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Abstract Keywords

Even though there are indications that stress influences body temperature in humans, no study  Anxiety, autonomic nervous system,

has systematically investigated the effects of stress on core and peripheral body temperature. emotional fever, SIH, stress-induced

The present study therefore aimed to investigate the effects of acute psychosocial stress on hyperthermia, temperature, temperature
body temperature using different readout measurements. In two independent studies, male regulation

and female participants were exposed to a standardized laboratory stress task (the Trier Social
Stress Test, TSST) or a non-stressful control task. Core temperature (intestinal and temporal
artery) and peripheral temperature (facial and body skin temperature) were measured.
Compared to the control condition, stress exposure decreased intestinal temperature but did
not affect temporal artery temperature. Stress exposure resulted in changes in skin temperature
that followed a gradient-like pattern, with decreases at distal skin locations such as the fingertip
and finger base and unchanged skin temperature at proximal regions such as the infra-
clavicular area. Stress-induced effects on facial temperature displayed a sex-specific pattern,
with decreased nasal skin temperature in females and increased cheek temperature in males. In
conclusion, the amplitude and direction of stress-induced temperature changes depend on the
site of temperature measurement in humans. This precludes a direct translation of the
preclinical stress-induced hyperthermia paradigm, in which core temperature uniformly rises in
response to stress to the human situation. Nevertheless, the effects of stress result in consistent
temperature changes. Therefore, the present study supports the inclusion of body temperature
as a physiological readout parameter of stress in future studies.
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Introduction compared to a non-stressful situation (Renbourn, 1960). In
support of stress-induced changes in temperature, decreased
finger temperature is used as a marker of stress in autonomic
biofeedback techniques (Ahmed et al., 2010) or in relaxation
approaches associated with an increase in finger skin tempera-
ture (Yang et al., 2011). In animals, body temperature
responses to stress are present in a variety of mammalian
species including rodents, pigs, squirrels, baboons and chim-
panzees (Bouwknecht et al., 2007; Nakayama et al., 2005; Parr
& Hopkins, 2000b; Vinkers et al., 2008). Stress may also
acutely or chronically affect body temperature in psychiatric
disorders, including schizophrenia (Shiloh et al., 2005, 2009),
depressive disorders (Daimon et al., 1992), and insomnia (Lack
et al., 2008). Nevertheless, human thermoregulation is a
complex process under the control of the central nervous
system, and core and peripheral temperature in humans may
respond differently to stress exposure. To our knowledge, no
*Both authors contributed equally to the research. study has systematically investigated the effects of acute stress
Correspondence: Christiaan H. Vinkers, Division of Pharmacology, on core and peripheral body temperature in humans. Therefore’
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+31 (0) 88 7555 509. Email: c.h.vinkers@umcutrecht.nl. core and peripheral readout parameters.

Exposure to stress results in an endocrine, autonomic and
behavioral response that enable an organism to adapt to a
changing environment (Korte et al., 2005). Of these param-
eters, there is evidence that human body temperature changes
in response to stress (Briese, 1995; Kleitman & Jackson, 1950;
Marazziti et al., 1992; Oka & Oka, 2007; Vinkers et al., 2010).
Already in 1930, a case report described the presence of
psychogenic fever (Falcon-Lesses & Proger, 1930). Later
studies have focused on axillary and oral temperature changes
in students or residents following exam-related stress (Briese,
1995; Gotsev & Ivanov, 1950, 1954; Marazziti et al., 1992).
Also, male participants watching or participating in a boxing
contest were found to display increased oral temperatures




DOI: 10.3109/10253890.2013.807243
Methods
General

To gather preliminary data on stress-induced changes in body
temperature, we exposed healthy male and female individuals
to the Trier Social Stress Test (study 1, n=24). Because no
control condition was included in study 1, we added a control
condition in a follow up study using a within-subject design
and expanded the number of core and peripheral body
temperature parameters (study 2, n =22).

Participants

Healthy individuals (age 18-26 years) were recruited in both
studies. In study 1, 12 male and 12 female individuals were
included, whereas in study 2, 10 male and 12 female
individuals were recruited. All female participants used oral
contraceptives. All studies were approved by the Utrecht
University Hospital ethics review board and performed
according to the International Conference of Harmonisation
guidelines for Good Clinical Practice and the Declaration of
Helsinki (along with its latest amendments). All participants
gave their written informed consent prior to inclusion in the
study. Participants were not eligible to participate in case of
current drug use, use of psychoactive medication, physical or
mental illness, smoking, any previous intestinal surgery, any
chronic intestinal condition, any speech, language or swal-
lowing disorder, not being fluent in Dutch or having a
magnetic resonance imaging (MRI) appointment shortly after
participation. Exclusion criteria on the day of participation
were feeling sick, having fever, consuming any caffeine,
carrying out heavy exercise, or having consumed a heavy
meal. Additionally, participants with any recent intake of
psychoactive substances were excluded with a urine multi-
drug screening device (InstantView) which tested for amphet-
amines (including MDMA), barbiturates, cannabinoids,
benzodiazepines, cocaine and opiates.

Experimental protocol
Study 1

All participants were exposed to the Trier Social Stress Test
as described (see Trier Social Stress Test (TSST)).
Throughout the session, heart rate and respiration rate
(Suunto Te, Vantaa, Finland), intestinal temperature (see
Core body temperature) and skin temperature (see Peripheral
temperature) on the upper arm were continuously measured.
Also, at distinct time points, blood pressure was measured
(Microlife BPA 100, Widnau, Switzerland) and saliva sam-
ples were obtained for cortisol analysis. For one participant,
temperature measurements were not obtained due to technical
difficulties. For two additional participants, heart rate and
respiration rate levels were not obtained due to technical
difficulties. Saliva cortisol levels could not be determined for
two participants due insufficient saliva quantity.

Study 2

Participants completed both the control protocol (see Control
condition) and the stress protocol (see Trier Social Stress Test
(TSST)) on two separate consecutive days. Because of this
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within-subject design, the stress condition was always carried
out on the first day to prevent anticipatory stress due to
knowledge of the stress condition that can be gathered from
the control condition. Both experimental days were started at
the same time for all participants. All rooms were under
controlled temperature (20 4= 2 °C). Participants were asked to
stand up 10min prior to the TSST to exclude the acute
interference of change of position (orthostatic reaction) in
response to the TSST. After completion of the TSST or the
control condition, participants completed the same protocol in
a sedentary position while reading available reading material.

Trier Social Stress Test (TSST)

The TSST was carried out in studies 1 and 2 as described
earlier (Kirschbaum et al., 1993). Briefly, a participant was
led to a room where he/she was instructed to stand behind a
microphone in front of a committee, consisting of one man
and one woman. Participants were then instructed to prepare
(3min) and deliver (5min) a speech for a job interview,
followed by a mental arithmetic task (5 min). Before starting
the speech, the participant was informed that the whole
session would be videotaped and voice recorded and that the
committee was trained in behavioral observation.

Control condition

In study 2, a control condition of the TSST was carried out as
described previously (Het et al., 2009). In short, this
procedure contained a free speech (8§ min) and a simple
mental arithmetic task (5min) without a committee being
present. The duration of the control condition was identical to
that of the TSST (around 13 min). Participants were informed
of the control aspect of the task. Therefore, the stress-
inducing factors of uncontrollability and being recorded and
socially evaluated were minimized.

Measures
Core body temperature

In studies 1 and 2, the intestinal core temperature was
continuously measured at 1 min intervals using an ingestible
radiotelemetric capsule (Respironics, Bend, OR). The mea-
sured temperature from the capsule constitutes a validated
representation of core temperature (Byrne & Lim, 2007). The
capsule was ingested approximately 1h prior to the experi-
mental condition. In study 2, temporal artery temperature was
non-invasively measured at 10 time points throughout both
experimental conditions (at —60min, —10min, —2min,
+15min, +25min, +35min, +45min, +60min, +90 min
and +120 min) using an infrared temporal thermometer (type
TATS5000, Exergen, MA). The temporal thermometer records
core temperature using an infrared reading of superficial
temporal artery blood flow (Fetzer & Lawrence, 2008).

Peripheral body temperature

In study 1, skin temperature on the upper arm was measured
using a radiotelemetric skin patch (Respironics, Bend, OR). In
study 2, skin temperature was assessed at multiple sites using
wireless iButtons (type DS1922L, Maxim/Dallas, TX) that
were set to acquire skin temperature every 2min with a
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resolution of 0.0625°C. This method of skin temperature
monitoring has been validated and described in detail else-
where (van Marken Lichtenbelt et al., 2006). Specifically, skin
temperature in study 2 was measured at seven different
locations. Distal skin temperature was obtained from the
palmar side of the finger tip, the dorsal side of the base of the
middle finger and the hand palm. Also, skin temperature was
measured at the dorsal side of the wrist which may represent
both proximal and distal skin temperature (Romeijn & Van
Someren, 2011). Proximal skin temperature was assessed on
the upper arm, the infra-clavicular area and the stomach area.
The iButtons were affixed with adhesive tape (Fixomull stretch,
BSN medical GmbH). Due to technical problems, stomach skin
temperature of one female participant and upper arm tempera-
ture of one male participant were discarded from analysis.
Skin temperature of the visible face was continuously
measured in study 2. Thermography was performed with a
calibrated IR thermal camera (FLIR ThermoCam SC640,
Seattle, WA), uncooled micro-bolometer with a 640 x 480
pixel array. The sensor has a 14-bit dynamic range and a
spectral sensitivity from 7.5 to 13.5um. The data were
recorded and analyzed with the ThermaCamTMResearcher
2007 Pro 2.9 (FLIR systems AB, Sweden) software coupled to
an IEEE-1394 FireWire interface with a laptop PC. The data
were collected with a temperature resolution of 0.1 degree
Kelvin and the thermal images were acquired with a 1s
interval. Data was reduced to twenty-six 20-s intervals. Skin
temperature was determined on predefined locations on the
face: the forehead, nose, cheek, the medial skin of the eye and
the neck (see Table 1 and Figure 5A). Participants with facial
parts that were not continuously visible (e.g. due to hair style
and glasses) were excluded from facial part analysis. Due to
technical difficulties, infrared facial temperature data of two
participants were incomplete and discarded from analysis.

Perceived stressfulness

In study 2, before and after both experimental conditions,
participants rated their state anxiety using the state question-
naire of the State and Trait Anxiety Inventory (STAI)
(Spielberger, 1989). In addition to pre- and post-experimental
STAI assessments, perceived stress, anxiety, insecurity and
warmth levels were recorded during both experimental
conditions on visual analog scales (VAS, 100 mm scale).

Calculated body skin temperature changes

In addition to analysis on the raw temperature data over time,
stress-induced changes in body skin temperature were
calculated in study 2 to more clearly visualize the effects of
stress on body skin temperature. Temperature changes were

Table 1. Size and area of facial regions of interest for infrared
temperature measurement Calculations in study 2. Regions are also
depicted in Figure 5(A).

Area Radius (pixels) Diameter (cm) Area (sz)
Nose 10 0.65 1.32
Forehead 14 0.91 2.60
Eye 6 0.39 0.48
Cheek 12 0.78 1.91
Neck 13 0.85 2.27

Stress, 2013; 16(5): 520-530

calculated by subtracting the value at the end of the experi-
mental condition (r=+15min) from the baseline value (the
average temperature from ¢ =—3 min until =0 min).

Cortisol levels

To ascertain a hormonal stress response in response to the
TSST, saliva samples were collected in study 1 (Salivette,
Sarstedt, Niimbrecht, Germany). In total, eight saliva samples
were collected at baseline, during the stress condition, and at
various time points afterwards. Samples were stored at
—20°C until analysis. Cortisol in saliva was measured
without extraction using an in house competitive radio-
immunoassay employing a polyclonal anti-cortisol-antibody
(K7348). [1,2-°H(N)] -Hydrocortisone (PerkinElmer
NET396250UC) was used as a tracer. The lower limit of
detection was 1.0 nmol/l and inter-assay variation was <6% at
4-29 nmol/l (n =33). Intra-assay variation was <4% (n=10).
Samples with levels >100nmol/L. were diluted 10x with
assay buffer.

Statistics

All statistics were carried out using SPSS version 17 (SPSS
Inc., Chicago, IL). Raw temperature data was analyzed using
repeated-measures ANOVAs. Since all parameters were
repeatedly measured, time was included as a within-subject
factor in the analyses. Sex was included as a between-subject
factor. In study 2, since participants completed both the stress
and control condition, the within-subject factor stress was
added with the two levels stress and control over the two
experimental days. A significant stress effect indicates a main
effect of experimental day (stress or control condition),
whereas a significant time effect indicates changes over time
independent of the experimental condition. Simple contrast
tests were used to compare time points for blood pressure and
cortisol levels in study 1 whenever a significant main effect or
a significant parameter X time interaction effect was
observed.

The period of 60min following the initiation of the
experimental condition was used for analyses of intestinal and
skin temperature in studies 1 and 2. The period of 30 min
before the initiation of the TSST until 30 min afterwards was
used for analyses of heart rate and respiration data in study 1.
For facial skin temperature, the period during the experimen-
tal condition was included using twenty-six 20s time points.
Temporal artery temperature was obtained during and after
both experimental conditions at ten discrete time points.
Calculated body skin temperatures changes were analyzed
using repeated measures ANOVA with stress or control task
as within-subject factor and sex as between-subject factor
(study 2). The significance level was set at p<0.05. All
results shown are the mean + standard error of mean (SEM).

Results
Study 1
Intestinal temperature

Changes in intestinal temperature in response to stress were
dependent on sex (time X sex interaction Fsg 1539 =1.82,
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p<0.001) (Figure 1A). Separate analysis of both sexes
revealed that female intestinal temperature did not change
in response to stress (time effect Fsg 49 =0.93, p=0.63),
whereas male intestinal temperature decreased in response to
stress (time effect Fsg 599 = 8.23, p<0.001).

Skin temperature

Skin temperature on the upper arm increased in response to
stress (time effect, Fsg1230=9.94, p<0.001) (Figure 1B).
This effect was not dependent on sex (time X sex interaction
F59q1239 = 101, pP= 046, sex effect F1,21 = 108, P :031)

Heart rate

The heart rate changed over time (time effect Fsq ;15 = 25.46,
p<0.001), which was independent of sex (time X sex
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interaction Fsg 1121 =0.49, p = 0.81) (Figure 1C). The average
maximum was 23 +2 beats per minute (bpm) (male: 21 3
bpm; female: 24 43 bpm).

Respiration rate

The average respiration rate increased after stress exposure
(time effect Fsq 1121 =2.59, p<0.001) which was independent
of sex (time X sex interaction Fsg 1121 =0.81, p=0.85)
(Figure 1D). Average respiration rate levels increased with
5+ 1 bpm (male: 4+ 1 bpm; female: 6 £ 1 bpm)

Salivary cortisol

Saliva cortisol levels increased after stress exposure (time
effect F;140=28.41, p<0.001) independent of sex (corti-
sol x sex interaction F740=1.44, p=0.20; sex effect
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Figure 1. Effects of the Trier Social Stress Test in on intestinal temperature (A), upper arm skin temperature (B), heart rate (C), respiration rate (D),
saliva cortisol (E) and blood pressure (F) in healthy male and female individuals (study 1). *Time effect (*p <0.05; ***p <0.001). In panel A-B,
symbols indicate significance from # =0 until +60 min, whereas in panel C-D, symbols indicate significance from —30 until +30 min.
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F120=0.33, p=0.57) (Figure 1E). Simple contrasts revealed
that cortisol levels increased at t=15, t=25, t=35 and
t=45min compared to the baseline value (= —2min),
(»<0.05).

Blood pressure

Both systolic and diastolic blood pressure increased in
response to stress (diastolic: Fg 176 =14.07, p<0.001; sys-
tolic: Fg 176 =15.92, p<0.001) (Figure 1F). Simple contrasts
revealed that compared to the first measurement at ¢t = —60
min, diastolic and systolic blood pressure were elevated at
t=—2min, =15 min and =25 min, whereas only diastolic
blood pressure was still increased at =35 min (p <0.05). No
sex effects were present in either the response of diastolic or
systolic blood pressure (diastolic: sex effect F,,=0.46,
p=0.50; sex x time interaction Fg;7¢=1.32, p=0.24; sys-
tolic: sex effect F,=3.17, p=0.09; sex x time interaction
F8,176 = 089, pP= 053)

Study 2
Core temperature

Intestinal temperature

Stress decreased intestinal temperature over time (stress X
time interaction Fsg;;50=3.48, p<0.001; stress effect
p>0.05). Analysis of the temperature data over time
showed that female participants displayed an overall signifi-
cantly higher intestinal temperature (sex effect Fy 50=19.22,
p<0.0001). However, sex did not influence the stress-
induced decrease in intestinal temperature (stress X sex inter-
action p>0.05; stress x time x sex interaction p>0.05). In
the light of the overall sex effect on intestinal temperature,
sexes were subsequently separately analyzed. Supporting a
sex-independent decrease in response to stress, stress time-
dependently decreased intestinal temperature in male partici-
pants (stress x time interaction Fsg 531 =2.01, p <0.01, Figure
2A) and female participants (stress X time interaction
F59,649 = 206, < 001, Figure 2B)

Temporal artery temperature

Temporal artery temperature was not affected by stress
(p>0.05), even though temperature changed significantly
over time (time effect Fgjg30=2.58, p<0.01) and overall,

A Mal
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male participants possessed a significantly higher arterial
temperature (sex effect Fy 5o =3.72, p<0.05) (Figure 3).

Peripheral temperature

Skin temperature

Finger tip: On the finger tip, stress significantly decreased
skin temperature over time to a larger extent compared to the
control condition (stress X time interaction Fsg o0 =5.23,
p<0.001), in accordance with a significantly greater
calculated decline in skin temperature (stress effect
F120=14.20, p<0.001) (Figure 4A).

Finger base: On the finger base, a significant stress-induced
decline in skin temperature was present (stress X time
interaction Fzgg00=1.69, p<0.01), confirmed by a signifi-
cantly greater calculated decline in temperature after stress
(stress effect Fy 5o =8.38, p<0.01) (Figure 4B).

Hand palm and wrist: Stress did not significantly affect skin
temperature over time both on the palm of the hand (stress
effect Fy,0=120, p=0.29; stressxtime interaction
F30600=0.54, p=0.71) or on the wrist (stress effect
F10=22.09, p=0.32; stress X time interaction
F30.600=0.18, p=0.88). However, the calculated average
temperature alteration showed that hand palm temperature
appeared to be significantly decreased in response to stress
(stress effect Fy 50 =9.13, p<0.05), whereas for the wrist, this
effect did not reach statistical significance (stress effect
F120=3.91, p=0.07) (Figure 4C, D).

37.5 1 1
8 —(— Control
o —@— Stress
2 370
o
Q
<%
£
Q
S s gi&g%m
®
£
<

36.0 - : y ‘ y -
60 -30 O 30 60 90 120
Time (min)
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Upper arm: On the upper arm, stress did not significantly calculated change in upper arm temperature did significantly
increase upper arm temperature over time (stress X time increase (stress effect: F; ;9 =15.66, p<0.05). An additional
interaction F3ps570=1.44, p=0.08), even though the analysis of the upper arm temperature during the first 30 min
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after stress exposure showed a significant stress-induced
temperature increased compared to the control condition
(stress x time interaction Fs 585 = 1.92, p <0.05) (Figure 4E).

Infra-clavicular and stomach area: There were no signifi-
cant effects of stress on skin temperature in the infra-clavicular
area (stress effect F 50 =42.91, p=0.46; stress X time inter-
action F3¢ 00 = 5.68, p =0.48) nor in the stomach area (stress
effect Fi,0=1.69, p=0.22; Stress x time interaction
F30.600=0.13, p=0.89) (Figure 4F, G). Also, there was no
significant change in calculated temperature in both areas
(infra-clavicular: stress effect Fy 5o =2.05, p=0.17; stomach:
stress effect Fy 1o =0.01, p =0.94; Figure 4F, G, inset).

Skin facial temperature

Nasal temperature: Stress significantly affected nasal tem-
perature over time (stress X time interaction F,s455=9.22,
p<0.001) (n=19, Figure 5A, B). The stress effect over time
was sex-dependent (stress X time X sex interaction
Fp5.425=5.56, p<0.001). Stratified analysis of the sexes
revealed that this effect was due to stress effects in female
participants  (stress X time  interaction  Fps,50=12.90,
p<0.001) but not in male participants (stress effect
F17=0.08, p=0.79, stress x time interaction F,s 175 =0.94,
p=0.55)

Cheek temperature: Cheek temperature was significantly
influenced by stress in a sex-specific manner (stress X time
x sex interaction Fas 455 =1.52, p =0.05) (n =19, Figure 5C,
D). No main stress effect (F; ;7=0.97, p=0.34) nor a time-
dependent stress effect (F5.425 =0.84, p =0.69) was present.
Separate analysis of both sexes showed that in male partici-
pants, cheek temperature significantly increased over time
after stress induction (stress x time interaction Fys 175 =1.99,
p<0.01), but that this effect was absent in female participants
(stress effect F; ;0=0.05, p=0.84, stress x time interaction
F25’250 = 096, pP= 052)

Neck temperature: Stress significantly increased overall
neck temperature in all participants (stress effect Fy 1, =5.11,
p<0.05) which did not depend on sex (stress X sex inter-
action F;;4=042, p=0.53) nor on time (stress x time
interaction Fs 350 =0.82, p=0.72) (n =16, Figure 5E).

Eye temperature: Stress significantly decreased skin tem-
perature on the nose side of the right eye which developed
over time (stress X time interaction F,s,75=1.63, p<0.05)
but was not dependent on sex (stress X sex interaction
F111=0.09, p=0.77) (n=13, Figure 5F). No significant
stress effect was present (stress effect Fy ;; =0.40, p =0.54).

Forehead temperature: No significant effect of stress was
found on the forehead temperature (stress effect Fy ;s =0.15,
p=0.70; stress x time interaction F,s5375=0.69, p=0.87)
(n=17, Figure 5G).

Subjective stress levels

Compared to the control condition, state anxiety levels as
measured by the STAI significantly increased after stress
exposure compared to baseline levels (stress X test interaction
Fi120=17.80, p<0.001) (Table 2). This effect was not sex-
dependent  (stress x time X sex interaction F,0=0.037,
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p=0.85), although female participants reported overall
higher anxiety scores (stress x sex interaction F,y=4.69,
p<0.05). Stratified analysis of the stress condition revealed
that the TSST increased anxiety levels (F;,0=15.86,
p<0.001). Visual analog scales taken during the experimental
condition indicated that stress significantly increased per-
ceived stress levels (F;,0=79.79, p<0.001), anxiety levels
(F120=27.28, p<0.001), insecurity levels (F;,0=280.84,
p<0.001), and feelings of increased warmth (F; ,0=24.87,
p<0.001) (Table 2). Perceived stress levels with VAS were
independent of sex (sex effect F; 5o =0.33, p =0.58; sex X test
interaction F; 50 =0.003, p = 0.96). None of the stress-induced
changes in VAS or STAI significantly correlated with
computed changes in stress-induced skin temperature.

Discussion

The present study investigated the effects of stress on human
body temperature using a standardized laboratory stress task.
First, we report that intestinal core temperature significantly
decreases in response to stress (Figures 1A and 2). Second,
stress-induced changes in skin temperature were observed on
the body and face. The magnitude and direction of these skin
temperature changes largely depended on sex and measure-
ment location. Third, stress exposure resulted in skin
temperature changes which followed a distinct gradient-like
pattern with temperature decreases at distal skin locations
such as the fingertip and finger base while proximal regions
such as the infraclavicular and upper arm sites remain
unchanged.

The finding that intestinal core temperature decreased in
response to stress is surprising, as rodent core temperature
generally increases in response to stress, at least when the
body temperature is measured using either rectal temperature
probes or telemetric equipment located in the abdominal
cavity (Bouwknecht et al., 2007; Vinkers et al., 2008). In
chimpanzees, tympanic membrane temperature increased
after stress exposure (Parr & Hopkins, 2000a). The fact that
we measured core body temperature inside the lumen of the
small intestine may at least partially explain this discrepancy.
Thus, it may be hypothesized that vasoconstriction in the area
of the small intestine decreases apparent intestinal tempera-
ture, whereas a stress-induced vasodilatation could be present
in the colon and/or peritoneal cavity. In support, superior
mesenteric blood flow has been found to be reduced during a
arithmetic stress task (Kuipers et al., 2008). Our findings are
also compatible with the concept of decreased gastric and
small intestinal activity in response to stress when a fight-or-
flight response is initiated (Martinez et al., 2004). This way,
preclinical stress-induced increases in temperature in the
abdominal cavity may then be the result of increased
metabolic activity of abdominal organs including the liver,
whereas stress-induced activation of the colon (see Tache
et al., 2005) results in increased colon evacuation and
increases rectal temperature. Even though it may be
speculated that abdominal organs including the liver actively
produce heat in response to stress, studies addressing this
specific topic are lacking.

In addition to stress-induced activation of the autonomic
nervous system, various studies have proposed that stress-
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Figure 5. Effects of stress on facial skin temperature (study 2). The regions of interest which have been used are displayed in Figure 4(A) (see also
Table 2). *Stress effect compared to the control test over all time points (¥p <0.05; **p <0.01; **¥p <0.001).

induced changes in body temperature represent a psychogenic
fever accompanied by an increased temperature set point
(Briese & Cabanac, 1991; Hiramoto et al., 2009; Oka & Oka,
2007). However, there is convincing evidence that stress-

induced temperature changes and infection-induced fever are
two distinct processes (Vinkers et al., 2009). In the present
study we did not investigate the mechanisms underlying the
stress-induced temperature changes. Therefore, the neuronal
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Table 2. Effects of stress on perceived subjective state levels in study 2 as measured by the Spielberger State and Trait Anxiety Inventory (STAI) scores

and visual analog scales (VAS).

Control condition Stress (TSST) condition p Value

A STALI state (before; after) -1.1+1.2 129+2.0 p<0.001
(27.8; 26.7) (31.4; 44.3)

VAS stress (%) 73+1.6 47.8+49 p<0.001

VAS anxiety (%) 42409 19.5+3.1 p<0.001

VAS insecurity (%) 73415 49.0+5.0 p<0.001

VAS heat (%) 6.8+1.3 33.1+5.5 p<0.001

pathways ultimately responsible for the changes in core
temperature remain to be elucidated, and future studies could
measure immune and (para)sympathetic factors that accom-
pany stress-induced temperature changes. Also, we cannot
exclude the possibility that the late drop in core temperature
represents an after-effect from a transient fever state, even
though we did not find indications for such a fever state in our
measurements. In support, stress exposure did not influence
temporal artery temperature (Figure 3), even though this core
temperature parameter is non-invasively measured and could
be subject to measurement or calculation errors. Infrared
thermometry automatically measures the temperature of the
skin surface over the temporal artery and the ambient
temperature. By repeatedly sampling, the highest temperature
(peak) is obtained as the arterial temperature. In support, the
difference between temporal and esophageal temperature was
within 0.4 °C, and temporal artery thermometry was found to
be more accurate compared to oral temperature measurements
(Calonder et al., 2010). In another study, temporal artery and
rectal temperature measurements yielded similar results in
comparison to esophageal temperature (Al-Mukhaizeem
et al., 2004).

Stress exposure resulted in skin temperature changes which
followed a distinct gradient-like pattern with larger tempera-
ture decreases at more distal skin locations such as the fingers
(Figure 4). An apparent but non-significant increase in skin
temperature over the deltoid muscle during stress exposure
may be the result of both cutaneous vasodilatation as well as
increased muscular metabolic rates. A number of studies have
addressed the effects of stress on peripheral body temperature
in humans. These studies differ in their setup, stress-induction
method as well as site of temperature measurements. In two
early studies, the axillary temperature of 1068 and 1374
students was increased before their exams (Gotsev & Ivanov,
1950, 1954). In agreement with our study, peripheral finger
temperature decreased when listening to ‘‘negative’’ music
(McFarland, 1985) or in affective states (Mittelmann & Wolff,
1939). In a more recent study, the axillary temperature was
increased in medical residents before an important exam
(Marazziti et al., 1992). Moreover, the oral temperature of 108
students was increased before a difficult exam compared to a
non-stressful situation (Briese, 1995). Several decades ago, it
was already found that male participants who watched or
participated in a boxing contest displayed elevated oral
temperatures (Renbourn, 1960). Both studies show an asso-
ciation between the stress-induced body temperature increase
and the subsequent performance. Thus, even though we did
not measure any performance-related outcomes in our study,
it may speculated that the extent to which body temperature

changes in response to stress may be related to task
performance following stress. However, this relation is
complex as we found no association between stress-induced
body temperature and the psychological (subjective) response
to the TSST. This is in line with known literature on the
relation between the physiological (cortisol) and psycho-
logical (subjective) stress response (Campbell & Ehlert,
2012). Supporting a role for stress-induced vasodilation,
mental stress has been found to increase forearm vascular
conductance (Klein et al., 2010). A complicating factor in
comparing stress-induced temperature changes in the present
study to the literature is the heterogeneity in applied stress
paradigms. This precludes a direct comparison of the different
paradigms with regard to their level of stress induction.
However, the TSST is an extensively validated laboratory
stressor and resulted in robust increases in saliva cortisol
levels in our study, indicating that a sufficiently high level of
stress induction was established.

With regard to the underlying neurobiological pathways,
the hypothalamus has been suggested to be involved in the
drop of tail temperature after exposure to restraint stress in
preclinical studies using rats and rabbits (Blessing, 2003;
Busnardo et al., 2010). From our results, it is apparent that an
orthostatic-medicated change in blood flow and skin tem-
perature was apparent as standing up 10 min prior to either the
TSST or the control condition decreased distal skin tempera-
ture (Figure 4). This is in accordance with known results of
the effect postural changes on skin temperature (Tikuisis &
Ducharme, 1996; Van Someren, 2006). Such orthostatic
changes in temperature have also been described for rectal
temperature measurements (Tikuisis & Ducharme, 1996).
However, in the present study, the control condition did not
alter the core temperature, making a postural factor in the
stress-induced decrease in intestinal temperature less likely. A
relationship between behavioral activity and body tempera-
ture in our study is unlikely as participants were sedentary
after both the stress and control condition.

Stress-induced effects on facial temperature which was
tracked using an infrared camera followed a more sex-specific
pattern (Figure 5). Compared to the control condition, nasal
skin temperature decreased in female participants whereas
cheek temperature increased in male participants.
Nevertheless, this is not necessarily contradictory as the
result in both sexes was an increased temperature gradient
between the cheek and nose. In male and female individuals,
neck skin temperature increased and skin temperature on the
medial side of the eye decreased. In support, nasal tempera-
ture decreased during and shortly after a threatening situation
in rhesus monkeys (Nakayama et al., 2005). The current
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findings possess apparent face validity as stressful daily life
situations are known to cause flushing of neck and cheek
areas.

A strength of this study is the use of multiple core and
peripheral body temperature measures. A limitation of our
study is the relatively small sample size which limited the
power to reveal possible stress-induced changes in body
temperature, and missing endocrine and classical autonomic
response measures such as cortisol, alpha-amylase and heart
rate in study 2. However, exposure to stress was accompanied
by increases in subjective measures of stress. Also, in study 1,
stress exposure led to increases of heart rate, blood pressure,
respiration rate and cortisol levels independent of sex (Figure
1). These data are in agreement with previous studies on the
TSST (Kirschbaum et al., 1993; Kudielka et al., 2004), and
suggest that our applied protocol of the Trier Social Stress
Test was able to induce an autonomic and endocrine stress
response. Another important limitation of our design is the
fact that the order of experimental condition in study 2 was
not randomized and that the control condition was always
carried out on the second testing day. The fixed order was
established to prevent stress-attenuating effects or anticipation
stress as the control condition may reveal important aspects of
the aim and nature of the TSST. Whereas the cortisol stress
response is sensitive to habituation, the autonomic stress
response as measured by (nor)epinephrine levels has been
found not to habituate following repeated stress exposure
(Schommer et al., 2003). Since autonomic parameters such as
heart rate and epinephrine levels have not been investigated in
study 2, the role of habituation on the autonomic stress
response remains to be elucidated. Female individuals in the
present study used oral contraceptives which are associated
with a blunted cortisol response after exposure to stress
(Kudielka & Kirschbaum, 2005). This blunted cortisol
response has been ascribed to differences in levels of
corticosteroid-binding globulin (Hellhammer et al., 2009).
Oral contraceptives can also influence circadian body tem-
perature (Baker et al., 2001) and its use may therefore also
have played a role in the reported sex differences. A role for
gonadal hormones in thermoregulation is supported by the
fact that during the transition to menopause, perimenopausal
women may experience hot flushes associated with declining
levels of gonadal hormones (Freeman et al., 2005). However,
the effects of oral contraceptives on stress-induced body
temperature have not been investigated, and there is currently
no good explanation for the apparent sex differences in
intestinal temperature and nose/cheek temperature.

In conclusion, the present study reports that stress
decreases intestinal temperature in healthy human partici-
pants accompanied by skin temperature changes which
distally decrease but proximally either increase or remain
unchanged. Overall, we report consistent stress-induced
changes in human body temperature, indicating that body
temperature may be used as an autonomic readout parameter
of stress. However, our results suggest that a direct translation
of the preclinical stress-induced hyperthermia paradigm to a
human version is not possible. The present study shows that
the effect of stress on human body temperature depends on
the applied method and the site of measurement and cannot
directly be compared to the preclinical situation where rectal
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and abdominal temperature invariably increase after stress
exposure (Vinkers et al., 2008). Nevertheless, the consistent
effects of stress on body temperature in humans support the
use of body temperature as a physiological readout parameter
of stress.
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