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ABSTRACT

Background: Early life maltreatment is a risk factor for psychiatric disorders, including post-
traumatic stress disorder (PTSD). Post-traumatic stress disorder is a severe and heterogeneous
disorder with fluctuating states of emotional over- and undermodulation, including hypervi-
gilance, dissociation, and emotion regulation deficits. The perception and regulation of emo-
tions have been linked to interoception, the cortical representation and sensing of inner bodily
processes. Although first therapeutic approaches targeting bodily sensations have been found
effective in patients with PTSD, and deficits in interoceptive signal representation have been
reported in other trauma-related disorders, such as borderline personality disorder (BPD), the
role of interoception remains largely unexplored for PTSD.

Objective: The objective was to investigate the cortical representation of cardiac interoceptive
signals in patients with PTSD and its associations with early life maltreatment, trait dissociation,
and emotion dysregulation.

Methods: Twenty-four medication-free patients with PTSD and 31 healthy controls (HC)
completed a 5-min resting electrocardiogram (ECG) with parallel electroencephalogram
(EEG). Heartbeat evoked potential (HEP) amplitudes as a measure for cortical representation
of cardiac interoceptive signals were compared between groups and correlated with self-
report questionnaires.

Results: We did not find significantly different mean HEP amplitudes in patients with PTSD
compared to HC, although HEPs of patients with PTSD were descriptively higher. No significant
associations between mean HEP amplitudes and early life maltreatment, trait dissociation or
emotion dysregulation were obtained within the groups.

Conclusion: The current finding does not indicate deficits in interoceptive signal representa-
tion at rest in individuals with PTSD. Whether patients with PTSD show altered HEP modula-
tions during emotion regulation tasks and might benefit from therapeutic approaches aiming
at changing the perception of bodily signals, needs to be investigated in future studies.

Potenciales evocados de frecuencia cardiaca en pacientes con Trastorno
de Estrés Postraumatico: ;un sistema de regulacion neurobioldgico

inalterado?

Antecedentes: El maltrato temprano es un factor de riesgo para trastornos psiquiatricos,
incluyendo el Trastorno de Estrés Postraumdtico (TEPT). El TEPT es un desorden severo
y heterogéneo con estados fluctuantes de emocionalidad sobre e infra modulada incluyendo
hipervigilancia, disociacion, y déficit de regulaciéon de las emociones. La percepcion
y regulacion de las emociones han sido ligadas con la interocepcion, la representacién cortical
y la sensacion de procesos corporales internos. Aunque los primeros enfoques terapéuticos
que abordaban sensaciones corporales han sido efectivos en pacientes con TEPT, y aunque se
han encontrado déficit en la representacion de sefales interoceptivas en otros desordenes
relacionados con el trauma como el Trastorno de Personalidad Limite (TPL), el rol de la
interocepcidn permanece vastamente inexplorado para el TEPT.

Objetivo: El objetivo fue investigar la representacidn cortical de las sefales interoceptivas
cardiacas en pacientes con TEPT y su asociacién con maltrato temprano, disociacién
y regulacién emocional.

Métodos: 24 pacientes con TEPT sin uso de medicamentos y 31 controles sanos (CS) comple-
taron un electrocardiograma (ECG) de reposo de 5 minutos junto con un electroencefalograma
(EEG) en paralelo. Se compararon las amplitudes de los potenciales evocados cardiacos (HEP
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por sus siglas en inglés) como medida de representacion cortical de sefiales cardiacas intero-
ceptivas y se correlacionaron con cuestionarios de auto-reporte en ambos grupos.
Resultados: No encontramos diferencias significativas en las amplitudes medias de HEP en
pacientes con TEPT en comparacion con CS, aunque las HEP en pacientes con TEPT fueron
descriptivamente mas altas. No se obtuvieron asociaciones significativas entre las amplitudes
medias de HEP maltrato temprano, rasgos disociativos o la desregulacién emocional dentro de
los grupos.

Conclusion: Los hallazgos presentes no indican déficit en la representacion de senales intero-
ceptivas en reposo en individuos con TEPT. La posibilidad de que los pacientes con TEPT
muestren modulaciones alteradas de HEP durante tareas de regulacion emocional y que
puedan beneficiarse de enfoques terapéuticos que lleven a cambiar la percepcion de sefales
corporales, necesita ser investigada en futuros estudios.
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1. Introduction

Post-traumatic stress disorder (PTSD) is a psychiatric
condition, which includes symptom domains of hyper-
arousal, hypervigilance, increased startle sensitivity, and
re-experiencing, but also of avoidance or numbing
(Colvonen et al.,, 2017; Michopoulos, Norrholm, &
Jovanovic, 2015). Besides traumatic stress episodes as
the index event of PTSD, early life maltreatment has
been identified as a risk factor for this disorder (Choi
et al., 2019). Both early life maltreatment and chronic
stress are associated with a dysregulation of physiologi-
cal stress axes, which affect further regulatory systems,
and are considered to result in an altered representation
and sensing of inner bodily signals, termed ‘interocep-
tion’ (Schulz & Vogele, 2015).

Interoception is defined as the processing and sen-
sing of signals arising from the body (Khalsa & Lapidus,
2016). Starting with electrical and chemical impulses at
receptor level, signals are transmitted finally via afferent
pathways to higher cortical areas, like the insular cortex
or the anterior cingulate cortex (Craig, 2002). An undis-
turbed processing of interoceptive signals is considered
to be fundamental for the perception and regulation of
emotions (Critchley & Garfinkel, 2017). As first thera-
peutic approaches targeting bodily sensations, such as
mindfulness-based stress reduction (MBSR) (Kang,
Sponheim, & Lim, 2020), have been found effective in
PTSD (Mehling et al., 2018; van de Kamp et al.,, 2019),

A, PTSD M (R 24
0 B S

an in-depth understanding of the mechanisms under-
lying the processing and perception of bodily signals is
required to design and to evaluate appropriate treat-
ment strategies.

A central parameter of early stages of interoceptive
cortical signal representation in the cardiac domain
represents the heartbeat-evoked potential (HEP) (Sch-
ulz, Schultchen, & Vogele, 2020). The HEP is an event-
related potential recorded at the scalp which occurs time-
locked 250-600 ms after the cardiac R-wave (Coll,
Hobson, Bird, & Murphy, 2021; Leopold & Schandry,
2001). HEP amplitudes can be measured both in resting
state and while performing heartbeat perception tasks
(Coll et al., 2021; Schulz et al, 2020). If assessed in
aresting state, HEPs are interpreted as an index of cortical
representation of cardiac interoceptive signals, indepen-
dent of their conscious perception (Coll et al., 2021;
Schulz et al., 2013; Shao, Shen, Wilder-Smith, & Li,
2011), which may be seen as an early stage of signal
processing (Schulz et al., 2020). Other interoceptive
dimensions, such as interoceptive accuracy (typically
measured with heartbeat perception tasks) and intero-
ceptive sensibility (typically measured via self-report
questionnaires or confidence in an interoceptive accuracy
task) (Garfinkel, Seth, Barrett, Suzuki, & Critchley, 2015),
have been shown to be independent from resting
state HEP amplitudes (Baranauskas, Grabauskaité,
&Griskova-Bulanova, 2017; Mai, Wong, Georgiou, &



Pollatos, 2018; Verdonk et al., 2021). The neuronal gen-
erators of the HEP amplitude have been identified in the
anterior insular and dorsal anterior cingular cortices
(Miiller et al., 2015), the two most important regions of
the interoceptive network (Pollatos, Gramann, &
Schandry, 2007). The insula is both involved in the inter-
oceptive network and the salience network (Chong, Ng,
Lee, & Zhou, 2017; Menon & Uddin, 2010), with
a particular importance in PTSD due to possible misin-
terpretations of interoceptive stimuli in the course of an
internal danger sense (Colvonen et al, 2017) due to
traumatic experiences. While an increased anterior acti-
vation of the insula has been associated with heightened
levels of interoception during states of emotional under-
modulation, such as re-experiencing and hyperarousal
symptoms, a decreased insula activation has been linked
to emotional detachment or emotional overmodulation,
hypoarousal, and dissociative symptoms (for an overview
see Lanius, Frewen, Tursich, Jetly, & McKinnon, 2015).
Since traumatized individuals often cycle between states
of emotional under- and overmodulation, the cortical
representation of interoceptive signals might represent
a promising biomarker of (altered) insula network activ-
ity (Park et al., 2017; Pollatos, Herbert, Mai, & Kammer,
2016). Adressing this open question is essential, as inter-
oceptive signal representation may be used as a predictor
of therapy outcome and can be measured independent of
any cognitive-based task at all stages of symptom burden.

Altered HEP amplitudes as a measure of interoceptive
signal representation have been identified in patients with
borderline personality disorder (BPD) and depersonali-
zation-derealization disorder, two psychiatric disorders
known to show high prevalence rates of early life mal-
treatment as well as high comorbidity with PTSD (de
Aquino Ferreira, Queiroz Pereira, Neri Benevides, &
Aguiar Melo, 2018; Frias & Palma, 2015; Simeon,
Guralnik, Schmeidler, Sirof, & Knutelska, 2001; Swart,
Wildschut, Draijjer, Langeland, & Smit, 2020). BPD,
depersonalization-derealization disorder, and PTSD
each include symptoms such as emotional numbness
and disturbed body ownership (Loffler, Kleindienst,
Cackowski, Schmidinger, & Bekrater-Bodmann, 2020;
Sierra & David, 2011). In individuals with BPD, lower
mean HEP amplitudes, averaged across the whole scalp,
were found as compared to healthy controls, and mean
HEP amplitudes were negatively associated with early life
maltreatment (Miiller et al., 2015; Schmitz et al., 2020).
However, higher HEP amplitudes were reported over
frontal electrodes in individuals with BPD (Flasbeck,
Popkirov, Ebert, & Brune, 2020; Miiller et al., 2015).
Furthermore, HEP amplitudes averaged across a two
electrode setup, did not differ between patients with
depersonalization-derealization disorder and healthy
controls at rest, but HEPs were less affected by attention
focused on heartbeats in cardiac interoception (Schulz
et al.,, 2015). Despite some important differences, major
symptomatic overlaps between BPD, depersonalization-
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derealization disorder, and PTSD are emotion dysregula-
tion (Carpenter & Trull, 2013; Monde, Ketay, Giesbrecht,
Braun, & Simeon, 2013; Pencea et al., 2020) and dysfunc-
tions of the autonomic nervous system (ANS), as
reflected by altered heart rate variability (HRV) (Carr,
de Vos, & Saunders, 2018; Farina, Speranza, Imperatori,
Quintiliani, & Della Marca, 2015; Ge, Yuan, Li, & Zhang,
2020). The term HRYV refers to the beat-to-beat variability
of heart rate (HR), which is mediated by the sympathetic
and parasympathetic nervous system (Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology, 1996). The con-
frontation with major life stressors, such as to be expected
in the aetiology of PTSD, is typically associated with
dysregulations in physiological stress axes (Yehuda
et al,, 2015), for example, higher sympathetic and lower
parasympathetic tone, which is reflected in reduced high-
frequency HRV in PTSD (e.g. Ge et al., 2020). It is likely,
that an altered sympathetic and parasympathetic control
over the HR constitutes alterations in the cardiac signals
which is, therefore, associated with an abnormal cortical
representation of cardiac interoceptive signals (Flasbeck
et al., 2020; MacKinnon, Gevirtz, McCraty, & Brown,
2013; Schulz et al., 2015, 2020). Since patients with BPD
and PTSD show similar alterations in HRV (Carr et al.,
2018; Ge et al., 2020; Koenig, Kemp, Feeling, Thayer, &
Kaess, 2016) and high prevalence rates of early life mal-
treatment (Choi et al., 2019; de Aquino Ferreira et al.,
2018), both might exhibit lower mean HEP amplitudes,
as has been demonstrated in BPD (Miiller et al., 2015;
Schmitz et al., 2020).

In brief, although heart rate (HR) and HRV (Ge
et al.,, 2020; Schneider & Schwerdtfeger, 2020) are
altered in patients with PTSD, and HR reactivity
may represent a pre-treatment biomarker of PTSD
(Colvonen et al., 2017), evidence on the interoceptive
signal representation in patients with PTSD is scarce.
Whereas in a recent intervention study, frontal theta
HEP increase during meditation mediated the treat-
ment effect of an 8-week MBSR on PTSD symptom
improvements in veterans (Kang et al., 2020), no
study has been reported investigating interoceptive
signal representation in comparison to healthy
controls.

The current study thus aimed at investigating (1) the
cortical representation of cardiac signals in patients with
PTSD as compared to healthy controls by means of HEP
amplitudes. In addition, we explored (2) its association
with early life maltreatment and dissociation, as
a common clinical symptom in PTSD, and emotion
dysregulation as a consequence of atypical interoception.
To achieve this, we assessed mean HEP amplitudes in
resting state electrocardiogram (ECG) with parallel elec-
troencephalogram (EEG) in patients with PTSD and HC.
We expected lower mean HEP amplitudes in PTSD
compared to healthy controls and negative correlations
between HEP amplitudes and early life maltreatment,
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dissociation, and emotion dysregulation in the patient
sample.

2, Method
2.1. Participants

Twenty-four medication-free participants with a current
DSM-IV-diagnosis of PTSD (PTSD; 23 women, 1 man;
mean age = 36.21 years, SD = 11.09 years) and 31 age- and
sex-matched HC (29 women, 2 men; mean age = 31.06,
SD = 9.19 years) were enrolled in the study. Demographic
and clinical information are presented in (Tables 1, 2).
The two groups were matched in body-mass-index
(BMI), heart rate, and age. Healthy controls had never
received a psychiatric diagnosis or undergone psycholo-
gical/psychiatric treatment. Group allocation was based
on clinical interviews. Participants with PTSD had all
faced repeated traumatic experiences before the age of
18 years (see early life maltreatment scores in Table 1).
General exclusion criteria were (a) neurological
disorders; (b) current substance use, assessed via
urine toxicology screening; (c) substance abuse in the
last two months; (d) a current or lifetime diagnosis of
BPD; (e) severe medical illness; and (f) regular psycho-
tropic medication. Additional exclusion criteria for
patients with PTSD comprised: Lifetime diagnosis of
schizophrenia, schizoaffective or bipolar disorder, and
substance dependence in the last 12 months. Current
comorbid psychiatric diagnoses of patients with PTSD
included: affective disorders (N = 6), other anxiety
disorders (N = 11), eating disorders (N = 5), somatic
symptom disorders (N = 3). Healthy controls did not
have any current or lifetime psychiatric disorders.
Recruitment was done by the central project of the
KFO-256, a Clinical Research Unit funded by the

Table 1. Comparison of patients with post-traumatic stress
disorder and healthy controls in terms of sex, education, and
the prevalence of comorbid psychiatric diagnoses.

PTSD HC
(n = 24) (n=31)
Data n % n %
Sex
Women 23 95.8 29 93.5
Men 1 4.2 2 6.5
Education
Not specified 4 16.7 5 16.1
Secondary (9y) 1 42 4 12.9
General certificate (10y) 9 375 4 129
University entrance (13y) 10 417 18 58.1
Current comorbid Diagnoses
Affective disorders 6 25.0 0 0
Lifetime 20 83.3 0 0
Anxiety disorders 1 458 0 0
Lifetime 13 54.2 0 0
Somatoform disorders 3 12.5 0 0
Lifetime 3 125 0 0
Eating disorders 5 20.8 0 0
Lifetime 7 29.2 0 0

HC = healthy controls; PTSD = post-traumatic stress disorder

German Research Foundation, dedicated to investigat-
ing mechanisms of disturbed emotion processing in
BPD (Schmahl et al, 2014) and the GRK2350,
a Research Training Group funded by the German
Research Foundation, dedicated to investigating the
impact of adverse childhood experiences on psycho-
social and somatic conditions across the lifespan
(Cackowski & Schmahl, 2019). Participants were
recruited via advertisements and from the pool of in-
and outpatients of the Department of Psychosomatic
Medicine and Psychotherapy at the Central Institute
of Mental Health and of the Department of General
Psychiatry at the University of Heidelberg. HC were
recruited through advertisements and the local resi-
dents’ registration office. The Ethics Committee of
the Medical Faculty of the University of Heidelberg
approved the study. All participants provided writ-
ten informed consent and were paid for their
participation.

2.2. Procedure

2.2.1. Data acquisition

A 5-min resting state EEG and ECG (closed eyes) was
recorded. Participants sat in a comfortable upright
position in a sound-attenuated, dimly lit room. The
EEG was measured from 60 Ag/AgCl electrodes (equi-
distant reference system; EasyCap GmbH, Herrsching,
Germany), using an average reference (<10 kQ, 72-
channel QuickAmp amplifier; Brain Products, GmbH,
Gilching, Germany; with a band-pass filter of 0.01-
200 Hz and a sampling rate of 1000 Hz). The signal
was recorded via BrainVision Recorder 1.20. Vertical
and horizontal electrooculogram were recorded from
the epicanthus of each eye and from the supra- and
infra-orbital positions of the left eye. In addition, the
ECG was recorded according to Einthoven II, using
two monitoring electrodes with micropore tape and
solid gel (3 M Healthcare).

2.2.2. Data processing

A band-pass filter was set to 0.01-200 Hz, signals were
digitized at 1,000 Hz (Brain Vision Analyser 2.0 soft-
ware, Brain Products GmbH), filtered digital (band-
pass: 0.1-35 Hz, 24 dB/octave rolloff), corrected for
eye-movement artefacts, rejected semiautomatic of
trials with artefacts, and segmented into 1,200-ms
periods (-200 ms to 1,000 ms of the ECG R-wave;
see Gray et al, 2007) with baseline correction
(—200 ms to R-peak). On average, the analysed num-
ber of segments were 301.88 in the PTSD group
(SD = 49.34) and 29697 in the HC group
(SD = 50.23) (U = 365.0, z = —0.12, p = .905). The
number of rejected segments due to artefacts did not
differ between both groups (PTSD group: 3.53%; HC
group: 4.45%; U = 409.0, z = 0.63, p = .530). For
semiautomatic detection of the R-peaks in the filtered



ECG data (down sampling 250 Hz) and subsequent
calculation of heart rate, we used ARTiiFACT software
(Kaufmann, Sitterlin, Schulz, & Vogele, 2011).
Separate HEP-averages were computed for each elec-
trode and individual. Statistical analyses were con-
ducted on the mean voltage from 455 to 595 ms after
the R-wave, since influences of the electrocardiac field-
artefact are less than 1% in this time window (Gray
et al., 2007). For mean HEP amplitudes, we calculated
the average across all 60 head electrodes.

2.3. Measures

2.3.1. Psychiatric disorders

Qualified and trained diagnosticians (i.e. at least a mas-
ter’s degree in clinical psychology) assessed PTSD and
other psychiatric diagnoses with the semi-structured
interviews Structured Clinical Interview for DSM-IV
Axis I Disorders (SCID-I; First, Spitzer, Gibbon, &
Williams, 1995) and International Personality Disorder
Examination (IPDE; Loranger, Janca, & Norman, 1997)
for selected Axis IT disorders in both patients and healthy
controls.

2.3.2. Early life maltreatment

Early life maltreatment was measured using 25 of the 28
items on the German version of the Childhood Trauma
Questionnaire (CTQ; Klinitzke, Romppel, Hauser,
Brahler, & Glaesmer, 2012). Participants rated the fre-
quency of traumatic experiences on a 5-point Likert scale
ranging from 1 (not at all) to 5 (very often). A total score
was calculated ranging from 25 to 125 (overall internal
consistency in the present study a = .92 [PTSD] and
a = .85 [HC]).

2.3.3. Emotion dysregulation

Emotion dysregulation was assessed with the Difficulties
in Emotion Regulation Scale (DERS; Gratz & Roemer,
2004). Participants rated each item on a 5-point Likert
scale ranging from 1 (almost never) to 5 (almost always).
A total score was calculated ranging from 36 to 180
(overall internal consistency in the present study o = .88
[PTSD] and a = .87 [HC)).

2.3.4. Trait dissociation

Traijt dissociation was assessed with the ‘Fragebogen
zur Erfassung Dissoziativer Symptome’ (FDS), the
German adaptation of the Dissociative Experiences
Scale (Spitzer et al., 1998). The FDS consists of 44
items measuring the frequency of dissociative experi-
ences. Participants rated the frequency of each item in
10% increments, ranging from 0% (never) to 100%
(always). A mean score was calculated ranging from
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0 to 100 (overall internal consistency in the present
study a = .93 [PTSD] and a = .84 [HC]).

2.3.5. General psychopathology

General psychopathology was measured using the
German version of the Brief Symptom Inventory (BSL
Franke, 2000). The BSI assesses past-week clinically rele-
vant symptoms. Participants rated each of the 53 items
on a 5-point Likert scale ranging from 0 (not at all) to 4
(extremely). The Global Severity Index (GSI), defined as
the mean of all items, was calculated ranging from 0 to 4
(overall internal consistency in the present study a = .92
[PTSD] and a = .86 [HC]).

2.3.6. Depressiveness

Depressiveness was measured using the Beck Depression
Inventory (BDI; Hautzinger, Bailer, Worall, & Keller,
1994). Each of the 21 items represents an affective or
somatic symptom related to depression and is com-
posed of four statements reflecting symptom severity.
Participants rated each item on a statement scale ranging
from 0 (no disturbance) to 3 (maximal disturbance).
A total score was calculated ranging from 0 to 63 (overall
internal consistency in the present study a = .90 [PTSD]
and a = .63 [HC]).

2.3.7. Trait anxiety

Trait anxiety was measured using the State-Trait-Anxiety
-Inventory (STAL Laux, Glanzmann, Schaffner, &
Spielberger, 1981). This inventory assesses state anxiety
and trait anxiety with 40 items. Participants rated each of
the items on a 4-point Likert Scale ranging from 1 (not at
all) to 4 (very much so). In the current study, only the
trait anxiety score was used ranging from 20 to 80 (over-
all internal consistency in the present study a = .89
[PTSD] and a = .86 [HC]).

2.4. Data analysis

Statistical Analyses were conducted using SPSS
(Version 25.0). BMI and clinical self-reports were
missing in up to four cases (as indicated in Table 2)
and imputed by group mean values.

To investigate group differences in cortical repre-
sentation of cardiac interoceptive signals, we per-
formed three successive analyses:

First, a t-test for independent samples was used to
investigate group differences in mean HEP amplitudes
over all 60 electrodes.

Second, to further investigate the spatial distribution
of HEP amplitudes, a 2 x 8 x 2 mixed design analysis of
variance (ANOVA) was used to investigate the between-
subject factor group (PTSD, HC) and the within-subject
factors scalp location (frontal, frontocentral, central, cen-
troparietal, parietal, temporal, parietooccipital, occipital)
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Table 2. Clinical and self-reported data of patients with post-traumatic stress disorder and healthy controls.

PTSD HC
(n=24) (n=31) Group comparison

Data M SD M ) U p° d
Age (years) 36.21 11.09 31.06 9.19 470.50 094 0.51
Body Mass Index” 24.28 5.74 24.48 3.57 329.00 466 0.04
Heart rate 64.48 9.99 65.10 10.19 370.00 973 0.07
General Psychopathology (BSI GSI) 1.26 0.52 0.15 0.14 739.00 <.001 3.10
Depressiveness 23.91 10.93 3.06 2.59 738.50 <.001 2.80
(BDI total score)®
Trait-Anxiety (STAI total subscore) © 56.05 8.40 31.20 6.12 739.50 <.001 345
Dissociation (FDS total score) © 14.36 9.62 2.73 2.50 693.50 <.001 1.76
Early Life Maltreatment 73.60 21.86 41.17 15.80 651.00 <.001 1.74
(CTQ total score)®

Emotional Abuse 17.52 6.10 9.37 4.90 620.50 <.001 1.50

Physical Abuse 11.67 530 8.17 4.78 546.00 .002 0.70

Sexual Abuse 14.57 6.45 6.27 2.66 644.00 <.001 1.77

Emotional Neglect 18.24 5.83 10.47 451 631.00 <.001 1.52

Physical Neglect 11.59 4.68 6.90 2.96 612.50 <.001 1.23
Emotion Dysregulation (DERS total score) d 110.71 17.71 65.25 13.98 725.00 <.001 2.89

BDI = Beck Depression Inventory; BSI GSI = Brief Symptom Inventory Global Severity Index; CTQ = Childhood Trauma Questionnaire; DERS = Difficulties in
Emotion Regulation Scale; FDS = German adaptation of the Dissociative Experience Scale (DES); HC = healthy controls; PTSD = post-traumatic stress

disorder; STAI = State-Trait-Anxiety Inventory.

3Uncorrected for multiple testing. ® n = 2 missings replaced by group mean values. € n = 3 missing replaced by group mean values. 94 n = 4 missing replaced

by group mean values.

and laterality (left, right) on mean HEP-amplitudes (con-
sistent to Mai et al., 2018). This resulted in the following
clusters: frontal left (FP1, AF3, F1, F5, F9, FT7, FT9, F9/
FT9), frontal right (FP2, AF4, F2, F6, F10, FT10, FTS,
F10/FT10), frontocentral left (FC3, FC5), frontocentral
right (FC4, FC6), central left (C3, C5), central right (C4,
C6), centroparietal left (CP1, CP3, CP5), centroparietal
right (CP2, CP4, CP6), parietal left (P1, P7, P9), parietal
right (P2, P8, P10), temporal left (T7, TP7, TP9), tem-
poral right (T8, TP8, TP10), parietooccipital left (PO1),
parietooccipital right (PO2), occipital left (O1, O9), and
occipital right (02, 010).

Third, to increase the comparability of the current
study with previous findings in BPD (Miiller et al,
2015), we performed a second 2 x 4 mixed design
ANOVA, which included the between-subject factor
group and the midline electrodes as within-subjects
factor (electrode position: Fz, Cz, Pz, and Oz; consis-
tent with Miiller et al., 2015).

Associations between HEPs, early life maltreat-
ment, trait dissociation, and emotion dysregulation
were analysed with Spearman correlations for each
group separately. Correlation coefficients were com-
pared using Fisher’s z transformation.

Finally, a Mann-Whitney-U-test was used for com-
parison of ECG mean amplitudes between groups,
since ECG data were not normally distributed in the
HC group. Further Mann-Whitney-U-tests were used
for comparison of clinical and self-reported data
between groups in Table 2.

For the two ANOV As, Greenhouse-Geisser corrected
results are reported. Post-hoc analyses were conducted
using t-tests for dependent samples, and Bonferroni cor-
rection was applied. The normality distribution of the
data was investigated using the Shapiro-Wilk test.

A significance threshold of p < .05 two-tailed was
employed for all analyses. For t-tests, Cohen’s d is
reported as an effect size index, while for the ANOVAs
partial n° is used as an effect size index. According to
Cohen (1988), small, moderate, and large effects are
defined as Cohen’s d of 0.20, 0.50 and 0.80, partial n’> of
.01, .06, and 0.14, and correlation coefficients r of .10, .30
and .50, respectively.

Sensitivity analyses (1-p = .80) showed that the
sample size was adequate to detect medium-sized cor-
relations of r = .48 in the PTSD group and medium
group differences of d = 0.68.

3. Results
3.1. T-test

As shown in Figure 1A, HEP amplitudes of patients with
PTSD did not differ significantly from those of HC
individuals (¢{53] = 0.74, p = .462, d = 0.20). Patients
with PTSD showed descriptively higher HEP amplitudes
(M =0.03 uV, SD = 0.05 uV) compared to HC indivi-
duals (M = 0.02 uV, SD = 0.04 uV). Furthermore, we
tested if the variance in the PTSD group was higher than
in the HC group, but the difference in variance was only
significant at trend level (F[1, 53] = 3.92, p = .053).

3.2. ANOVA for clusters with factors scalp
position and laterality

At parietal and temporal electrodes, HEP amplitudes
were higher over the right than over the left hemisphere
(interaction effect of scalp location by laterality: F[4,
215] = 4.67, p = .001, qz = .08; corresponding post-hoc
tests: parietal left vs. right t[54] = —4.51, ppons < 001,
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Figure 1. Mean heartbeat-evoked potential amplitudes of current PTSD patients and healthy controls.

Note: Cz = central midline electrode; Fz = frontocentral midline electrode; HC = healthy control, HEP = heartbeat-evoked potential;
0z = occipital-central midline electrode; PTSD = posttraumatic stress disorder; Pz = parietal central midline electrode. A: Mean
heartbeat-evoked potential amplitudes of patients with current PTSD (n = 24) and HC (n = 31). B: Scatterplot of the relationship
between early life maltreatment (CTQ score) and mean HEP amplitudes with separate regression for each group (PTSD, HC). C:
Graphic illustration of mean HEP amplitudes on midline electrodes (the grey area depicts the analysed timeframe 455-595 ms
after the R-wave). D: Head maps of the HEP for the analysed timeframe 455-595 ms after the R-wave.

d = 0.54 and temporal left vs. right #[54] = —5.15, pponf <
.001, d = 0.75), as shown in Figure 1D. Overall, activity
was lower for frontal electrodes compared to central,
centroparietal, parietal, and parietooccipital (all pgonf <
.024, d > 0.60) electrodes and higher for centroparietal
electrodes compared to all other electrodes (all pgonr <
.026, d > 0.37). However, no significant main or interac-
tion effect of group emerged in this analysis (main effect
of group: F[1, 53] = 0.80, p = .375, q2 = .02, interaction
effect of group by scalp location: F[3, 160] = 0.86, p = .463,
n° = .02, interaction effect of group by laterality: F[1,
53] = 0.27, p = .607, n° = .01, interaction effect of group
by scalp location by laterality: F[4, 215] = 0.34, p = .854,
n° =.01).

3.3. ANOVA for midline electrode positions

HEP amplitudes were lower at the frontal midline elec-
trode compared to the central midline electrode (¢
[54] = —3.71, pponr = -003, d = 0.85; see also Figure 1C)
with no significant interaction effect of group by elec-
trode position (F[3, 159] = 0.64, p = .591, i° = .01).

3.4. Correlations

As shown in Figure 1B, no significant correlations were
obtained between mean HEP-amplitudes and early life
maltreatment (CTQ score; PTSD group: p = .23, p = .289;
HC group p = —.10, p = .584). Likewise, the correlations
between mean HEP-amplitudes and trait dissociation
(FDS total score; PTSD group: p = .23, p = .273; HC
group: p = —.21, p = .254), and between mean HEP
amplitudes and emotion dysregulation (DERS total
score; PTSD group: p = .33, p = .112; HC group: p = .18,
p = .347) did not reach significance. Comparisons
between the correlation coefficients of the two groups
yielded no significant differences (all z < 1.55, p > .061).

3.5. Additional analyses of ECG amplitudes

Mean ECG amplitudes did not differ between the two
groups (U = 435.0, z = 1.07, p = .285). There was no
significant association with mean HEP amplitudes
(p = —.17, p = .205).
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4. Discussion

To our knowledge, this is the first study to investigate
the cortical representation of cardiac interoceptive
signals by means of HEP amplitudes, in patients with
PTSD compared to healthy controls. We found no
significant differences between both groups and no
significant associations between mean HEP ampli-
tudes, early life maltreatment, trait dissociation, and
emotion dysregulation. Inconsistent with our hypoth-
eses, we did not found reduced HEPs in a resting state
in the PTSD group, and found non-significant positive
associations between early life maltreatment, trait dis-
sociation, and emotion dysregulation.

Altered HEP amplitudes have previously been found
in psychiatric disorders known to show high prevalence
rates of early life maltreatment, high comorbidity as well
as symptomatologic overlap with PTSD, such as BPD
(Miiller et al., 2015; Schmitz et al., 2020) and depression
(Terhaar, Viola, Bir, & Debener, 2012). In the current
study, however, we did not find significantly altered rest-
ing state HEP amplitudes at any electrode position or
cluster in a medication-free sample of patients with
PTSD. Similar null findings for resting state HEP ampli-
tudes have also been reported in patients with deperso-
nalization-derealization disorder (Schulz et al., 2015) and
panic disorder (Yoris et al., 2017). Although PTSD is not
classified as an anxiety disorder anymore in DSM-5, the
current finding of a unaltered HEP amplitude is in line
with the comparable finding in patients with panic dis-
order. As panic disorder is characterized by hypervigi-
lance for inner bodily changes, one might speculate that
patients with PTSD might exhibit similar bodily hypervi-
gilance. However, contrary to the notion of elevated
symptoms due to heightened awareness of physical sen-
sations in models of anxiety (Domschke, Stevens,
Pfleiderer, & Gerlach, 2010; Paulus & Stein, 2010), higher
levels of interoceptive accuracy in heartbeat perception
have been negatively associated with PTSD symptoms in
female sexual trauma survivors (Reinhardt et al., 2020).
Although the current sample consisted of patients with
a clinical diagnosis of PTSD and might therefore exhibit
different mechanisms, heightened awareness might pose
a functional approach - rather than a hypervigilant
avoidance-behaviour. Studies are needed that incorpo-
rate interoceptive attentional states, e.g. while performing
an interoceptive task (e.g. Fittipaldi et al., 2020; Smith
et al,, 2020), in order to investigate HEP modulation in
PTSD and to shed light on to the question whether
cortical representation of interoceptive signals is asso-
ciated with higher or lower interoceptive accuracy in
PTSD and further early trauma-related disorders, such
as BPD.

A possible explanation of the current findings of
comparable HEP amplitudes as healthy controls, is that
pathogenic processes might not significantly influence
interoceptive signal representation in resting state in

patients with PTSD. Instead, both emotional under-
and overmodulation have been associated with insula
activity patterns in PTSD (Lanius et al., 2015). As the
HEP amplitude is modulated by affective predictions
(Marshall, Gentsch, & Schutz-Bosbach, 2020), investigat-
ing HEP modulation during emotion regulation tasks
might shed light on to the question, how interoceptive
and neural mechanisms during dynamic states of hyper-
arousal and dissociation might differ in PTSD.
Furthermore, self-reported body dissociation, which
includes experiences of emotional disconnection and
may be seen as a coping style and inner attitude towards
one’s own body as opposed to general dissociative symp-
toms, has been shown to be higher in trauma-exposed
individuals (Price, 2007; Price & Thompson, 2007). The
current finding of comparable HEP amplitudes at rest as
healthy controls in PTSD, might reflect a stronger inter-
oceptive signal as compared to findings in other mental
disorders, but this signal might also be blurred by more
noise and affect higher order mechanisms, such as body
dissociation. Whether interoceptive signal representation
in PTSD contributes to maladaptive beliefs about the
importance of bodily signals, needs to be addressed in
further studies. The dissociative subtype of PTSD is
common (Swart et al., 2020) and has been reported to
show distinct functional connectivity patterns in the
insula (Harricharan et al., 2020), an interoceptive core
region (Pollatos et al., 2007). Thus, interoceptive signal
representation might differ for patients with the disso-
ciative subtype of PTSD. Patients with depersonaliza-
tion-derealization disorder have been reported to show
comparable mean HEP amplitudes at rest as healthy
controls but a lack of attentional modulation of HEP
during cardiac interoception (Schulz et al, 2015).
Furthermore, patients with dissociative disorder showed
deficits in heartbeat perception (Schiflein, Sattel,
Pollatos, & Sack, 2018), which might be indicative of an
avoidance of bodily signals and might further hinder
functional approach-behaviour in patients with comor-
bid PTSD (see also Reinhardt et al., 2020). In the current
study, half of the patients with PTSD scored above the
FDS cut-off of 13 (Rodewald, Ursula, & Hinderk, 2006),
according to which pathological dissociative experiences
may be assumed. Due to the small sample size, explora-
tory analyses comparing patients with PTSD below and
above the cut-off score and HC were not computed.
However, the dissociative subtype needs to be investi-
gated in future studies.

Besides comparing mean HEP amplitudes between
patients with PTSD and HC, we also investigated the
relationship between the mean HEP amplitude and
early life maltreatment. Studies investigating the
impact of early life maltreatment on interoception
are scarce, with first studies indicating that early life
maltreatment may enhance stress-induced and psy-
chopathology-related malfunctions in interoceptive
domains (Miller et al., 2015; Schaan et al., 2019;



Schmitz et al., 2020; Schulz et al., 2021). In the current
study, however, the association between early life
maltreatment and HEP in patients with PTSD did
not reach significance. Since an association between
early life maltreatment and heartbeat perception after
an acute stressor but not at resting state has been
reported in healthy individuals (Schaan et al., 2019),
states of emotional under- and overmodulation in
patients with PTSD need to be investigated.

Before strong conclusions can be drawn, the following
limitations of the current study need to be considered:
First, although the sample of patients with PTSD was free
of medication and carefully matched with the healthy
controls, the sample size is only moderate. Whereas
statistical power was adequate for detecting medium
group differences and medium-sized correlations in the
two samples, the obtained group difference between
PTSD and HC for mean HEP amplitudes was smaller
than expected on the basis of previously reported
medium effect sizes in similar studies with clinical
and healthy control groups (Flasbeck et al., 2020;
Miiller et al., 2015; Schmitz et al., 2020). Second, the
sample was almost all-female. Since sex effects on
HEPs have been reported (MacKinnon et al., 2013),
associations between HEPs, sex and type of trauma
need to be investigated in further studies. Third, infor-
mation about psychotherapeutic interventions and
treatment status were not collected and could thus
not be taken into account. Since preliminary evidence
indicates a possible mediation effect of HEP changes on
the relationship between a mindfulness-based stress
reduction on PTSD symptom improvements (Kang
et al., 2020), future studies might investigate the impact
of therapeutic interventions on HEP amplitudes in
patient samples. Fourth, a number of comorbid disor-
ders were diagnosed in the PTSD group. Although this
represents a typical pattern of clinical samples, it cannot
be ruled out that these comorbidities, such as somatic
symptom and eating disorders, may have affected the
results. More and larger studies including data of dif-
ferent clinical groups with trauma-related disorders are
needed, before strong conclusions regarding disorder-
specific dysfunctions in interoceptive signal processing
(or a lack thereof) can be drawn.

In sum, this is the first study to report interoceptive
signal processing in individuals with PTSD in a resting
state. Contrary to our hypothesis, mean HEP amplitudes
did not significantly differ from those of healthy controls
and were not significantly associated with early life mal-
treatment, trait dissociation, and emotion dysregulation.
The current finding thus indicate differences in
interoceptive processes between PTSD and other
trauma-associated mental disorders, such as BPD and
depression, where significantly reduced HEP amplitudes
have been reported. Further studies are needed, to inves-
tigate and compare different dimensions of interoceptive
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processes, including heartbeat perception and the sub-
jective sensibility for interoceptive signals, in addition to
the cortical representation of cardiac signals in PTSD as
well as other trauma-associated disorders.
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