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sitivity differentially interacts with pain and self-regulation 
both in healthy participants and somatoform patients. This 
might provide ideas for novel therapeutic interventions, e.g. 
a combined training of interoceptive sensitivity with certain 
aspects of self-regulation.  © 2014 S. Karger AG, Basel 

 Introduction 

 The generation and perception (interoception) of in-
ternal states of bodily arousal are central to many theo-
retical accounts of emotion  [1–4] . William James and 
Carl Lange presented an influential psychological theory 
linking somatic and visceroafferent feedback to subjec-
tive emotional experience (feelings). This model argues 
that an emotive stimulus automatically initiates visceral, 
vascular or somatic reactions, e.g. changes in blood pres-
sure or heart rate, and it is the perception of these bodily 
reactions that crucially constitutes the emotional compo-
nent of experience. Refinements of this model include the 
notion of somatic markers, which represent involuntary 
changes in internal bodily state signaling stimulus signif-
icance to guide both emotional and cognitive behavior 
(e.g. decision making)  [1, 2] .
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 Abstract 

  Background:  Interoceptive processes were found to be as-
sociated with better self-regulation capacities in healthy par-
ticipants. Further empirical research suggests that intero-
ceptive sensitivity is also important for the perception of 
pain both in healthy participants and in somatoform pa-
tients. Nevertheless, little is known about the interaction of 
interoceptive processes and self-regulation for pain. We 
therefore conducted a study examining the interaction of in-
teroception and self-regulation in somatoform patients. 
 Methods:  We investigated interoceptive sensitivity and self-
regulatory capacities in 30 somatoform patients and 30 
healthy controls when experimentally assessing pain thresh-
old and pain tolerance.  Results:  Interoceptive sensitivity was 
associated with better self-regulation capacities. Somato-
form patients exhibited a significantly reduced interoceptive 
sensitivity and reduced self-regulatory capacities as assessed 
by self-report. Additionally, pain tolerance was significantly 
increased in somatoform patients as compared to controls. 
 Conclusions:  Our findings highlight that interoceptive sen-
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  Such peripheral models of emotion led to an interest 
in individual differences in the perception and sensitivity 
to changes in internal bodily state. Interoceptive sensitiv-
ity is commonly quantified by measuring a person’s abil-
ity to perceive and accurately report one’s heartbeats at 
rest  [5–10] . Individuals differ substantially in measures of 
interoceptive sensitivity, the ability to perceive conscious-
ly signals arising from the body. Differences in intero-
ceptive sensitivity are related with both reported emo-
tional experience and corresponding psychophysiologi-
cal markers of emotion processing  [11–16] . Moreover, 
the strength of correspondence between cognitive-affec-
tive processing and bodily reactions depends on whether 
individuals can perceive bodily changes well – or not  [12] .

  Recent research showed that interoceptive sensitivity 
is positively associated with the self-regulation of behav-
ior in situations that are accompanied by somatic and/or 
physiological changes. These changes during paradigms 
assessing physical workload or decision making  [12, 17, 
18]  can be usefully formulated in terms of somatic mark-
ers. They highlight a possible link between self-regulation 
and interoceptive processes beyond the field of emotions. 
In this context one recent study is very interesting as it 
was demonstrated that interoceptive sensitivity was posi-
tively correlated with measures of pain threshold, pain 
tolerance and pain experience  [19] . Pollatos et al.  [19]  
suggested that interoceptive sensitivity might facilitate 
the detection of bodily changes accompanying pain expe-
rience. Pain is modulated on a cognitive level depending 
on attention, anticipation, emotion and memory of previ-
ous pain experience  [20] . Numerous empirical studies 
demonstrate that measures of pain perception are associ-
ated with changes of internal bodily reactions as e.g. in 
heart rate  [21–23] , highlighting that bodily states and 
their representations also shape the experience of pain.

  Whether there is a possible interaction between self-
regulation, interoception and pain perception yet re-
mains unknown. Self-regulation is a highly adaptive, dis-
tinctively human trait that enables people to override and 
alter their responses  [24] . Self-regulation operates through 
3 principal functions: self-monitoring of one’s behavior, 
its determinants and its effects; judgment of one’s behav-
ior in relation to personal standards and environmental 
circumstances; affective self-reaction  [25] . Sauer et al. 
 [26]  demonstrated that for individuals with chronic pain 
disorders physical self-regulation is an integrative part of 
a clinical health psychology intervention that decreases 
both physical and psychological symptoms via improve-
ments in self-regulatory strength and autonomic nervous 
system regulation.

  We therefore conducted an empirical study targeting 
this question in a sample of somatoform patients and 
matched controls. Somatoform disorders are a group of 
mental disorders characterized by the presence of multi-
ple somatic symptoms without an organic cause that suf-
ficiently explains them. A recent study could show that 
interoceptive sensitivity is reduced in somatoform pa-
tients  [27] . It would therefore be of great interest to assess 
self-regulatory processes in the interaction to interocep-
tion in this patient group. We hypothesized that difficul-
ties in self-regulation and reduced interoceptive sensitiv-
ity would be associated with affected pain tolerance and 
pain experience in somatoform patients.

  Methods 

 Participants 
 Twenty-six female and 4 male patients (aged 22–70 years; mean 

44.0, SD 11.3) fulfilling the diagnostic category ‘multisomatoform 
disorder’ were included in the study. In recent years, the diagnos-
tic category ‘multisomatoform disorder’ has been described for re-
search purposes characterizing patients with a moderate to severe 
form of somatoform disorder who experience more than 3 differ-
ent currently bothersome medically unexplained symptoms that 
are present for more than 2 years  [28] . The construct has a lifetime 
prevalence of 8%  [28]  and is associated with preferential use of 
medical services and high indices of disability  [29] . All patients 
were inpatients from the University Department of Psychosomat-
ic Medicine of the TU Munich. Part of the sample described here 
was used in a former publication  [30]  focusing on pain perception 
and autonomic measures. Autonomic variables will be not report-
ed here as they were not assessed in the whole sample of this study.

  On average, the patients stayed 6–8 weeks in the hospital and 
were included in the study in the second part of their stay in hos-
pital. Exclusion criteria were the use of β-blockers or acute psycho-
sis. Reflecting clinical routine, diagnoses were determined accord-
ing to International Classification of Diseases 10 criteria on the 
basis of semistructured clinical interviews administered by a senior 
staff member.

  The patients were compared to 30 healthy control subjects 
matched concerning age [mean 39.2 years, SD 9.6; T (d.f. = 40) = 
0.67, p = n.s.], sex and educational level. Control subjects were re-
cruited from an introductory psychology course or from medical 
staff of the university clinic. All control participants were screened 
for health status using an anamnestic questionnaire and were only 
included if they did not have a history of chronic pain or any axis 
1 disorders, in particular anxiety disorders or depression accord-
ing to the Diagnostic and Statistical Manual of Mental Disorders 
 [31] . Experiments were conducted in accordance with the Declara-
tion of Helsinki. Ethical approval from a local ethic board was ob-
tained. All subjects gave their written informed consent.

  Procedure 
 Upon arrival at the laboratory, all participants first filled in sev-

eral questionnaires including the Hannover Self-Regulation In-
ventory (HSRI)  [32] . Other questionnaires will not be reported 
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here. The concept of self-regulation is measured on 5 scales: ‘inter-
personal disturbances’, ‘frustration tolerance and impulse control’, 
‘identity disturbances’, ‘affect differentiation and affect tolerance’ 
and ‘self-esteem’. A validation of the HSRI showed that it is an ap-
propriate and reliable screening instrument in order to assess ego 
functions and capacities of self-regulation  [32] . The scale structure 
allows differentiated diagnostics of weak versus stable ego func-
tions. Higher scores indicate more difficulties in self-regulation.

  Then psychophysiological data were assessed by attaching non-
polarizable Ag-AgCl electrodes to the right midclavicle and lower 
left rib cage with a portable system (Biopac MP150, version 2.7.2). 
Interoceptive sensitivity was examined using 4 heartbeat counting 
phases (varying in length) in accordance with the Mental Tracking 
Method suggested by Schandry  [10] . Participants were asked to 
count their own heartbeats silently and to verbally report the num-
ber of counted heartbeats at the end of the counting phase. The be-
ginning and the end of the counting intervals were signaled acousti-
cally. Interoceptive sensitivity was estimated as the mean heartbeat 
perception score according to the following transformation:

   1 / 4  Σ [1 – (|recorded heartbeats – counted heartbeats|)/record-
ed heartbeats].

  Pain thresholds and tolerance were measured with a pressure 
algometer (FDN200, Wagner Instruments, USA) that exerts forces 
up to 20 kg/cm 2  (corresponding to approx. 2,000 kPa). This device 
is used to identify the pressure and/or force eliciting a pressure-
pain threshold and tolerance level. This validated method has a 
high interrater reliability in the rate of force application  [33–35] . 
Before testing, all involved investigators were familiar with the al-
gometer following practice sessions. The handheld algometer had 
a 1-cm 2  round rubber application surface, which was placed over 
the thenar eminence  [36, 37]  of the right hand. The pressure pain 
threshold was determined with 3 series of ascending stimulus in-
tensities, each applied as a slowly increasing ramp of 50 kPa/s (ap-
prox. 0.5 kg/cm 2  s). This procedure leads to high reliability of the 
algometer assessment and is in accordance with former studies 
 [30, 34] . Each trial was stopped when the participant experienced 
the pressure applied by the algometer as ‘painful’.

  Pain thresholds were assessed (twice on each hand side, alter-
nating between the left- and right-hand sides, with a 60-second 
break after 1 assessment on the right- and left-hand sides), which 
took an average of 4 min. Afterwards, pain tolerance measures 
were taken (once at each hand side, 60-second break in between, 
mean duration 3 min) with trial end as soon as participants expe-
rienced the pressure as ‘unbearable’. The average duration of the 
pain assessment block was 10 min.

  Data Analyses 
 ANOVAs with factor ‘group’ (patients/controls) were calcu-

lated analyzing pain measures, interoceptive sensitivity and self-
regulation. We also calculated Pearson’s correlation coefficients 
between interoceptive sensitivity, self-regulation and pain thresh-
old as well as pain tolerance. In case of multiple testing, we used 
Bonferroni corrections.

  Results 

 Self-Regulation, Interoception and Pain Measures 
 Sample characteristics are summarized in  table 1 . The 

ability of self-regulation was significantly reduced in so-
matoform patients (mean = 9.96) compared to the con-
trols (mean = 4.20), indicated by a higher total score. Pa-
tients scored significantly higher as compared to controls 
indicating lower self-regulation abilities in the subscores 
‘interpersonal disturbances’ (mean = 1.68), ‘frustration 
tolerance and impulse control’ (mean = 2.15), ‘identity 
disturbances’ (mean = 1.12), ‘affect differentiation and af-
fect tolerance’ (mean = 2.40) and ‘self-esteem’ (mean = 
2.56;  table 1 ).

 Table 1.  Descriptive scores and statistics comparing controls and somatoform patients

Somatoform
patients

Controls Statistics:
F

Significance:
p

Self-regulation (HSRI)
Self-regulation total 9.96 (0.81) 4.21 (0.81) 25.10 <0.01
Interpersonal disturbances 1.69 (0.18) 0.65 (0.18) 16.91 <0.01
Frustration tolerance and impulse control 2.15 (0.19) 1.21 (0.19) 11.83 <0.05
Identity disturbances 1.12 (0.21) 0.47 (0.21) 4.60 <0.01
Affect differentiation and affect tolerance 2.40 (0.19) 0.83 (0.19) 35.92 <0.01
Self-esteem 2.56 (0.22) 1.06 (0.22) 23.63 <0.01

Interoceptive sensitivity
Heartbeat perception 0.50 (0.27) 0.66 (0.15) 7.79 <0.05

Pain assessment
Pain threshold 4.88 (1.77) 4.36 (1.41) 1.57 n.s.
Pain tolerance 8.00 (3.65) 6.30 (2.47) 4.40 <0.05

 Results are expressed as means with standard deviations in parentheses. n.s. = Not significant.
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  Interoceptive sensitivity was significantly reduced in 
the patient group (mean = 0.50, SD = 0.27) as compared 
to healthy controls (mean = 0.66, SD = 0.15).

  Concerning pain thresholds, the mean threshold was 
4.9 kg/cm 2  in patients and 4.4 kg/cm 2  in control subjects. 
This difference was not significant. Pain tolerance scores 
were significantly increased in somatoform patients 
(mean 8.0 kg/cm 2 ) as compared to healthy control sub-
jects (mean 6.3 kg/cm 2 ), as indicated by a significant main 
effect group ( fig. 1 ).

  Correlations between Self-Regulation, Interoception 
and Pain Measures 
 We observed a significant correlation between intero-

ceptive sensitivity and the total score in self-regulation 
(r = –0.32; p < 0.05) indicating that a higher interoceptive 
sensitivity is associated with more self-regulatory capaci-
ties. Concerning the HSRI subscores, this effect was driv-
en by significant inverse correlations between intero-
ceptive sensitivity and ‘frustration tolerance’ (r = –0.34) 
as well as ‘affect differentiation and affect tolerance’ 
(r = –0.38). No significant correlations were observed for 
the subscales ‘interpersonal disturbances’, ‘identity dis-
turbances’ and ‘self-esteem’.

  Pain measures were not correlated with self-regulation 
(self-regulation total score and threshold: r = 0.04, p = 
n.s., respectively; tolerance: r = 0.10, p = n.s., Bonferroni 
corrected). Separate reanalyses in both groups did not 
yield different results. With regard to pain measures and 
interoceptive sensitivity, all significance levels were Bon-
ferroni corrected for two planned correlation analyses in 
each group. We found that pain threshold (r = –0.53; p < 

0.01) and pain tolerance (r = –0.44; p < 0.05) were sig-
nificantly correlated with interoceptive sensitivity in the 
control group indicating that higher interoceptive sensi-
tivity was associated with higher pain sensitivity. In con-
trast to the control group, somatoform patients exhibited 
a positive correlation coefficient between pain tolerance 
and interoceptive sensitivity (r = 0.44; p < 0.05).

  Discussion 

 In accordance with our hypotheses, interoceptive sen-
sitivity was associated with better self-regulation capaci-
ties. We observed a significant correlation between in-
teroceptive sensitivity and the total score of self-regula-
tion indicating that higher interoceptive sensitivity was 
associated with higher self-regulatory capacities. This ef-
fect was driven by significant inverse correlations be-
tween interoceptive sensitivity and ‘frustration tolerance’ 
as well as ‘affect differentiation and affect tolerance’. The 
group of somatoform patients also exhibited significantly 
reduced interoceptive sensitivity and reduced self-regula-
tory capacities as assessed by self-report. Additionally, 
pain tolerance was significantly increased in somatoform 
patients as compared to controls.

  As hypothesized difficulties in self-regulation as well 
as decreased interoceptive sensitivity were observed in 
somatoform patients. It can be assumed that interocep-
tive sensitivity facilitates successful self-regulation by 
providing a fine-tuned feedback of the actual emotional 
state across a variety of bodily variables. This assumption 
is in accordance with further data showing that intero-
ceptive sensitivity is associated with a better emotion reg-
ulation in response to negative affect  [38] . Interoceptive 
processes might therefore modulate the relationship be-
tween bodily responses, affective and cognitive variables 
which is in accordance with the pivotal role in introduced 
concepts of embodied cognition.

  The idea that bodily states and their representations 
shape emotion and cognition is a core characteristic of 
many theories referring to the terms ‘embodiment’ or ‘em-
bodied cognition’  [39] . Theories of embodied cognition 
hold that higher cognitive processes operate on perceptual 
symbols and that concept use involves reactivations of the 
sensorimotor states occurring during experience with the 
world  [39–41] . As one important theoretical model, 
grounded cognition proposes that modal simulations, 
bodily states, introspection and situated action underlie 
cognition  [39] . It is stated that mental representations in 
bodily formats including motor, somatosensory, affective 
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  Fig. 1.  Pain threshold and pain tolerance comparing somatoform 
patients and controls.  *  p < 0.05. 
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and interoceptive information have an important role in 
cognition and emotion. Barsalou  [39]  argues that internal 
states and knowledge acquired from introspection (i.e. the 
ability to be aware of having an experience that can be emo-
tional or not) and interoception are as important as exter-
nal experience for affective and cognitive processes.

  Our study confirms empirical evidence that interocep-
tive sensitivity and associated activation of interoceptive 
representations interact with the processing of painful 
stimuli  [19] . In accordance with existing data and our hy-
potheses we found a significant negative correlation on 
the level of pain threshold as well as on the level of pain 
tolerance in the group of controls. An inverse pattern was 
observed in somatoform patients with regard to pain tol-
erance. Pain can be described as distinct sensation moti-
vating homeostatic behavioral drive (a homeostatic emo-
tion), such as suggested by Craig  [42] . We interpret our 
findings as showing that – in healthy participants with no 
chronic pain – better detection of internal signals and 
evoked bodily changes seems to facilitate pain perception 
using pressure pain. In somatoform patients we found 
evidence for a positive relationship between interoceptive 
sensitivity and the perception of pain stimuli on a toler-
ance level, indicating that patients with higher interocep-
tive sensitivity could tolerate higher pain levels.

  We can only speculate about this surprising difference 
in reaction pattern comparing healthy controls and so-
matoform patients. While the level of interoceptive sen-
sitivity was decreased in somatoform patients, it could be 
the case that patients with a stronger ability to detect their 
bodily signals might have learned to motivationally focus 
or unfocus their attentional spotlight to bodily processes. 
This idea is also supported by the fact that we observed 
such a positive correlation only for pain tolerance as a 
rather affective-motivational component, while healthy 
participants exhibited inverse correlations between in-
teroceptive sensitivity and pain threshold as well as pain 
tolerance scores.

  While this hypothesis is intuitive it has yet to be prov-
en in further experiments comparing or manipulating the 
use of different attentional foci during pain assessment or 
examining a greater group of somatoform patients which 
might offer the possibility to explain more accurately dif-
ferent observations in interoceptive awareness, pain tol-
erance and self-regulation. This might provide ideas for 
novel therapeutic interventions, e.g. a combined training 
of interoceptive sensitivity with certain aspects of self-
regulation focusing on emotional subcomponents of this 
construct.
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