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Abstract
Alterations in the perception of body signals (i.e., interoceptive awareness; 1A) are
considered to be crucial for the development and maintenance of somatoform disorders
(SFDs). However, competing theories come to different conclusions regarding the question
of whether 1A is increased or decreased in SFDs. The present study therefore investigated
IA in more detail in patients with SFDs (DSM-1V; N = 23) in comparison to a healthy
control group (N = 27). 1A was reliably assessed with two well-established heartbeat
perception paradigms (heartbeat discrimination task, mental tracking task). The results of
both paradigms showed no evidence for increased IA in patients with SFDs. Correlational
analyses revealed that having a higher number of somatoform symptoms was significantly
linked to lower (rather than higher) 1A in SFDs. These findings are in line with recent
cognitive approaches to SFDs that stress the importance of biased schema-guided

processing of interoceptive information.
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With estimated prevalence rates up to 35.9% (Toft et al., 2005), somatoform
disorders (SFDs) are the mental disorders most frequently found in primary care settings,
are associated with a high use of medical services, and cause large costs in health care (e.g.,
Barsky, Orav, & Bates, 2005). According to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV; American Psychiatric Association, APA, 1994), the main
criteria of SFDs are medically unexplained physical symptoms resulting in significant
impairment to daily life (e.g., Witthoft & Hiller, 2010).

Current cognitive-behavioral models of SFDs all propose that the perception of
physical signals plays a crucial role in the development and maintenance of SFDs. They
differ, however, with regard to the direction of the association between the perception of
internal signals and SFDs. Some models posit an exhaustive focus of attention on physical
symptoms, which results in an increased perception and reporting of symptoms (e.g.,
Barsky, 1992). Competing models propose a deficient perception of internal signals in
SFDs (e.g., Bischoff, 1989; Brown, 2004). Bischoff (1989) proposed that a failure to
become aware of changes in physical signals would result in a failure to initiate adequate
coping behavior, which in turn would increase the probability of symptom occurrence.
Brown (2004) suggested that previously formed symptom-related memory structures
(“schemata”) activate automatic processing. Thus, the perception of bodily sensations is
based on subjective constructions rather than on objective representations of sensory
signals (Brown, 2004).

The empirical evidence related to the accuracy of the perception of internal signals
(i.e., interoceptive awareness; I1A) in SFDs is also mixed: Scholz, Ott, and Sarnoch (2001)

demonstrated higher IA in SFDs, whereas some studies have indicated worse 1A in SFDs
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(Bogaerts et al., 2010; Pollatos et al., 2011). Another study reported that healthy control
persons and patients with functional disorders had similar IA (Mussgay, Klinkenberg, &
Rueddel, 1999). It is important to consider that self-reports of physical symptoms can be
decoupled from physiological measurements of neutral bodily sensations (e.g., Bogaerts et
al., 2010) and may serve as a possible explanation for divergent findings. In this study, we
therefore focus on 1A, which is defined by objectively assessed body perception.

The mixed empirical results indicate that the role of IA in SFDs is complex and that
possible confounds could result from (a) the diagnosis of an SFD, (b) the role of emotions,
and (c) the choice of the task. Thus, inconsistent results could be due to the categorization
of SFDs, which describes a group of heterogeneous phenomena, including also
hypochondriasis, conversion disorder, and body dysmorphic disorder. Due to different
underlying mechanisms that have been proposed (e.g., Mayou, Kirmayer, Simon, Kroenke,
& Sharpe, 2005), well-conducted diagnoses and a separation between these subcategories
are needed.

Emotion-related traits and actual emotional states play crucial roles in the
assessment of 1A as well as in SFDs. Increased IA has been demonstrated in persons with
high trait anxiety or state anxiety (e.g., Pollatos, Traut-Mattausch, Schroeder, & Schandry,
2007; Schandry, 1981), whereas low 1A has been found to be related to depression (e.g.,
Pollatos, Traut-Mattausch, & Schandry, 2009). Furthermore, trait negative affect (e.g.,
Bogaerts et al., 2010) as well as depression was associated with SFDs.

Inconsistent findings could be due to the methodological assessment and choice of
the internal signal chosen as a proxy for IA, which have both varied among studies. Most

often, 1A has been quantified by tasks assessing heartbeat perception. Studies have
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primarily used two common paradigms, namely, (a) heartbeat discrimination tasks, which
are based on signal-detection theory (e.g., Brener & Kluvitse, 1988) and (b) mental tracking
paradigms (e.g., Schandry, 1981).

In heartbeat discrimination tasks, participants are instructed to compare their
heartbeat to external stimuli (e.g., tones or lights), which are presented at different time
delays following the R-wave of the electrocardiogram. The mental tracking task developed
by Schandry (1981) requests participants to silently count their heartbeats for brief time
intervals without feeling their pulse. The two paradigms have different methodological
approaches to heartbeat perception, and their advantages and disadvantages are debatable
(e.g., Brener & Kluvitse, 1988; Knoll & Hodapp, 1992). Comparisons of the two methods
have been rare and have shown divergent results: Knoll and Hodapp (1992) demonstrated a
high positive and significant correlation, whereas other researchers have reported that
performance on a discrimination task is largely unrelated to performance on a mental
tracking paradigm (e.g., Phillips, Jones, Rieger, & Snell, 1999).

The primary aim of this study was to clarify whether patients with SFDs showed an
altered 1A in comparison to healthy control participants when IA was tested with two well-
established paradigms of heartbeat perception. A second aim was to test whether individual
differences in 1A were associated with the degree of somatization. Due to the large
variation in somatoform symptoms, we hypothesized that more severe symptoms of SFDs
would be associated with stronger abnormalities regarding IA.

Due to the important relations between emotional state and trait variables and both
SFDs and IA, a third aim was to test possible influences of these variables on group

differences.
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Method

Participants

Twenty-three patients were recruited from the Outpatient Clinic for Psychotherapy
at the Johannes Gutenberg-University Mainz. Patients were included in the SFD group if
they fulfilled the criteria for somatization disorder, pain disorder, or undifferentiated
somatoform disorder according to the DSM-IV (APA, 1994) and suffered from at least
three current physical symptoms that could not be sufficiently explained by an organic
disease or mental disorder and were present for at least 6 months. The current use of a beta
blocker or morphine led to exclusion. Exclusion criteria also consisted of a diagnosis of
hypochondriasis, conversion disorder, body dysmorphic disorder, anxiety disorder,
psychotic disorder, or substance abuse. The 23 patients with SFDs were compared to 27
healthy control participants. None of the participants in the control group (CG) had a
current mental disorder. Group categorization and diagnoses were established by trained
clinical raters based on the structured clinical interview for DSM-1V (SCID; Wittchen,
Wunderlich, Gruschwitz, & Zaudig, 1997). Participants in the CG and SFD group did not
differ significantly with respect to sex, age, and body mass index (BMI), but significant
differences were observed regarding the use of antidepressant medications, education, and
level of weekly sports activity (Table 1). The study was approved by the local Ethics
Committee of the Department of Psychology at the University of Mainz. All participants
provided written informed consent prior to participation and received monetary

compensation for participation (10€ per hour).
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Procedure

Upon arrival at the laboratory, participants were given written information about the
experiment and completed a screening questionnaire regarding sociodemographic and
health information and the state version of the Positive Affect and Negative Affect
Schedule (PANAS; Krohne, Egloff, Kohlmann, & Tausch, 1996). Then the physiological
measurement was prepared. Before and after the heartbeat perception tasks, blood pressure
was recorded to control for differences in cardiovascular activity.

Participants were provided with written instructions separately for each task and
were first asked to relax for 3 min to assess their heart rate at rest (baseline measure). They
then completed the mental tracking and discrimination tasks. The order of these two
paradigms was the same for all participants with the mental tracking task first followed by
the discrimination task.! After completing both heartbeat perception tasks, the psychiatric
interview (SCID 1) followed. Participants were then asked to fill out several questionnaires
and were paid for their participation.

Assessment of Heartbeat Perception

An ECG was obtained by attaching an Ag-AgCl electrode to the lower left rib cage,
to the right mid-clavicle, and to the left mid-clavicle (serving as a ground electrode),
respectively. Signals were recorded (sampled at 512 Hz) and analyzed by a Varioport
system (Becker Meditec, Germany). Custom-built software detected R-waves, computed
the mean heart rate, and presented the heartbeat perception tasks as well.

First, the mental tracking task developed by Schandry (1981) was performed.
Participants were instructed to silently count their heartbeats by concentrating on bodily

sensations that might be associated with heart activity. They were not allowed to take their
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pulse or attempt any other manipulations to facilitate the discrimination of their heartbeats.
The task was performed three times (for 25 s, 35 s, and 45 s), and the duration of these
intervals was unknown to the participants. The beginning and the end of each interval was
signaled by a soft tone. The three trials were separated by a 30 s resting period,
respectively. In the current sample, Cronbach’s a for the mental tracking task (based on the
perception scores of the three intervals) was .93.

Afterwards, participants received instructions for the discrimination task. Sixty trials
were administered. Each trial consisted of 10 tones, which were triggered by 10
consecutive R-waves. Within each trial, all 10 tones were either simultaneous or delayed
with respect to the R-wave; simultaneous tones appeared 200 ms and delayed tones 500 ms
after the R-wave. Within these 60 trials, 30 simultaneous and 30 delayed trials were
presented in a pseudo-random order. Each trial began with four delayed heartbeats to avoid
having the onset of stimulus presentation coincide with the trial onset (Knoll & Hodapp,
1992). The intertrial interval was 5 s, with the restriction that after each 20" trial, there was
a longer break, which could be terminated by the participant. Before starting the heartbeat
discrimination task, four practice trials were administered. The Spearman-Brown
coefficient for the split-half reliability (odd-even) of the discrimination task was .60 in the
current sample. Participants did not receive feedback on their performance on both
heartbeat perception tasks.
Self-Report Data

State negative affect was assessed by the PANAS (Krohne et al., 1996). Depression
within the past 2 weeks was assessed using the Beck Depression Inventory (BDI-II;

Hautzinger, Keller, & Kihner, 2006). The Whiteley-Index (WI; Hiller & Rief, 2004) was
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used to determine participants’ health anxiety, whereas the State Trait Anxiety Inventory
(trait version, STAI; Laux, Glanzmann, Schaffner, & Spielberger, 1981) was used to assess
individual levels of trait anxiety. The Screening for Somatoform Disorders (SOMS-2; Rief
& Hiller, 2008) requests participants to report somatoform symptoms they have
experienced within the past 2 years (the somatization index for DSM-1V was computed as a
dimensional index of symptom severity).
Data Reduction and Analysis

Accuracy of heartbeat perception on the mental tracking task was quantified by a
perception score calculated from the relative difference between the actual and the counted
number of heartbeats: perception score =1 - 1/3 >( | recorded heartbeats — counted
heartbeats | / recorded heartbeats). Correct responses on the discrimination task were made
if tones with a 200 ms delay to the R-waves were classified as simultaneous and tones with
a 500 ms delay were classified as not simultaneous with the heartbeat. The sensitivity
measure d’ was computed as the difference between z-transformed hit rates and false-alarm
rates. The ¢ measure was calculated as an index of response bias. A correction of extreme
proportions of hit and false-alarm rates was applied as proposed by Macmillan and Kaplan
(1985).

Results

Questionnaire data. All inventories showed good internal consistencies, and
patients with SFDs showed higher mean scores on all questionnaires than did healthy
controls (Table 2).

Heartbeat perception. No significant differences in the perception of heartbeat

between the CG and patients with SFDs were found on the mental tracking task, t(48) <
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0.01, p > .99, d <.01, or on the discrimination task, t(48) = 0.15, p = .88, d = .05 (Table 3).
Comparisons of the two paradigms demonstrated that there was a significant positive
correlation between heartbeat perception on the mental tracking task and the sensitivity
measure d’ (r = .43, p <.01). This relation was also found regarding the CG separately (r =
.50, p <.01). For the SFD group, there was only a trend toward a positive correlation
between the performances on the two heartbeat perception tasks (r = .37, p =.09).

To test whether heartbeat perception was affected by the degree of somatization
within each group, correlation analyses were performed for each group separately.
Regarding the mental tracking task, results demonstrated a significant medium-sized
negative correlation (r = -.44, p = .03) between heartbeat perception and the somatization
index in the SFD group, suggesting that higher somatization scores were associated with
less accurate heartbeat perception. No such association was found in the CG (r =-.08, p =
.70). Supplementarily, the relation between the somatization index and the heartbeat
perception score was regarded for each interval of the mental tracking task. It was
demonstrated that the correlation between the somatization index and IA in the SFD group
was mainly attributable to the first interval of the mental tracking task because the
correlation decreased with the number of intervals (Figure 1).

Regarding the discrimination task, correlation analyses did not reveal significant
correlations between the somatization index and the heartbeat discrimination task for the
sensitivity measure d’ (SFD group: r =.04, p =.87; CG: r <.01, p =.99) or for the response
bias ¢ (SFD group: r =-.03, p =.90; CG: r =-.23, p = .25).

To examine a possible influence of confounding variables, we repeated the group

comparisons by statistically controlling for individual levels of depression, trait anxiety,
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health anxiety, and state negative affect. Because the two groups differed in the use of
antidepressant medications, educational level, and sports activity (Table 1), these three
items were considered as covariates as well. Due to considerable collinearity, each
ANCOVA was conducted separately.

Considering the perception score of the mental tracking task, results did not
demonstrate a significant main effect of group, Fs(1, 47) < 1, ns, nor was there a significant
effect of the covariate when controlling for sports activity, years of education, depression,
trait anxiety, health anxiety, and state negative affect, Fs(1, 47) <2.59, ns. When
controlling for antidepressants, results did not demonstrate a significant effect of group or
of the covariate, Fs(1, 46) < 1, ns.?

Considering the sensitivity score d’ of the discrimination task, results did not
demonstrate a significant main effect of group, Fs(1, 47) <1, ns, nor was there a significant
effect of the covariate when controlling for sports activity, years of education, state
negative affect, depression, or trait anxiety, Fs(1, 47) <1, ns. When controlling for
antidepressants, results did not demonstrate a significant effect of group or of the covariate,
Fs(1, 46) <1, ns. However, there was a main effect of group regarding the impact of health
anxiety on d’, F(1, 47) = 5.4, p = .02, 1> = .10, and health anxiety as the covariate reached
significance, F(1, 47) = 9.92, p < .01, 0% = .17. Correlation analyses demonstrated that
higher health anxiety was related to better IA: CG: r = .32, p = .10, SFD group: r =.50, p =
.02.

Discussion
IA represents one of the central explanatory constructs used to account for the

etiology and pathogenesis of medically unexplained symptoms in patients with SFDs.
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However, existing theories and empirical data have been inconclusive with regard to the
exact relation between IA and SFDs. The present study therefore aimed to investigate the
relation between 1A and SFDs in more detail using a multimethod approach. Results did not
demonstrate any differences in 1A between the SFD group and the CG on the
discrimination or mental tracking tasks and were therefore in line with previous findings
that demonstrated similar 1A in patients with functional disorders and healthy control
participants (Mussgay et al., 1999). Analyses demonstrated that the mental tracking and
discrimination tasks were positively and moderately to highly correlated, confirming earlier
results (Knoll & Hodapp, 1992) and therefore supporting the proposal of similar 1A
between the CG and SFD group.

The pattern of the present results cannot be explained adequately with either of the
existing theories of SFDs. However, one possible proposal would be to integrate the two
competing theories of low IA in SFDs (Brown, 2004) and the suggestion of the
somatosensory amplification model (Barsky, 1992). Thus, there may be a heightened self-
report of symptoms combined with a heightened but selective attentional focus on
symptoms (Barsky, 1992), which in turn captures resources and prevents an attentional shift
to a “normal” internal signal. Based on this biased attention, perceptions of common
physical signals are disturbed and deficient (Brown, 2004) and can be assessed by
objectively measured body perception. In the present study, participants were instructed to
focus on neutral internal signals, namely, their heartbeats. Due to these instructions, it could
be conceivable that the influence of schema-driven processing was diminished and

perception was under volitional control (cf. Brown, 2004). Thus, the perception of internal
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signals was not altered in SFDs because the attentional focus was identical and not
manipulated in both groups.

An additional aim was to investigate whether an altered 1A could be shown within
the SFD group depending on the degree of somatization. Considering the mental tracking
task, results demonstrated that patients with SFDs showed lower 1A the higher the degree
of discomfort was. This indicated that more severe symptoms were linked to lower IA. One
possible reason for this finding could be due to the setting (measuring blood pressure,
attaching electrodes), which might have activated an illness schema based on individual
experiences diminishing IA (Brown, 2004). It could also be conceivable that this schema
activation resulted in rumination about a person’s own symptoms, and consequently,
patients suffering from more symptoms were more distracted from the actual task. The
hypothesis is supported by the finding that the relation between the somatization index and
heartbeat perception decreased with time. It can be supposed that with greater familiarity
with the mental tracking task, the influence of the schema or the symptoms on performance
decreased, and automatic processing was then replaced by more controlled processing of
actual physical sensations. Another possibility is that performing a repeated IA task in a
neutral context works as a form of interoceptive exposure for SFD patients, resulting in
extinction of schemata with habituation effects.’

One limitation is that the correlation between the degree of discomfort and 1A was
found only for the mental tracking but not for the discrimination task. Due to the order of
presentation, the discrimination task was always performed after the mental tracking task.
Therefore, perhaps the habituation seen on the mental tracking task continued during the

discrimination task. An additional limitation is that we did not measure state negative affect
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continuously, and state anxiety was not assessed. Thus, it was not possible to examine
whether changes in the correlation between somatization index scores and heartbeat
perception across trials were mediated by changes in state affect.

Regarding negative emotional state and trait variables, we found that depression,
state negative affect, and trait anxiety did not affect IA, a finding that is contrary to other
studies (Bogaerts, et al., 2010; Pollatos et al., 2007, 2009). Only health anxiety was related
to higher IA, underlining the necessity to differentiate between somatization and health
anxiety when studying IA.

The failure to match the SFD group and CG in terms of education and level of
sports activity may limit the scope of the present results. However, avoidance of physical
activities has been identified as characteristic of patients with SFDs (e.g., Rief, Mewes,
Martin, Glaesner, & Brahler, 2010). Group differences in education could be due to
recruiting at a university, but another study suggested an association between somatization
and lower education (Hiller, Rief, & Brahler, 2006), making the differences between groups
relevant for the majority of patients with SFDs.

An additional restriction of the present study is the fixed order of the two paradigms
of 1A in combination with the lack of continuously measured state affect. It is possible that
higher emotional arousal may have interfered with the 1A. A greater time delay between
tasks and a continuous measurement of state affect should be used in future studies. Also a
randomized order of tasks would be necessary to replicate former results (Phillips et al.,
1999) and to rule out possible order effects.

To conclude, the present study showed no evidence of increased 1A in patients with

SFDs. Within the group of patients with SFDs, there was even evidence that 1A was lower
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with increasing levels of symptom severity. An improvement in the perception of physical
signals may also decrease symptom distress in patients with SFDs. As a consequence of
increasing the perception of normal body sensations, the memory-based schemata (Brown,
2004) might be suppressed, and sensory input could be better objectively perceived. This
may help patients suffering from SFDs to discriminate between different physiological
states and to cope and to adapt adequately in different situations (cf. Bischoff, 1989). Thus,
an interoceptive training procedure might be useful and helpful. Schandry and colleagues
(Schandry & Weitkunat, 1990) already demonstrated an enhancement in 1A after a
feedback training procedure in healthy participants. It should therefore be investigated
whether patients with SFDs can also learn to increase their perception by undergoing
feedback training and whether an increased IA is associated with a decrease in symptom
distress, which in turn would offer new insights into the role of IA in SFDs and innovative

opportunities for effective treatments of SFDs as well.
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Footnote
! The presentation order of the two tasks was kept constant because Phillips et al.
(1999) demonstrated that performance on the mental tracking but not on the discrimination
task was affected by the presentation order of these two paradigms.
2 The divergent df were due to a missing value.

We thank an anonymous reviewer for this valuable thought.
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Table 1

Sociodemographic and Physiological Baseline Information (Means and Standard

Deviations in Parentheses) for the Control Group (CG) and the SFD Group

SFD group Statistics _
CG (n=27) Effect size
(n=23) (df)
Female n (%) 16 (59) 16 (70) 7 (1) 11
.28
Age [years] 41.74 (12.52)  45.26 (13.57) .95 (48)
_ -2.38
Formal education [years] 14.56 (3.40) 12.18 (3.57) (48)* .70
BMI [kg/m2] 24.55 (3.82) 25.41 (5.17) .67 (48) .20
Sport activity -2.65
3.54 (3.30) 1.5 (1.95) 75
[hours/week] (41.45)*
Systolic blood pressure
124.32 (16.47) 127.11 (13.58) .64 (48) 19
[mmH(g]
Baseline heart rate [bpm] 72.84 (9.35) 75.73 (8.35)  1.14 (48) .33
Heart rate during mental 7124 (880)  74.78(853) -1.28 (48) 37
tracking task [bpm]
Heart rate during
o 70.07 (7.93) 72.76 (8.36)  -1.15(48) .34
discrimination task [bpm]
Antidepressant 13.53
o 0 (0) 9 (41) 53
medications n (%) (1)**

Note. Independent sample t tests were calculated for continuous variables, with Cohen’s d

as an effect size estimate. The chi-square procedure was applied for dichotomous variables,

reporting w (Cohen, 1988) as an effect size estimate. BMI = body mass index; bpm = beats

per minute. For antidepressant medications, n = 22 in the SFD group.

*p <.05; **p < .01.
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Table 2
Descriptive Statistics of Clinical Information Assessed by Questionnaires for the Control

Group (CG) and Patients with a Somatoform Disorder (SFD Group)

Cronbach’s a CG SFD group
(total sample) M (SD) M (SD) t(df) Cohen’s d
Somatization index 6.13
91 2.41(3.19) 10.44 (5.55) 1.85
(33.85)**
Health anxiety 6.65
.86 1.93(2.00) 7.00 (3.16) 1.99
(35.99)**
Depression 5.68
91 6.89 (6.64) 18.65 (8.00) 1.64
(48)**
State negative 3.29
81 11.44 (1.97) 15.26 (5.26) 1.01
affect (27.23)**
Trait anxiety 6.90
.92 35.44 (9.26) 52.35(7.84) 2.00
(48)**

Note. The somatization index was assessed by using the SOMS-2, Health anxiety by the
W], Depression by the BDI-I1, state negative affect by the PANAS, and Trait anxiety by the
STAI. For details, see text.

**p < .01
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Table 3
Means (SD) of Performance Scores on the Mental Tracking Task and on the
Discrimination Task for Control Participants (CG) and the SFD Group as well as

Comparisons Between the Two Groups

CG SFD group t(48) Cohen’s d

Mental tracking task

Total 54 (.26) 54 (.27) <01 <.01

Interval 1 57 (.28) 56 (.28) -.05 .04

Interval 2 54 (.28) 55 (.27) 11 .04

Interval 3 .51 (.29) 51 (.31) -.06 <.01
Discrimination task

Sensitivity d’ 57 (.81) 53 (.84) 15 .05

Response bias ¢ -.15 (.25) -.26 (.58) .89 .26
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Figure 1. Pearson correlations r (with 95% confidence intervals) between the somatization
index and heartbeat perception score on the mental tracking task for the total score and the
three single intervals, respectively. In order to facilitate illustration, correlation scores were
multiplied by -1.
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