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Abstract
The metabolic and temperature response to mild cold were investigated in summer and winter in a moderate oceanic climate.
Subjects were 10 women and 10 men, aged 19 – 36 years and BMI 17 – 32 kg/m2. Metabolic rate (MR) and body temperatures were
measured continuously in a climate chamber with an ambient temperature of 22 jC for 1 h and subsequently 3 h of 15 jC.
The average metabolic response during cold exposure, measured as the increase in kJ/min over time, was significantly higher in winter
(11.5%) compared to summer (7.0%, P < .05). The temperature response was comparable in both seasons. The metabolic response in winter
was significantly related to the response in summer (r2=.47, P < .001). Total heat production during cold exposure was inversely related to the
temperature response in both seasons (summer, r2=.39, P < .01; winter r2=.32, P < .05). In conclusion, the observed higher metabolic
response in winter compared to summer indicates cold adaptation. The magnitude of the cold response varies, but the relative contribution of
metabolic and temperature response was subject specific and consistent throughout the seasons, which can have implications for energy
balance and body composition.
D 2004 Elsevier Inc. All rights reserved.
Keywords: Heat production; Body temperature; Energy expenditure; Cold; Adaptation

1. Introduction
In thermal physiology, there is a strong interest in
human responses to extreme temperatures. Few studies
are available about mild cold conditions and even fewer
studies focussed on individual patterns of cold responses
[1– 3]. With respect to mild-cold exposure as met under
daily living circumstances in many places on earth, metabolic and temperature effects cannot be deduced from the
existing studies. Therefore, we studied physiological mildcold responses in a modern society in a moderate oceanic
climate.
Upon entering a cold environment, heat balance is
disturbed, and consequently, two main patterns of physiological adjustments may occur: insulative and metabolic, or
a combination of these. The insulative adjustment in
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response to cold exposure is accomplished by peripheral
vasoconstriction. This is called insulative vasomotor response. This restricts heat transfer from the internal organs
to the skin, resulting in a decrease in skin temperature,
which in turn results in a decrease in body heat loss [4].
The metabolic response results in an increase in metabolic
rate (MR), thus increasing heat production [4,5]. Several
components of energy expenditure may contribute to the
process: shivering thermogenesis (ST) [6,7], nonshivering
thermogenesis (NST) [8 –10], nonexercise activity thermogenesis (NEAT) [11], and activity-induced thermogenesis
(AT). Under resting conditions, only the components ST,
NST, and NEAT remain.
It is well known that the magnitude of the cold response,
and to a lesser extent, the relative contribution of the
metabolic and insulative vasomotor response, depends on
the duration and severity of the cold exposure, the medium,
water or air, and acclimatization [12,13].
With respect to cold exposure, most studies are conducted using severe cold stress, with maximal temperatures
20 jC water or 5 jC air [8,14 –16]. Only a few studies are
available using mild-cold responses in air [17 – 20]. These
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studies, however, focus on energy metabolism, not on
insulation. None of these studies are concerned with individual differences.
Physiological adjustments in response to chronic cold
exposure are referred to as acclimatization, or acclimation
under laboratory conditions. The acclimatization pattern
appears to differ depending on the type of cold exposure,
like the effect of the arctic climate [21], sleeping nude in
the cold [22], or regular cold water immersions [23]. We
wondered if the relatively small differences in environmental temperature as encountered in modern society,
with central heated houses and good clothing, in a
moderate oceanic climate would affect the physiological
cold response.
In an acclimation study, using water immersion as
cold stimulus, Bittel [4] showed interindividual differences in metabolic and insulative vasomotor response to
extreme cold, and changes in response after acclimation.
Recently, interindividual variation in mild-cold response
was shown in subjects staying for 2 days in a respiration
chamber at our laboratory [2]. Subjects that responded
with increased metabolism in the cold, showed less
insulative vasomotor response and vice versa. The average increase in energy metabolism amounted to 5% of
24-h energy expenditure. More interesting, the observed
range in changes in metabolism compared to thermoneutral conditions was 0.15– 1.45 MJ/day, which can have
significant metabolic consequences on the long term. A
relatively large contribution of an insulative vasomotor
response and failure of activation of thermogenesis is a
risk for weight gain [24].
If seasonal changes in cold response exist, we wondered
if the observed interindividual variation will be maintained
throughout the seasons as well. In other words, is the type of
cold response an individual trait? For example, it is known
that relative body temperature is subject specific as shown
by Rising et al. [25]. They found a significant individual
variation in fasting oral temperature and in spite of changes
of the temperature, interindividual differences in body
temperature were maintained throughout semistarvation
and refeeding [25].

This paper aims to investigate seasonal changes in response to mild cold. The study was conducted in a moderate
oceanic climate with mild seasonal differences in environmental temperature and, in general, small differences between indoor and outdoor temperatures. To avoid the effect of
activity and diet during cold exposure, resting conditions
were studied.
It was hypothesized that individual differences in cold
response exist ranging from a more insulative vasomotor
response to a more metabolic response to cold, and that the
metabolic response is inversely related to the insulative
vasomotor response. Secondly, the individual pattern of
cold response remains during acclimatization in winter
compared to summer, while the magnitude of the response
changes.

2. Materials and methods
2.1. Subjects
Ten women and 10 men, age ranging from 19 to 36 years
and BMI ranging from 17 to 32 kg/m2, participated in the
study (Table 1). Subjects were not using any medication and
were nonsmokers.
The volunteers were provided with detailed information
concerning purpose and methods used in the study, before
written consent was obtained. The Ethics Committee of
Maastricht University approved the study. Most subjects
were students spending average time on sports or daily
living activities; none of them were extreme athletes or
extremely active in outdoor activities. All but one of the
women were either users of oral contraceptives or in
preovulatory phase at the measurement day.
2.2. Design
Experiments took place at the end of the summer, in
August and September, and all measurements were repeated
with the same subjects at the end of the winter, in February
and March, just after the warmest and coldest months of the

Table 1
Subject characteristics
Summer

Age (years)
Height (m)
Weight (kg)
FM (kg)
FFM (kg)
SMR (kJ/min)
RMR (kJ/min)

Winter

Mean, n = 20

Males, n = 10

Females, n = 10

Mean, n = 20

Males, n = 10

Females, n = 10

26 F 5
1.74 F 0.09
71.1 F 14.4
16.1 F 7.1
55.0 F 12.0
4.58 F 0.70
4.74 F 0.72

27 F 6
1.82 F 0.04
78.8 F 15.5
14.3 F 8.6
65.5 F 8.9
5.10 F 0.46
5.25 F 0.56

25 F 3
1.67 F 0.07y
63.3 F 8.1y
17.9 F 5.1
45.4 F 4.8y
4.07 F 0.48y
4.23 F 0.46y

72.0 F 14.8
17.0 F 6.8 *
55.0 F 11.9
4.58 F 0.70
4.75 F 0.73

79.9 F 16.6
15.7 F 8.9 *
64.2 F 9.8
5.08 F 0.58
5.24 F 0.58

64.2 F 6.9y
18.4 F 4.0
45.8 F 4.2y
4.08 F 0.37y
4.26 F 0.51y

Values are means F S.D. FM, fat mass; FFM, fat-free mass; SMR, sleeping metabolic rate; RMR, resting metabolic rate.
* P < .05 between summer and winter.
y
P < .05 between males and females.
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year (Fig. 1). Subjects visited the laboratory for an overnight stay and the following morning to carry out the
experiment. To avoid an effect of diet-induced thermogenesis, subjects fasted starting 10 h prior to the cold test
until the end of the test. From 10:00 p.m. until 8:00 a.m.,
the ambient temperature was 22 jC. Sleeping metabolic
rate (SMR) and intestinal temperature were measured.
Subjects were lying on a bed and covered with a duvet
(375 g/m2).
In the morning, subjects moved to a stretcher where they
were lying in semisupine position. MR and intestinal, rectal,
and skin temperatures were measured for 1 h at an ambient
temperature of 22 jC followed by 3 h during which the
subjects were exposed to the cold. The subjects stayed in the
same room, which was cooled from 22 to 15 jC in 45 min.
They were wearing standard clothing with an insulative
value of 0.71 clo (Icl = 0.109 m2jC/W), consisting of
sweatpants (0.28 clo), a sweater (0.37 clo), socks that cover
only the feet (0.02 clo), and panties and a bra for women
and briefs for men (0.04 clo). The face, hands, and ankles
were exposed directly to the environment.
Data was averaged over the last 45 min of the hour at
22 jC (t0) and over every hour at 15 jC (t1, t2, and t3).
Subjects were not allowed to exercise the day before the
measurement and were fasting from the moment they
entered the chamber until the experiment was finished.
Body composition and maximal oxygen uptake (VO2max)
were determined on a separate visit within 1 week of the
experiment.
2.3. Measurements
Body composition was calculated using the threecompartment model according to Siri [26] with the following
equation.
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Fig. 1. Monthly mean of daily average temperatures from March 2000
until April 2001 with monthly mean values of daily maximum and
minimum temperatures (jC) at station Maastricht, The Netherlands.
Measured by the Royal Dutch Meteorological Institute. —, Monthly mean
of daily average temperatures. – – , Monthly mean of daily maximum
temperatures.    , Monthly mean of daily minimum temperatures.
, Test period.

production were measured with an automated respiratory
gas analyser using a ventilated hood system (Omnical,
IDEE, Maastricht, The Netherlands) using the same methods of analysis as the respiration chamber. Gas analyses
were performed by dual paramagnetic O2 analysers and dual
infrared CO2 analysers (type 1156, 1507, 1520; Servomex,
Crowborough, Sussex, UK), similar to the analysis system
described by Schoffelen et al [29]. MR was calculated from
these data according to Weir [30] republished as classical
article (1990) using the following equation.
MR ðkJ=minÞ ¼ 16:3  oxygen consumed ðl=minÞ
þ 4:6 carbon dioxide produced ðl=minÞ

FMð%Þ ¼ ð2:118=Db ðkg=lÞÞ  ð0:78  TBW ðlÞ
=BM ðkgÞÞ  1:354Þ  100

ð2Þ
ð1Þ

where Db is the density of the body, TBW is the total amount
of body water, and BM is body mass.
For this calculation, body density and total body water
were determined using underwater weighing and deuterium
dilution, respectively [27]. The latter was determined
according to the Maastricht protocol [28]. In the evening
after collecting a baseline urine sample, a single dose of
deuterium dilution was ingested. Deuterium enrichment was
measured in urine from the second voiding of the following
morning.
During the night, O2 consumption and CO2 production
were measured in a 14 m3 respiration chamber as previously
described [29]. SMR was defined as the average MR during
at least 3 h of sleep with the lowest activity as registered by
radar. In most cases, this was between 3:00 and 6:00 a.m.
During the morning tests, O 2 consumption and CO 2

Resting metabolic rate (RMR) was defined as the MR
(kJ/min) in a thermoneutral environment, lying still and
awake in a postabsorptive state.
VO2max was determined during an incremental exercise
test, performed on a cycle ergometer (Lode, Excalibur,
Groningen, The Netherlands). Men and women started to
cycle at 100 and 75 W, respectively. This workload was
used as a warming up period for 5 min, followed by a
workload increase of 50 W every 2.5 min until heart rate
reached 160 bpm, then the workload was increased 25 W
every 2.5 min until exhaustion. The highest oxygen
uptake averaged over 30 s was used as VO2max. Criteria
for maximal performance were a forced ventilation, a
levelling off of oxygen uptake, or a respiratory quotient
above 1.1.
Core temperature was measured by two means, rectally
and in the intestine. The variation in intestinal temperature
can be quite large. The disadvantage of rectal temperature,
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however, is that it can be delayed compared to core
temperature, especially during cold exposure tests, and
when core compartment size is reduced, rectal temperature
can deviate from the core [31]. Therefore, we measured
intestinal temperature as well.
Rectal temperature was measured continuously by a
thermistor-probe (YSI probes, series 402, Yellow Springs
Instruments, Ohio, USA) inserted for 10 cm. Intestinal
temperature was measured by an ingestible telemetry pill
(CorTemp, Human Technologies, St. Petersburg, FL, USA),
which was ingested before entering the respiration chamber
[32], which was the evening before the measurements in the
morning.
Skin temperatures were measured by surface thermistors
(YSI probes, series 409B, Yellow Springs Instruments)
placed on the back of the hand, upper arm, chest located
at the m. pectoralis, abdomen located just below the right
ribs, on the back located just below the right ribs, thigh, calf,
and foot. Temperatures were measured continuously for 50 s
out of every minute and saved every minute.
Shivering was detected using electromyography (EMG;
Tiretherm, IDEE). EMG signals were amplified 100 times.
These signals were filtered between 33 and 160 Hz and at
the same time amplified for the second time between 2 and
11 times (adjustable). The signal proceeded through a
signal comparator at a fixed reference level (1 V). The
signal output then consisted of high-frequency pulses,
which were counted and recorded for 50 s out of every
60 s. The second amplification factor was adjustable by the
experimenter and was set before the start of the experiment, when the subject was already in the experimental
setup. The factor was chosen between 2 and 11 times, as
sensitive as possible just above noise level. EMG electrodes were placed 3 cm apart on the skin at the m. pectoralis
major [6,33]. This site was chosen because in people
having a normal amount of fat, shivering starts in the
upper trunk region, and propagates towards the extremities
[33]. In addition, every 15 min, subjects were asked if they
felt if they were shivering and the observer checked the
subjects to see if they were shivering. Examples of EMG
measurements with and without shivering are presented in
Fig. 2.

Fig. 2. Example of EMG measurement. (A) An EMG measurement of a test
where shivering was induced. (B) A typical example of an EMG
measurement of the present study. 1 = Start of cooling, 2 = start shivering.

vasomotor response. Temperature gradients, as a measure
of insulation, were calculated between intestine and mean
skin temperature (T intestine –skin), intestine and distal skin
temperature (Tintest – dist), rectal and mean skin (Trectal–
skin), and between rectal and distal skin temperature
(Trect –dist) [23].
The incremental area under the curve (AUCinc) was
calculated by subtracting RMR (MR at 22 jC) from the
total area under the curve (AUCtot), and represents
the total cold-induced thermogenesis. The area under the
curve was calculated using data over 1-min intervals. The
change in MR during cold exposure (during t0 –t3) was
calculated as well (kJ/min) as a measure of cold-induced
thermogenesis.

2.4. Calculations
2.5. Statistical analyses
Mean skin temperature was calculated according to
Ramanathan [34], using the following equation.
Mean skin temperature ðjCÞ
¼ 0:3ðT chest ðjCÞ þ T arm ðjCÞÞ
þ 0:2ðT thigh ðjCÞ þ T leg ðjCÞÞ

ð3Þ

The distal temperature, calculated averaging hand and
foot temperatures, represents the skin most distant from the
core and is expected to show the strongest insulative

Data are reported as means F S.D. For statistical analyses, all data was averaged over the last 45 min of the hour at
22 jC ambient temperature (t0) and over every subsequent
hour at 15 jC (t1, t2, and t3). For intraindividual differences
(i.e., between the two ambient temperatures) in MR and
body temperatures and for interindividual differences,
paired and unpaired t tests were used, respectively. ANOVA
for repeated measurements was used to test the metabolic
response to mild cold. For MR calculation, the AUCinc and
AUCtot were calculated over t0 – t3, in summer and winter.

A.M.J. van Ooijen et al. / Physiology & Behavior 82 (2004) 545–553
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Differences in cold response between seasons were tested by
paired t tests. Regression analysis was used to study the
relation between metabolic and insulative vasomotor response, stratified by season. Results were considered statistically significant when P < .05.

3. Results
3.1. Body composition
Physical characteristics of the subjects are given in
Table 1. Men were significantly taller, heavier, and had a
higher fat-free mass (FFM; kg) than women (Table 1,
P < .05). Fat mass ranged between 8.2% and 30.9% in men
and between 20.7% and 36.0% in women.
Mean FFM (kg) remained unchanged and fat mass (FM;
kg) was increased significantly in winter in males (Table 1).
As a result, in men in winter, fat percentage was significantly higher and the percentage FFM was lower than in
summer (1.5%, P < .05). The same trend occurred in the
females.

Fig. 4. Cold-induced thermogenesis (change in MR during cold exposure in
kJ/min; y = 0.66x + 0.33, r2=.61, P < .001).

3.2. Metabolism

Fig. 3. (A) Mean skin temperature (jC) F S.E.M. during neutral (closed
symbols 22 jC) and mild cold (open symbols 15 jC) condition, in
summer and winter. (B) MR F S.E.M. during neutral (closed symbols 22
jC) and mild-cold (open symbols 15 jC) condition, in summer and
winter. * P < .05 summer versus winter. zP < .05 versus 22 jC in both
summer and winter.

Average MR (SMR and RMR) was higher in males
compared to females (Table 1). Interindividual variation in
SMR and RMR at 22 jC was mainly explained by variation
in FFM in both summer and winter (SMR r2=.81, RMR
r2=.84 in summer and SMR r2=.89, RMR r2=.81 in winter;
all P values < .0001). Including FM in multiple linear
regression analysis did not result in a significant increase
of explained variation. After adjustment for body composition in multiple linear regression analysis, no significant
gender differences in SMR and RMR were found. There
were no significant differences between seasons in SMR,
RMR (Table 1), or VO2max.
During t1 – t3, no shivering was registered by EMG and
the subjects did not report any sensation of shivering. In
both seasons, MR was significantly increased during cold
exposure (t1 – t3), compared to t0 (Fig. 3B, ANOVA for
repeated measurements, P < .001). In summer, the average
MR increased from 4.7 F 0.7 kJ/min (t0) to 5.1 F 0.8 kJ/min
(t3) and in winter, MR increased from 4.7 F 0.7 kJ/min (t0)
to 5.3 F 0.9 kJ/min (t3). On average, the increase was
7.0 F 10.5% ( P < .05) in summer and 11.5 F 9.1%
( P < .01) in winter, respectively (t test: values at t3 versus
t0). The amount of cold-induced thermogenesis, calculated
as the AUCinc was slightly but not significantly higher
in winter compared to summer. At t3, however, the increase
in MR (kJ/min) was significantly larger in winter than in
summer (Fig. 3, P < .01). A large interindividual variation in
the increase in heat production was found, which was
consistent throughout the seasons. The metabolic response
ranged from a decrease of 4% to an increase of 30% in
winter and from a decrease of 12% to an increase of 24% in
summer. Cold-induced thermogenesis (kJ/min) in summer
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Table 2
Body temperatures and temperature gradients (jC) during neutral (22 jC) and mild-cold (15 jC) environmental conditions in summer and in winter
Summer

T core
T periphery
T gradients

T intestine
T rectum
T skinR
T intestine – skin
T rectal – skin
T intestine – dist
T rectal – dist

Winter

22 jC

15 jC

22 jC

15 jC

36.8 F 0.4
36.8 F 0.3
32.4 F 0.6 *
4.5 F 0.7
4.3 F 0.5 *
6.2 F 1.5
6.2 F 1.5

36.9 F 0.4
36.8 F 0.4
29.6 F 0.8z
7.4 F 0.8z
7.1 F 0.9z
13.3 F 2.3z
14.9 F 2.1z

36.9 F 0.3
36.9 F 0.3
32.1 F 0.5
4.7 F 0.6
4.8 F 0.5
6.1 F 1.1
6.2 F 1.2

37.0 F 0.4z
37.0 F 0.6
29.4 F 1.1z
7.6 F 1.2z
7.4 F 1.1z
14.4 F 2.5z
14.2 F 2.5z

Values are means F S.D. in degrees centigrade. TskinR, mean skin temperature calculated according to Ramanathan [34].
* P < .05 between summer and winter.
z
P < .01 between a neutral ambient temperature and mild cold.

was significantly related to cold-induced thermogenesis in
winter (Fig. 4, r2=.61, P < .001). In summer and winter,
approximately two thirds (70% and 65%) of the metabolic
response of t3 was reached at t1. If only the period was
considered when subjects were exposed to the cold (i.e., t1 –
t3), a significant increase from t1 to t3 was found, in winter,
but not in summer (ANOVA repeated measures; winter
P < .01, summer P=.13).
3.3. Body temperatures
Table 2 summarizes the body temperatures measured
during the experiment.
No significant difference was found between rectal and
intestinal temperature in summer and winter and during
thermoneutral and mild-cold conditions. A small increase in
rectal and intestinal temperature was found in response to
the mild cold. All skin temperatures decreased significantly
during exposure to mild cold ( P < .01) in winter as well as
in summer (Table 2, Fig. 3A). The temperature gradient
between rectal and mean skin temperature (Trectal – skin)
at t0 was significantly higher in winter than in summer
(Table 2).
3.4. Metabolism versus insulative parameters
The average MR (kJ/min) was in both summer and
winter negatively related to the increase in Tintestine –dist
(Fig. 5, summer, r2=.38, P < .01; winter r2=.31, P < .05). In
summer and winter, the change in intestinal temperature
from t0 to t3 was positively related to FM (%; P < .05). At t3
in winter, the temperature gradient between intestine and
skin was positively related to FM (%; P < .05).

4. Discussion
Three hours of cold exposure revealed an increase in MR
of 7.0% in summer and 11.5% in winter. The increase in
winter was significantly higher than in summer. In winter,
metabolism was still increasing at the end of the experiment,
while in summer, it seemed to be stabilized. This could

mean that in winter, MR during the time of exposure did not
reach a steady state situation, while in summer, an equilibrium was reached.
Individual MRs were related to FFM. The increase in
MR, however, was not related to either FFM or FM. Neither
could the seasonal difference in metabolic response be
attributed to changes in body composition or physical
fitness. This indicates that anthropometry is not the explanation and the reason for the differences could be in
autonomic or endocrinological functions. On the long term,
however, body composition can be affected by differences
in metabolic response.
Interestingly, the average drop in mean skin temperatures
during cold exposure did not differ between the seasons.
Nevertheless, the combination of an equal insulative vasomotor response with a higher cold-induced thermogenesis
seems to point towards a smaller heat debt in winter. Earlier
studies under more severe conditions show that cold acclimation is characterized by a decrease in heat debt in
response to cold [4]. Therefore, we conclude that even in
a moderate climate, cold acclimation occurred.
The study clearly shows interindividual variation in cold
response. The change in intestine – distal temperature gradient implies a change in insulation, which was inversely
related to the average MR during cold exposure (Fig. 5).
This means that some people tend to respond in a more
metabolic way and others in a more insulative way. This
was comparable to a study under mild-cold conditions using
2 days of mild cold [2].
Interestingly, this study shows that those subjects showing a high metabolic response in summer do so again in
winter (Fig. 4). This suggests that the type of response indeed
is subject specific. The variation in metabolic response is
large; in winter, the range was from  0.16 to + 1.49 kJ/min.
The negative metabolic response could be a Q10 effect due to
the cooling of peripheral tissue. The possibility, however,
that the response of  0.16 kJ/min lies within the accuracy
of the measurement should not be neglected. This variation
in response between subjects has been found earlier in
24-h energy expenditure [2]. The present study shows that
this variation in 24-h energy expenditure can at least in part
be explained by the change in RMR. The magnitude of the
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Fig. 5. Average MR during cold exposure (kJ/min) versus change in
intestinal – distal temperature gradient (jC) in summer and winter.
Winter: y =  0.27x + 7.32, r2=.31, P < .05. Summer: y =  0.34x + 7.56,
r2=.38, P < .01.

metabolic response can have important health implications.
Some people tend to be more energy efficient than others
under the test circumstances. These (mild) circumstances are
common in daily life. Therefore, it is possible that some
people deal with the small temperature fluctuations encountered in real life in a much more efficient way than others.
Those that are efficient are more prone to develop obesity
[24]. This lines up with an earlier study showing reduced
cold-induced metabolic response in obese as compared to
lean subjects [35].
O’Brien et al. [15] suggested that core cooling during the
adaptation period is necessary to induce an enhancement in
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sympathetic activation during cold exposure. In their study,
exercise was applied to prevent core cooling during the
experimental cold adaptation period which resulted in lower
norepinephrine levels [15]. Although the exact amount and
duration of cold exposure in daily life in wintertime in our
subjects is not known, core cooling can hardly be expected.
A peripheral or skin cooling during the adaptation period as
Rintamaki [13] described is more likely.
Body composition was not related to the metabolic or
temperature response. However, there are also small changes
in core temperature (Tintestine). The percentage body fat was
related to this change in intestinal temperature. In extreme
cold stress situations, like water immersion, FM is known to
be important in preventing core cooling, when the cutaneous
blood flow is minimal [36]. Our results suggest that even in
mild cold, the fatness of a subject might play a role in
insulation.
In several other studies describing moderate or mild-cold
conditions, shivering occurred [37]. Our test conditions (air
temperature and clothing) were carefully chosen in pilot
studies, so that during cold exposure, no shivering would
take place. Indeed, in the present study, increases in MR
without shivering as registered by EMG was measured and
noted by subjects and observer. Whether humans use NST is
still under debate [10,38]. In the past, it has been shown that
daily cold exposure results in an increase in metabolism
with a gradual decrease of shivering, which indicates the
existence of NST [39]. Several more recent studies point
towards a significant contribution of NST in humans
[8,20,40,41]. Although shivering cannot be completely
ruled out from our measurements, these results make a
significant contribution of ST unlikely. We recently found
under more severe cold exposure, using the same experimental setup, that when shivering is evident, MR increases
30 – 60% as soon as shivering starts (Van Ooijen, in preparation). Our study thus indicates that NST seems to be a
serious candidate for the observed increase in MR.
In the present experiment, no change in either SMR,
RMR, or VO2max was found between seasons, independent
of correction for the change in body composition. This
means that a change in cold response due to a change in
physical fitness can be excluded. Other studies report an
effect on the metabolic response to severe cold explained by
seasonal changes in RMR and maximum oxygen uptake. In
these studies, however, the response is affected by higher
levels of ST [4,7,42].
As a heat-loss restricting mechanism, all skin temperatures decreased significantly in response to the mild cold.
The decrease in skin temperatures was not significantly
different between seasons. Because test conditions were
identical in summer and winter and assuming that the
subjects were in heat balance during the thermoneutral
condition, the higher metabolic response to cold in winter
indicates that, on average, the subjects showed less heat debt
in winter. This has been described as an indicator for cold
adaptation [4,5].
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In summary, individual variation in cold response is
observed, as shown by the inverse relation between the
insulative and metabolic cold response. The significant
relation of the metabolic response in winter versus the
metabolic response in summer indicates that the type of
cold response is subject specific. Although the pattern of the
response seems to remain during acclimatization, the average magnitude of the metabolic response was increased in
winter. There was no seasonal change in the insulative
vasomotor response. Body heat debt thus was less during
cold exposure in winter compared to summer. This means
that even in a modern society (clothing and housing with
central heating) in a moderate climate, cold acclimatization
occurred.
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