Development and Psychopathology (2022), 34, 1013-1024
doi:10.1017/S0954579420001613

CAMBRIDGE
UNIVERSITY PRESS

Regular Article

Noradrenergic activation induced by yohimbine decreases
interoceptive accuracy in healthy individuals with
childhood adversity

André Schulz!
Linn K. Kuehl?

IClinical Psychophysiology Laboratory, Institute for Health and Behaviour, Department of Behavioural and Cognitive Sciences, Faculty of Humanities, Education and
Social Sciences, University of Luxembourg, Esch-sur-Alzette, Luxembourg and 2Department of Psychiatry and Psychotherapy, Charité - Universitatsmedizin Berlin,
corporate member of Freie Universitat Berlin, Humboldt-Universitat zu Berlin, and Berlin Institute of Health, Berlin, Germany

, Christian E. Deuter?, lon-Hideo Breden!, Claus Vogelel, Katja Wingenfeld?, Christian Otte? and

Abstract

Acute stress affects interoception, but it remains unclear if this is due to activation of the sympatho-adreno-medullary (SAM) or hypotha-
lamic-pituitary—adrenocortical axis. This study aimed to investigate the effect of SAM axis activation on interoceptive accuracy (IAcc).
Central alpha2-adrenergic receptors represent a negative feedback mechanism of the SAM axis. Major depressive disorder and adverse
childhood experiences (ACE) are associated with alterations in the biological stress systems, including central alpha2-adrenergic receptors.
Here, healthy individuals with and without ACE as well as depressive patients with and without ACE (n = 114; all without antidepressant
medication) were tested after yohimbine (alpha2-adrenergic antagonist) and placebo. We assessed IAcc and sensibility in a heartbeat count-
ing task. Increases in systolic and diastolic blood pressure after yohimbine confirmed successful SAM axis activation. IAcc decreased after
yohimbine only in the healthy group with ACE, but remained unchanged in all other groups (Group x Drug interaction). This effect may be
due to selective upregulation of alpha2-adrenergic receptors after childhood trauma, which reduces capacity for attention focus on heart-
beats. The sympathetic neural pathway including alpha2-adrenergic circuitries may be essential for mediating interoceptive signal transmis-
sion. Suppressed processing of physical sensations in stressful situations may represent an adaptive response in healthy individuals who
experienced ACE.
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Introduction physiological stress axes, that is the sympatho-adreno-medullary
(SAM) axis and hypothalamic-pituitary-adrenocortical (HPA)
axis (Chrousos & Gold, 1992; McEwen, 2007). One way to under-
stand symptom generation in mental disorders may thus be elu-
cidating the impact of both stress axes on interoception.
Interoception is considered a multifaceted construct and can
be subdivided into (Garfinkel, Seth, Barrett, Suzuki, & Critchley,
2015): (a) Interoceptive accuracy (IAcc), that is the correspon-
dence between objectively occurring and perceived bodily signals
(e.g., heartbeats), which is typically assessed using heartbeat per-
ception tasks (e.g., “heartbeat counting task” [HCT]: Schandry,
1981). (b) Interoceptive sensibility (IS), which refers to the ten-
dency to focus on signals from inside the body. This facet is
based on self-reports, such as confidence ratings about one’s accu-
racy or specific questionnaires. (c) Metacognitive interoceptive

Interoception, the perception of signals from inside the body,
plays an important role in health and disease. Altered interocep-
tion can be observed in mental disorders with physical symptoms,
such as major depressive disorder (MDD) (Avery et al., 2014;
Dunn, Dalgleish, Ogilvie, & Lawrence, 2007; Terhaar, Viola,
Bar, & Debener, 2012) or somatic symptom disorders (Pollatos
et al, 2011; Schaefer, Egloff, Gerlach, & Witthoft, 2014). One
important factor for altered interoception and, therefore, the gen-
eration of physical symptoms in these disorders is an allostatic
disturbance of regulatory circuitry of bodily systems (Harshaw,
2015; Khalsa et al., 2018; Schulz & Végele, 2015). Two prominent
examples of these regulatory circuitries concern both
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awareness, representing the correspondence between IAcc and
IS, which is estimated with intra-individual correlations between
both measures, thus requiring a large number of trials to produce
interpretable data (Garfinkel et al., 2015). IAcc is interpreted as
the most basic indicator of interoceptive abilities as it shows a sta-
ble relationship with both other facets, whereas the other facets
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remain partially unrelated (Forkmann et al., 2016; Garfinkel et al.,
2015, 2016).

TAcc increases after a strong laboratory stressor when attention
is only focused on heartbeats (Schandry & Specht, 1981; Schulz,
Lass-Hennemann, Sutterlin, Schichinger, & Vogele, 2013). Both
physiological stress axes might be involved, as both cortisol
(Maeda, Ogishima, & Shimada, 2019; Schulz, Strelzyk, et al.,
2013) and beta-adrenergic activation (Eichler & Katkin, 1994;
Herbert, Pollatos, Flor, Enck, & Schandry, 2010; Moor et al.,
2005) may increase IAcc. It remains unclear, however, whether
one of these axes was responsible for the increasing effect after
a laboratory stressor (Schulz, Lass-Hennemann, et al., 2013).
A limitation of one previous study was that only the peripheral
branch of the SAM axis was activated (e.g., stimulation of
betal-adrenergic receptors by adrenaline and betal-adrenergic
blockade by esmolol infusion) (Moor et al., 2005), whereas the
role of the central branch (e.g., central noradrenergic system)
remained unclear. The first aim of the current study was, there-
fore, to elucidate the impact of an activation of the entire SAM
axis by a pharmacological intervention on IAcc.

Central alpha2-adrenergic receptors have their highest density
within the locus coeruleus (LC) (Coull, 1994) and the nucleus
tractus solitarius (NTS) (Rockhold & Caldwell, 1980) and, as
autoreceptors, mediate a negative feedback mechanism for central
noradrenergic and sympathetic activity. Alpha2-antagonists have
been shown to induce increased alertness, vigilance (Berridge
& Foote, 1991) and sympathetic cardiovascular activation as
indicated by increased heart rate (HR), systolic (SAP), and dia-
stolic arterial blood pressure (DAP) (Philippsen et al., 2007). In
summary, the blockade of alpha2-adrenergic receptors can be
used to activate both central and peripheral components of the
SAM axis.

Previous studies of acute stress on interoception have mainly
investigated the role of normally functioning physiological
stress axes of healthy individuals for IAcc. In contrast, the rela-
tionship between physiological stress axes and IAcc in chronic
stress or stress-related disorders, such as MDD, remains unclear.
Environmental stress and adverse life events, such as adverse
childhood experiences (ACE), play an important role in the devel-
opment and clinical course of MDD (Brown, Harris, & Hepworth,
1994; Brown, Schulberg, Madonia, Shear, & Houck, 1996; Kessler,
1997; Paykel, 2001). Therefore, it is not surprising that changes of
stress hormones and neurotransmitter regulation related to the
physiological stress axes have been associated with MDD.
Noradrenaline has even been suggested to play a key role in the
pathophysiology of MDD (Maletic, Eramo, Gwin, Offord, &
Duffy, 2017). Especially regarding alpha2-adrenergic receptors,
there is evidence suggesting increased affinity and density in the
LC and the prefrontal cortex in MDD patients (Cottingham &
Wang, 2012; Garcia-Sevilla et al, 1999; Ordway, Schenk,
Stockmeier, May, & Klimek, 2003; Rivero et al, 2014).
Interestingly, chronic social stress can affect alpha2-receptor reg-
ulation depending on receptor subtypes, timing, and brain region
(Flugge, 1996, 1999; Flugge, van Kampen, Meyer, & Fuchs, 2003).
ACE, especially as defined in this study as repeated physical or sex-
ual abuse, constitute a severe chronic stress condition and an
important risk factor for mental disorders including MDD.
Furthermore, ACE affect the stress regulation systems (Heim,
Ehlert, & Hellhammer, 2000; Orr, Metzger, & Pitman, 2002; Otte
et al, 2016) and may therefore be one important reason for alter-
ations in the stress systems in MDD (Heim et al., 2000; Heim,
Newport, Mletzko, Miller, & Nemeroff, 2008; Otte et al., 2005).
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Thus, increased central alpha2-adrenergic receptor sensitivity
characterized by enhanced affinity and density might be especially
present in a subgroup of MDD patients with a history of ACE.
Results of a study using a challenge test with an alpha2-receptor
agonist in individuals with ACE but no MDD suggest increased
alpha2 receptor sensitivity in association with childhood trauma
(Lee, Fanning, & Coccaro, 2016). This highlights the necessity to
disentangle potential effects of MDD and ACE on alpha2-
adrenergic receptor function.

In summary, previous studies of acute stress effects on IAcc
cannot reveal relevant processes underlying potential alterations
of TAcc in stress-related disorders. The second aim of the current
study was, therefore, to clarify the impact of an SAM axis activa-
tion on IAcc in healthy individuals with and without ACE, as well
as in MDD patients with and without ACE.

We assessed MDD patients with and without ACE, and
healthy individuals with and without ACE, with the aim of disen-
tangling differential effects of MDD and ACE. Participants were
tested once after intake of a yohimbine and once after intake of
a placebo pill. Two indicators of interoception were measured
in a common HCT: (a) IAcc, which is seen as most relevant indi-
cator of interoception, and (b) IS, reflecting subjective beliefs
about one’s accuracy (Garfinkel et al, 2015). In accordance
with previous studies of acute stress on IAcc (Schulz, Lass-
Hennemann, et al, 2013), we hypothesized (I) an increase of
IAcc and IS after yohimbine administration, but not after placebo
intake. Furthermore, we expected (II) principally lower IAcc and
IS in MDD and ACE groups than in healthy participants (Dunn
et al,, 2007; Terhaar et al.,, 2012). Finally, we expected (III) for
yohimbine effects on cardiovascular activity and interoception
to be stronger in individuals with potential upregulation of
alpha2-adrenergic activity (MDD and ACE groups).

Methods
Participants

The study design was approved by the ethics committee of the
German Society for Psychology (Deutsche Gesellschaft fiir
Psychologie). All participants provided written informed consent.
Healthy participants and outpatients received monetary reim-
bursement (100 €) for participation. Depressed patients and
healthy participants were recruited by public postings and from
our specialized affective disorder unit at the Department of
Psychiatry and Psychotherapy, Campus Benjamin Franklin,
Charité - Universititsmedizin Berlin.

Depressed patients were included if they fulfilled criteria for a
current episode of MDD as assessed by a trained psychologist
(LKK. or CED.) using a German version of the Structured
Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV) axis I (SCID-I)
(Wittchen, Zaudig, & Fydrich, 1997) to validate psychiatric diag-
noses. In addition to the SCID-I interview, current depressive
symptoms were assessed using a clinical rating scale and a ques-
tionnaire (Montgomery Asberg Depression Rating Scale
[MADRS] (Montgomery & Asberg, 1979; Williams & Kobak,
2008) and the Beck Depression Inventory (BDI) (Beck, Steer, &
Brown, 1996).

ACE was defined as repeated physical or sexual abuse at least
once a month over one year or more (Heim et al., 2000) before the
age of 18. Results by Heim et al. (2000) suggest long-lasting
hyperreactivity of the autonomic nervous system after the
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experience of ACE. ACE was assessed by a screening interview
and validated by the German version of the semistructured inter-
view, the Early Trauma Inventory (ETI) (Bremner, Vermetten, &
Mazure, 2000; Wingenfeld et al., 2011). In addition, adverse child-
hood experiences were measured using a German version of the
Childhood Trauma Questionnaire (CTQ) (Bernstein et al., 2003;
Wingenfeld et al., 2010).

For the MDD groups, exclusion criteria were schizophrenia,
schizoaffective disorder, bipolar disorder, depressive disorder
with psychotic features, dementia, abuse of alcohol or drugs,
and panic disorder. Healthy participants with and without ACE
were free of any current mental disorder. Further exclusion crite-
ria for all participants were central nervous system (CNS)-relevant
diseases, neurological diseases, severe physical conditions, for
example diabetes Type 1 and 2, steroid diseases, hypertension,
current infections, pregnancy, and the intake of psychotropic
medication. Physical health criteria were checked by physical
examination, clinical interview, and blood count.

Of 138 participants, data of 24 participants were excluded
from analysis because participants completed only one testing
day or data were incomplete due to technical malfunction or
insufficient data quality. The final dataset consisted of 114 partic-
ipants: 22 MDD patients with ACE (MDD+/ACE+), 24 MDD
patients without ACE (MDD+/ACE—), 23 participants with
ACE but no current or lifetime MDD (MDD—/ACE+), and 45
participants with no current or lifetime MDD and no childhood
adversity (MDD—/ACE-).

Assessment of cardiovascular activity

Electrocardiogram (ECG) data were assessed using a Biopac
MP150 amplifier system at 1 kHz sampling rate and a hardware
high-pass filter of 0.5 Hz. Discrete blood pressure measurements
were taken using a standard, automated pressure cuff, which
was fixed around the right upper arm (Dinamap 1846 SX).
ECG data of 5min resting periods were analyzed with
WinCPRS 1.160 software. Beat-to-beat HR data were calculated
from semiautomatic QRS detection.

Interoceptive task

Due to the repeated measurement design of the study, we assessed
IAcc based on the HCT only, as previous studies suggest that IAcc
in the HCT task was increased if participants had completed a
heartbeat discrimination task (HDT), an alternative method to
assess cardiac IAcc, before (Phillips, Jones, Rieger, & Snell,
1999; Schaefer, Egloff, & Witthoft, 2012). We presented four
silent intervals (25, 35, 45, and 55 s) in random order. One train-
ing trial of 25s length preceded the three experimental trials.
Participants were asked to focus their attention on and to count
their heartbeats without taking their pulse during each of these
periods (and to indicate zero if they have not counted any),
with a tone signaling their beginning and end. Participants were
continuously monitored during assessment to ensure that they
followed all study instructions. IAcc was calculated using the
formula:

no. of recorded heartbeats; —
no. of perceived heartbeat s

1< (
IACCHCT = Z Z 1—

— no. of recorded heartbeat sy
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The majority of healthy individuals underestimate the number
of heartbeats in the HCT (Zamariola, Maurage, Luminet, &
Corneille, 2018), whereas within individuals with panic disorder,
there is a certain proportion of people who overestimate the num-
ber of perceived heartbeats (Willem Van der Does, Antony,
Ehlers, & Barsky, 2000). To test for potential over- or underre-
porting biases of heartbeats, we calculated an alternative formula
without absolute values, as previously introduced (Rost, Van
Ryckeghem, Schulz, Crombez, & Vogele, 2017):

no. of perceived heartbeat s; —
24: no. of recorded heartbeat s;
k=1

TAccpias =

N

no. of recorded heartbeat s;

After each trial, participants were asked to indicate the number
of perceived heartbeats and subsequently asked to rate their con-
fidence on how correct they were on a scale ranging from 0 (not
sure at all) to 8 (absolutely sure) as indicator of IS.

Pharmacological intervention

On one testing day, participants received 10 mg of oral yohimbine
(Spiegel, DESMA), whereas on the other testing day they received
a placebo (P-Pills, Lichtenstein). In previous studies, yohimbine
dosages of 5 mg 20 mg have been shown to affect cognitive pro-
cesses (O’Carroll, Drysdale, Cahill, Shajahan, & Ebmeier, 1999;
Soeter & Kindt, 2011, 2012; Wingenfeld et al., 2013).Lower dos-
ages minimize the risk of adverse side effects. Order of drug
administration was counterbalanced across participants, and
drugs were administered in a double-blinded (to experimenter
and participants) fashion.

Procedure

Psychological assessment took place on a separate day prior to the
laboratory testing. Participants were tested in two separate labora-
tory sessions. At least one day elapsed between testing sessions,
with an average interval between both sessions of 5 days (5.4,
SD: 5.2). The experimental setup was identical on both days,
except for the administration of either yohimbine or placebo.
All participants were requested to refrain from physical activity
and caffeine consumption on the testing days. Upon arrival at
the laboratory at 09:30 h, participants were seated in a comfort-
able chair and underwent a first baseline ECG assessment
(5min) and discrete blood pressure measurement after a
5-minute resting period. Thereafter participants received orally
either yohimbine or placebo (09:45 h), followed by a 60-minute
waiting period (until 10:45 h) to allow the drug to cross the gastric
passage. The HCT was part of an extended study setup, the results
of which will be and has been reported elsewhere (De Punder
et al., 2018; Deuter et al., 2020; Kuehl et al., 2020). The main out-
come paradigms included different cognitive paradigms in a fixed
order (total duration of 60 min including breaks). As plasma peak
levels of yohimbine occur approx. 90 min after oral intake
(O’Carroll et al., 1999; Peskind et al., 1995), it is plausible that
after a delay of approx. 135 min between intake and HCT, drug
effects are still persisting. Prior to the HCT, ECG (5 min) and
blood pressure were monitored again (11:45 h). The timeline of
the experiment is presented in Figure 1. The total duration of
the experimental protocol was approx. 2% hr.
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Break with resting
period

Electrode ECG/BP
preparation assessment
+ resting 5 min. (pre)

>

ECG/BP
Cognitive testings assessment
5 min. (post)

|09:30h 09:35h 09:45h 10:45h

11:45h 12.00h

Figure 1. Timeline of experimental setup. Procedures were identical on both testing days, except for the administration of either yohimbine or a placebo substance.

Statistical analysis

Demographic and clinical characteristics, including depression
and childhood trauma scores in all subscales of the BDI-II, the
MADRS, the CTQ, and the ETI, were analyzed with one-way
analysis of variance (ANOVA) for continuous variables or x>
test for dichotomous variables across the four groups (MDD
—/ACE—, MDD—/ACE+, MDD+/ACE—, MDD+/ACE+). If appli-
cable, post-hoc group differences were evaluated with Tukey HSD
tests. Cardiovascular data (HR, SAP, DAP) were evaluated using a
4 x 2 x 2 mixed-design ANOVA with the between-subjects factor
“group,” and the within-subjects factors “drug” (yohimbine, pla-
cebo) and “time” (pre, post). Furthermore, a 4 x 2 mixed-design
ANOVA with the between-subjects factor “group” and the within-
subjects factor “drug” was used to evaluate effects on the depen-
dent variables IAccycr TAccyis and IS. Post-hoc tests of signifi-
cant ANOVA effects were carried out using T-tests for dependent
samples. To elucidate the determinants of IAccycr and IAccyiys
we calculated linear multiple regression models (enter method),
one for each drug condition (Model 1: placebo, Model 2: yohim-
bine), separately for the criteria IAccycr and TAccy;,s. Predictors
of TAccycr and IAccy;,s were HR, SAP, DAP (at the respective
measurement occasion), depression score (BDI-II), childhood
trauma score (CTQ), and IS. Critical alpha-level was set to .05
in all analyses. Analyses were carried out using SPSS version 24
(IBM Corp.).

Results
Sample characteristics

There were no significant differences between groups regarding
sex, age, and body mass index (BMI), although the comparison
of age and BMI across groups reached trend level, mainly caused
by higher values in the MDD+/ACE+ group.

As expected, the two MDD groups (MDD+/ACE—, MDD
+/ACE+) showed significantly higher total scores on the
MADRS and BDI than the two healthy groups (MDD—/ACE—,
MDD—/ACE+), whereas neither the two MDD groups, nor the
two healthy groups differed from each other in depression scores.
In addition to the diagnosis of a current MDD, 13 patients ful-
filled the criteria for one or more mental comorbid disorders
(MDD+/ACE— [n = 6]: four with social phobia, one somatoform
pain disorder, and one avoidant personality disorder; MDD
+/ACE+: [n = 7]: three with phobia [two social], one with somato-
form pain disorder, one with bulimia nervosa, four with posttrau-
matic stress disorder [PTSD, related to ACE], and one mixed
personality disorder).

In line with our recruitment criteria, the ETT total score and
the CTQ total score clearly differentiated between groups with
and without ACE, in that ETI total scores were higher in the

https://doi.org/10.1017/5S0954579420001613 Published online by Cambridge University Press

MDD+/ACE+ and the MDD—/ACE+ groups compared to the
MDD+/ACE— and MDD—/ACE— groups. There were no differ-
ences within groups with ACE and groups without ACE. For
the CTQ total score, significant differences between all groups
were observed, with lowest scores in the MDD—/ACE— group, fol-
lowed by the MDD+/ACE— group, the MDD—/ACE+, and the
MDD+/ACE+ group (in ascending order).

Group differences, ANOVA statistics and post-hoc compari-
sons with regard to depression scores and childhood trauma ques-
tionnaires are presented in Table 1.

Cardiovascular data

Systolic arterial blood pressure (SAP)

A significant Drug x Time interaction (F[1,105] = 49.69; p < .001;
m? = .32) indicated a stronger SAP increase from “pre” to “post”
in the yohimbine (p < .001; d =1.08) than in the placebo condi-
tion. Post-hoc analyses revealed, however, that SAP increased
from “pre” to “post” also in the placebo condition, but to a lesser
extent (p < .01; d=.26). Neither mean SAP, nor SAP reactivity
(“pre” vs. “post”) to yohimbine differed between groups.
Cardiovascular data are presented in Table 2.

Diastolic arterial blood pressure (DAP)

Comparable to SAP, we observed a significant Drug x Time inter-
action (F[1,105] =16.00; p < .001; "r]f) = .13). Post-hoc analyses
showed that DAP increased from “pre” to “post” after placebo
and yohimbine intake, but more in the yohimbine (p < .001; d
=1.01) than in the placebo condition (p < .01; d=.27).
Moreover, a significant Group x Time interaction (F[3,105] =
3.77; p=.013; nIZ) = .10) suggests higher DAP at measurement
“post” than at “pre” in the MDD—/ACE— (d = 1.05), the MDD
—/ACE+ (d=.77) and the MDD+/ACE— groups (d=.89; all ps
< .001), but not in the MDD+/ACE+ group (p > .10). Neither
mean DAP, nor DAP reactivity (“pre” vs. “post”) to yohimbine
differed between groups.

Heart rate (HR)

Mean HR was significantly higher in the MDD+/ACE— group
(76.6 [2.2] bpm) than in the MDD—/ACE— group (68.03 [1.5]
bpm; p=.001), whereas the other groups did not differ from
each other (MDD—/ACE+: 71.6 [2.2] bpm; MDD+/ACE+: 72.2
[2.3] bpm; F[3,105] =3.65; p =.015; nf, =.09). Furthermore, we
found a significant Drug x Time interaction (F[1,105] =11.06; p
=.001; "r]f) = .10). Post-hoc analyses showed that HR decreased
from “pre” to “post” in both “drug” conditions (yohimbine: d =
—.97; placebo: d=—1.16; all ps < .001), but the decrease was
more marked after placebo than after yohimbine intake. HR reac-
tivity to yohimbine did not differ between groups.
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MDD—/ACE— MDD—/ACE+ MDD+/ACE— MDD+/ACE+
n=45 n=23 n=24 n=22
Post-hoc difference
Measure unit M (SD) M (SD) M (SD) M (SD) Fly? Df p (Tukey HSD)
Sex m/f 23/22 13/10 13/11 9/13 1.27 3 74
Age years 354  (10.5) 33.8 (10.7) 33.8 (10.6) 413 (11.3) 254 3,113 .06
BMI kg/m? 233 (3.3) 23.8 (3.1) 22.7 (3.4) 25.2 (2.9) 252 3,113 .06
Depression
MADRS 0.7 (1.2) 1.6 (1.7) 28.9 (5.4) 28.1 (8.2) 339.68 3,113 <001 1,2<3,4
total score
BDI total 1.6 (1.9) 47 (4.7) 24.4 (6.6) 26.1 (9.1) 15275 3,113 <001 1,2<3,4
score
Adverse childhood experiences
ETI total 164  (226) 523.6  (342.4) 1409  (209.7) 7240  (465.4) 4175 3,113 <001 1,3<2,4
score
CTQ total 30.6 (6.0) 57.2 (14.0) 40.0 (10.5) 68.0 (18.8) 5738 3,113 <001 1<3<2<4
score

MDD =major depressive disorder, ACE =adverse childhood experiences, BMI=body mass in
ETI = Early Trauma Interview, CTQ = childhood trauma questionnaire, M =mean, SD = standard

Interoception

Interoceptive accuracy (IAcc)

We observed a significant main effect of “drug” (F[1,110] = 5.60;
p=.02 n; = .05), which was explained by a significant Group x
Drug interaction (F[1,110] =2.82; p =.042; "r]f, = .07), indicating
lower TAccycr after yohimbine than after placebo administration
in the group MDD—/ACE+ (p =.001). There were neither differ-
ences in TAccycr between “drug” conditions in any other group
(see Figure 2a) nor differences between groups. There were statis-
tical trends suggesting difference in age and BMI between groups
(mainly due to descriptively higher age and BMI in the MDD
+/ACE+ group compared to the MDD+/ACE— group). As age
(Khalsa, Rudrauf, & Tranel, 2009) and BMI (Herbert, Blechert,
Hautzinger, Matthias, & Herbert, 2013; Herbert & Pollatos,
2014) may potentially affect IAcc, we included “age” and “BMI”
as covariates in the statistical model in a follow-up analysis.
After controlling for both variables, the Group x Drug interaction
remained significant (F[3,108] =2.85; p =.041; 'T]; = .07). When
evaluating IAccy,s, there were neither significant group differ-
ences, nor any yohimbine effects (Figure 2b).

Interoceptive sensibility (1S)
There were no significant differences between groups or between
“drug” conditions (see Figure 3).

Regression analyses

IAccycr after placebo (Model 1) was significantly predicted by
HR, SAP, DAP, BDI (measuring depression), and CTQ (measur-
ing childhood trauma) scores and IS as indicated by a statistical
significance of the overall model (see Table 3). Among all predic-
tors, however, only HR and IS remained as a significant predictor.
After yohimbine (Model 2), the overall model to predict IAccycr
was significant (Tab. 3). In this model, significant predictors were
depression scores, childhood trauma scores, and IS among all pre-
dictors. With regard to the criterion IAccy,, neither the overall
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dex, MADRS =Montgomery Asberg Depression Rating Scale, BDI=Becks Depression Index,
deviation.

Models 1 and 2, nor any of the single predictors reached signifi-
cance level.

Discussion

The current study examined the effect of SAM axis activation by
the alpha2-adrenergic antagonist yohimbine versus placebo on
IAcc and IS. We investigated two healthy groups with and without
ACE and two MDD groups with and without ACE, as both, MDD
and ACE, may be associated with an upregulation of central
alpha2-adrenoceptors. All patients and participants were free of
antidepressant or cardiovascular medication. An increase of
SAP and DAP, and a smaller decrease in HR in the yohimbine
compared to the placebo condition suggests effective stimulation
of the SAM axis by alpha2-adrenoceptor blockade. In contrast
to our expectations (Hypotheses I and III), however, we observed
reduced IAccycr after yohimbine intake in the MDD—/ACE+,
but not in any of the other groups. Age and BMI did not affect
these results. To test if these effects were due to a selective over-
or underreporting bias (Zamariola et al., 2018), and, therefore,
the cognitive strategy to perform the HCT (Desmedt, Luminet,
& Corneille, 2018), we also evaluated the bio-polar index
TAccy;,s which indicates positive values in overreporting and neg-
ative values in underreporting (Rost et al., 2017). As TAccy,s did
not differ between groups and did not respond to yohimbine
administration, it is unlikely that the effect of yohimbine on
TAccycr is solely due to an over- or underreporting bias. In con-
trast to IAccycr IS did not respond to yohimbine intake in any
group. This finding suggests that the yohimbine effects on inter-
oception are specific for the actual perception of heartbeats,
whereas this (potentially temporary) effect does not translate
into a dispositional tendency to be internally self-focused
(Garfinkel et al., 2015).

After placebo administration, HR was identified as a negative
and IS as a positive predictor of IAccycr, which is in line with
the multifaceted model of interoception by Garfinkel et al. (2015)
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Table 2. Indicators of cardiovascular activity before and after the intake of yohimbine and a placebo substance

MDD—/ACE— MDD—/ACE+ MDD+/ACE— MDD+/ACE+
n=45 n=23 n=24 n=22
Measurement
Measure Unit Drug occasion M (SEM) M (SEM) M (SEM) M (SEM)
SAP? mmHg Yohimbine Pre 114.2 (1.9) 113.4 (2.7) 113.3 (2.7) 121.0 (2.8)
Post® 126.9 (2.3) 126.0 (3.4) 1232 (3.3) 131.3 (3.5)
Placebo Pre 115.3 (2.0) 114.0 (2.8) 114.6 (2.8) 116.8 (3.0)
Post® 117.3 (1.9) 118.6 @.7) 116.1 2.7) 119.0 (2.8)
DAP? mmHg Yohimbine Pre 66.6 (1.2) 68.1 (1.8) 67.5 (1.8) 71.4 (1.8)
Post® 74.6 (1.4) 75.6 (2.0) 75.0 (2.0) 73.0 (2.1)
Placebo Pre 66.9 (1.7) 69.4 (2.4) 67.1 (2.4) 71.6 (2.6)
Post® 68.9 (1.4) 72.1 (2.0) 71.6 (2.0) 717 (2.1)
HR? bpm Yohimbine Pre 71.6 (1.9) 74.3 (2.8) 80.9 (2.8) 4.7 (2.9)
Post® 64.6 (1.6) 67.6 (2.3) 73.7 (2.3) 68.8 (2.5)
Placebo Pre 72.3 (1.7) 77.2 (2.4) 80.9 (2.4) 77.0 (2.5)
Post® 63.5 (1.4) 67.1 (2.0) 71.1 (2.0) 68.2 (2.1)

2SAP = systolic arterial pressure, DAP = diastolic arterial pressure, HR = heart rate, M = mean, SEM =standard error mean.

PDifferences between “pre” and “post” significant at p < .001 (averaged over all groups).
“Differences between “pre” and “post” significant at p < .01.
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Figure 2. Interoceptive accuracy (IAcc) in the heartbeat counting task after the intake of yohimbine and a placebo substance. In the MDD—/ACE+ group, IAcc was
lower after yohimbine than after placebo intake (a). When evaluating the over- versus underreporting bias of IAcc, no group difference or drug effect emerged (b).

and extended by Forkmann et al. (2016). In this model, cardiovas-
cular activation (i.e., HR) and IS are deemed proximate levels of
IAccycr that may interact in both bottom-up and tow-down regu-
latory circuits (Forkmann et al, 2016; Garfinkel et al., 2015).
Therefore, the relationship of IAcc with HR and IS can be seen
as support for the validity of our findings. In contrast, after yohim-
bine administration, depression and childhood trauma scores were
identified as positive (depression) and negative (childhood trauma)
predictors of IAccycr, whereas HR was not significant. First, we
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conclude that alpha2-adrenoceptors play a role in mediating inter-
oceptive signal processing. Second, we conclude that noradrenergic
activation can decrease interoceptive accuracy in healthy individu-
als with ACE which is supported by Drugx Group interaction
effect and the results of the regression analysis identifying the
CTQ score as a negative predictor of IAccycr. This speaks in
favor of the hypothesis that upregulated alpha2-adrenoreceptors
are associated with ACE. In contrast, we did not find such effects
regarding MDD so that our results do not support the hypothesis
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of upregulated alpha2-adrenoreceptors in MDD. Finally, the find-
ing that neither IS, nor any indicator of cardiovascular activation
was a predictor of IAccy;,s suggests that cognitive biases of over-
or underreporting are unrelated to the actual strength of body sig-
nals and subjective confidence about one’s accuracy to report those
signals.

Two important structures of the central noradrenergic system
show a particularly high concentration of alpha2-adrenergic recep-
tors: the LC and the NTS (Coull, 1994; Rockhold & Caldwell,
1980). The LC is involved in mediating alpha2-adrenergic effects
on alertness, vigilance, and attention (Aston-Jones, Rajkowski, &
Cohen, 1999; Berridge & Foote, 1991; Coull, Nobre, & Frith,
2001; Usher, Cohen, Servan-Schreiber, Rajkowski, & Aston-Jones,
1999), whereas alpha2-adrenergic effects on the NTS are responsi-
ble for cardiovascular sympathetic activation, such as an increase in
HR, SAP, and DAP (Grossman, Rea, Hoffman, & Goldstein, 1991;
Philippsen et al., 2007). Furthermore, alpha2-adrenoreceptors
mediate the processing and integration of visceral-afferent signals
in the arterial baroreflex circuitries (Hayward, Riley, & Felder,
2002; Kubo, Goshima, Hata, & Misu, 1990; Sved, Tsukamoto, &
Schreihofer, 1992; Yamazaki & Ninomiya, 1993).

For interoception, at least two processes of an SAM axis acti-
vation by yohimbine may be of relevance: the alertness compo-
nent of attention and sympathetic activation. Both processes,
however, can impact interoception in opposite ways if affected
by alpha2-adrenergic blockade. On the one hand, peripheral sym-
pathetic activation increases cardiac contractility (Scherhag,
Stastny, Pfleger, Voelker, & Heene, 1999), which increases IAcc
(Eichler & Katkin, 1994; Herbert et al., 2010; Moor et al., 2005;
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Figure 3. Interoceptive sensibility based on confidence
ratings in the heartbeat counting task after the intake
of yohimbine and a placebo substance.

Schandry, Bestler, & Montoya, 1993). On the other hand,
alpha2-antagonists facilitate alertness, but reduce capacity for
focused and selective attention (Clark, Geffen, & Geffen, 1986,
1987; Hermans et al., 2011). The dose used in the current study
(10 mg) may have resulted in a predominance of the reducing
effect on focused attention over an increase in sympathetic activity
(at least in the MDD—/ACE+ group). Decreased IAcc in SAM axis
activation may be part of an adaptive response in healthy partic-
ipants with ACE. Acute stress could, therefore, result in suppres-
sion or denial of physical symptoms as survival and coping
mechanism (Bernstein & Claypool, 2012; Schaan et al., 2019)
and thus promote resilience in this group.

A change of TAccycr in response to the relatively low dose of
10 mg yohimbine in the current study suggests that an upregulation
of alpha2-adrenergic receptors, such as to be expected after ACE, is
necessary to result in altered IAccycr. In the other groups, this
dose may not have been sufficient to affect IAcc, as they probably
do not show an upregulated sensitivity of alpha2-adrenergic recep-
tors. Taken together with a recent study using an alpha2-receptor
agonist challenge test in individuals with ACE (Lee et al., 2016),
the present results support the notion of increased sensitivity of
central alpha2-adrenergic receptors associated with ACE.

Afferent parasympathetic visceral-afferent signals are relayed
over the cranial nerves (VII, IX, X) and the NTS, whereas sympa-
thetic visceral-afferent signals are transmitted via the laminal
layer of the spinal dorsal horn, before thalamic nuclei, the anterior
cingulate, and insular cortices are reached (Cameron, 2001; Craig,
2002; Schulz, 2016). While the sympathetic pathway includes the
LC (Cameron, 2001), some sympathetic information is relayed via
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Table 3. Predictors of interoceptive accuracy after placebo (regression Model 1) and yohimbine administration (regression Model 2)

Model 1 Model 2

Criterion: IAcc? after placebo intake Criterion: IAcc? after yohimbine intake
df F p R? df F P R?
6, 108 2.20 .049 11 6, 108 3.22 .006 .15
Predictors B T p Predictors B T P
Constant term 4.937 Constant term 4.877
HR® —.244 —2.536 .013 HRP —.153 —1.683 .095
SAP¢ .100 .763 447 SAP¢ —.008 —.074 941
DAP? —.098 —.740 461 DAP -.082 —.746 457
BDI-II® Total score .145 1.394 .166 BDI-1I° Total score .264 2582 .011
CTQ" Total score —.074 —132 466 c1Q’ Total score -.253 —2.579 011
IS8 .239 2.527 .013 1s& .269 2.903 .004

Note: Significant predictors in bold. ®interoceptive accuracy; Pheart rate; “systolic arterial blood pressure; “diastolic arterial blood pressure; *Beck’s Depression Inventory Ii; ‘Childhood Trauma

Questionnaire; Binteroceptive sensibility.

the NTS (Craig, 2002), which may particularly include (alpha2-)
adrenergic receptor circuitries. Both neural pathways are considered
relevant for mediating visceral-afferent neural signals associated
with heartbeat perception (Critchley, Wiens, Rotshtein, Ohman, &
Dolan, 2004; Pollatos, Schandry, Auer, & Kaufmann, 2007). On
the one hand, transcutaneous vagal nerve stimulation increases of
IAcc (Villani, Tsakiris, & Azevedo, 2019), which implies that the
parasympathetic pathway is essential for cardiac interoception. On
the other hand, a blockade of the alpha2-adrenergic receptor circuits
in individuals with a potentially high receptor density or sensitivity
decreases IAcc, suggesting that the sympathetic (neural) pathway is
similarly important. One may conclude, therefore, that under
homeostatic conditions, neural signal transmission from both path-
ways is crucial for an adequate interoception, whereas an acute or
chronic allostatic condition may disrupt one or both pathways,
potentially contributing to lower IAcc.

Lower IAcc has been previously reported in a moderately
depressed community sample compared to healthy individuals
(Dunn et al., 2007), and reduced cortical representation of intero-
ceptive signals in MDD (Terhaar et al, 2012). In contrast to
Hypothesis II, in the current study, there were no differences
between MDD patients and healthy participants, although the pre-
sent sample size was larger than in both previous studies. The
inclusion of MDD patients without antidepressant medication in
the current study allowed us to disentangle possible effects associ-
ated with MDD-specific psychobiological alterations (e.g., increased
central alpha2-adrenergic receptor sensitivity) from pharmacody-
namic effects of antidepressive medication including their impact
on cardiovascular activity (Glassman, 1998), physiological stress
axes activity (Surget et al,, 2011), and attention (Constant et al.,
2005), which may all affect interoception. As in both earlier studies
a substantial proportion of MDD patients were taking antidepres-
sants (mainly selective serotonin reuptake inhibitors, SRIs) (Dunn
et al,, 2007; Terhaar et al., 2012), it cannot be ruled out that the pre-
viously reported group differences in interoception may be due to
pharmacological effects of medication.

We assessed ACE with two different measures: a semistruc-
tured interview (ETI) and a self-reporting questionnaire (CTQ).
Group allocation was based on the ETI. However, in contrast to
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the ETI, which did not show higher scores individuals with
MDD only, the CTQ also reflected an association with MDD
diagnosis. Participants with MDD had higher CTQ scores com-
pared to healthy controls, and this was true for both participants
with and without ACE. Such a discrepancy between question-
naires and interview measures has been described in previous
studies (e.g., Cisler et al., 2013) and can be attributed to the survey
methodology. The direction of causality of this effect of MDD on
CTQ scores remains unknown. It is of course plausible that MDD
individuals have had more negative experiences in childhood than
healthy controls, even if these are not severe enough to meet the
ACE inclusion criteria. Again, within the ACE+ groups, the more
severely affected may also show greater vulnerability to MDD.
Nevertheless, the ETT can be considered the more sensitive mea-
sure compared to questionnaires (Baldwin, Reuben, Newbury, &
Danese, 2019); and the ETI does not show these differences. An
alternative explanation would, therefore, be a reporting bias in
the questionnaire, which leaves no room for questions and assess-
ments by the investigator. MDD patients might have retrospec-
tively assessed their childhood more negatively (Colman et al.,
2016).

Limitations

Since we tested only patients without antidepressive medication,
we cannot make any claim about how the intake of medication
might affect our findings. Thus, the current findings of “normal”
IAcc (placebo condition) in MDD may have to be interpreted
with caution due to the limited representativeness for those
MDD patients who receive antidepressant medication. We
assessed IAcc only after drug intake, whereas no baseline assess-
ment took place to reduce the possible impact of learning, as
IAccycr is subject to moderate training effects (Wittkamp,
Bertsch, Vogele, & Schulz, 2018). Although the repeated-
measurement design provided a within-subjects control condi-
tion, this baseline assessment would have allowed controlling
for occasion-specific variance. Furthermore, IAcc was only
assessed with the HCT, although the additional use of the HDT
would have provided more insights on attentional processes. We
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decided to present only the HCT to overcome potential sequence
effects if the HDT is presented before the HCT (Phillips et al,
1999; Schaefer et al., 2012). On the one hand, recent methodolog-
ical studies suggested that IAcc assessed by the HCT is potentially
correlated with knowledge of one’s heart rate (Murphy et al,
2018) or susceptibility to cognitive strategies (Desmedt et al.,
2018). On the other hand, a substantial overlap with
heartbeat-evoked potentials as neurophysiological indicator of
cardiac interoception (Mai, Wong, Georgiou, & Pollatos, 2018;
Pollatos & Schandry, 2004; Yuan, Yan, Xu, Han, & Yan, 2007)
and reduced TAccycr in individuals with a degeneration of affer-
ent autonomic nerves (Pauli, Hartl, Marquardt, Stalmann, &
Strian, 1991) support the validity of this task in terms of its
underlying neurophysiology. One could conclude, therefore, that
although TAccycr may also be affected by potential confounding
variables, it represents a well-validated method to reflect the pro-
cessing of afferent signals from the cardiovascular system.
Furthermore, an intravenous administration of yohimbine
would have allowed a more precise timing of pharmacological
effects, however, we decided for a less invasive way of yohimbine
administration to avoid interference with the physiological stress
axes. Finally, in the current study we focused on SAM axis activity
as outcome measure, because alpha2-adrenergic receptors are
seen as one component of this axis. Nevertheless, it needs to be
acknowledged that activity of the HPA axis may also be affected
by SAM axis activity. Potential interaction effects of both stress
axes, however, as well as the role of other stress-associated mech-
anisms for IAcc, such as immune system activity (Khalsa et al.,
2018; Savitz & Harrison, 2018), remain to be addressed in future
studies. Follow-up studies may also wish to investigate if negative
findings in the MDD+/ACE+ group may be due to a specific dys-
regulation of HPA axis activity in MDD patients such as blunted
HPA axis responses to acute stress in a subset of patients (Burke,
Davis, Otte, & Mohr, 2005; Gold, 2015; Gold & Chrousos, 2002).
In addition, the current sample size did not allow for further anal-
yses of effects of timing and duration of ACE. As long-lasting
effects of ACE are probably related to sensitive phases in develop-
ment (e.g., for review: Lupien, McEwen, Gunnar, & Heim, 2009),
this aspect should also be addressed in future studies.

Conclusions

The present study shows effective activation of the SAM axis in
healthy individuals with and without ACE as well as in MDD
patients with and without ACE after intake of 10 mg of the
alpha2-adrenergic antagonist yohimbine, as indicated by HR,
SAP, and DAP levels. Only in the healthy group with ACE yohim-
bine intake resulted in reduced IAccycr, which may be explained
by extenuated focused attention associated with central noradrener-
gic activation. The underlying process may involve a persisting
upregulation of alpha2-adrenoreceptors in the LC and/or suppres-
sion of physical symptoms in acute stress after ACE.

Acknowledgments. Neither the Research Support Department of the
University of Luxembourg, nor the German Research Foundation had any
role in study design, in the collection, analysis, and interpretation of data, in
the writing of the report, and in the decision to submit the paper for
publication.

Funding Statement. Linn Kuehl (PI), Katja Wingenfeld, and Christian Otte
were supported by the grant “Effects of increased noradrenergic activity by
yohimbine administration on learning and attention in patients with major
depression disorder” (project KU 3106/2-1), funded by the German

https://doi.org/10.1017/5S0954579420001613 Published online by Cambridge University Press

1021

Research Foundation (Deutsche Forschungsgemeinschaft/DFG). André
Schulz (PI), Ion-Hideo Breden, and Claus Vogele were supported by the
grant “Interoception and chronic stress,” funded by the Research Support
Department of the University of Luxembourg.

References

Aston-Jones, G., Rajkowski, J., & Cohen, J. (1999). Role of locus coeruleus in
attention and behavioral flexibility. Biological Psychiatry, 46, 1309-1320.
doi:10.1016/s0006-3223(99)00140-7

Avery, J. A., Drevets, W. C., Moseman, S. E., Bodurka, J., Barcalow, J. C., &
Simmons, W. K. (2014). Major depressive disorder is associated with abnor-
mal interoceptive activity and functional connectivity in the insula.
Biological Psychiatry, 76, 258-266. doi:10.1016/j.biopsych.2013.11.027

Baldwin, J. R., Reuben, A., Newbury, J. B, & Danese, A. (2019). Agreement
between prospective and retrospective measures of childhood maltreatment:
A systematic review and meta-analysis. JAMA Psychiatry, 76, 584-593.
doi:10.1001/jamapsychiatry.2019.0097

Beck, A. T., Steer, R, & Brown, G. K. (1996). Beck Depression Inventory
(BDI-II). San Antonio, TX: Psychological Corporation.

Bernstein, M. J., & Claypool, H. M. (2012). Social exclusion and pain sensitiv-
ity: Why exclusion sometimes hurts and sometimes numbs. Personality and
Social Psychology Bulletin, 38, 185-196. doi:10.1177/0146167211422449

Bernstein, D. P,, Stein, J. A., Newcomb, M. D., Walker, E., Pogge, D., Ahluvalia,
T., ... Zule, W. (2003). Development and validation of a brief screening ver-
sion of the Childhood Trauma Questionnaire. Child Abuse & Neglect, 27,
169-190. doi:10.1016/S0145-2134(02)00541-0

Berridge, C. W., & Foote, S. L. (1991). Effects of locus coeruleus activation on
electroencephalographic activity in neocortex and hippocampus. The
Journal of Neuroscience, 11, 31w35-3145. doi:10.1523/JNEUROSCI.11-
10-03135.1991

Bremner, J. D., Vermetten, E., & Mazure, C. M. (2000). Development and pre-
liminary psychometric properties of an instrument for the measurement of
childhood trauma: The Early Trauma Inventory. Depression and Anxiety,
12, 1-12. doi:10.1002/1520-6394(2000)12:1<1::AID-DA1>3.0.CO;2-W

Brown, G. W., Harris, T. O., & Hepworth, C. (1994). Life events and endoge-
nous depression. A puzzle reexamined. Archives of General Psychiatry, 51,
525-534. doi:10.1001/archpsyc.1994.03950070017006

Brown, C., Schulberg, H. C., Madonia, M. J., Shear, M. K., & Houck, P. R.
(1996). Treatment outcomes for primary care patients with major depres-
sion and lifetime anxiety disorders. American Journal of Psychiatry, 153,
1293-1300. doi:10.1176/ajp.153.10.1293

Burke, H. M., Davis, M. C,, Otte, C., & Mohr, D. C. (2005). Depression and cortisol
responses to psychological stress: A meta-analysis. Psychoneuroendocrinology,
30, 846-856. doi:10.1016/j.psyneuen.2005.02.010

Cameron, O. G. (2001). Interoception: The inside story — a model for psycho-
somatic processes. Psychosomatic Medicine, 63, 697-710. doi:10.1097/
00006842-200109000-00001

Chrousos, G. P., & Gold, P. W. (1992). The concepts of stress and stress system
disorders. Overview of physical and behavioral homeostasis. JAMA, 267,
1244-1252. doi:10.1001/jama.1992.03480090092034

Cisler, J. M., James, G. A., Tripathi, S., Mletzko, T., Heim, C., Hu, X. P,, ...
Kilts, C. D. (2013). Differential functional connectivity within an emotion
regulation neural network among individuals resilient and susceptible to
the depressogenic effects of early life stress. Psychological Medicine, 43,
507-518. doi:10.1017/50033291712001390

Clark, C. R,, Geffen, G. M., & Geffen, L. B. (1986). Role of monoamine path-
ways in attention and effort: Effects of clonidine and methylphenidate in
normal adult humans. Psychopharmacology (Berl), 90, 35-39. doi:10.1007/
BF00172868

Clark, C. R., Geffen, G. M., & Geffen, L. B. (1987). Catecholamines and atten-
tion. II: Pharmacological studies in normal humans. Neuroscience ¢
Biobehavioral Reviews, 11, 353-364. d0i:10.1016/s0149-7634(87)80007-6

Colman, I, Kingsbury, M., Garad, Y., Zeng, Y., Naicker, K., Patten, S,, ...
Thompson, A. H. (2016). Consistency in adult reporting of adverse child-
hood experiences. Psychological Medicine, 46, 543-549. doi:10.1017/
S0033291715002032


https://doi.org/10.1017/S0954579420001613

1022

Constant, E. L., Adam, S., Gillain, B., Seron, X., Bruyer, R., & Seghers, A.
(2005). Effects of sertraline on depressive symptoms and attentional and
executive functions in major depression. Depression and Anxiety, 21, 78—
89. doi:10.1002/da.20060

Cottingham, C., & Wang, Q. (2012). Alpha2 adrenergic receptor dysregulation
in depressive disorders: Implications for the neurobiology of depression and
antidepressant therapy. Neuroscience ¢~ Biobehavioral Reviews, 36, 2214—
2225. doi:10.1016/j.neubiorev.2012.07.011

Coull, J. T. (1994). Pharmacological manipulations of the alpha 2-noradrener-
gic system. Effects on cognition. Drugs & Aging, 5, 116-126. d0i:10.2165/
00002512-199405020-00005

Coull, J. T., Nobre, A. C., & Frith, C. D. (2001). The noradrenergic alpha2 ago-
nist clonidine modulates behavioural and neuroanatomical correlates of
human attentional orienting and alerting. Cerebral Cortex, 11, 73-84.
doi:10.1093/cercor/11.1.73

Craig, A. D. (2002). How do you feel? Interoception: The sense of the physi-
ological condition of the body. Nature Reviews Neuroscience, 3, 655-666.
doi:10.1038/nrn894

Critchley, H. D., Wiens, S., Rotshtein, P., Ohman, A., & Dolan, R. J. (2004).
Neural systems supporting interoceptive awareness. Nature Neuroscience,
7, 189-195. doi:10.1038/nn1176

De Punder, K., Entringer, S., Heim, C., Deuter, C. E., Otte, C., Wingenfeld, K., &
Kuehl, L. K. (2018). Inflammatory measures in depressed patients with and
without a history of adverse childhood experiences. Front Psychiatry, 27(9), 610.

Desmedt, O., Luminet, O., & Corneille, O. (2018). The heartbeat counting task
largely involves non-interoceptive processes: Evidence from both the origi-
nal and an adapted counting task. Biological Psychology, 138, 185-188.
doi:10.1016/j.biopsycho.2018.09.004

Deuter, C. E., Wingenfeld, K., Otte, C., Bustami, J., Kaczmarczyk, M., & Kuehl,
L. K. (2020). Noradrenergic system and cognitive flexibility: Disentangling
the effects of depression and childhood trauma. Journal of Psychiatric
Research, 125, 136-143.

Dunn, B. D., Dalgleish, T., Ogilvie, A. D., & Lawrence, A. D. (2007). Heartbeat
perception in depression. Behaviour Research and Therapy, 45, 1921-1930.
doi:10.1016/j.brat.2006.09.008

Eichler, S., & Katkin, E. S. (1994). The relationship between cardiovascular
reactivity and heartbeat detection. Psychophysiology, 31, 229-234.
doi:10.1111/j.1469-8986.1994.tb02211.x

Flugge, G. (1996). Alterations in the central nervous alpha 2-adrenoceptor sys-
tem under chronic psychosocial stress. Neuroscience, 75, 187-196.
doi:10.1016/0306-4522(96)00292-8

Flugge, G. (1999). Effects of cortisol on brain alpha2-adrenoceptors: Potential
role in stress. Neuroscience ¢ Biobehavioral Reviews, 23, 949-956.
doi:10.1016/50149-7634(99)00028-7

Flugge, G., van Kampen, M., Meyer, H., & Fuchs, E. (2003). Alpha2A and
alpha2C-adrenoceptor regulation in the brain: Alpha2A changes persist
after chronic stress. European Journal of Neuroscience, 17, 917-928.
doi:10.1046/j.1460-9568.2003.02510.x

Forkmann, T., Scherer, A., Meessen, J., Michal, M., Schachinger, H., Vogele, C., &
Schulz, A. (2016). Making sense of what you sense: Disentangling interoceptive
awareness, sensibility and accuracy. International Journal of Psychophysiology,
109, 71-80. doi:10.1016/j.ijpsycho.2016.09.019

Garcia-Sevilla, J. A, Escriba, P. V., Ozaita, A., La Harpe, R, Walzer, C., Eytan,
A, & Guimon, J. (1999). Up-regulation of immunolabeled
alpha2A-adrenoceptors, Gi coupling proteins, and regulatory receptor
kinases in the prefrontal cortex of depressed suicides. Journal of
Neurochemistry, 72, 282-291. doi:10.1046/j.1471-4159.1999.0720282.x

Garfinkel, S. N., Manassei, M. F., Hamilton-Fletcher, G., In den Bosch, Y.,
Critchley, H. D., & Engels, M. (2016). Interoceptive dimensions across car-
diac and respiratory axes. Philosophical Transactions of the Royal Society B:
Biological Sciences, 371. doi:10.1098/rstb.2016.0014

Garfinkel, S. N., Seth, A. K., Barrett, A. B,, Suzuki, K., & Critchley, H. D.
(2015). Knowing your own heart: Distinguishing interoceptive accuracy
from interoceptive awareness. Biological Psychology, 104, 65-74.
doi:10.1016/j.biopsycho.2014.11.004

Glassman, A. H. (1998). Cardiovascular effects of antidepressant drugs:
Updated. Journal of Clinical Psychiatry, 59, 13-18. Retrieved from https:/
www.ncbi.nlm.nih.gov/pubmed/9786306.

https://doi.org/10.1017/5S0954579420001613 Published online by Cambridge University Press

A. Schulz et al.

Gold, P. W. (2015). The organization of the stress system and its dysregulation in
depressive illness. Molecular Psychiatry, 20, 32-47. doi:10.1038/mp.2014.163

Gold, P. W., & Chrousos, G. P. (2002). Organization of the stress system and its
dysregulation in melancholic and atypical depression: High vs low CRH/NE
states. Molecular Psychiatry, 7, 254-275. doi:10.1038/sj.mp.4001032

Grossman, E., Rea, R. F., Hoffman, A., & Goldstein, D. S. (1991). Yohimbine
increases sympathetic nerve activity and norepinephrine spillover in normal
volunteers. American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 260, R142-R147. doi:10.1152/ajpregu.1991.260.1.R142

Harshaw, C. (2015). Interoceptive dysfunction: Toward an integrated frame-
work for understanding somatic and affective disturbance in depression.
Psychological Bulletin, 141, 311-363. doi:10.1037/a0038101

Hayward, L. F,, Riley, A. P., & Felder, R. B. (2002). alpha(2)-Adrenergic recep-
tors in NTS facilitate baroreflex function in adult spontaneously hyperten-
sive rats. American Journal of Physiology-Heart and Circulatory Physiology,
282, H2336-2345. doi:10.1152/ajpheart.00167.2001

Heim, C., Ehlert, U., & Hellhammer, D. H. (2000). The potential role of
hypocortisolism in the pathophysiology of stress-related bodily disorders.
Psychoneuroendocrinology, 25, 1-35. doi:10.1016/S0306-4530(99)00035-9

Heim, C., Newport, D. J., Mletzko, T., Miller, A. H., & Nemeroff, C. B. (2008).
The link between childhood trauma and depression: Insights from HPA
axis studies in humans. Psychoneuroendocrinology, 33(6), 693-710.

Herbert, B. M., Blechert, J., Hautzinger, M., Matthias, E., & Herbert, C. (2013).
Intuitive eating is associated with interoceptive sensitivity. Effects on body
mass index. Appetite, 70, 22-30. doi:10.1016/j.appet.2013.06.082

Herbert, B. M., & Pollatos, O. (2014). Attenuated interoceptive sensitivity in
overweight and obese individuals. Eating Behaviors, 15(3), 445-448.

Herbert, B. M., Pollatos, O., Flor, H., Enck, P., & Schandry, R. (2010). Cardiac
awareness and autonomic cardiac reactivity during emotional picture view-
ing and mental stress. Psychophysiology, 47, 342-354. doi:10.1111/
j.1469-8986.2009.00931.x

Hermans, E. J., van Marle, H. J., Ossewaarde, L., Henckens, M. J., Qin, S., van
Kesteren, M. T,, ... Fernandez, G. (2011). Stress-related noradrenergic activ-
ity prompts large-scale neural network reconfiguration. Science, 334, 1151-
1153. doi:10.1126/science.1209603

Kessler, R. C. (1997). The effects of stressful life events on depression. Annual
Review of Psychology, 48, 191-214. doi:10.1146/annurev.psych.48.1.191

Khalsa, S. S., Adolphs, R., Cameron, O. G, Critchley, H. D., Davenport, P. W,,
Feinstein, J. S., ... Interoception Summit, P. (2018). Interoception and
Mental Health: A Roadmap. Biological Psychiatry: Cognitive Neuroscience
and Neuroimaging, 3, 501-513. doi:10.1016/j.bpsc.2017.12.004

Khalsa, S. S., Rudrauf, D., & Tranel, D. (2009). Interoceptive awareness
declines with age. Psychophysiology, 46, 1130-1136. doi:10.1111/
j.1469-8986.2009.00859.x

Kubo, T., Goshima, Y., Hata, H., & Misu, Y. (1990). Evidence that endogenous
catecholamines are involved in alpha 2-adrenoceptor-mediated modulation
of the aortic baroreceptor reflex in the nucleus tractus solitarii of the rat.
Brain Research, 526, 313-317. doi:10.1016/0006-8993(90)91238-C

Kuehl, L. K., Deuter, C. E., Hellmann-Regen, J., Kaczmarczyk, M., Otte, C, &
Wingenfeld, K. (2020). Enhanced noradrenergic activity by yohimbine and
differential fear conditioning in patients with major depression with and
without adverse childhood experiences.  Progress in  Neuro-
Psychopharmacology & Biological Psychiatry, 10(96), 109751.

Lee, R. J., Fanning, J. R,, & Coccaro, E. F. (2016). GH response to intravenous
clonidine challenge correlates with history of childhood trauma in person-
ality disorder. Journal of Psychiatric Research, 76, 38-43. do0i:10.1016/
j.jpsychires.2015.11.009

Lupien, S. J., McEwen, B. S., Gunnar, M. R,, & Heim, C. (2009). Effects of
stress throughout the lifespan on the brain, behaviour and cognition.
Nature Reviews Neuroscience, 10, 434-445. doi:10.1038/nrn2639

Maeda, S., Ogishima, H., & Shimada, H. (2019). Acute cortisol response to a
psychosocial stressor is associated with heartbeat perception. Physiology ¢
Behavior, 207, 132-138. doi:10.1016/j.physbeh.2019.05.013

Mai, S., Wong, C. K., Georgiou, E., & Pollatos, O. (2018). Interoception is asso-
ciated with heartbeat-evoked brain potentials (HEPs) in adolescents.
Biological Psychology, 137, 24-33. doi:10.1016/j.biopsycho.2018.06.007

Maletic, V., Eramo, A., Gwin, K., Offord, S. J., & Duffy, R. A. (2017). The role
of norepinephrine and its alpha-adrenergic receptors in the


https://www.ncbi.nlm.nih.gov/pubmed/9786306
https://www.ncbi.nlm.nih.gov/pubmed/9786306
https://www.ncbi.nlm.nih.gov/pubmed/9786306
https://doi.org/10.1017/S0954579420001613

Development and Psychopathology

pathophysiology and treatment of major depressive disorder and schizo-
phrenia: A systematic review. Frontiers in Psychiatry, 8, 42. doi:10.3389/
fpsyt.2017.00042

McEwen, B. S. (2007). Physiology and neurobiology of stress and adaptation:
Central role of the brain. Physiological Reviews, 87, 873-904. doi:10.1152/
physrev.00041.2006

Montgomery, S. A., & Asberg, M. (1979). A new depression scale designed to
be sensitive to change. British Journal of Psychiatry, 134, 382-389.
doi:10.1192/bjp.134.4.382

Moor, T., Mundorff, L., Bohringer, A., Philippsen, C., Langewitz, W., Reino, S.
T., & Schachinger, H. (2005). Evidence that baroreflex feedback influences
long-term incidental visual memory in men. Neurobiology of Learning and
Memory, 84, 168-174. doi:10.1016/j.nlm.2005.07.003

Murphy, J., Millgate, E., Geary, H., Ichijo, E., Coll, M. P., Brewer, R,, ... Bird,
G. (2018). Knowledge of resting heart rate mediates the relationship
between intelligence and the heartbeat counting task. Biological
Psychology, 133, 1-3. doi:10.1016/j.biopsycho.2018.01.012

O’Carroll, R. E., Drysdale, E., Cahill, L., Shajahan, P., & Ebmeier, K. P. (1999).
Stimulation of the noradrenergic system enhances and blockade reduces
memory for emotional material in man. Psychological Medicine, 29,
1083-1088. doi:10.1017/50033291799008703

Ordway, G. A., Schenk, J., Stockmeier, C. A., May, W., & Klimek, V. (2003).
Elevated agonist binding to alpha2-adrenoceptors in the locus coeruleus
in major depression. Biological Psychiatry, 53, 315-323. doi:10.1016/
$0006-3223(02)01728-6

Orr, S. P, Metzger, L. J., & Pitman, R. K. (2002). Psychophysiology of post-
traumatic stress disorder. The Psychiatric Clinics of North America, 25(2),
271-293.

Otte, C., Gold, S. M., Penninx, B. W, Pariante, C. M., Etkin, A, Fava, M., ...
Schatzberg, A. F. (2016). Major depressive disorder. Nature Reviews. Disease
Primers, 2, 16065.

Otte, C., Neylan, T. C,, Pole, N., Metzler, T., Best, S., Henn-Haase, C, ...
Marmar, C. R. (2005). Association between childhood trauma and catechol-
amine response to psychological stress in police academy recruits. Biological
Psychiatry, 57(1), 27-32.

Pauli, P, Hartl, L., Marquardt, C., Stalmann, H., & Strian, F. (1991). Heartbeat
and arrhythmia perception in diabetic autonomic neuropathy. Psychological
Medicine, 21, 413-421. doi:10.1017/50033291700020523

Paykel, E. S. (2001). The evolution of life events research in psychiatry. Journal
of Affective Disorders, 62, 141-149. doi:10.1016/s0165-0327(00)00174-9

Peskind, E. R., Wingerson, D., Murray, S., Pascualy, M., Dobie, D. J., Le Corre,
P., ... Raskind, M. A. (1995). Effects of Alzheimer’s disease and normal
aging on cerebrospinal fluid norepinephrine responses to yohimbine and
clonidine. Archives of General Psychiatry, 52, 774-782. doi:10.1001/
archpsyc.1995.03950210068012

Philippsen, C., Hahn, M., Schwabe, L., Richter, S., Drewe, J., & Schachinger, H.
(2007). Cardiovascular reactivity to mental stress is not affected by
alpha2-adrenoreceptor activation or inhibition. Psychopharmacology
(Berl), 190, 181-188. doi:10.1007/s00213-006-0597-7

Phillips, G. C.,, Jones, G. E., Rieger, E. J., & Snell, J. B. (1999). Effects of the
presentation of false heart-rate feedback on the performance of two com-
mon  heartbeat-detection  tasks.  Psychophysiology, 36, 504-510.
doi:10.1017/s0048577299980071

Pollatos, O., Herbert, B. M., Wankner, S., Dietel, A., Wachsmuth, C.,
Henningsen, P., & Sack, M. (2011). Autonomic imbalance is associated
with reduced facial recognition in somatoform disorders. Journal of
Psychosomatic Research, 71, 232-239. doi:10.1016/j.jpsychores.2011.03.012

Pollatos, O., & Schandry, R. (2004). Accuracy of heartbeat perception is
reflected in the amplitude of the heartbeat-evoked brain potential.
Psychophysiology, 41, 476-482. doi:10.1111/1469-8986.2004.00170.x

Pollatos, O., Schandry, R., Auer, D. P., & Kaufmann, C. (2007). Brain struc-
tures mediating cardiovascular arousal and interoceptive awareness. Brain
Research, 1141, 178-187. doi:10.1016/j.brainres.2007.01.026

Rivero, G., Gabilondo, A. M., Garcia-Sevilla, J. A., La Harpe, R,, Callado, L. F,
& Meana, J. J. (2014). Increased alpha2- and betal-adrenoceptor densities
in postmortem brain of subjects with depression: Differential effect of anti-
depressant treatment. Journal of Affective Disorders, 167, 343-350.
doi:10.1016/j.jad.2014.06.016

https://doi.org/10.1017/5S0954579420001613 Published online by Cambridge University Press

1023

Rockhold, R. W., & Caldwell, R. W. (1980). Cardiovascular effects following
clonidine microinjection into the nucleus tractus solitarii of the rat.
Neuropharmacology, 19, 919-922. doi:10.1016/0028-3908(80)90094-5

Rost, S., Van Ryckeghem, D. M., Schulz, A., Crombez, G., & Vogele, C. (2017).
Generalized hypervigilance in fibromyalgia: Normal interoceptive accuracy,
but reduced self-regulatory capacity. Journal of Psychosomatic Research, 93,
48-54. doi:10.1016/j.jpsychores.2016.12.003

Savitz, ]., & Harrison, N. A. (2018). Interoception and inflammation in psychi-
atric  disorders. Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging, 3, 514-524. doi:10.1016/j.bpsc.2017.12.011

Schaan, V. K,, Schulz, A, Rubel, J. A., Bernstein, M., Domes, G., Schichinger,
H., & Vogele, C. (2019). Childhood trauma affects stress-related interocep-
tive accuracy. Frontiers in Psychiatry, 10, 750. doi:10.3389/fpsyt.2019.00750

Schaefer, M., Egloff, B., Gerlach, A. L., & Witthoft, M. (2014). Improving
heartbeat perception in patients with medically unexplained symptoms
reduces symptom distress. Biological Psychology, 101, 69-76. doi:10.1016/
j.biopsycho.2014.05.012

Schaefer, M., Egloff, B., & Witthoft, M. (2012). Is interoceptive awareness
really altered in somatoform disorders? Testing competing theories with
two paradigms of heartbeat perception. Journal of Abnormal Psychology,
121, 719-724. doi:10.1037/a0028509

Schandry, R. (1981). Heart beat perception and emotional experience.
Psychophysiology, 18, 483-488. doi:10.1111/j.1469-8986.1981.tb02486.x

Schandry, R., Bestler, M., & Montoya, P. (1993). On the relation between car-
diodynamics and heartbeat perception. Psychophysiology, 30, 467-474.
doi:10.1111/j.1469-8986.1993.tb02070.x

Schandry, R., & Specht, G. (1981). The influence of psychological and physical
stress on the perception of heartbeats. [Abstract]. Psychophysiology, 18, 154.
doi:10.1111/j.1469-8986.1981.tb02929.x

Scherhag, A. W., Stastny, J., Pfleger, S., Voelker, W., & Heene, D. L. (1999).
Evaluation of systolic performance by automated impedance cardiography.
Annals of the New York Academy of Sciences, 873, 167-173. d0i:10.1111/
j.1749-6632.1999.tb09464.x

Schulz, S. M. (2016). Neural correlates of heart-focused interoception: A functional
magnetic resonance imaging meta-analysis. Philosophical Transactions of the
Royal Society B: Biological Sciences, 371. doi:10.1098/rstb.2016.0018

Schulz, A., Lass-Hennemann, J., Sutterlin, S., Schichinger, H., & Vogele, C.
(2013). Cold pressor stress induces opposite effects on cardioceptive accu-
racy dependent on assessment paradigm. Biological Psychology, 93, 167-
174. doi:10.1016/j.biopsycho.2013.01.007

Schulz, A., Strelzyk, F., Ferreira de Sa, D. S., Naumann, E., Végele, C., &
Schachinger, H. (2013). Cortisol rapidly affects amplitudes of
heartbeat-evoked brain potentials-Implications for the contribution of stress
to an altered perception of physical sensations? Psychoneuroendocrinology,
38, 2686-2693. doi:10.1016/j.psyneuen.2013.06.027

Schulz, A., & Vogele, C. (2015). Interoception and stress. Frontiers in
Psychology, 6, 993. doi:10.3389/fpsyg.2015.00993

Soeter, M., & Kindt, M. (2011). Noradrenergic enhancement of associative fear
memory in humans. Neurobiology of Learning and Memory, 96, 263-271.
doi:10.1016/j.nlm.2011.05.003

Soeter, M., & Kindt, M. (2012). Stimulation of the noradrenergic system dur-
ing memory formation impairs extinction learning but not the disruption of
reconsolidation. Neuropsychopharmacology, 37, 1204-1215. doi:10.1038/
npp.2011.307

Surget, A., Tanti, A., Leonardo, E. D., Laugeray, A., Rainer, Q., Touma, C,, ...
Belzung, C. (2011). Antidepressants recruit new neurons to improve stress
response regulation. Molecular Psychiatry, 16, 1177-1188. do0i:10.1038/
mp.2011.48

Sved, A. F., Tsukamoto, K., & Schreihofer, A. M. (1992). Stimulation of alpha
2-adrenergic receptors in nucleus tractus solitarius is required for the bar-
oreceptor reflex. Brain Research, 576, 297-303. doi:10.1016/0006-8993(92)
90693-4

Terhaar, J., Viola, F. C., Bar, K. J., & Debener, S. (2012). Heartbeat evoked
potentials mirror altered body perception in depressed patients. Clinical
Neurophysiology, 123, 1950-1957. d0i:10.1016/j.clinph.2012.02.086

Usher, M., Cohen, J. D., Servan-Schreiber, D., Rajkowski, J., & Aston-Jones, G.
(1999). The role of locus coeruleus in the regulation of cognitive perfor-
mance. Science, 283, 549-554. doi:10.1126/science.283.5401.549


https://doi.org/10.1017/S0954579420001613

1024

Villani, V., Tsakiris, M., & Azevedo, R. T. (2019). Transcutaneous vagus nerve
stimulation improves interoceptive accuracy. Neuropsychologia, 134, 107201.
doi:10.1016/j.neuropsychologia.2019.107201.

Willem Van der Does, A. J., Antony, M. M., Ehlers, A., & Barsky, A. J. (2000).
Heartbeat perception in panic disorder: A reanalysis. Behaviour Research
and Therapy, 38, 47-62. doi:10.1016/S0005-7967(98)00184-3

Williams, J. B., & Kobak, K. A. (2008). Development and reliability of a struc-
tured interview guide for the Montgomery Asberg Depression Rating Scale
(SIGMA). British  Journal of Psychiatry, 192, 52-58. doi:10.1192/
bjp.bp.106.032532

Wingenfeld, K., Driessen, M., Mensebach, C., Rullkotter, N., Schaffrath, C.,
Spitzer, C., ... Heim, C. (2011). Die deutsche Version des “Early Trauma
Inventory” (ETI). Erste psychometrische Charakterisierung eines
Interviews zur Erfassung traumatischer Lebensereignisse in der
Kindheit und Jugend. Diagnostica, 57, 27-38. doi:10.1026/0012-1924/
a000036

Wingenfeld, K., Kuffel, A., Uhlmann, C., Terfehr, K., Schreiner, J., Kuehl, L. K.,
... Spitzer, C. (2013). Effects of noradrenergic stimulation on memory in
patients with major depressive disorder. Stress, 16, 191-201. doi:10.3109/
10253890.2012.708951

https://doi.org/10.1017/5S0954579420001613 Published online by Cambridge University Press

A. Schulz et al.

Wingenfeld, K., Spitzer, C., Mensebach, C., Grabe, H. J,, Hill, A,, Gast, U,, ...
Driessen, M. (2010). Die deutsche Version des Childhood Trauma
Questionnaire (CTQ): Erste Befunde zu den psychometrischen
Kennwerten. Psychother Psychosom Med Psychol, 60, 442-450.

Wittchen, H. U, Zaudig, M., & Fydrich, T. (1997). SKID: Strukturiertes
Klinisches Interview fiir DSM-1V; Achse I und IL Achse II:
Personlichkeitsstorungen. SKID-II. Gottingen: Hogrefe.

Wittkamp, M. E,, Bertsch, K., Vogele, C., & Schulz, A. (2018). A latent state-
trait analysis of interoceptive accuracy. Psychophysiology, 55, €13055.
doi:10.1111/psyp.13055

Yamazaki, T., & Ninomiya, L. (1993). Noradrenaline contributes to modulation of
the carotid sinus baroreflex in the nucleus tractus solitarii area in the rabbit. Acta
Physiologica Scandinavica, 149, 1-6. doi:10.1111/j.1748-1716.1993.tb09585.x

Yuan, H., Yan, H. M., Xu, X. G, Han, F,, & Yan, Q. (2007). Effect of heartbeat
perception on heartbeat evoked potential waves. Neuroscience Bulletin, 23,
357-362. doi:10.1007/s12264-007-0053-7

Zamariola, G., Maurage, P., Luminet, O., & Corneille, O. (2018). Interoceptive
accuracy scores from the heartbeat counting task are problematic: Evidence
from simple bivariate correlations. Biological Psychology, 137, 12-17.
doi:10.1016/j.biopsycho.2018.06.006


https://doi.org/10.1017/S0954579420001613

	S0954579420001674a
	Disrupted caregiving behavior as a mediator of the relation between disrupted prenatal maternal representations and toddler social--emotional functioning
	Study Method
	Participants
	Procedures
	Measures
	Disrupted prenatal maternal representations
	Disrupted maternal caregiving behavior
	Mother-reported toddler social--emotional functioning

	Data analysis

	Results
	Discussion
	References


	S0954579420002163a
	Associations between childhood maltreatment, poor sleep, and prenatal distress in pregnant adolescents
	
Childhood maltreatment and poor sleep in adolescence
	Childhood maltreatment and poor sleep in adolescence
	Childhood maltreatment and distress in adolescence

	Childhood Maltreatment, Sleep, and Distress in Pregnant Adolescents
	Pregnancy-specific Distress
	The Current Study
	Method
	Participants
	Study procedures
	Sleep quality
	Prenatal distress
	Childhood maltreatment

	Analytic strategy

	Results
	Descriptive statistics

	Results of Path Model
	Discussion
	Acknowledgment
	References


	S0954579420001996a
	Infant temperament prospectively predicts general psychopathology in childhood
	Method
	Participants
	Measures
	Temperament
	Observed infant temperament
	Parent-reported infant temperament
	Temperament composite

	Psychopathology

	Analyses

	Results
	Preliminary analyses
	Comparison of the bifactor model and correlated factors model
	The impact of infant temperament on the bifactor model
	The effects of infant temperament on the correlated factors model

	Discussion
	Conclusion
	Acknowledgments
	References


	S0954579420002096a
	Infant temperament, early-childhood parenting, and early-adolescent development: Testing alternative models of Parenting&thinsp;&times;&thinsp;Temperament interaction
	Method
	Participants and design
	Measures
	Statistical analysis

	Results
	Primary analysis
	Secondary analysis
	Sensitivity analyses

	Discussion
	Acknowledgments
	References
	Appendix


	S0954579420001534a
	Mutual synergies between reactive and active inhibitory systems of temperament in the development of children's disruptive behavior: Two longitudinal studies
	Study 1
	Participants
	Overview
	Measures
	Children's BI, 2.5 years
	Paradigm
	Coding and data aggregation

	Children's EC, 2.5 years
	Delay tasks
	Coding and data aggregation

	Children's disregard for maternal rule, 4 years
	Paradigm and coding



	Results
	Discussion
	Study 2
	Participants
	Overview
	Measures
	Children's BI, 2, 3, and 4.5 years.
	Paradigm
	Coding and data aggregation

	Children's EC, 2, 3, and 4.5 years
	Delay tasks
	Coding and data aggregation

	Children's externalizing behavior problems, 5.5 and 6.5 years
	Parent-rated instruments

	Children's internalizing behavior problems, 5.5 and 6.5 years


	Results
	Discussion
	General Discussion
	Acknowledgments
	References


	S0954579420001984a
	Methylation of the glucocorticoid receptor promoter in children: Links with parents as teachers, early life stress, and behavior problems
	Introduction
	Material and Method
	Recruitment and randomization
	Participants
	Parents as Teachers
	Data collection
	Maternal depressive symptom
	Parental disagreement
	SES
	Child behavior problems
	Saliva sampling
	DNA methylation
	Statistical analyses

	Results
	ELS, PAT, and NR3C1 methylation
	NR3C1 methylation and child behavior problems
	NR3C1 methylation as a mediator

	Discussion
	Limitations
	Implications and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001546a
	Parents&rsquo; early representations of their children moderate socialization processes: Evidence from two studies
	Family Study: Parents&rsquo; Internal Working Models (IWMs) of the Child (Mind- Mindedness, MM) Moderate the Path from Infant Difficulty to Parental Control to Children&apos;s Regard for Rules
	Method
	Participants
	Overview of design

	Measures
	Children's difficulty, age 7 months (negative affect and unresponsiveness toward the parent)
	Observed contexts
	Negative affect: coding and data aggregation
	Unresponsiveness: coding and data aggregation
	Child difficulty composite

	Mothers&rsquo; and fathers&rsquo; appropriate MM comments, age 7 months
	Observed contexts
	Transcribing, coding, and data aggregation

	Mothers&rsquo; and fathers&rsquo; power-assertive discipline, ages 2, 3, and 4.5
	Observed contexts
	Coding and aggregation

	Children's outcomes, age 5.5: regard and disregard for rules of conduct
	Disregard for rules: observed contexts
	Coding and data aggregation
	Regard for rules: parental ratings


	Results
	Preliminary analyses
	Main analyses: testing the moderated mediation model
	Mother--child dyads
	Father--child dyads



	Family Study Discussion
	Children and Parents Study: Parents&rsquo; Internal Working Models of the Child (Reflective Functioning, RF, Hostile Attributions) Moderate Accuracy of their Perception of Infant Difficulty
	Method
	Participants
	Overview of design
	Measures
	Children's observed difficulty (anger expression in standard laboratory episodes).
	Observed contexts
	Coding and data aggregation

	Parent-rated difficulty (anger proneness reported in a questionnaire)
	Parents&rsquo; dysfunctional IWMs of the child (low RF, hostile attributions)


	Results
	Preliminary analyses
	Main analyses: the moderating effect of parental IWMs
	Mother--child dyads
	Father--child dyads



	Children and Parents Study Discussion
	General Discussion
	Acknowledgments
	References


	S0954579420002199a
	Examination of developmental pathways from preschool temperament to early adolescent ADHD symptoms through initial responsiveness to reward
	
Physiological correlates of reward responsiveness and ADHD
	Physiological correlates of reward responsiveness and ADHD
	The current study

	Method
	Participants
	Procedure
	Measures
	Negative and positive emotionality
	Reward task
	EEG data acquisition and processing
	ADHD symptoms

	Analytic plan
	Data availability

	Results
	Bivariate correlation analyses
	Mediation analyses with PE
	Follow-up mediation analyses with PE, accounting for ODD and CD

	Mediation analyses with NE

	Discussion
	Conceptual implications
	Clinical implications
	Limitations and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001662a
	Epigenetic profiling of social communication trajectories and co-occurring mental health problems: a prospective, methylome-wide association study
	Introduction
	Method
	Participants
	Measures
	Social communication deficits
	DNAm data
	Risk exposures
	Child characteristics

	Statistical analysis
	Social communication deficits trajectories
	Methylome-wide analysis of social communication trajectories
	Genetic and environmental influences underlying the top hits
	Univariate and multivariate models: mental health symptoms
	Replication


	Results
	Social communication deficits trajectories
	Methylome-wide analysis of the social communication trajectories
	Genetic and environmental influences underlying the top hits
	Univariate and multivariate models: mental health symptoms
	Replication

	Discussion
	Acknowledgments
	References


	S0954579420001972a
	Characterization of the effects of age and childhood maltreatment on ELOVL2 DNA methylation
	Introduction
	Method
	Recruitment of study participants and assessment of sociodemographic and psychological data
	Sample collection and DNA extraction
	Identification of epigenetic targeted regions
	Assessment of intron 1 DNAm using mass array spectrometry
	Assessment of exon 1 DNAm using bisulfite pyrosequencing
	ELOVL2 gene expression analyses
	Data processing and statistical analyses

	Results
	DNAm of ELOVL2 sequence previously described as a biomarker for age (5&prime; end)
	Associations between ELOVL2 exon 1 and intron 1 DNAm and chronological age in mothers
	Association between ELOVL2 methylation in exon 1 and intron 1 and CM in mothers
	ELOVL2 gene expression in PBMC
	ELOVL2 DNAm of exon 1 and intron 1 in newborns from CM-exposed mothers

	Discussion
	Conclusion
	Acknowledgments
	References


	S095457942000187Xa
	Adverse childhood experiences and transcriptional response in school-age children
	Method
	Participants and recruitment
	Adversity measure
	Gene expression measure
	Statistical analysis

	Results
	Sample characteristics
	Inflammatory gene expression
	Interferon gene expression
	Cellular origins

	Discussion
	Acknowledgment
	References


	S0954579420002102a
	How matrix metalloproteinase (MMP)-9 (rs3918242) polymorphism affects MMP-9 serum concentration and associates with autism spectrum disorders: A case-control study in Iranian population
	Introduction
	Method
	Samples
	Genotyping
	MMP-9 serum concentration using enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Discussion
	References


	S0954579420001522a
	A latent class analysis of parent--child discrepancies in reports of peer victimization: Associations to child sexual abuse status and psychological adjustment
	Method
	Procedures and participants
	Measures
	Indicators of the LCA
	Outcomes
	Internalizing and externalizing behavior problems
	Loneliness
	Interpersonal trust


	Covariates
	Socio-demographic characteristics
	Abuse characteristics

	Data analytic plan

	Results
	Descriptive statistics
	Identifying latent classes of peer victimization reporting
	Interpretation of the four-class solution
	Association between CSA and class membership
	Class membership and adjustment in sexually abused children

	Discussion
	Strengths and limitations
	Future research
	Implications

	Acknowledgments
	References


	S0954579420001698a
	Individual differences in sensitivity to the early environment as a function of amygdala and hippocampus volumes: An exploratory analysis in 12-year-old boys
	Method
	Participants
	MRI acquisition
	MRI data preprocessing
	Measures
	Environmental quality
	Child behavior

	Statistical analysis

	Results
	Bivariate correlations
	Hierarchical linear models
	Follow-up analyses
	Post-hoc analyses

	Discussion
	Acknowledgement
	References


	S0954579420001947a
	Childhood poverty and psychological well-being: The mediating role of cumulative risk exposure
	Method
	Participants
	Procedure
	Measures
	Internalizing and externalizing
	Learned helplessness
	Allostatic load
	Cumulative risk


	Results
	Sensitivity analyses

	Discussion
	Acknowledgments
	References


	S0954579420001959a
	Delineating the developmental sequelae of children's risky involvement in interparental conflict
	
Coercive involvement
	Coercive involvement
	Caregiving involvement
	Cautious involvement
	Present study

	Method
	Participants
	Procedures
	Interparental disagreement interview
	Maternal assessments of child adjustment
	Experimenter assessments of child adjustment

	Measures
	Children's risky involvement in interparental conflict
	Externalizing problems
	Separation anxiety
	Depressive symptoms
	Social withdrawal
	Callous and unemotional traits
	Prosocial behavior
	Extraversion
	Covariates


	Results
	Descriptive results
	Primary analyses
	Coercive involvement
	Caregiving involvement
	Cautious involvement


	Discussion
	Acknowledgments
	References


	S0954579420002072a
	Negative parental emotional environment increases the association between childhood behavioral problems and impaired recognition of negative facial expressions
	Introduction
	Current study
	Method
	Participants
	Strengths and difficulties questionnaire
	Five-minute speech sample
	Facial emotion recognition task
	Data analysis

	Results
	Behavioral problems and facial emotion recognition
	Parental EE and facial emotion recognition
	The interaction between behavioral problems and parental EE on facial emotion recognition
	Negative comments
	Warmth
	Negativity

	Discussion
	Implications
	Limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001704a
	Neurobehavioral correlates of impaired emotion recognition in pediatric PTSD
	Introduction
	Method
	Emotion recognition task and statistical analyses
	Functional MRI task and statistical analyses
	Secondary analyses

	Results
	Demographic and clinical characteristics
	Emotion recognition performance
	Emotion identification accuracy and amygdala function
	Confound analyses

	Discussion
	Acknowledgments
	References


	S0954579420001716a
	Prefrontal cortex and amygdala anatomy in youth with persistent levels of harsh parenting practices and subclinical anxiety symptoms over time during childhood
	Material and Method
	Participants
	Sample
	Measures evaluated over time
	Assignation to the four cells of this study
	Inclusion/exclusion criteria and measures at the time of MRI

	Image acquisition, processing, and analysis

	Results
	Participants
	Main effect of parenting practices
	Regions of interest (VBM volumes and FreeSurfer cortical thickness)
	Whole-brain analysis (VBM volume)

	Main effect of subclinical anxiety symptoms
	Parenting by anxiety symptoms interaction
	Regions of interest (VBM volumes and FreeSurfer cortical thickness)
	Whole-brain analysis (VBM volume)


	Discussion
	Acknowledgments
	References


	S0954579420001558a
	Transacting brains: testing an actor--partner model of frontal EEG activity in mother--infant dyads
	Introduction
	Method
	Participants
	Procedures
	Affective stimuli and emotion-eliciting conditions
	Simultaneous EEG data collection and reduction in mother--infant dyads
	EEG data collection
	EEG data reduction and analyses

	Maternal self-reported personality measures
	Eysenck personality questionnaire-revised short form
	Carver and White Behavioral Inhibition and Activation (BIS/BAS) scales
	Cheek and Buss Shyness and Sociability scale

	Maternal social approach/avoidance composite variables
	Maternal social avoidance composite
	Maternal social approach composite

	Data analyses

	Results
	Objective 1: Testing the bidirectional effects of simultaneously measured frontal EEG asymmetry in mother--infant dyads
	Objective 2: Examining the influence of maternal social approach and social avoidance characteristics on the bidirectional effects examined in Objective 1
	Maternal social avoidance composite
	Maternal social approach composite


	Discussion
	Limitations
	Conclusion and implications

	Acknowledgment
	References


	S0954579420001583a
	Prospective longitudinal associations between harsh parenting and corticolimbic function during adolescence
	
Harsh parenting across childhood
	Harsh parenting across childhood
	Neural structures within the corticolimbic system
	Adversity effects on corticolimbic system function
	Environmental effects on corticolimbic function: Consideration of developmental timing
	The present study

	Methods
	Sample
	Procedure
	SAND subsample

	Measures
	Maternal harshness
	Covariates

	Neuroimaging data
	fMRI task
	Data acquisition and preprocessing
	Activation analyses
	Functional connectivity analysis

	Analytic plan

	Results
	Estimation of harsh parenting across childhood
	Harsh parenting effects on corticolimbic activation
	Harsh parenting effects on corticolimbic connectivity
	Post-hoc exploratory analyses
	Cumulative exposure to harsh parenting
	Gender differences


	Discussion
	The trajectory of harsh parenting across childhood
	Developmental timing modulates adversity effects on corticolimbic function
	Inconsistencies in adversity -- amygdala function associations
	Associations between harsh parenting and prefrontal function
	Associations between harsh parenting and amygdala-prefrontal connectivity
	Specificity of angry facial expressions
	Limitations and future directions

	Acknowledgments
	References


	S0954579420001601a
	Do you see what I mean?: Using mobile eye tracking to capture parent--child dynamics in the context of anxiety risk
	Introduction
	Relationships Between Parents and their Behaviorally Inhibited Children
	Using a First-Person Approach to Capture Social Referencing
	Between-Family Differences in Within-Family Dynamics: State Space Grids
	The Current Study
	Method
	Participants
	Procedure and measures
	Statistical analyses

	Results
	Discussion
	Aim 1: Relation between BI and proportion of time spent referencing the parent
	Aim 2: Relation between BI and proportions of time spent in parenting behaviors
	Aim 3: Relation between parent anxiety and proportions of time spent in parenting behaviors
	Aim 4: State space grid analyses to test relations between attractors, child BI, and parent anxiety

	Limitations and Conclusions
	References


	S0954579420001613a
	Noradrenergic activation induced by yohimbine decreases interoceptive accuracy in healthy individuals with childhood adversity
	Introduction
	Methods
	Participants
	Assessment of cardiovascular activity
	Interoceptive task
	Pharmacological intervention
	Procedure
	Statistical analysis

	Results
	Sample characteristics
	Cardiovascular data
	Systolic arterial blood pressure (SAP)
	Diastolic arterial blood pressure (DAP)
	Heart rate (HR)

	Interoception
	Interoceptive accuracy (IAcc)
	Interoceptive sensibility (IS)
	Regression analyses


	Discussion
	Limitations
	Conclusions

	Acknowledgments
	References


	S0954579420002205a
	Differential susceptibility 2.0: Are the same children affected by different experiences and exposures?
	Effects of Early Childcare
	The Role of Family Socioeconomic Conditions
	The Role of Child Genetic Make-up
	Identifying Susceptible Children
	Current Study
	Method
	Participants
	Overview of data collection
	Measures
	Childcare predictors
	Quantity
	Quality

	Child outcomes
	Behavior problems
	Preacademic skills

	Maternal, child, and family covariates

	Genotyping
	Statistical Analysis
	Results
	Differential susceptibility to quantity and quality of care
	The role of family socioeconomic status
	The role of child genotype

	Discussion
	Limitations and Future Directions
	References


	S0954579420001728a
	Externalizing the threat from within: A new direction for researching associations between suicide and psychotic experiences
	Introduction
	Suicidal drive hypothesis: preliminary findings

	Method
	Study cohort
	Measures
	Childhood PEs
	Adolescent PEs
	Childhood self-injurious behaviors
	Adolescent self-injurious behaviors
	Covariates

	Statistical analyses

	Results
	Is there a bidirectional association between SIB and PEs?
	Does the prospective association between SIB and PEs hold when controlling for unmeasured familial environmental and (at least partially) genetic confounding?
	Are PEs among those experiencing SIB informed and characterized by SIB/threat/death-related content?

	Discussion
	SIB -- PEs directionality
	The phenomenology of PEs in the context of SIB
	Auditory verbal hallucinations
	Intrusive thoughts, paranoia, and persecutory/referential delusions
	Disowned aspects of self and negative self-evaluation
	Research implications
	Clinical implications
	Study limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001753a
	The mediating role of adolescents&rsquo; loneliness and social withdrawal in the association between maternal depressive symptoms and suicidality in adolescence: A 20-year population-based study
	Method
	Sample and procedure
	Measures
	Exposure (maternal depressive symptoms from 5 months to 7 years)
	Outcome (suicidality from 13 to 20 years)
	Mediators (social withdrawal and loneliness from 10 to 13 years)
	Covariates

	Analysis
	Complementary analysis


	Results
	Complementary analyses

	Discussion
	Acknowledgments
	References


	S0954579420001819a
	Behavioral and electrophysiological indices of inhibitory control in maltreated adolescents and nonmaltreated adolescents
	
Inhibitory control and the underlying neural activity
	Inhibitory control and the underlying neural activity
	Impact of early adverse experiences on inhibitory control and underlying neural activity
	Objectives and hypotheses of the current study

	Method
	Participants
	Procedures
	Measures
	Go/no-go task
	Electroencephalogram (EEG) data acquisition and processing

	Data analysis

	Results
	Behavioral data
	Percentage of correct responses
	Average reaction time

	ERP data
	Peak amplitude of the N2
	Peak amplitude of the P3


	Discussion
	Acknowledgments
	References


	S0954579420001935a
	Gonadal and adrenal hormones interact with pubertal maturation to predict depressive symptoms in a group of high-school females
	Introduction
	The endocrine system in adolescence
	Estradiol and adolescence
	Estradiol and mood disorders
	Pubertal development and mood disorders
	Current study

	Method
	Participants
	Procedures
	Measures
	Depressive symptoms
	Pubertal development

	Data analysis plan

	Results
	Main effects
	Two-way interactions predicting CDI at three time points
	Three-way interactions predicting CDI at three time points
	E&thinsp;&times;&thinsp;C&thinsp;&times;&thinsp;PDS
	PDS&thinsp;Onset

	Discussion
	Limitations and Future Directions
	Acknowledgments
	References


	S0954579420002114a
	Synergy between callous--unemotional traits and aggression in preschool children: Cross-informant and cross-cultural replication in the UK Wirral Child Health and Development Study, and the Colombian La Sabana Parent--Child Study
	Method
	Overview of method
	Study 1
	Participants and procedure
	Measures
	Data analyses


	Results
	Study 2
	Participants and procedure
	Measures
	Data analyses


	Results
	Comparison of main and interactive effects in the Wirral and La Sabana studies
	Data analyses


	Results
	Discussion
	Acknowledgments
	References


	S0954579420002060a
	Pursuing the developmental aims of the triarchic model of psychopathy: Creation and validation of triarchic scales for use in the USC: RFAB longitudinal twin project
	Introduction
	The triarchic model across development
	Operationalizing the triarchic model
	The current study

	Method
	Participants
	Procedure
	Measures used as sources of candidate items for self-report RFAB-triarchic scales
	Child psychopathy scale (CPS; Lynam, 1997)
	Achenbach System of Empirically Based Assessment (ASEBA; Achenbach, 1991)

	Wave 3 criterion measures
	Antisocial Process Screening Device (APSD; Frick &amp; Hare, 2001)
	YSR Internalizing and Externalizing

	Wave 5 criterion measures
	Triarchic Psychopathy Measure (TriPM; Patrick, 2010)
	ASR Internalizing and Externalizing
	Antisocial behavior (ASB) measure
	Substance abuse (SU) measure

	Data analytic strategy

	Results
	Item content of final RFAB-Tri scales
	Psychometric properties of RFAB-Tri scales in Waves 3 and 5: Reliabilities, scale intercorrelations, and temporal stability of scores
	Concurrent relations of RFAB-Tri scales with criterion measures at Waves 3 and 5
	Wave 3 RFAB-triarchic scales: Concurrent relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 5 RFAB-Tri scales: Concurrent relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 5 RFAB-Tri scales: Concurrent relations with criterion measures of antisocial behavior and substance use

	Longitudinal relations of RFAB-Tri scales with criterion measures at Wave 5
	Wave 3 RFAB-Tri scales: Longitudinal relations with criterion measures of psychopathy and internalizing/externalizing symptomatology
	Wave 3 RFAB-Tri scales: Longitudinal relations with criterion measures of antisocial behavior and substance use


	Discussion
	Operationalization of triarchic model traits in the RFAB study dataset
	Situating the RFAB-triarchic scales in a nomological network
	Limitations and future directions

	References


	S0954579420001832a
	Trait attributions and threat appraisals explain why an entity theory of personality predicts greater internalizing symptoms during adolescence
	&ldquo;People can&apos;t change:&rdquo; An Entity Theory of Personality and Internalizing Symptoms
	&ldquo;I&apos;m not likable:&rdquo; Fixed Trait Attributions about the Self
	&ldquo;I can&apos;t handle my stressors:&rdquo; Threat Appraisals
	The Present Research
	Study 1
	Method
	Dataset
	Measures
	Implicit theories of personality
	Internalizing symptoms

	Data analysis


	Results
	Study 2
	Method
	Dataset
	Procedures
	Measures
	Implicit theories of personality (T1)
	Fixed trait attribution about the self (T1)
	Intensity of daily stressors (T2)
	Daily threat appraisals (T2)
	Internalizing symptoms (T1, T3)


	Data analysis
	Replication of Study 1's results
	Extension of Study 1's results

	Results
	Replication of Study 1's results
	Extension of Study 1's results
	Exploratory analyses of gender


	Discussion
	Conclusion
	References


	S0954579420001650a
	Multiple developmental pathways underlying conduct problems: A multitrajectory framework
	Introduction
	Heterogeneity in clinical presentation
	Comorbities and subgroups
	Developmental joint- and multitrajectory

	Method
	Participants
	Measures
	Teacher ratings of child psychological factors
	Teacher ratings of child CP
	Self-reported adolescent CP

	Statistical procedure
	Multitrajectory modelling

	Associations between multitrajectories and childhood CP
	Prospective predictions of CP in adolescence from childhood multitrajectories

	Results
	Multitrajectory modelling
	Associations between multitrajectories and childhood CP
	Prospective predictions of CP in adolescence from childhood multitrajectories

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	References


	S0954579420001637a
	An examination of the joint effects of adolescent interpersonal styles and parenting styles on substance use
	Introduction
	Adolescent interpersonal style
	Parenting styles
	Developmental shifts in social goals and parenting
	The current study

	Method
	Participants
	Procedures
	Measures
	Substance use (W1--W9)
	Substance use-related consequences (W7--W9)
	Social goals (W1--W3)
	Parental demandingness and responsiveness (W1--W3)

	Data analytic strategy
	Aim 1
	Aim 2
	Aim 3


	Results
	Descriptive statistics
	Longitudinal latent profile analyses
	Validity analyses
	Two-part growth model
	Substance use growth prediction models
	The submissive--communal IS&thinsp;&plus;&thinsp;high-warmth&ndash;authoritative PS profile (protective profile) reference group
	The separate IS&thinsp;&plus;&thinsp;stable uninvolved PS profile (risk profile) reference group

	Substance use consequences prediction models
	The submissive--communal IS&thinsp;&plus;&thinsp;high-warmth&ndash;authoritative PS profile (protective profile) reference group
	The separate IS&thinsp;&plus;&thinsp;stable uninvolved PS profile (risk profile) reference group


	Discussion
	Profile effects on substance use
	Clinical implications and limitations

	Conclusion
	References


	S0954579420001881a
	The joint development of externalizing and internalizing behaviors in black and Hispanic youth and the link to late adolescent substance use
	Externalizing Behaviors and Substance Use
	Internalizing Behaviors and Substance Use
	Comorbidity between externalizing and internalizing behavior and risk for substance use

	Current Study
	Method
	Data
	Participants
	Measures
	Externalizing and internalizing behaviors
	Substance use
	Additional covariates

	Analytic plan

	Results
	Joint development of externalizing and internalizing behaviors
	Joint distribution of externalizing behaviors and internalizing symptoms and adolescent substance use
	The development of substance use in mid to late adolescence

	Discussion
	Acknowledgments
	References


	S0954579420002151a
	Childhood maltreatment, personality vulnerability profiles, and borderline personality disorder symptoms in adolescents
	Method
	Participants
	Procedure
	Measures
	Socio-demographics
	Depressive experiences questionnaire
	Borderline personality inventory
	Childhood experience of care and abuse questionnaire

	Statistical analysis

	Results
	Preliminary analyses
	Profiles of dependency and self-criticism
	Associations between BPDs and profiles of dependency and self-criticism
	Associations between CM and profiles of dependency and self-criticism
	Mediation of the associations of cumulative CM with BPDs by personality profiles
	Associations of cumulative CM with BPDs: Moderation by profiles of self-criticism and dependency

	Discussion
	Limitations and future directions

	References


	S095457942000214Xa
	Family Minds: A randomized controlled trial of a group intervention to improve foster parents&rsquo; reflective functioning
	Introduction
	Mentalization and reflective functioning
	Parenting stress
	Reflective functioning interventions and psychoeducation for foster parents
	Family Minds
	Current study

	Method
	Participants
	Procedure
	Measures
	Analytic approach

	Results
	Preliminary analyses
	Parental reflective functioning
	Parenting stress
	Foster children's emotional/behavioral difficulties

	Discussion
	Reflective functioning
	Parenting stress
	Child emotional and behavioral challenges
	Limitations and future directions

	Conclusion
	Acknowledgments
	References


	S0954579420001509a
	Childhood trauma, attachment orientation, and complex PTSD (CPTSD) symptoms in a clinical sample: Implications for treatment
	Introduction
	Method
	Participants and procedures
	Measures
	Childhood trauma
	Complex PTSD symptoms
	Attachment styles

	Statistical analysis

	Results
	Discussion
	References


	S0954579421000316a
	Developmental pathways to social anxiety and irritability: The role of the ERN -- CORRIGENDUM
	References


	S0954579421000547a
	Towards a better understanding of adolescent obsessive--compulsive personality traits and obsessive--compulsive symptoms from growth trajectories of perfectionism -- ERRATUM
	Reference


	DPP-2100112_online.pdf
	Using a developmental perspective to examine the moderating effects of marriage on heavy episodic drinking in a young adult sample enriched for risk -- CORRIGENDUM
	Reference


	DPP-2200008_online.pdf
	Cumulative early childhood adversity and later antisocial behavior: The mediating role of passive avoidance -- ERRATUM
	Reference




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




