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Abstract

Background Deficient interoception, the processing and perception of internal bodily signals, has been discussed as
a mechanism underlying various mental disorders. First results indicate a mediating role of interoception in the inter-
play of traumatic childhood experiences and adult mental disorders. Traumatic childhood experiences may hinder the
adequate processing, integration, and trust in bodily signals that are important in order to understand and regulate
own needs and emotions, thereby increasing the vulnerability for mental disorders. However, an overarching study
investigating alterations in different interoceptive measures and trauma-related disorders as well as their mediating
role between early trauma and emotion dysregulation is still missing.

Methods One hundred thirty-six individuals with varying levels of traumatic childhood experiences who either had
a current diagnosis of major depression, posttraumatic stress disorder, or somatic symptom disorder, or no mental
disorder, took part in a multidimensional assessment of interoceptive processes, including interoceptive accuracy,
sensibility, and awareness. Kruskal-Wallis tests were used to compare groups regarding interoceptive processes and
associations with traumatic childhood experiences and emotion dysregulation were analyzed with Spearman correla-
tions. Furthermore, mediation analyses were computed to examine and compare interoceptive processes as potential
mediators between traumatic childhood experiences and emotion dysregulation.

Results Only body dissociation, a measure for interoceptive sensibility, was significantly reduced in individuals with
a current mental disorder. Body dissociation was also the only interoceptive measure significantly associated with
traumatic childhood experiences and emotion dysregulation and the only significant mediator in the relationship
between traumatic childhood experiences and emotion dysregulation across groups.

Conclusion Results suggest body dissociation, but not other interoceptive measures, as an important feature linking
traumatic childhood experiences to current emotion dysregulation, an important transdiagnostic feature. As body
dissociation refers to a habitual non-attendance or disregard of interoceptive signals, integrative therapeutic interven-
tions could help affected individuals to overcome difficulties in emotion perception and regulation.

Trial registration The general study design was preregistered; see the German Clinical Trials Register (DRKS-ID:
DRKS00015182). This study’s analysis plan was not preregistered.
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Background

Traumatic childhood experiences (TCEs) are an impor-
tant singular risk factor for mental disorders later in life
[1-3]. TCEs include a variety of adverse experiences in
childhood, including emotional or physical neglect as
well as emotional, physical, and sexual abuse [4]. Despite
tremendous progress, the mechanisms and pathways by
which TCEs lead to later psychopatholgy are still not
fully clear [5-8]. One possible mediator for the observed
link between TCEs and psychopathology might be altera-
tions in interoception, i.e. the processing and perception
of signals from inside the body [9].

Ranging from afferent signal transmission and its corti-
cal representation to conscious perception of own bod-
ily signals [10, 11], interoceptive processes constitute a
multifaceted system. Three important facets include (1)
conscious interoceptive processes, which can be opera-
tionalised by the correspondence between perceived and
actual body signal, e.g., assessed using heartbeat per-
ception tasks [12] and are referred to as interoceptive
accuracy, (2) self-reported evaluation of one’s own inter-
oceptive abilities which is known as interoceptive sensi-
bility, and (3) meta-cognitive interoceptive awareness,
i.e., the convergence between interoceptive accuracy and
sensibility [13].

It has been assumed that interoceptive processes play
a major role for mental health [9]. Moreover, it has
recently been suggested that TCEs, besides a biological
vulnerability, might lead to impaired interoception and
thereby to reduced emotional awareness and heightened
emotion dysregulation, such as in borderline personality
disorder (BPD) [14]. The importance of interoception for
emotion perception and regulation has been stated since
early emotion theories [15-20]. Interoception includes
both the ability and willingness to attend to own inner
processes, feelings, and needs. Based on the active infer-
ence framework [21-24], interoceptive deficits have
been proposed to occur when afferent interoceptive evi-
dence is no longer integrated in inner models of bodily
states. The discrepancy between predicted bodily state
and interoceptive evidence results in the emergence of
error signals. In the case of adaptive functioning, such
error signals are resolved by updating inner models and
used to informing actions to (re-)maintain homeostasis
[25]. However, inadequate adjustment can lead to a per-
sistent presence of error signals. This may either be due
to (1) the afferent signalling itself, such as weak or unpre-
cise interoceptive signals, (2) overly strong inner models,
or (3) context rigidity, i.e., the same inner model is main-
tained even when the context changes. Since interocep-
tion is important for homeostasis [26, 27] and emotion
regulation [28, 29], with emotion regulation represent-
ing strategies to (re-)maintain emotional homeostasis
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and body-related symptoms, deficient interoception
might represent a possible mediating pathway between
TCEs and emotion dysregulation.

Indeed, there is first evidence for this assumption.
First, alterations in interoceptive processes have been
reported in trauma-related disorders, which also show
deficits in emotion regulation. Such disorders encom-
pass, but are not limited to, posttraumatic stress disor-
der (PTSD), BPD, major depression (MD), and somatic
symptom disorder (SSD), all of which show high preva-
lence of TCEs [30-36] and exhibit emotion regulation
deficits [37—-41]. Interoceptive impairments which have
been investigated so far yielded inconsistent results
of reduced to normal interoceptive signal processing
[42-44], as well as reduced to normal interoceptive
accuracy [45-48] and reduced interoceptive sensibil-
ity [49, 50]. However, it must be noted that, up to now,
not all interoceptive dimensions have been studied in
all presented disorders. Second, first studies suggest an
association between TCEs and interoceptive processes.
Interoceptive accuracy and TCEs were negatively asso-
ciated after an acute stressor in healthy individuals [51]
and sympatho-adreno-medullary (SAM) axis activation
led to decreased interoceptive accuracy in healthy indi-
viduals with TCEs [52]. Third, a first mediation model
in women with BPD showed that body dissociation, a
measure for interoceptive sensibility, mediated the link
between TCEs and emotion dysregulation in patients
with BPD [50]. However, it remains unclear whether
altered interoception is limited to trauma-related men-
tal disorders or represents a transdiagnostic feature
related to TCEs [29]. This differentiation is crucial to
develop new diagnostic and treatment approaches tar-
geting interoceptive dysfunctions.

The current study sought to close this gap. Following a
multidimensional conceptualization of interoception [10,
13], we assessed interoceptive accuracy, sensibility, and
awareness in a relatively large well-characterized sam-
ple of patients with MD, PTSD, or SSD as well as healthy
controls with varying levels of TCEs. Additionally, we
measured heart rate variability (HRV), i.e., the beat-to-
beat variability of heart rate, which represents an index
of cardiac control through the autonomic nervous system
(ANS) [53] and actual sympathetic and parasympathetic
output [54], which has been shown to be reduced in
trauma-related disorders [55] and associated with intero-
ceptive processing [56—59].

The aims of the study were threefold. First, we investi-
gated alterations in interoceptive processes among three
different mental disorders and healthy individuals. Sec-
ond, we investigated associations between TCEs, inter-
oceptive processes, and emotion dysregulation across
diagnostic categories. Finally, we studied the proposed
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mediating role of interoceptive processes between TCEs
and emotion dysregulation as an important transdiag-
nostic feature.

Based on previous studies, we expected to replicate
interoceptive impairments in trauma-related disorders
and explored the specificity of previous findings com-
pared to clinical controls. Moreover, since previous
studies included heterogenous samples of patients with
and without TCEs, we were able to further inspect the
impact of TCEs on interoceptive processes. We expected
negative associations between interoceptive processes
and both TCEs as well as emotion dysregulation, and
that interoceptive processes significantly mediate the
relationship between TCEs and emotion dysregulation
across groups.

Methods

Design

This research was part of a larger study on the shared
effects of TCEs on social information processing across
different mental disorders with high prevalence of TCEs,
consisting of patients with MD, PTSD, and SSD, as well
as HC (German Clinical Trials Register: DRKS00015182).
Therefore, a multiple-group cross-sectional design was
employed, including participants with varying levels of
TCEs following a further dimensional conceptualiza-
tion. The original study is part of the German Research
Foundation’s Research Training Group 2350, dedicated
to investigating the impact of adverse childhood experi-
ences on psychosocial and somatic conditions across the
life span [60]. All participants gave written informed con-
sent before their participation and were reimbursed for
their participation. The study was approved by the ethics
review board of the Medical Faculty Mannheim, Heidel-
berg University.

Recruitment and enrollment

Participants were recruited from online announcements,
flyers, and through a clinical referral from inpatient and
outpatient departments. All participants were fluent in
the German language.

Inclusion and exclusion criteria

General exclusion criteria for all participants were (a)
age under 18 years or over 60 years; (b) neurological dis-
orders; (c) current substance abuse, assessed via urine
toxicology screening and clinical interview; (d) severe
medical illness; (e) pregnancy, and (f) left-handedness
due to fMRI measurements (not reported here). Addi-
tional general exclusion criteria for participants with
mental disorders were lifetime diagnoses of schizophre-
nia, schizoaffective, or bipolar disorder and severe sub-
stance use disorder in the last two years. Inclusion of
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psychotropic medications for participants with mental
disorders were limited to regularly prescribed antide-
pressants, antipsychotics (sleep-inducing effect only),
and/or anticonvulsants (i.e., pregabalin, pain-relieving
effect only) (see Table S1 in the Supplement).

Participants with mental disorders had to fulfill diag-
nostic criteria for a diagnosis of PTSD, MD, or SSD, with
diagnostic group allocation based on the current diag-
nosis that had been made first during the participant’s
lifetime. Therefore, participants could be diagnosed with
up to three of these disorders of interest (i.e., MD, PTSD,
SSD), but were excluded if the current diagnosis was not
determined as first lifetime disorder. Mental disorders
were assessed with the Structured Clinical Interview for
DSM-5 (SCID-5) [61].

The inclusion criterion for healthy controls (HC) was
the absence of any mental disorder, either current or life-
time, as assessed using the SCID-5.

Out of 140 adult participants, four individuals were
excluded from the current analysis due to cardiac
arrhythmia (n=1) or missing of both behavioral and self-
reported data on interoception (technical problems and
non collecting self-reports, n=2; dropout due to aberrant
neurological finding, n=1), resulting in a final sample of
136 participants (see Table 1 and Table S1 in the Supple-
ment for details). All participants experienced at least one
TCE and were classified into the four diagnostic groups
MD (N=35 [24 female], Moo =31.74, SD=12.09 years),
SSD (N=34 [26 female], M, =30.09, 11.59 years), PTSD
(N=33 [28 female], M,,, =34.33, SD=12.48 years), and
HC (N=34 [27 female], M,,,=29.56, SD=9.64 years).
The groups did not differ in age (F;3,=1.17, p=0.326),
body-mass-index (Fj3,=1.23, p=0.303), highest school
degree (Kruskal-Wallis test: H[3]=5.41, p=0.144), or
sex distribution (%y_; =2.68, p =0.447).

Materials and Methods
In this section, measures of all relevant constructs are
presented. For details, please refer to the Supplement.

Traumatic childhood experiences

TCEs were assessed with the Childhood Trauma Ques-
tionnaire (CTQ) [62]. The CTQ measures physical,
sexual, and emotional abuse as well as physical and emo-
tional neglect. A total sum score was calculated, ranging
from 25 to 125, with higher values indicating a higher fre-
quency of traumatic experiences.

Psychopathology

Mental health disorders were assessed using the Struc-
tured Clinical Interview for DSM-5 (SCID-5) [61]
(Interrater reliability: k=1.00). The severity of com-
mon somatic symptoms was assessed using the Patient
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Health-Questionnaire-15 (PHQ-15) [63] and the Somatic
Symptom Disorder—B Criteria Scale (SSD-12) [64] was
used to assess SSD symptomatology. PTSD symptom
severity was assessed using the Posttraumatic Stress
Disorder Checklist for DSM-5 (PCL-5) [65]. Severity of
depressive symptoms was assessed with the Beck-Depres-
sion-Inventory II (BDI-II) [66]. General symptom severity
was assessed with the Brief Symptom Inventory (BSI) [67].
Due to its overlap with body dissociation, a measure of
trait dissociation was administered in order to investigate
the specifity of body dissociation in the current study
[50]. Thus, the German adaptation of the Dissociative
Experience Scale, the Fragebogen zur Erfassung Dissozi-
ativer Symptome (FDS) [68, 69] was used.

Emotion dysregulation

Emotion regulation deficits were assessed with the Dif-
ficulties in Emotion Regulation Scale (DERS) [70]. The
DERS comprises six subscales: nonacceptance of negative
emotions, difficulties engaging in goal-directed behaviors
when distressed, difficulties controlling impulsive behav-
iors when distressed, limited access to effective emotion
regulation strategies, lack of emotional awareness, and
lack of emotional clarity. A total sum score was calcu-
lated, ranging from 36 to 180, with higher values indicat-
ing more severe deficits in emotion regulation.

Interoceptive processes

Interoceptive sensibility was measured both via self-
reported interoceptive task-confidence and self-report
questionnaire. The mean score of the confidence ratings
across heartbeat counting trials was calculated as a global
measure of interoceptive sensibility pertaining to self-
reported heartbeat perception [13]. The Scale of Body
Connection (SBC) [71] was used to assess self-reported
body awareness and body dissociation during the last two
months. Body awareness measures attention to bodily
signals in everyday situations and the perception of bod-
ily responses to emotions. Body dissociation refers to the
avoidance or disregard of internal bodily experiences and
the feeling of seperatedness from one’s own body. Mean
scores, ranging from O to 4, were calculated for each
scale, with higher values indicating higher body aware-
ness and body dissociation, respectively.

Interoceptive accuracy was assessed by means of the
heartbeat counting task [72]. A heartbeat perception
score was calculated, across seven consecutive time
intervals of varying length unknown to the participants
(20, 25, 35, 45, 55, 65, 75 s), by comparing the perceived
number of heartbeats (HB) and the actual number of
heartbeats, with higher values (maximum of 1) indicating

(2023) 10:5 Page 5 of 15

higher interoceptive accuracy (overall internal consist-
ency a=0.96) [73].

IAc — 1 27: 1— |>" HBactual;, —>_ HBperceivedy |
7 >~ HBactualy
k=1

Interoceptive awareness was calculated as the within-par-
ticipant Pearson correlation r [13], between interoceptive
accuracy and confidence averaged across trials, resulting
in an interoceptive awareness score ranging from -1 to+ 1.
Negative values indicate a discrepancy between confidence
and objective interoceptive accuracy, while positive values
indicate an accordance and values near zero indicate low
interoceptive awareness:

N=7 — _
Ei:pﬂr[icipant Kin=trial—%i) Qin=rating —Y;)
N-1

s(x;) * s(yi)

HRV was operationalised using the root-mean-square of
successive R—R-interval differences (RMSSD). RMSSD was
chosen as it is claimed to be a comparably robust and sta-
tistically reliable indicator of vagally-mediated short-term
HRV [74], which is mostly unaffected by breathing arte-
facts [75].

Procedure

Participants completed a 5-min resting-state electrocardio-
gram (ECG) measurement before performing the heartbeat
counting task. The ECG was recorded using Einthoven II
electrode placement. HRV-Analysis was based on resting-
state RMSSD values as HRV index. For details, see the
Supplement.

Statistical analysis

Analyses were performed using IBM SPSS v26.0
(descriptives and correlation analyses) and R v3.5.0 via
R plug-in for SPSS (mediation analysis). To account for
deviations from normality, non-parametric analyses
were performed. Two-tailed p<0.05 was employed for
all analyses.

Aim 1: Group comparisons for interoceptive processes
Kruskal-Wallis tests were used to compare groups regard-
ing interoceptive measures. Dunn-Bonferroni-tests were
conducted as post-hoc tests following significant effects (r
as effect size) [76].

Aim 2: Correlation analysis between TCEs, interoceptive
dimensions and emotion dysregulation

Spearman correlations were used to investigate the rela-
tionship between interoceptive dimensions and both TCEs
and emotion dysregulation for the whole sample.
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Aim 3: Analysis of the mediating role of interoceptive
processes between TCEs and emotion dysregulation
Mediation analysis was performed using the ROBMED
macro with robust bootstrap for SPSS (v0.6.0; bootstrap-
ping procedure: 10,000 samples, confidence intervals:
95%, unstandardized coefficients, adjusted robust R? as
effect size) (Alfons et al.: A Robust Bootstrap Test for
Mediation Analysis (August 3, 2018), forthcoming). The
mediation model included interoceptive accuracy (heart-
beat counting task), interoceptive sensibility (mean confi-
dence, body awareness, body dissociation), interoceptive
awareness, and RMSSD as HRV index. Only complete
cases (N=99) were included (missings: »=26 technical
recording issues, n=9 missing self-report, n=2 physi-
ological aberrant finding, n =1 task difficulties).

Results

Group comparisons for interoceptive processes

There was a significant group difference in all three meas-
ures of interoceptive sensibility (see Table 2): Patients
with MD had significantly lower levels of mean confi-
dence than HC (effect size r=-0.37), patients with SSD
had significantly higher levels of body awareness than
patients with MD and patients with PTSD (MD: r=0.33,
PTSD: r=0.46), and all three patient groups reported
significantly higher body dissociation than HC (MD:
r=0.44, SSD: r=0.37, PTSD: r=0.68). However, groups
did not differ significantly in interoceptive accuracy or
interoceptive awareness. With regard to HRV, patients
with MD showed lower RMSSD as HRV index, compared
to patients with SSD (r=-0.40) and HC (r=-0.45). The
groups did not differ in heart rate (H[3] =0.58, p =0.901).

Correlation analysis between TCEs, interoceptive
dimensions and emotion dysregulation

Both TCEs (CTQ score) and emotion dysregulation
(DERS score) were positively correlated with self-
reported body dissociation (see Table 3). No further
significant correlations were obtained for the remain-
ing interoceptive measures after controlling for multiple
testing.

Analysis of the mediating role of interoceptive processes
between TCEs and emotion dysregulation

The mediation analysis revealed a significant indirect
effect of TCEs (CTQ total score) on emotion dysregu-
lation (DERS total score) through body dissociation
(b=10.304, 95% CI [0.139, 0.534]), including interoceptive
accuracy, confidence ratings, interoceptive awareness,
body awareness, and HRV (RMSSD) as parallel media-
tors (see Fig. 1). While the total effect of TCEs on emo-
tion dysregulation was significant (b=0.393 p=0.001),
the direct effect was not after including the mediators

(2023) 10:5 Page 6 of 15

(b=0.089, p=0.455, adjusted robust R*=0.325). In the
current mediation model, body dissociation, but not the
other interoceptive measures, mediated the association
between TCEs and emotion dysregulation.

The observed pattern remained even when trait disso-
ciation was entered as a parallel mediator as can be seen
in the Supplement (see Fig. S1).

Discussion

In the current study, we investigated whether interocep-
tive processes are altered in disorders related to TCEs,
are associated with TCEs and emotion dysregulation,
and do mediate the relationship between TCEs and emo-
tion dysregulation, an important transdiagnostic fea-
ture. Interestingly, in partial support of aim 1, we found
consistent alterations in only one measure of interocep-
tive sensibility, namely body dissociation with higher
scores in patients with PTSD, SSD, and MD compared to
healthy controls. Furthermore, with regard to aims 2 and
3, body dissociation also appeared to be the only measure
significantly associated with TCEs as well as significant
mediator of the association between TCEs and emotion
dysregulation in this large and well-characterized sample
of individuals with varying TCEs.

Our findings of higher body dissociation in three dif-
ferent groups of patients with trauma-related disorders
as well as positive associations to TCEs and emotion dys-
regulation are in line with earlier studies showing higher
body dissociation in individuals with a history of TCEs
[71, 77]. Likewise, the observed associations correspond
to similar findings of heightened dissociation [78—80], a
factor that we controlled for in our analysis. Importantly,
body dissociation, a measure of reduced or impaired
interoceptive sensibility in terms of habitual disregard
or non-attendance of interoceptive signals [81, 82], was
found to mediate the association between TCEs and
emotion dysregulation amongst all measured interocep-
tive processes. The current finding replicates and expands
an earlier mediation analysis in women with BPD [50].

An explanation for its putative clinical importance in
individuals with TCEs and mediating role might be that
body dissociation represents an inner attitude toward
one's own body and a non-adaptive emotion regula-
tion attempt due to TCEs. Whereas interoceptive signal
transmission seems to be sufficient during an attention
state, such as a heartbeat counting task, body dissocia-
tion might indicate a coping style. A habitual avoidance
or disregard of internal bodily experiences and the feel-
ing of seperatedness from one’s own body might reflect
a focus on external stimuli as a protective strategy due
to a history of TCEs. This kind of strategy may have
important implications. First, individuals with TCEs and
higher body dissociation might not be able to accurately
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Table 3 Associations between traumatic childhood experiences, emotion dysregulation, and interoceptive dimensions
Traumatic
childhood
experiences
Traumatic childhood 1 Emotion
experiences (CTQ) Dysregula-
tion
Emotion Dysregulation  .333%* 1 Intero-
(DERS) <.001 ceptive
N=136 accuracy
Interoceptive accuracy  .073 023 1 Confidence
437 805
N=116 N=116
Confidence -196 -170 -.005 1 Awareness
035 068 956
N=116 N=116 N=116
Awareness -098 -.198 =211 .069 1 Body
298 033 023 463 Awareness
N=116 N=116 N=116 N=116 (SBC)
Body Awareness (SBC) -203 -.209 -.281* 261 042 1 Body Dis-
024 020 004 007 674 sociation
N=124 N=124 N=105 N=105 N=105 (SBC)
Body Dissociation (SBC) .372* .555% 007 -216 -.194 -199 1 HRV (RMSSD)
<.001 <.001 940 027 048 027
N=124 N=124 N=105 N=105 N=105 N=124
HRV -077 =211 170 -094 159 -024 -.310% 1
(RMSSD) 392 018 076 330 097 803 .001
N=126 N=126 N=110 N=110 N=110 N=114 N=114

Spearman correlations are presented in the first row of each cell, followed by the probability value and sample size. Critical alpha values are set to (0.05/8 =.006) with

significant values highlighted via asterisk

Abbreviations: CTQ Childhood Trauma Questionniare, DERS Difficulties in Emotion Regulation Scale, HRV Heart rate variability, RMSSD Root Mean Square of Successive

Differences, SBC Scale of Body Connection

detect and monitor bodily signals without a conscious
state of attention in everyday life. Second, individuals
with TCEs might have learned to mistrust their own
bodily signals, either because they regard them as dan-
gerous or simply as unhelpful for determining one’s own
emotional state, and therefore choose to disregard them.
Third, individuals with TCEs might have difficulties inte-
grating and using bodily signals as internal cues for their
own emotions and needs. Given the importance of bod-
ily signals for homeostasis [26, 27] and emotion regula-
tion [28, 29], body dissociation might represent a clinical
variable of interest for psychological interventions. Fur-
thermore, it highlights the need to assess interoceptive
processes more closely in everyday life in order to be
able to determine and disentangle the causes and mech-
anisms underlying heightened body dissociation in indi-
viduals with TCEs.

One such mechanism might be stress. Stress responses
form a complex neuro-behavioral cascade, which includes
physiological changes and corresponding physical symp-
toms [83]. While acute stress reflects a response to a
potentially harmful stimulus of limited duration, chronic
stress can be elicited either by prolonged exposure or

perpetuated in the aftermath of severe stressors. Both
acute and chronic stress have been shown to impact
interoceptive processes [83]. Of note, interoceptive
accuracy and TCEs have been shown to be only associ-
ated during states of acute stress [51, 52]. Chronic stress
as experienced through TCEs might induce malfunc-
tions in the body-brain communication which become
prominent in states of acute stress, wherein deficient
processing of physical symptoms might hinder regulative
processes [83, 84]. One might speculate that the recur-
rence of such experiences and failed adaptive regulations
leads to persistent internal error signals which in turn
may lead to heightened body dissociation. Whether body
dissociation alters the perception of interoceptive signals
during acute stress needs to be investigated in further
studies. Error signals should become prominent during
acute stress, in an attempt to restore homeostasis instead
of a general background noise of interoceptive dysfunc-
tion. Such error signals might even replace habitual dis-
regard of bodily symptoms by perceptions of physical
symptoms in a positive feedback loop [85], thereby repre-
senting interoceptive regulation attempts [84]. Therefore,
alterations in some interoceptive processes might only to
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Path A: Accuracy Path B:
Accuracy: Accuracy:
CTQ: b=0.001, p =.186 Confidence b=-13.46, p = 427
Confidence: Confidence:
CTQ: b=-0.015, p =.190 b=-0.185, p =.927
Awareness: Awareness Awareness:

CTQ: b =-0.003, p =.350
Body Awareness:
CTQ: b=-0.007, p =.027
Body Dissociation:

Body Awareness
(SBC)

b=-4.51,p=.447
Body Awareness:
b=-0.482, p =.907
Body Dissociation:

CTQ: b=0.016, p < .001

b=18.69, p <.001

HRV: Body Dissociation HRV:
CTQ: b=0.012, p =.894 (SBC) =-0.089, p =.292
HRV
Total effect:

b=0.393, p =.001

Traumatic childhood

Direct effect:
b=0.089, p = .455

—————>

Emotion regulation deficits

experiences (CTQ) (DERS)
Indirect effect:
Accuracy: Body Awareness: Awareness:
b=-0.016,95% CI/[-0.116,0.017] b =0.003,95% CI[-0.065,0.087] b=0.012,95% CI/[-0.015,0.108]
Confidence: Body Dissociation: HRV:
b=0.003,95% CI/[-0.043,0.072] b =0.304,95% CI/[0.139, 0.534] =-0.001, 95% CI/[-0.050, 0.024]

Fig. 1 Parallel Mediation Model in a Sample of Patients with Major Depression, Somatic Symptom Disorder, Posttraumatic Stress Disorder, and
Healthy Controls (N=99). Path A represents the effect of the predictor on each mediator, path B represents the combined relationship of each
mediator with the outcome, with the direct effect representing the effect of the predictor on the outcome after inclusion of all mediators and

the total effect representing the basic relationship between the predictor and the outcome. The indirect effect represents the combined effect of
path A and path B and therefore the mediation. Significance inferences at the 0.05 a level are based upon the notion whether confidence intervals
include zero. Abbreviations. CTQ, Childhood Trauma Questionnaire; DERS, Difficulties in Emotion Regulation Scale; HRV, heart rate variability; SBC;

Scale of Body Connection

be expected during homeostatic perturbations [86] such
as acute stress [51, 52, 87]. Whether further interoceptive
processes might emerge as mediators during active emo-
tion regulation demands in individuals with TCEs needs
to be investigated in future studies.

Although interoceptive accuracy has been studied
intensively, we did not find neither a mediation effect
nor significant group differences at rest in the current
sample. Of note, potential methodological shortcom-
ings of the heartbeat counting task have been debated in
the literature, some of which may compromise its valid-
ity. One account is that the original task is contaminated
by non-interoceptive processes, such as estimating one’s
own heartbeats and under-reporting [88]. However, in

order to be able to compare current findings with previ-
ous studies, the original setup of the heartbeat counting
task was administered, resulting in a ratio of 13.79% of
of ‘good’” heartbeat perceivers (based on a score greater
than 0.85) [89], a finding which has has been reported in
previous studies [57, 90]. Although, average interoceptive
confidence and interoceptive accuracy were not signifi-
cantly associated, all groups showed on average positive
values of interoceptive awareness, suggesting that most
participants were able to judge their actual accuracy in
the heartbeat counting task. Therefore, we conclude that
the participants were able to form metacognitive beliefs,
which corresponded on average to the achieved task per-
formance. However, the current mediation analysis and
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group comparisons suggest that the heartbeat counting
task and measures building upon it (i.e., confidence rat-
ings and interoceptive awareness), did not contribute to
reveal interoceptive deficits and mediators in the current
sample. Similarly, performance on the heartbeat counting
task did not show associations to mental health outcomes
in a recent meta-analysis [91], further suggesting that
other operationalisations of interoceptive accuracy might
be more suitable to reveal interoceptive approaches to
treatment [92].

Likewise, RMSSD as HRV index did not emerge as a
significant mediator in our current mediation analysis.
The lacking finding of a direct link between TCEs and
HRYV is in line with a recent meta-analysis [93]. HRV, as
indexed by RMSSD, represents both parasympathetic
tone [94], which can serve as an indicator of cardiac acti-
vation and afferent bodily signal strength [95], as well as
cardiac adaptability and control. Lower HRV has been
shown to be related to adverse physical health outcomes
[54] and found to be typically reduced in trauma-related
disorders [55]. The current findings suggest that para-
sympathetic regulation does not necessarily play a major
role for the link between TCEs and emotion dysregula-
tion. This was unexpected, since dysfunctions of the
ANS, as reflected by altered HRV, have been associated
with stress [96]. In contrast, significantly lower RMSSD
was found only in the MD group. Although not statisti-
cally significant, the observed pattern of lower HRV in
the three patient groups are in line with previous research
[55] indicating, on average, a tendency of autonomic dys-
regulation in the trauma-related patient groups. Of note,
the HC group showed a relatively high standard devia-
tion for the RMSSD which might have masked further
group differences. Although RMSSD as HRV index was
not correlated with TCEs, the finding of a high variance
in the HC group [97] characterized by TCEs needs future
investigation. Interestingly, RMSSD as HRV index in the
current study was negatively correlated with body dis-
sociation but uncorrelated with interoceptive accuracy.
The latter finding is inconsistent with a previous study
[57], wherein a positive relationship was found. How-
ever, further studies with higher sample sizes are needed
in order to disentangle symptom severity, psychotropic
medication load, and HRYV, and to control for possible
confounding variables [98] before strong conclusions can
be drawn. In addition, as HRV has been linked to disso-
ciative experiences [99, 100], associations between HRV
and body dissociation need to be further examined in the
future.

Of importance, the current study revealed interocep-
tive deficits in interoceptive sensibility within the sample
of trauma-related disorders. Whereas patients with SSD
tended to exhibit higher body awareness, which might be
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indicative of an habitual attention tendency as reflected
in the SBC [82] and could interact with bodily distress
[101], patients with MD reported lower levels of mean
confidence. Although this finding needs further repli-
cation especially in moderately depressed patients [47,
102], patients with MD might show a general tendency
of lower task performance confidence but are able to
adequatly judge their performance in a trial-by-trial eval-
uation. Patients with PTSD showed higher body disso-
ciation alongside the other two clinical groups. As body
awareness was not significantly altered in patients with
PTSD, it needs to be further examined whether height-
ened body dissociation might be interpreted as a form of
experiental avoidance in PTSD.

In summary, the findings of the current study under-
line the importance of interoceptive sensibility and
metacognitive beliefs such as the disregard of one’s bod-
ily signals due to body dissociation. The results are in
line with the notion that physiological interoceptive
states and interoceptive accuracy, as mostly measured
in interoceptive studies, might not sufficiently capture
relevant (higher-order) interoceptive processes [10, 13].
As outlined by [103] in their 2 x2 factorial model of
interoceptive abilities, the measurement of interocep-
tive sensibility (representing ‘beliefs’) can be subdivided
concerning interoceptive accuracy (e.g., confidence rat-
ings) and interoceptive attention (e.g., self-reports such
as the SBC), with the latter providing the most distinct
findings in the current study. As the term ‘beliefs’ in a
broader meaning has been adopted on the neural basis
in the active inference framework, interoceptive dysfunc-
tions might be characterized by overly strong expecta-
tions (or ‘beliefs’) shaping the perception of interoceptive
signals [25]. When such expectations are not updated in
case internal or external changes occur, resulting error
signals prevail, further hindering adaptive homeostatic
processes. One intriguing, yet speculative assumption
is that patients with TCEs form interoceptive beliefs
which (sub)-consciously disregard internal bodily expe-
riences due to persistent internal error signals, which in
turn leads to difficulties in emotion regulation. However,
since interoceptive processes represent a complex cas-
cade and further stress-mediating systems such as the
immune system need to be investigated [83], the involved
mechanisms mediating the impact of TCEs on interocep-
tion remain largely unaddressed, with the current study
indicating altered interoceptive beliefs as a possible final
result.

Limitations

Several limitations should be acknowlegded: First,
TCEs were assessed via self-report questionnaire.
Although the CTQ self-report questionnaire has been



Schmitz et al. Borderline Personality Disorder and Emotion Dysregulation

shown excellent convergent validity with an clinical
interview measure recently [104], subjective experi-
ences of TCEs rather than actual exposure have been
investigated as the low agreement between retrospec-
tive and prospective measures of TCEs indicates [105,
106]. Since the cross-sectional design does not allow
for causal inferences, longitudinal studies are needed
which investigate the association between interocep-
tion and prospective measures of TCEs.

Second, TCEs, body dissociation, and emotion dys-
regulation were all measured via self-report. Therefore,
the observed relationship between solely self-report
measures might be affected by monomethod bias.
Moreover, body dissociation as measured by the SBC
includes emotional disconnection [71], which might
share at least some overlap with intolerance of distress
as measured via the DERS [70]. Whether the observed
relationships extend to other measures of body dissoci-
ation and emotion dysregulations needs to be adressed
in future studies.

Third, due to the dimensional approach and matching
rationale, HC and patients without the (self-reported)
presence of TCEs were not investigated. By combining the
groups, we were able to investigate and replicate a parallel
mediation model of different interoceptive processes for
the first time across individuals with TCEs in a large sam-
ple, thereby overcoming shortcomings of previous stud-
ies. Of note, patients with PTSD showed higher scores on
the CTQ. Besides possible interaction effects of TCEs and
clinical diagnosis, the HC group in the current study could
be categorised as ‘resilient’ to a certain degree, in a sense
that they adapted in the face of TCEs without developing
a trauma-related disorder. Future studies are needed to
investigate generalizability of the current findings.

Fourth, to the current state of knowledge, the valid-
ity of interoceptive accuracy based on the heartbeat
counting task [72] is currently debated in the literature.
Although reliability and convergent and discriminant
validity have been recently investigated [107-109],
comparisons between studies are difficult. Importantly,
the results obtained in the current study were compara-
ble to previous studies. However, future studies should
adapt and compare different interoceptive tasks which
incorporate different interoceptive organ systems and
physical arousal states [87, 110-112], instead of the
original heartbeat counting task.

Fifth, we did not control for sex, comorbidities, and
medication which might have affected the results [92,
94, 98, 113-115]. In addition, future studies are needed
which also examine the impact of TCEs on interocep-
tive processes in developmental disorders, since such
disorders develop during sensitive time-periods during
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development wherein TCEs occur, which might limit
generalizability of the current findings.

Conclusion

TCEs represent an important risk factor for psychopathol-
ogy such as emotion dysregulation, and might also impact
certain interoceptive processes. The present findings con-
firmed self-reported body dissociation as a possible media-
tor between TCEs and emotion dysregulation. Developing
psychotherapeutic interventions targeting interoceptive
beliefs might prove to be a promising complement to exist-
ing interventions for patients affected by TCEs.
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