6 h.
The subjects of Kazemi et al.’s (2016) study were all familiar with
night work and reported being less sleepy (score of 5 on the KSS)
than the participants in our study (score of 7 on the KSS), who
were not used to night work. Our study simulated the first night
of a nightshift, with an absence of adaptation to night work. In
real-world working conditions, the daily rhythm will gradually
adapt to the new work situation. A study from 2010 documented
this adaptation over 7 days of 12 h shifts (Hansen et al., 2010).
That study was performed on supply vessels in the North Sea,
where vessel movements, noise and vibration also play a role and
probably reduce the ability to adapt. In studies performed on
oil platforms in the North Sea (Gibbs et al., 2002, 2007) similar
adjustments were observed for 12 h shift work.

The level of cortisol measured in the saliva was significantly
higher during daytime (at 12:00 pm) compared with night (at
4:00 am), but no effect of ambient temperature on cortisol levels
was found. Day-to-day cortisol variations, as shown in this study,
are well-documented in the literature, showing that the level of
cortisol in the blood (and in the urine and saliva) usually rises
and decreases in line with the daily rhythm. The cortisol level
is highest at rising time (78:00 am). This value then decreases
somewhat and remains relatively stable throughout the day. In
the evening, the values drop and reach a minimum around

midnight (Turek and Zee, 1999). However, this pattern may
change if a person is working irregularly (e.g., night shift) and
sleeps at different times of the day. The participants in our study
were recruited from a normal population and were informed
before the study to sleep as normal as possible. Therefore, we
consider that the cortisol level of the participants followed a
normal daily variation.

Cortisol is secreted in response to various stressful situations
and studies of the effects of short-term cold exposure have yielded
conflicting results. In our study, no effect of ambient temperature
on cortisol was found. This agrees with the conclusion of a
study reported by Granberg (1995), which showed that cold
stress does not increase cortisol secretion. However, other studies
have found increased cortisol secretion after exposure to low
ambient temperatures. A 2 h exposure to low temperatures (5-
15°C) increased cortisol levels (Wagner et al., 1987), and the
addition of physical stress and cold showers increased these
levels further (Tikuisis et al, 1999). Some studies have also
reported reduced (Wittert et al., 1992) or unchanged (Gerra et al.,
1992) cortisol levels in response to cold exposure. As discussed
earlier, the participants were dressed in warm winter clothes
throughout the experiment and reported being comfortable or
a little cool throughout the test period in the low ambient
temperature at night. Probably, the exposure to low ambient
temperatures was insufficient to increase cortisol secretion due
to the protection provided by the clothing worn. Several other
factors may affect the secretion of cortisol. It has been shown that
both psychological and physical stresses under arctic conditions
can be expected to activate the body’s response to stress, which
may result in increased cortisol secretion. An increased level
of cortisol was detected during an irregular trip with dog
sledding in the Arctic, probably because of increased mental
strain (Steine et al.,, 2003). Other expedition studies, however,
found no increased cortisol values (Bishop et al., 2001). In our
study, the only physical effort was easy walking on a treadmill six
times for 6 min during the trial. Neither the cognitive tests nor
physical work were major stressors, and they were performed in
an identical manner during all trials.
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Study Limitations

CANTAB Connect is a well-documented and reliable test
method; but we did only include two cognitive parameters in
our test battery for practical reasons. Short-term memory and
reaction time might not be the most sensitive cognitive parameter
to temperature cold stress as there might be an arousal effect
of the low temperatures. Therefore, we cannot exclude the
possibility that the inclusion of other cognitive parameters would
have uncovered stronger negative effects in this study. Even
though a practical application of our findings is that adequate
clothing is of importance to protect against cooling and hence
maybe protected from declines in cognitive performance, it is also
a study limitation. We could have designed the protocol more like
Muller et al. (2012) to provoke a more severe impact of the low
ambient temperatures on skin and core temperature. The reason
we selected to use protective clothing in —2°C was to simulate a
realistic scenario for outdoor workers in the cold by using one of
the best clothing available for the workers.

CONCLUSION

This study investigated how low ambient temperatures and
night work affects some cognitive performance parameters.
Lower skin- and core temperature was observed at night
when exposed to low ambient temperature (-2°C), but there
was no effect on short-term memory or reaction time.
Increased sleepiness and lower cortisol levels were observed
at night compared to daytime and was not influenced by
low ambient temperature at night. The result from this study
suggests that cognitive performance (short-term memory and
reaction time) is not adversely affected by night work when
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