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Abstract

Objective. Deep and slow breathing (DSB) tech-
niques, as a component of various relaxation tech-
niques, have been reported as complementary
approaches in the treatment of chronic pain syn-
dromes, but the relevance of relaxation for alleviat-
ing pain during a breathing intervention was not
evaluated so far.

Methods. In order to disentangle the effects of
relaxation and respiration, we investigated two dif-
ferent DSB techniques at the same respiration rates
and depths on pain perception, autonomic activity,
and mood in 16 healthy subjects. In the attentive

DSB intervention, subjects were asked to breathe
guided by a respiratory feedback task requiring a
high degree of concentration and constant atten-
tion. In the relaxing DSB intervention, the subjects
relaxed during the breathing training. The skin con-
ductance levels, indicating sympathetic tone, were
measured during the breathing maneuvers. Thermal
detection and pain thresholds for cold and hot
stimuli and profile of mood states were examined
before and after the breathing sessions.

Results. The mean detection and pain thresholds
showed a significant increase resulting from the
relaxing DSB, whereas no significant changes of
these thresholds were found associated with the
attentive DSB. The mean skin conductance levels
indicating sympathetic activity decreased signifi-
cantly during the relaxing DSB intervention but not
during the attentive DSB. Both breathing interven-
tions showed similar reductions in negative feelings
(tension, anger, and depression).

Conclusion. Our results suggest that the way of
breathing decisively influences autonomic and pain
processing, thereby identifying DSB in concert with
relaxation as the essential feature in the modulation
of sympathetic arousal and pain perception.

Key Words. Breathing; Mood; Pain; Relaxation;
Respiration; Skin Conductance Level

Introduction

Deep and slow breathing (DSB) techniques are widely
used in a variety of diseases encompassing somatic dis-
orders such as hypertension and pulmonary diseases [1]
as well as psychiatric disorders including anxious and
depressive syndromes [2,3] or stress-related disorders
[4-10]. With regard to chronic pain syndromes, DSB tech-
niques being part of many physical, mental, and spiritual
disciplines such as yoga [11], Qi-Gong [12], or Tai Chi [13]
are integrated into multimodal treatment approaches.
Chalaye and colleagues [14] found higher pain thresholds
and tolerances in healthy adults after a DSB training.
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However, despite these findings, inconsistent results
about the therapeutical efficacy point to the fact that
breathing interventions may be based on a complex inter-
play of distinct factors not entirely identified until now [15].

In this context, relaxation may play a pivotal role in
transforming breathing techniques into an effective
method in the therapy of pain and stress-related disor-
ders. Furthermore, DSB in concert with relaxation has
proven to efficiently reduce stress-related biological activ-
ity in healthy volunteers as mirrored by a reduction in the
sympathetic tone [7]. In contrast, a DSB training associ-
ated with a concentration challenge and guided by respi-
ratory feedback failed to reduce sympathetic arousal [16].
Moreover, sustained concentration on inhaling and exhal-
ing during attentive breathing interventions has demon-
strated an increase in sympathetic arousal [17].

For this reason, relaxation may constitute a biologically
and clinically effective component of breathing tech-
niques, additionally influencing mood processing [18]. This
aspect seems of utmost importance, considering that
breathing management is able to modulate emotional pro-
cessing in the presence of pain, thereby pointing to the
mutual relationship between pain and mood processing
[19]. However, in analogy to the pain- and stress-related
effects of DSB, recent studies do not provide any insight
that would clarify the distinct impact of respiration and
relaxation on emotional processing [20].

For this reason, our study aims at elucidating the rel-
evance of relaxation as an independent factor which may
mediate the effect of DSB on pain perception, sympa-
thetic activity, and mood. In detail, we used two different
DSB techniques characterized by identical respiration
rates and depths and distinct from the presence of relax-
ation. To the best of our knowledge, this is the first human
study estimating the impact of relaxation during a DSB
technique on pain perception.

Methods
Subjects

Sixteen young and healthy undergraduate students (13
female, 3 male) at the local university (Regensburg,
Germany) participated in the study. Exclusion criteria were
the following: any psychiatric disorders or neurological
syndromes, any cardiac or respiratory diseases, a history
of migraines or other (chronic) pain syndromes, or the use
of pain medication or psychotropic drugs. All participants
underwent a neurological examination and were inter-
viewed by a psychiatrist (first author), who additionally
administered the SCID-1 screening instrument (Structured
Clinical Interview for DSM-IV Axis | Disorders, Clinician
Version [SCID-lc\]). Moreover, the participants completed
the Beck Depression Inventory (BDI) and the “Trait anxiety”
part of the State and Trait Anxiety Inventory (STAI-X2).
Informed consent was obtained from all volunteers and
the study was approved by the local ethics committee.
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SCID-lcy

The SCID-lgy is a diagnostic exam used to determine
DSM-IV Axis | disorders including mood disorders, anxiety
disorder, psychotic disorders, and substance-use disor-
ders (original publication [21]; German version [22]; psy-
chometric properties [23,24]).

BDI

The level of depression was assessed using the “Beck
Depression Inventory—BDI,” covering emotional, behav-
joral, and somatic symptoms (original publication [25];
German version [26]; psychometric properties [27]). The
BDl is a 21-question inventory, which is worldwide among
the most used self-rating scales to assess the intensity of
depression on the basis of the main symptoms discrimi-
nating between depressives and nondepressives [28].
Higher total BDI scores indicate more severe depressive
symptoms, BDI scores = 18 indicate a depressive
disorder.

STAI-X2

We further assessed anxiety with the “State and Trait
Anxiety Inventory—STAI-,” a psychological 20-question
inventory based on a 4-point Likert scale (original publi-
cation [29]; German version [30]; psychometric properties
[31]). Scores range from 20 to 80 with higher scores
correlating with greater trait or state anxiety. There are no
cutoffs, as normative valued for trait or state anxiety
depends on genus and age [29]. We only used the “Trait
anxiety” part (STAI-X2) for our study.

Study Design and General Information

The study (macrocycle) consisted of two succeeding
breathing interventions, each lasting 6 weeks (meso-
cycles). Each of the two mesocycles consisted of 6 weeks
(microcycles) (Figure 1). All measurements were taken
from the same experimenter, who supervised the breath-
ing trainings. A second experimenter, who was blinded for
the type of intervention as well as for the microcycle,
assessed all further analyses.

Breathing Interventions

Both interventions were separated by a “wash-out” period
of 8 months to avoid any carryover effects. All subjects
were instructed not to practice at home and were further-
more not allowed to participate in any breathing trainings
or meditation programs during the washout period. After
inclusion, all subjects received written handouts explaining
the course of the study and an instruction manual for DSB,
according to the recommendations from breathing litera-
ture [32]. Furthermore, they received two experimental
sessions of DSB guided by a biofeedback and breathing
expert scheduled several days apart from the beginning of
each of both interventions. The two different breathing
interventions were:
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Effect of Breathing on Pain Perception

| 2 subsequent Mesocycles (atfentive DSB and relaxing DSB, 6 weeks each) |

Microcycle1 Microcycle2 Microcycle3 Microcycle4 Microcycle5 Microcycle6

| | | | | | |

| 1 week | 7 week | 1 week | 1 week | 1 week | 7 week |
Sup. Training Sup. Training Sup. Training Sup. Training Sup. Training Sup. Training
Measurement Measurement Measurement

’/' , Baseline | Block1 Break1, Block2 [Break2,  Block3 "=~ __
’ I T T 1 T 1 U=
et 2-3min S5min Tmin Tmin 5min  TTem=al

Detection and NB
Pain Thresholds

w01

Detection and
Pain Thresholds

w2071

Figure 1 Course of the study. Sup. Training = training under supervision; min = minute; POMS = profile of
mood states; DSB = deep and slow breathing; NB = natural breathing.

1. Attentive DSB (aDSB): The subjects were asked to
breathe according to a respiratory feedback task [33],
assuming an “externally paced” respiration with the
help of a given ideal breathing curve representing res-
piration frequency and depth. The ideal breathing curve
and the individual breathing curve were presented
together on a monitor. The subjects had to try to fit their
own respiration curve to the ideal curve, which required
constant attention and concentration on the breathing
task.

2. Relaxing DSB (rDSB): The subjects were told to direct
their awareness on the experience of breathing. They
had to look on a spot on a wall with their eyes kept
open. They were “internally paced” by verbal instruc-
tions of the experimenter in order to provide similar
respiration rates and depths compared with the aDSB
intervention. The subjects did not get a visual control of
their performance, as their breathing activities were not
fed back on a monitor. These aspects provided a type
of breathing that required very little cognitive process-
ing and which has been reported to induce a more
meditative state [7,34-36].

In both interventions, the subjects were instructed to keep
a constant, slow, and deep diaphragmal breathing rhythm
with a respiration rate of 7 cpm (cycles per minute), which
is approximately half of the normal rate, that had been
recommended in previous studies investigating the effects
of DSB on arousal [37]. Furthermore, a respiration depth
of 2 cm amplitude/cycle was required. Both interventions

were supervised and guided by a trained biofeedback
expert. The subjects were instructed not to hold their
breath, but to breathe slowly and deeply throughout the
breathing cycle. In both interventions, expiratory/
inspiratory time ratio of each breathing cycle was 60/30%,
followed by a brief pause (10%), similar to the recommen-
dation for DSB in literature [16,38]. To control for interac-
tion effects between the experimenter and the participant
and in order to get similar breathing depths and rates, the
experimenter provided similar breathing instructions and
supported the participants by giving the same number of
directly addressed verbal suggestions in both groups.
Structured sentences were based upon voice dialogue
recommendations used in deep relaxing breathing therapy
regimens [39]. Total duration of the breathing training in
each microcycle was 20 minutes, consisting of one base-
line period of 2-3 minutes, followed by three breathing
blocks of 5 minutes (interrupted each by short breaks of 1
minute). The baseline period served as an adaptation
phase to get accustomed to the laboratory situation and
to allow the experimenter to calibrate the equipment.
Values from baseline and breathing breaks were not used
for further analyses.

Measurement of Breathing Parameters
Breathing techniques used in biofeedback and voluntary
breathing training paradigms are often designed to control

for thoracic or abdominal respiration movements [40]. In
studies of voluntarily controlling of breathing activity, the
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abdominal control of respiration—with and without visual
control—accurately reproduced specified breathing fre-
quencies and depths [41]. Therefore, we used an abdomi-
nal respiratory module fixed around the subject’s upper
abdomen using a strain gauge belt. To ensure the same
and correct position, the device was mounted 5 cm above
the umbilicus, directly on the skin. The module was a
two-channel device (resolution 0.2 mm, measurement
range 20 cm) producing a digitalized signal of the ana-
logue respiration movements (amplitude in mm/cycle, fre-
quency in cpm). The respiration rates and depths from all
three blocks of one microcycle and then from the first,
fourth, and sixth microcycles were averaged.

Measurement of Detection and Pain Thresholds

Thermal detection thresholds and pain thresholds for cold
and hot stimuli [42] were measured using a TSA 2001-II
thermal sensory testing device (Medoc, Ramat Yishai,
Israel) according to the quantitative sensory testing (QST)
protocol developed by the German Research Network on
Neuropathic Pain [43]. All QST measurements were
obtained from the right-hand dorsum with a contact area
of the thermode of 3 x 3 cm (9 cm?). A strap was affixed
to maintain constant pressure between the hand and the
thermode. Cold detection threshold (CDT) and warm
detection threshold (WDT) were measured first, followed
by cold pain threshold (CPT) and heat pain threshold
(HPT). The baseline temperature was 32°C and all thermal
stimuli were applied as ramps with a change of 1°C/
second from baseline. Cutoff temperatures were 0 and
50°C. The respective thresholds were recorded and
stimuli were terminated when the subject pressed a
button to signal the detection of the respective sensation.
The mean threshold temperature of three consecutive
measurements before and after the first, fourth, and sixth
microcycles was calculated, respectively. During the
experiment, the subjects were not able to watch
the computer screen. WDTs and CDTs along with
CPTs and HPTs were z-transformed on the basis of the
following calculation, ensuring that all parameters were
scaled in units of the standard normal distribu-
tions (0 =mean, 1 =standard deviation [SD]): z-score =
(Xsingle value — MeaNgroup)/SDgroup (@roup = 15; across all data
points). We adjusted the algebraic sign of z-score values
for WDT and HPT (*~1) and subsequently pooled CDT
together with WDT (= thermal detection), as well as CPT
together with HPT (= thermal pain). The z-transformation
had been carried out in order to be able to compare mean
change of thresholds and to generate one value for detec-
tion and one value for pain perception, respectively. This
transformation was done according to the recommenda-
tions of a recent QST reference article [44]. As a conse-
quence, the transformed and pooled data reflected the
participant’s sensitivity for this parameter. Changes of
z-scores above “0” indicate a gain of function (more sen-
sitive), while changes of z-scores below “0” indicate a loss
of function (less sensitive) [45]. In addition, the initial
thresholds before the aDSB and rDSB were compared in
order to determine if carryover effects were present,
according to Wallenstein and colleagues [46]. Although
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the breathing training was performed six times in
each mesocycle under supervision of the trainer (once
per week), the thermal detection and pain thre-
sholds only from the first, fourth, and sixth microcycles
were measured, each before and after the breathing
intervention.

Measurement of Sympathetic Activity

The skin conductance level (SCL) represents the electrical
conductance of the skin, which varies with its moisture
level. Any changes in eccrine sweating are related to
changes of the SCLs [47]. Human sweat glands are con-
trolled by the sympathetic nervous system [48], so skin
conductance is used as an indication of psychological or
physiological arousal [49] and has recently been shown to
covary with the perception of pain stimuli [50,51]. The SCL
was recorded using a constant-voltage device (Biofeed-
back Expert 2000, Schuhfried, Modling, Austria; distrib-
uted by Schwa-Medico, Ehringshausen, Germany),
according to Venables and colleagues [47]. SCL
responses were recorded continuously throughout the
microcycle (range: 0-50 uS; digital resolution: 0.024 uS).
Before attaching the Ag/AgCl electrode to the nondomi-
nant hand (on the palmar surface of the middle phalanx of
the ring finger), the skin was cleaned with a small dispos-
able alcohol pad [562]. Time markers, separating breathing
blocks and breaks, were synchronized with the recording
of the physiological data on a common time line. The mean
changes of the SCLs during the breathing maneuvers were
calculated as the proportion of the SCL values of the first
minute and the last minute of one breathing block. Mean
changes of SCL were then averaged from all three blocks
of one microcycle. Raw data (in uS) were used to study the
change of SCL in terms of percentage. The respiration
depths and rates and the SCLs during the first, fourth, and
sixth microcycles were recorded.

Measurement of Mood States

The subjects were asked to complete the “Profile of Mood
States” (POMS) before and after the first, fourth, and
sixth microcycles. The POMS is a well-established, factor-
analytically derived self-report measure of psychological
distress characterized by high levels of reliability and validity
(original publication [53]; German version [54]; psychomet-
ric properties [55,56]), which was used in several investi-
gations studying anxiety, depression, or pain [57-60]. The
POMS consists of 65 adjectives rated on a 0-4 scale,
providing six different mood states and one total mood
score: tension—-anxiety (TA), depression—dejection (DD),
anger-hostility (AH), fatigue (F), vigor (V), confusion-
bewilderment (CB), and total mood disturbance (TMD). The
POMS was assessed prior to and after the breathing
training of the first, fourth, and sixth microcycles.

Laboratory Environment
The experimental room was sound attenuated and pro-

vided with a diffuse light during the entire session. Music
was omitted, because its exposure was found to influence
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physiological response to stress [61,62]. Room tempera-
ture was kept stable at 20°C [63]. As many substances
can affect the sympathetic activity measured by SCL,
subjects were asked to refrain from drinking alcohol for at
least 48 hours, from drinking more than two cups of coffee
on the day of the measurement, and from smoking for at
least 2 hours before the recording [64,65]. The subjects
were encouraged to sit comfortably in a chair and rest
their hands on their laps.

Statistics

We used three-factorial analyses of variance for repeated
measures (general linear model) to assess the effect of the
breathing intervention on z-transformed detection and
pain thresholds. Within-subject factors were “intervention”
(@DSB vs rDSB), “course” (microcycle 1 vs microcycle
4 vs microcycle 6; =time across the microcycles), and
“session” (before vs after a 20-minute breathing training;
=time across one breathing session). Comparisons of
initial pain thresholds were assessed with paired Student’s
t-tests. Likewise, comparison of respiration parameters
was assessed with paired Student’s t-tests. Correlations
of mean SCL changes and thermal pain threshold
changes were tested by using Pearson correlation analy-
ses. Nonparametric Wilcoxon tests for comparison of the
mood states were conducted. Effect sizes were calculated
using Cohen’s d to examine the size of the post hoc
differences [66] allowing for correlated design (due to the
repeated measurements) [67]. Results were regarded as
significant with P < 0.05.

The statistical analyses were performed using SPSS for
Windows 17.0 (SPSS Inc., Chicago, IL, USA).

Results
Subjects
One male subject did not finish the second breathing
intervention. His data were not used for further analyses

(per protocol). The mean age of the final sample of 15
subjects was 25.1 = 2.1 years (range 23-30). The mean

Table 1 Respiration parameters

Effect of Breathing on Pain Perception

score of the final sample for BDI was 4.27 (£3.24), which
is significantly below the cutoff of 18 points indicating a
depressive disorder [25]. The mean score of the final
sample for anxiety (trait) was 38.70 (+8.80), well within the
95% confidence interval for male and female adoles-
cents (age 15-29; 34.49 = 55 female adolescents,
35.65 £ 5.7 male adolescents) [30]. All remaining sub-
jects (13 female adolescents, 2 male adolescents) accom-
plished both mesocycles of the study. None of the
subjects reported any undesirable side effects.

Data Distribution

After the averaging process, mean respiration depths and
rates, SCL and detection and pain thresholds in each of
the three microcycles were normally distributed (Shapiro—
Wilks Tests for small sample sizes; qg-Plots). The POMS
marginally failed normal distribution. Further analyses of
the mood states were done with nonparametric tests
(s.statistics).

Respiration

Mean values of respiration rates and depths were similar
during both breathing interventions, with a significant
return to baseline during the breaks (Table 1).

Detection and Pain Thresholds

No significant differences of the initial detection thresholds
(CDT: t=0.36, ns [0.73], WDT: t=1.02, ns [0.32]) and
pain thresholds (CPT: t =0.15, ns [0.88], HPT: t =-0.93,
ns [0.37]) between both intervention could be found.
Detection thresholds (CDT, WDT) and pain thresholds
(CPT, HPT) before and after breathing interventions for the
first, fourth, and sixth microcycles are shown in Table 2.
For statistical analyses, the detection and pain thresholds
were converted into a standard normal distribution
(z-transformation, as pointed out in the Methods). CPTs/
HPTs and CDTs/WDTs, respectively, were then pooled in
order to build one compound variable for detection and
one compound variable for pain perception. Analyses of
variance for repeated measures for the z-transformed

aDSB rDSB
M = SD M = SD T P
Respiration depths (cm) Baseline 0.95 = 0.50 1.01 = 0.37 -0.45 ns (0.66)
Breathing blocks 2.25 £ 0.70 2.02 £0.77 1.53 ns (0.15)
Breaks 0.98 = 0.43 0.95 = 0.40 0.52 ns (0.61)
Respiration rates (min~') Baseline 15.05 = 2.04 14.16 £ 2.54 1.29 ns (0.22)
Breathing blocks 7.04 = 0.52 7.65 * 1.26 -1.10 ns (0.29)
Breaks 15.77 + 2.59 14.45 + 2,57 1.85 ns (0.09)

Comparison of the mean (=SD) respiration depths and rates for the baseline period, all breathing blocks, and breaks of the first,

fourth, and sixth microcycles in the aDSB and rDSB intervention.

aDSB = attentive deep and slow breathing; rDSB = relaxing deep and slow breathing; M =mean; SD = standard deviation;

T = paired test statistic; P = Significance; ns = nonsignificant.

219

¥202 I4dy 60 U0 1s8nb Ag ££€9€6 /51 2/2/E L/eIoe/auUDIpawUled/wod dno olwapede//:sd)y woly papeojumoq



Busch et al.

220

Table 2 Detection and pain thresholds

HPT

CPT

WDT

CDT

Post

M (

Pre

Post

Pre

Post

Pre

M (

Post

Pre

+8D)

M (+SD)

M (+SD)

+3D)

M (+SD)

(In °C)

38.16 (£2.97)

39.71 (

25.16 (+£3.89)

23.98 (

24.85 (+£3.88)

23.27 (

33.45 (+0.52)

33.39 (

33.51 (+0.48)

33.22 (

30.96 (+0.39)
30.74 (

M1 31.03 (+0.44)
30.74 (

aDSB

+3.35

39.67 (

3.41)

+

4.98)

*

5.11)

+

0.95)

+

+0.73)

0.58)

+

0.60)

*

M4

21.79 (+5.59)
24.24 (+3.26)

21.98 (

21.44 (+5.67)
24.67 (+2.99)

23.40 (

33.64 (+0.53)  33.79 (+0.54)

30.18 (+0.95)
30.43 (+0.69)

30.08 (

30.40 (+0.91)

M6

39.01 (+3.71)

38.96 (

33.69 (+0.60)

33.56 (

33.35 (+0.50)

33.41 (

30.97 (+0.49)
30.70 (

M1

rDSB

+3.39

40.23 (

3.79)

=+

+4.77)

+4.62)

+0.53)

+0.30)

0.90)

=+

0.71)

*

M4

30.01 (+0.87)  33.55 (+0.41)  33.76 (0.54) 2271 (=3.89)  20.90 (x4.21)  40.54 (=4.12)

30.69 (+0.90)

M6

Detection and pain thresholds of the first, fourth, and sixth microcycles before (pre) and after (post) the breathing maneuvers in the aDSB and rDSB intervention (in °C).

aDSB
HPT

cold pain threshold;

warm detection threshold; CPT

microcycle 4, M6

cold detection threshold; WDT

attentive deep and slow breathing; rDSB = relaxing deep and slow breathing; CDT

heat pain threshold; SD

microcycle 6.

= standard deviation; M1 = microcycle 1; M4 =

mean; SD

standard deviation; M =

thermal thresholds showed significant effects for the
factor “session” and the interaction of “intervention*
session” for both detection and pain thresholds. The
factor “course” and its interactions did not explain a
significant portion of variance in this model (Table 3). Post
hoc analyses allocated the overall increase of pain (-0.27,
P =<0.001, Cohen’s d = 1.01) as well as detection (0.73,
P =< 0.001; Cohen’s d = 0.88) thresholds under the con-
dition of the rDSB, whereas no change of the overall pain
(0.04, P=ns [0.62]; Cohen’s d=-0.09) and detection
(-0.12, P=ns [0.20]; Cohen’s d=0.23) thresholds
occurred in the aDSB (Figure 2).

SCL

The SCL decreased significantly during the rDSB interven-
tion in the first, fourth, and sixth microcycles. In contrast,
there was no significant change of SCL in the aDSB
intervention in any of the microcycles, rather tending
toward an increase of sympathetic arousal. The mean
overall change of SCL (A%) revealed a highly significant
decrease by 18% in the rDSB intervention (T =3.88,
P =0.002; Cohen’s d = 1.35) and a mean overall nonsig-
nificant increase of 1% in the attentive breathing interven-
tion (T=0.85, P=ns [0.41]; Cohen’s d=-0.23)
(Figure 2).

Correlation Analyses

The overall changes of the z-transformed pain thresholds
and the overall changes of SCL were inversely correlated
with regard to the rDSB (r = —0.40; P < 0.05) but not to the
aDSB (r=-0.30; P=ns [0.11]). The overall changes of
z-transformed detection thresholds and the overall
changes of SCL were not significantly correlated with
regard to the rDSB (r=-0.14; P=ns [0.48]) or to the
aDSB (r=-0.18; P =ns [0.35]).

Profile of Mood States

Feelings of tension, depression, and anger were signifi-
cantly reduced after attentive and relaxed breathing exer-
cises, but without any significant differences between the
types of breathing intervention. Feelings of vigor, fatigue,
and confusion did not change significantly, neither after
the aDSB, nor after the rDSB. Total mood disturbances
decreased significantly after both interventions, but again
without a significant difference between the types of
breathing intervention (Table 4).

Discussion

Despite their frequent clinical use, the specific symptom-
related effects of DSB techniques have been barely eluci-
dated so far. We focused on the impact of two distinct
DSB technigues on mood, sympathetic arousal, and
especially pain perception in 15 healthy subjects. More
precisely, both breathing interventions were characterized
by similar breathing instructions, verbal suggestions, as
well as similar breathing depths and rates. However, in
one of these interventions, the subjects performed an

¥202 I4dy 60 U0 1s8nb Ag ££€9€6 /51 2/2/E L/eIoe/auUDIpawUled/wod dno olwapede//:sd)y woly papeojumoq



Effect of Breathing on Pain Perception

Table 3 ANOVA for repeated measurements for detection and pain thresholds

Detection Thresholds Pain Thresholds

Main Factors and Interactions df nypothesis df eror F P F P
Intervention 1 29 3.55 ns (0.07) 0.68 ns (0.41)
Course 2 28 0.15 ns (0.98) 0.54 ns (0.59)
Session 1 29 16.08 <0.001 8.72 <0.01
Intervention = course 2 28 0.46 ns (0.63) 0.17 ns (0.84)
Intervention * session 1 29 19.02 <0.001 6.75 0.01
Course * session 2 28 0.04 ns (0.96) 2.35 ns (0.11)
Intervention = course  session 2 28 0.90 ns (0.42) 1.92 ns (0.17)

Analyses of variance for repeated measurements for z-transformed detection and pain thresholds. Main effects and interactions are
shown for a three-factorial model with “intervention” (attentive deep and slow breathing vs relaxing deep and slow breathing),
“course” (microcycle 1 vs microcycle 4 vs microcycle 6), and “session” (before vs after a breathing training) as within subject factors.
ANOVA = analysis of variance; F=ANOVA test statistic; P = significance; df = degrees of freedom of hypothesis and error;

ns = nonsignificant. Bold denotes significant results.

aDSB associated with a concentration task requiring per-
sistent attentional focusing, whereas in the other interven-
tion, a DSB mode particularly aiming at pure relaxation
without mental effort was chosen.

The most striking finding in the present study was a sig-
nificant increase of pain thresholds in our subjects only
after the rDSB condition in all of the three microcycles,
thereby indicating an attenuation of pain perception
(becoming less sensitive). In contrast, the aDSB mode did
not alter pain and detection thresholds.

In keeping with our findings of increased pain thresholds
after the rDSB, recent work underscores the potential
utility of a DSB training in reducing pain intensity ratings
as compared with a natural or rapid breathing mode
[14,18,68]. Intriguingly, due to the study design, the afore-
mentioned investigations could not differentiate between
the effect of relaxation and the effect of respiration on pain
perception. In detail, a control group was missing, which
had to breathe at similar respiration depths and rates,
however without the possibility of relaxation. For this
reason, our study suggests relaxation as an essential pre-
requisite of a DSB technique in efficiently modulating pain
perception.

A nonspecific psychomotor effect following the DSB inter-
vention may have been associated with relaxation, thus
providing a nonspecific increase in detection and pain
thresholds, as fatigue and a reduction in alertness both
were found to slightly increase mean reaction times [69].
However, in our study, fatigue was equivalent in both
groups and did not change significantly during the DSB
interventions. In addition, it has been shown recently that
mental fatigue did not affect the temporal preparation time
in a choice reaction time task [70]. Moreover, such
changes, if any, are unlikely to explain a threshold differ-
ence of approximately 1°C in our study, as this would
afford reduced reaction times of almost 1 second. Inter-
estingly, following two yoga-based relaxation techniques,

in a psychomotor task motor speed [71] and psychomotor
vigilance was even improved, even in novice meditators
[72].

One could argue that the subjects may not be distracted
equally during both interventions and that a different
amount of distraction between both groups may have
additionally contributed to the effects of the breathing
trainings on detection and pain thresholds. However, we
take the view that distraction may not significantly sepa-
rate both interventions, as some of the subjects may be
more distracted by fitting their respiration curve onto an
ideal curve during the first intervention; some others may
be similarly distracted by dwelling on thoughts during the
second intervention.

Interestingly, detection as well as pain thresholds
increased following the rDSB, suggesting that this type of
breathing intervention may have induced a general loss of
somatosensory perception. In support of our observation,
a multitude of studies report significant decreases in
late somatosensory event-related potentials (SERP) in
response to nociceptive stimulation during hypnotic anal-
gesia [73,74]. De Pascalis etal. found increases in
sensory and pain thresholds mirrored by a reduction of
certain components of the cortical SERP across different
hypnosis conditions [75]. In this context, it is tempting to
speculate that relaxation may exert its effect on soma-
tosensory perception by inhibiting thalamocortical activity
via a frontal cortex feedback loop [73].

Moreover, our study revealed a significant decrease of
SCLs in all of the three microcycles indicating a slowing
down of sympathetic activity clearly restricted to the rDSB
condition. The changes of pain thresholds and SCLs were
inversely correlated in the rDSB condition.

As the changes of SCL and detection and pain thres-

holds were only weakly correlated, we would strongly
suggest discussing any potential (causal or not causal)
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Figure 2 Mean changes of skin conductance level and detection and pain thresholds. Mean changes
(=standard deviation) and post hoc analyses of skin conductance levels and of the z-transformed detection
and pain thresholds from the first, fourth, and sixth microcycles and overall for both breathing interventions.
aDSB = attentive deep and slow breathing; rDSB =relaxing deep and slow breathing; ***P < 0.001;

ns = nonsignificant.
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Table 4 Profile of mood states

Comparison

rDSB

aDSB

aDSB vs rDSB

Post

Pre

Post

Pre

SD)

SD)

<0.001
<0.01

-3.41
—2.94
-2.93
-0.63
-1.32
-1.88
-2.73

2.22 (+1.60)
2.93 (+3.13)

1.80 (
14.91 (+5.25)

6.53 (+2.82)
6.13 (+6.12)

4.42 (
15.96 (+3.99)

<0.001
<0.01

-3.41
-3.13
-2.67
-1.29

+0.01

2.40 (+2.50)
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15.56 (+4.79)

6.62 (+3.66)
5.42 (+5.86)
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-0.22
-1.36
-0.66
-0.59
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1.42)

s

1.19)

s

<0.01

1.40)

=+

+3.34)

ns (0.53)

ns (0.19)
ns (0.06)

<0.01

ns (0.20)
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ns (0.44)

<0.05

16.42 (+4.54)
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+3.07)
2.51)

6.49 (

+3.41)
2.59)

7.69 (

+3.85)

6.40 (

4.21)

=+

Fatigue

x

4.47 (

=+

5.04 (
13.98 (+19.91)

-0.77
-1.99

4.44 (+2.04)

4.71 (+2.98)
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3.04 (+12.42)

0.90 (+10.54)

9.87 (+21.44)

Total mood disturbances

Nonparametric comparisons (Wilcoxon tests) of the profile of mood states and the total mood disturbances before (pre) and after (post) the aDSB and rDSB intervention. Values are

means of the first, fourth, and sixth microcycles (overall).

aDSB

significance; ns = nonsignificant.

test statistic; P

mean; SD = standard deviation; Z =

attentive deep and slow breathing; rDSB = relaxing deep and slow breathing; M
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relationships carefully. However, our results are in agree-
ment with other studies investigating the effects of deep
relaxation techniques on the autonomic nerve system. As
has already been demonstrated, the basal electrodermal
activity was significantly reduced during meditation [76],
mindfulness-based stress reduction [77], or an integrative
body-mind training [78]. In contrast, the aDSB mode
along with a concentration task did not reduce, but rather
tended to increase the sympathetic arousal in our sample.
As a potential mechanism underlying this phenomenon,
the attentional demands during the aDSB may have main-
tained vegetative arousal (finally resulting in maintenance
or even increase of SCLs). This hypothesis is in agreement
with a study conducted by Cappo and Holmes, demon-
strating that the effort involved in accomplishing a chal-
lenging attentive breathing exercise did not reduce, but
even heightened subjects’ sympathetic arousal during the
practice period [16]. In support of this finding, control of
respiration combined with an attention tracing condition
did not reduce the subjects’ stress responses [79]. More-
over, in a clinical population characterized by high trait
anxiety scores, rDSB without concentration on a pacing
tone resulted in a greater reduction of skin conductance
responses than conventional aDSB, providing greater
effort on the breathing challenge [80].

Based on these data, it is tempting to conclude that the
required concentration component in our aDSB group
may have attenuated the sympathetic decrease. There-
fore, a DSB pattern does not decrease stress responses
inevitably, but may strongly be dependent on the magni-
tude of relaxation. In general, biological evidence points to
a strong interplay between autonomic functioning and
pain perception. In this context, painful cold pressor tests
have been shown to elicit sympathetic activity [81]. More-
over, either the elevation [82] or the hyperreactivity [83,84]
of the basal sympathetic tone was a finding frequently
replicated in patients suffering from chronic pain syn-
dromes such as fibromyalgia. Elevated SCL was associ-
ated with increased anxiety and muscle pain in these
patients [85]. Reduced autonomic responsiveness and
pain perception after DSB exercises in patients suffering
from fibromyalgia may result from a complex modulation
of sympathetic arousal and pain perception [86] as
defined by a downregulation in stress activity [87].

With regard to the mood states, we found a significant
reduction of tension, anger, and depressive feelings after
both breathing interventions, indicating a more general
reduction of the stress level. As has been shown, several
studies parallel to our findings have demonstrated a
reduction of negative feelings due to breathing exercises
both in patients with chronic pain and healthy controls
[2-4,18,35,88-92]. In contrast to our findings that only
rDSB is able to selectively modify autonomic response
and pain perception, mood processing was affected in a
similar manner irrespective of the breathing maneuver. As
a matter of fact, self-reports of mood or stress levels do
not necessarily conform to autonomic responses in stress
reduction tasks [77]. Moreover, mood in itself was not
sufficient to explain the changes of pain and nociceptive
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processing in patients with chronic back pain [93] or major
depression [94], indicating that affective and sensory pain
processing may follow different courses. Interestingly,
DSB without a relaxation component was shown to be
ineffective in reducing pain levels, although most of the
subjects felt it was useful and increased the patient’s
feeling of rapport [95]. Therefore, different factors apart
from relaxation may drive mood improvement in breathing
techniques. One possible explanation may be based on
psychological reasons, grounded in the subject’s expec-
tation, that a breathing intervention, commonly known as
an effective stress reduction strategy, is able to attenuate
the feelings of tension and anger. Alternatively, considering
the close structural connection between respiratory
regions and neurons within the amygdala complex
[96,97], breathing may more directly modulate mood via
biological mechanisms. Irrespective of the mode of action,
our data lend further support to the notion that breath-
ing interventions are effective in influencing affective
processing.

Both interventions were executed successively and not
counterbalanced. We are aware of the fact that this may
be a limiting factor for the interpretation of our results.
However, neither during the first nor during the second
intervention we found an effect of breathing trainings on
detection and pain thresholds, SCL, or mood states over
the course of the study (= time across the microcycles).
Therefore, we assume that all the more after the end of
one mesocycle no relevant long-term effects had an
impact on the following mesocycle a half year later.
Moreover, although the experimenter provided similar
respiration rates and depths during both interventions in
our subjects, the attentive vs the relaxing breathing tech-
nigue was quite different in the way of performance.
Hence, we do not think that our subjects were essen-
tially capable to use their experience from the aDSB for
the rDSB. Anyway, hypothesizing subtle training effects,
we think that a period of a half year between both inter-
ventions is long enough to “wash-out” these small car-
ryover effects. Finally, we ascertained that there was no
breathing training the weeks prior to the second inter-
vention, as the participants were instructed not to prac-
tice at home (which was not possible due to the
absence of adequate sophisticated technical equip-
ment) and it was not allowed to participate in breathing
trainings or meditation programs.

Some of the issues of our present design were chosen,
because they are geared toward patients with chronic
pain. For example, we used a breathing training of 20
minutes (separated into single 5-minute blocks) over the
course of several weeks in our study, because this dura-
tion refers to a conventional breathing session in the
scope of a therapeutical application [16,38]. We think
that our result may provide an encouraging rationale for
the investigation of the effect on DSB techniques in
patients with pain syndromes with a similar breathing
regimen. The effect sizes of detection (1.01) and pain
(0.88) threshold changes due to the relaxed DSB were
high suggesting a profound clinical relevance of our find-
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ings. However, we are aware that a potential decrease in
experimental pain perception due to DSB interventions in
pain patients does not inevitably mean a significant alle-
viation of their clinical pain. Further studies should be
provided focusing on the effects of DSB techniques on
patients with different pain syndromes and including
different pain modalities.

Conclusions

Taken together, our results suggest that the way of breath-
ing decisively influences autonomic and pain processing.
Based on an experimental study design, we could extend
most recent work identifying DSB together with relaxation
as the essential feature in the modulation of sympathetic
arousal and pain perception. Our finding of a similar
decrease of sympathetic activity together with an attenu-
ation of pain perception in all three microcycles may
suggest that a rDSB intervention is easy to learn and may
facilitate an inhibitory influence on pain processing. In
contrast, changes in affect processing seem to depend on
different biological factors as both breathing modes as
used in our study lead to similar effects in mood improve-
ment. Consequently, our findings point to a more individu-
alized use of DSB guided by clinical core features
especially with regard to pain-related diseases. Disentan-
gling the symptom specific relevance of distinct DSB com-
ponents may pave the way to a further increase in its use
and optimize the therapeutic value of breathing tech-
niques representing a broadly used approach in a variety
of diseases such as chronic pain, which are characterized
by obvious limitations in drug treatment.
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