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a b s t r a c t

Background and purpose: In animal studies, enhanced sensitivity to painful stimuli succeeding chronic
stress has been reported, while acute stress is reported to induce analgesia. Human studies on the effect of
mental stress on pain are more equivocal. A disturbed stress-response resulting in an increased sensitivity
to painful stimuli has also been discussed as a potential mechanism for e.g., the fibromyalgia syndrome.
Endogenous analgesia may be studied in humans by measuring the analgesic effect of heterotopic noxious
conditioning stimulation. In neurophysiological animal studies this phenomenon was originally denoted
“diffuse noxious inhibitory controls” (DNIC), but for human studies it has been suggested to use the term
conditioned pain modulation (CPM).

The clinical relevance of aberrances in CPM is not clear. Inhibitory CPM is reported as being reduced
in several medically unexplained syndromes with musculoskeletal pain aggravated by mental stress.
However, whether the reported reduced CPM effects are causally related to clinical pain is unknown.

In the present study the effect of a mental stressor on CPM is studied.
Methods: With tourniquet-induced pain as the conditioning stimulus we estimated the CPM effect in
twenty healthy subjects. Heat pain threshold (HPT), supra-threshold heat pain level (SHPL) and pressure
pain threshold (PPT) were used as test stimuli. Measurements were performed at baseline, after a stressful
task and after a non-stressful task presented in a blinded cross-over design. We used repeated-measures
ANOVAs in the analysis with simple contrasts for post hoc analysis.
Results: With a ANOVA repeated measures model we found a significant task effect (F = 18.5, p ≤ 0.001),
indicating that CPM was successfully induced. In our ANOVA model, we found a significant effect of
stress in the contrast analysis (F = 5.2, p = 0.037), indicating that CPM was affected by the stressful task.
The effects on PPT could not be analyzed due to a significant carry-over effect (for PPT only).
Conclusions: In the present blinded crossover study, we found a significant small to medium inhibitory

effect of mental stress upon the CPM of thermal pain.
Implications: Our results suggest that previously reported reduced inhibitory CPM in several medically
unexplained syndromes with musculoskeletal pain aggravated by mental stress possibly can be related
to confounding or clinically relevant stress level differences. However, the result might be modality-
specific. Further studies in patients are obviously needed, and the impact of mental stress on CPM should
be investigated also with other stressors.
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1. Introduction

A reduced ability to engage endogenous analgesia is one poten-
tial mechanism for the fibromyalgia syndrome [1–6]. A disturbed

stress-response resulting in an increased sensitivity to painful stim-
uli has also been discussed as a potential mechanism [7]. Both
social stress [8] and low-grade mental stress [9] increase pain in
fibromyalgia patients. However, a recent paper has challenged this

blished by Elsevier B.V. All rights reserved.
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iew by reporting that emotional distress does not predict subse-
uent pain in fibromyalgia, at least not in day-to-day perspective
10].

The relation between stress and pain is complicated. In animal
tudies, enhanced sensitivity to painful stimuli succeeding chronic
tress has been reported [11–14], while acute stress is reported to
nduce analgesia [13]. Human studies are more equivocal. Mental
tress has been reported to induce increased sensitivity to painful
old stimulation [15,16]. In other studies, mental stress has led to
decreased sensation of pain using electrocutaneous [17,18] and
ressure pain stimulation [18].

Heterotopic noxious conditioning stimulation (HNCS) can
nduce “counterirritation analgesia.” In neurophysiological animal
tudies this phenomenon was originally denoted “diffuse nox-
ous inhibitory controls” (DNIC). DNIC is thought to depend on a
pino-bulbo-spinal network which modulates the transmission of
ignals from primary to secondary afferent neurons in the spinal
ord [19–21]. In order to induce “DNIC-like effects” [22] in human
xperimental settings, both cold-pain [23], heat-pain [24], and
ourniquet-induced pain [3,25], as well as mechanical stimulation
26,27] have been used as conditioning stimuli. Moreover, it has
een suggested that the term conditioned pain modulation (CPM)
hould be used in human experimental studies of this phenomenon
28].

The clinical relevance of inhibitory CPM is not clear [29]. This
ffect is reported as being reduced in patients with migraine [30],
ension type headache [31], fibromyalgia [1–3], osteoarthritis [32],
rritable bowel syndrome [33] and temporomandibular disorder
34], as well as in patients using oral opioids [35]. However, whether
he reported reduced inhibitory CPM is causally related to their pain
r not is unknown.

Furthermore, it is incompletely known if reduced inhibitory
PM in patients is caused by, or related to, a (group) difference in
erceived stress or stress response magnitude. In one CPM model
erceived stress during conditioning stimulation correlated with
ypoalgesia in men only [36], while another study found no effect
f one hour mental stress, neither in healthy subjects nor in chronic
ension-type headache patients [37]. Indeed, if mental stress is able
o modify CPM one should control for this in future CPM stud-
es, especially in studies involving patients who may perceive the
xperimental situation as stressful.

As a first step, we aimed to study whether CPM is affected by a
ental stressor in healthy subjects. We hypothesized that mental

tress induced immediately before the conditioning stimuli would
odulate the CPM effect.

. Materials and methods

.1. Subjects

Subjects were recruited by email and direct inquiry among fel-
ow students. Written informed consent was obtained from all
ubjects. Exclusion criteria were: (1) any pain that had reduced the
eneral health or the function level during the last two weeks or
aused a need for analgesics in the last five days before the trials,
2) headache more than two days per month, (3) present somatic or
sychiatric illness, and (4) pregnancy. None of the invited subjects
ere excluded and all included subjects completed the experimen-

al procedure.
Sample size calculations revealed that (in the case of no carry-

ver effects) 20 subjects would be enough to detect a population

ean difference of at least 70% of the standard deviation with 5%

ignificance level and a power of 80%. Twenty subjects (ten males
nd ten females, age 20–28 years, median age 24.2 (SD 2.1)) years
ere included after written informed consent. The project was
nal of Pain 3 (2012) 142–148 143

approved by the Regional Committee for Research Ethics and by the
Norwegian Social Sciences Data Services. The study was conducted
according to the Helsinki Declaration.

2.2. Procedure

We used tourniquet induced pain as the conditioning stimulus
and measured the inhibitory CPM with two different heat pain mea-
sures (heat pain threshold (HPT), supra-threshold heat pain level
(SHPL)) and pressure pain threshold (PPT) as test stimuli, following
a stressful and a non-stressful task in a blinded cross-over design.

2.2.1. Time, place and investigators
The subjects were tested on two different days at an interval of

maximum three days. On day one, the procedure was explained and
performed once (without the stressful and non-stressful tasks) to
accustom subjects to the procedure. On day two, the order of stress-
and non-stressful tasks was randomized while the complete pro-
cedure (Fig. 1) was performed by another experienced technician
who was blinded for the task order: (1) Recording of baseline HPT,
SHPL and PPT. (2) Stressful task or non-stressful task. (3) Recording
of HPT, SHPL and PPT during the painful conditioning stimulus. (4)
Recording of HPT, SHPL, and PPT (“recovery-1”). (5) Non-stressful
or stressful task, 5 min. (6) Recording of HPT, SHPL, and PPT dur-
ing a conditioning stimulus. (7) Recording of HPT, SHPL, and PPT
(“recovery-2”). The recording of test stimuli (HPT, SHPL, and PPT)
lasted approximately 3 min, and were performed in the order indi-
cated above each time and started immediately after the desired
pain level of the conditioning stimulus was reached. Blood pres-
sure and heart rate were measured before and after each session
with stressful or non-stressful task, as well as before the experiment
started (Fig. 1).

2.2.2. Experimental equipment and conditions
HPT and SHPL were measured with a Somedic MSA (Sense-

Lab equipment, Hörby, Sweden). The thermode was a rectangular
25 mm × 50 mm Peltier element. The baseline temperature was
32.0 ◦C, the maximal temperature was 55.0 ◦C, and the rate of
change was 1 ◦C per second. A pressure algometer (Somedic Sales
AB, Sweden) with a 1 cm2 tip was used [38] to assess PPT. The sub-
jects were lying on a bench with the upper part of their body raised
30◦ during the measurements. They were sitting in an upright posi-
tion in a chair during the stress- and non-stressful tasks. Blood
pressure and heart rate was measured with an automatic oscil-
lometric device (CAS 740, MAX NIBP, Bollbrügg, Germany). A cuff
width of 14 cm was used, and all subjects had an arm circumference
within the range specified for the use of this cuff for blood pressure
measurements.

2.2.3. Pressure pain threshold measurements
Pressure pain threshold (PPT) was recorded by pushing the

tip of the algometer with gradually increasing pressure (30 kPa/s)
towards the belly of the temporalis muscle on the right side of the
forehead. The subjects were instructed to say stop when the pain
threshold level was reached. The mean value of three consecutive
measurements was used for analysis.

2.2.4. Heat pain measurements
A stop button was placed in the right hand of the subjects, who

were instructed to press it immediately when the desired threshold
was reached. Three warm stimuli (with a random interval between

4 and 6 s) were applied to the ventral side of the right forearm.
The thermode was moved proximally 5 cm after each stimulus to
prevent burns. HPT and SHPL were calculated as the average of
three stimuli.
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Fig. 1. Timeline for the experiment. BP: Brachial oscillometric blood pressure recording, 30 s. TS: recording of heat pain threshold (HPT), supra-threshold heat pain level
(SHPL) and pressure-pain thresholds (PPT) at baseline, approximately 3 min. S: stressful mental arithmetic task for 5 min (mental arithmetic task successively subtracting 7,
s Norw
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tarting at 1000). NS: non-stressful task for 5 min (listening to a CD with a well known
min; pain induced by a brachial placed blood pressure cuff inflated to 240 mmHg.

ubjects rested 12 min before the next TS session.

For HPT subjects were instructed to press the stop button at
he first moment the perception of the increasing temperature of
he probe changed from “warm” to “pain.” For SHPL, the subjects
ere instructed to press the stop button when pain intensity was
erceived as 7 on a numerical rating scale (NRS) from 0 to 10, where
is no pain and 10 is the worst pain imaginable. SHPL was chosen

s a surrogate marker for heat pain tolerance, partly because we
onsidered it more ethically correct, and partly because it has been
uccessfully used by other groups studying CPM [39].

.2.5. The conditioning stimulus
To create the painful conditioning stimulus, a blood pressure

uff (width = 14 cm) was applied proximally to the left cubital fossa
nd inflated to 240 mmHg to prevent blood flow. The subjects were
hen instructed to squeeze a soft ball with the left hand until pain
as perceived as a score of seven on the NRS (recorded before the

est stimuli were applied). The time before pain reached score 7
as slightly different between subjects and not recorded system-

tically, but was reached within one minute for all subjects. The
onditioning stimulus was chosen because of its simplicity and
ecause it has been used in many other studies of CPM in humans
22].

.2.6. Stressful and non-stressful task
The subjects were randomized to perform either the stressful

r the non-stressful task first. Separate randomization lists were
sed for female and male subjects. To induce mental stress, we

nstructed the subjects to subtract 7 from 1000 successively for five
inutes. The subjects were told that they had to have every num-

er exactly correct to proceed, and that every mistake was recorded.
hey were also told that most people completed the subtractions
own to approximately 100–200, and that they were expected to
o so as well. For every minute during the task, it was pronounced
hat it was successively 4, 3, 2 and 1 min left. The number of correct
ubtractions was denoted as “stress task performance score.” This

ental stressor was chosen because of its simplicity, and its effect
as validated by BP-responses and stress scores. A well known
orwegian tale for children was used as the non-stressful task. Pas-

ive listening was chosen in an attempt to stabilize vigilance and
egian tale for children). TS + conditioning: conditioning stimulus for approximately
ding of HPT, SHPL and PPT during the conditioning stimulus. After TS + conditioning

attention levels. The subjects were instructed to relax and listen to
the CD for five minutes, and they were told that they were not to
be asked any questions from the story afterwards.

2.2.7. Test stimuli and stress score
First, baseline PPT, HPT, and SHPL were measured. Following

the tasks, PPT, HPT, and SHPL were recorded during the painful
conditioning stimulus. The subjects were subsequently asked to
rate their overall perceived level of mental stress during the stress
task and the non-stressful task respectively. A visual analogue scale
(VAS) of 10 cm was used for this rating (endpoints were “no stress”
and “worst imaginable stress”).

2.2.8. Recovery
After each testing with the conditioning stimulus, the subjects

relaxed for 12 min. PPT, HPT, and SHPL were measured once more
in order to estimate the rate and magnitude of the recovery process.
Recovery after stress was compared with recovery after non-stress.

2.3. Data analysis and statistics

Statistical package for social sciences (SPSS) version 16 was used
for statistical analysis. One-sample Kolmogorov–Smirnov test was
used to assess normality of the data. We used a repeated-measures
ANOVA with two within-subject factors and two between sub-
ject factors. The within-subject factors were task (three levels:
baseline, stressful task and non-stressful task) and thermal pain
measure (two levels: HPT and SHPL). The between-subject factors
were test order (two levels: stressful or non-stressful task first) and
sex (two levels: man or woman). Post hoc tests of the simple con-
trast between stressful and non-stressful tasks was included in the
ANOVA model with both first and last task category as reference.

Heat pain recovery after stress was compared to recovery
after non-stress in another repeated measure ANOVA model with
three within-subject factors and two between subject factors. The

within-subject factors were task (two levels: stressful task and non-
stressful task), recovery (two levels: during conditioning stimulus
and after recovery) and thermal pain measure (two levels: HPT and
SHPL). The between-subject factors were test order (two levels:



n Journal of Pain 3 (2012) 142–148 145

s
w
s
f
s
w
s
f

t
l
c
s
p
t
b
r
l
a
a

i
t
p

3

3

A
(
l
a
a
s
F
n
o
p
(
s
C
t
a

A
e
s
f
r
t

3

i
f
p

3

c
t
w

Fig. 2. CPM effects on heat pain threshold (circles) and suprathreshold heat pain
level (squares) after a stressful task (open circle/square) and after a non-stressful
task (filled circle/square). Error bars indicate one standard error of the mean. *A
K.B. Nilsen et al. / Scandinavia

tressful or non-stressful task first) and sex (two levels: man or
oman). In addition, a repeated measures ANOVA with one within-

ubject factor and two between subject factors was also performed
or PPT. The within-subject factor was task (three levels: baseline,
tressful task, and non-stressful task. The between-subject factors
ere test order (two levels: stressful or non-stressful task first) and

ex (two levels: man or woman). Multivariate F-values are reported
or ANOVAs.

The CPM effects were calculated as the difference between
he threshold/level after the conditioning stimulus and the base-
ine threshold/level. Cohen’s effect size for the CPM effect was
alculated as the difference between two effects (stressful vs. non-
tressful task), divided by the pooled standard deviation. Blood
ressure responses to the tasks were analyzed with Student’s t
ests. Pearson analysis was used to search for correlations between
lood pressure and pain variables. The variables used for the cor-
elation analysis were: the systolic- and diastolic blood pressure
evels after the tasks, blood pressure response during the tasks, HPT
nd SHPL following the stressful and the non-stressful tasks, as well
s perceived stress score.

p-Values <0.05 were considered significant. ANOVAs with signif-
cant cross-over (order) effects were not analyzed further because
he statistical power would be too low for the remaining half in the
resent study.

. Results

.1. Main analysis

All reported values were normally distributed. In our heat pain
NOVA repeated measures model we found a significant task effect

F = 18.5, p ≤ 0.001), with significant contrasts both between base-
ine and the stressful task (F = 18.8, p = 0.001) and between baseline
nd the non-stressful task (F = 38.7, p < 0.001). This proves that HPT
nd SHPL differed significantly between baseline, non-stress and
tress conditions, indicating that CPM was successfully induced.
urthermore, we found no significant interactions with neither sex
or order, of which the last analysis indicates no carry-over effects
n heat pain measures. A significant effect of the stressful task com-
ared to the non-stressful task was found in the contrast analysis
F = 5.2, p = 0.037), indicating that the CPM effect was affected by the
tressful task. As illustrated in Fig. 2, the stressful task reduced the
PM effect. Furthermore, we did not find any interaction between
ask and pain measure (F = 0.13, p = 0.72). The HPT and SHPL values
re presented in Table 1.

For PPT, a significant task × order interaction was found in the
NOVA analysis (F = 3.8, p = 0.046). The task × order interaction was
ven more significant for the contrast between stress and non-
tress (F = 7.5, p = 0.014). Hence because of this carry-over effect
or PPT, PPT was not analyzed further in the present study as the
emaining subgroup (n = 10, reported in Table 1) was considered
oo small.

.2. Recovery

In the heat pain ANOVA recovery analysis, recovery was signif-
cant (Table 1; F = 20.3, p < 0.0005). However, no interaction was
ound between task type and recovery (F = 3.5, p = 0.08) or between
ain type and recovery (F = 0.23, p = 0.23).

.3. Blood pressure and stress score
Blood pressure measured after the stressful task was increased
ompared with level immediately before the task for both sys-
olic (p = 0.005) and diastolic (p = 0.041) blood pressure. There
as no significant change in the systolic (p = 0.37) or diastolic
significant effect of the stressful task was found in the ANOVA contrast analysis:
p = 0.037. Thus, the stressful task reduced the CPM from tourniquet pain on heat
pain.

(p = 0.23) blood pressure during the non-stressful task (Table 2).
The change in blood pressure during the tasks was significantly
higher for the stressful task compared to the non-stressful task
(t = 2.8, p = 0.013, t = 2.7, p = 0.014 for systolic and diastolic blood
pressure respectively). There were no difference in blood pressure
after the non-stressful task comparing those who performed the
stressful task first with those who performed the non-stressful task
first (p = 0.83).

The stress score was higher for the stressful task (mean ± SD:
5.1 ± SD 2.1) compared with the non-stressful task (1.1 ± 1.3),
(t(19) = 11.3, p < 0.005). The group that performed the stressful task
first had a significantly lower stress score after the non-stressful
task than the group that did the non-stressful task first (0.2 ± 0.4)
vs. (1.9 ± 1.4) respectively (t(18) = −3.75, p < 0.005). There was no
difference in stress score for the stressful task between the two
groups (4.4 ± 2.2 vs. 5.8 ± 1.7, t(18) = 1.59, p = 0.13).

3.4. Correlation analysis

There was no consistent general relation between blood pres-
sure level and pain thresholds. HPT was not correlated to blood
pressure. However, the blood pressure after the tasks were cor-
related to conditioned SHPL, most evident for the systolic blood
pressure, and more consistent after the non-stressful than after the
stressful task (r = 0.55–0.57, p = 0.01–0.009; Table 3).

There were no significant correlations between the conditioned
HPT and SHPL and the systolic- and diastolic blood pressure
responses (p > 0.34), or between stress score and the other reported
variables including the CPM effects.
4. Discussion

In the present blinded crossover study, we found a signifi-
cant small to medium effect of mental stress upon inhibitory
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Table 1
Heat pain threshold (HPT), supra-threshold heat pain (SHPL) and temporalis pressure pain threshold (PPT) at baseline and following the stressful and non-stressful tasks in
20 healthy subjects.

Baseline After stressful task After non-stressful task Recovery after stress Recovery after non-stress
Mean ± SD Mean ± SD Mean ± SD

HPT (◦C) 43.3 ± 2.5 44.9 ± 2.4* 45.4 ± 2.2 44.2 ± 2.3 44.2 ± 2.4
SHPL (◦C) 49.0 ± 1.9 49.4 ± 2.1* 49.8 ± 1.4 48.9 ± 1.8 49.1 ± 1.6
PPT (kPa, n = 10)** 367 ± 138 370 ± 101 328 ± 110 360 ± 133 367 ± 135

* A significant effect of stress (F = 5.2, p = 0.037) was found in the contrast analysis of our ANOVA model.
** Because of the significant carry-over effect for PPT we tabulate only means from the stress-first subgroup.

Table 2
The systolic- and diastolic blood pressure level before the stressful and non-stressful tasks and the blood pressure response during the tasks.

Before task (absolute level) Change during the tasks Student’s t-test (before vs. after the task)
Mean ± SD Mean ± SD

Stressful task
Systolic (mmHg) 116 ± 9 5.4 ± 7.5 t(19) = −3.2, p = 0.01
Diastolic (mmHg) 71 ± 6 2.9 ± 5.8 t(19) = −2.2, p = 0.04

Non-stressful task
Systolic (mmHg) 115 ± 7 1.2 ± 5.7 t(18a) = 9.2, p = 0.37
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Diastolic (mmHg) 71 ± 5

a Blood pressure was by mistake not measured before the non-stressful task in o

PM on thermal pain. The effect was inhibited after com-
leting a stressful task. Our results suggest that previously
eported reduced inhibitory CPM in several medically unex-
lained syndromes with musculoskeletal pain aggravated by
ental stress possibly can be related to confounding or clin-

cally relevant stress level differences. While we were unable
o conclude about CPM on PPT, because a carry-over order
ffect was found, Cathcart et al. [37] found that mental
tress did not alter the CPM effect on PPT neither in healthy subjects
or in patients with tension-type headache. The different findings

n the present study and the study of Cathcart may indicate that
ur finding is modality specific. Furthermore, one should also note
hat both the stressor and the test stimuli differed from those in
ur study while their conditioning stimulus also was considerably
ess painful [37].

Our stress induction was successful because both stress score
nd blood pressure was increased. However, we did not find a cor-
elation between the increase in blood pressure and CPM. Hence the
educed CPM effect following stress was probably not caused by a
emporarily increased blood pressure. The present study contrasts
he finding of Caceres and Burns [15] who found blood pressure-
elated increased pain sensitivity to a cold pressor task following a
ental stressor.
Altered pain sensitivity induced by CPM protocols has been
emonstrated in healthy individuals for heat pain in some studies
40,41], but not in other studies [3,32,40,42]. In the present study,
nhibitory CPM was observed for both HPT and SHPL in the neutral

able 3
earson correlations (r) between blood pressure and pain threshold/level during conditio

HPT

After stress r (p) After non-s

Baseline
Systolic blood pressure 0.16 (0.50) 0.23 (0.33)
Diastolic blood pressure 0.35 (0.13) 0.31 (0.19)

After non-stressful task
Systolic blood pressure 0.27 (0.25) 0.32 (0.16)
Diastolic blood pressure 0.39 (0.09) 0.26 (0.26)

After stressful task
Systolic blood pressure 0.15 (0.50) 0.37 (0.11)
Diastolic blood pressure 0.30 (0.20) 0.36 (0.12)

PT, heat pain threshold; SHPL, supra-threshold heat pain level.
* Significant correlations, p < 0.05.
.3 ± 4.4 t(18) = −1.3, p = 0.23

ject.

(nonstressful) condition. The post hoc analysis revealed that men-
tal stress affected CPM more for HPT than for SHPL. This may be due
to a ceiling effect, i.e., SHPL values more difficult estimate because
they are closer to the maximally tolerable temperature than HPT.

We found a positive correlation between blood pressure mea-
sured after the non-stressful task and the conditioned SHPL, but not
for the blood pressure measured after the stressful task. Our find-
ing implies that the normal relationship between blood pressure
and pain sensitivity (known as hypertension associated hypoalge-
sia) [43,44] is less evident if the blood pressure is measured after
a stressful task. However, our exploratory correlation results must
be interpreted with caution.

Our study had some limitations and some important strengths.
A blinded crossover trial where all the subjects are exposed to both
tasks and serve as their own controls will minimize variability and
bias. Factors like personality and menstrual phase are less relevant
in this design. However, our sample size was limited, leading to a
reduced ability to detect small and moderate differences, and with
low external validity of negative findings in subgroup analysis of
e.g., sex. The order in which the subjects performed the stress- and
non-stressful task had no impact on CPM of thermal pain. However,
for another modality, deep pressure pain, a significant carry-over
effect was found. Our aim was also to measure stress effects on
PPT but this part could not be analyzed due to a significant carry-

over effect (for PPT only). PPT was also the last modality tested
and we cannot exclude that the longer duration of the conditioning
stimulus may have influenced the CPM effect for PPT. Moreover,

ning stimuli.

SHPL

tress r (p) After stress r (p) After non-stress r (p)

0.41 (0.07) 0.30 (0.20)
0.48 (0.03)* 0.43 (0.06)

0.57 (0.009)* 0.55 (0.01)*

0.41 (0.07) 0.46 (0.04)*

0.38 (0.10) 0.33 (0.16)
0.35 (0.13) 0.33 (0.15)
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he duration of the increased stress level after the stressful task
ould have been better monitored in the present study, e.g., with
ontinuous measurement of blood pressure. However, no carry-
ver effect was found for stress scores and blood pressure.

Other studies have found duration of the CPM effect up to 10 min
45,46]. In the present study, baseline HPT was not completely
eached after 12 min. However, recovery thresholds were neither
sed for analysis of CPM nor affected by stress in ANOVA. How-
ver, in case the CPM in the second test-sequence had been slightly
ffected, the randomization ensured that both tasks were equally
nfluenced and our results are accordingly unbiased. Hence, we do
ot believe that the chosen recovery time influenced our results.
or future studies a longer recovery period is nevertheless recom-
ended.

. Conclusion

Is mental stress just a confounder or is it in fact relevant for
hronic pain syndromes? A substantial epidemiological literature
as shown that mental and social stress is a risk factor for mus-
uloskeletal pain [47–49]. However, the search for biological links
etween stress and pain has not been successful so far. We are
ot aware of other studies examining whether mental stress may
ffect CPM of heat pain. In this context, our study is important
s it provides data to support stress-induced modulation of CPM,
.e., stress-induced suppression of endogenous pain inhibition, as

candidate mechanism for such a link. We hypothesize that this
echanism may be of relevance for several medically unexplained

yndromes with musculoskeletal pain aggravated by mental stress
50]. Further studies in patients are obviously needed, and the
mpact of mental stress on CPM should be investigated also with
ther stressors.
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