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CHILD MALTREATMENT AND EMOTION RECOGNITION 2

ABSTRACT

Background: Individuals with child maltreatment (CM) experiences show alterations in
emotion recognition (ER). However, previous research has mainly focused on populations
with specific mental disorders, which makes it unclear whether alterations in the recognition
of facial expressions are related to CM, to the presence of mental disorders or to the
combination of CM and mental disorders, and on ER of emotional, rather than neutral facial

expressions. Moreover, commonly, recognition of static stimulus material was researched.

Objective: We assessed recognition of dynamic (closer to real life) negative, positive and
neutral facial expressions in individuals characterized by CM, rather than a specific mental
disorder. Moreover, we assessed whether they show a negativity bias for neutral facial

expressions and whether the presence of one or more mental disorders affects recognition.

Methods: Ninety-eight adults with CM experiences (CM+) and 60 non-maltreated (CM-)
adult controls watched 200 non-manipulated coloured video sequences, showing 20 neutral
and 180 emotional facial expressions, and indicated whether they interpreted each expression

as neutral or as one of eight emotions.

Results: The CM+ showed significantly lower scores in the recognition of positive, negative
and neutral facial expressions than the CM- group (p < 0.050). Furthermore, the CM+ group
showed a negativity bias for neutral facial expressions (p < 0.001). When accounting for
mental disorders, significant effects stayed consistent, except for the recognition of positive
facial expressions: individuals from the CM+ group with but not without mental disorder

scored lower than controls without mental disorder.

Conclusions: CM might have long-lasting influences on the ER abilities of those affected.

Future research should explore possible effects of ER alterations on everyday life, including
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implications of the negativity bias for neutral facial expressions on emotional wellbeing and

relationship satisfaction, providing a basis for interventions that improve social functioning.

Keywords:
Facial emotion recognition, Child maltreatment, Negativity bias, Neutral expressions, mental

disorders

Highlights

e Child maltreatment (CM) in adults is linked to emotion recognition alterations if no current
mental disorders are present

e Interpretation of positive, negative and neutral facial expressions is impaired

e Adults with a history of CM tend to interpret neutral expressions as negative
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1. Introduction

Child maltreatment (CM) is common, affecting 16-23% of the global population (1).
It is defined as (sexual, physical or emotional) abuse and/or (physical or emotional) neglect
of children that occurs within a relationship of responsibility, trust or power (2). Next to a
strong link between CM and impaired physical health (3-5), individuals who experienced CM
are vulnerable to develop mental disorders in adulthood (6,7). Many adults with
schizophrenia (56.1%), bipolar disorder (56.3%), persistent depressive disorder (75.4%), and
major depressive disorder (57.1%) report having experienced CM (8). Additionally, adults
with CM experiences have a significantly greater likelihood of being diagnosed with
personality disorders, mood disorders, and post-traumatic stress disorder (PTSD) (for review
see 9). Moreover, they suffer from long-term effects of CM on social functioning such as low
relationship satisfaction, higher rates of separation, problematic parenting behaviors, intimate
partner aggression and violence (10-13), reduced perceptions of social support and increased
perceptions of loneliness and social isolation (14). To date, there is limited knowledge on the
processes that underlie these long-term social impairments. Given that positive social
relationships can protect from the development of trauma-related (15) and other mental and
physical disorders (6-18), it is important to identify the processes that might contribute to
broader social impairments, which will increase the capacity to intervene therapeutically (19).
One area that might contribute to these deficiencies is impaired learning of emotion
processing such as recognition, communication, interpretation, and regulation of emotions

(20).

Although the number of studies that have assessed effects of CM on ER in adults is
scarce, there has been some evidence of long-term ER alterations. Catalan et al. (2020) (21)
found that adults with a history of CM attribute expressions of anger and fear more frequently

to neutral and happy faces. Likewise, Pfaltz et al. (2019) (22), who examined adults with
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PTSD, discovered that individuals with high compared to low levels of CM were particularly
prone to misinterpret neutral expressions as negative (i.e., anger, contempt, and sadness).
Similarly, in their recent systematic review, Berube et al. (2021) (23) reported that CM is
related to an increased recognition of negative emotions like fear and anger, while the
recognition of happy facial expressions is impaired. In sum, there is evidence that in adults,
CM is linked to ER alterations as well as to a tendency to interpret facial expressions as
negative (negativity bias).

As populations with CM experiences are characterized by high rates of mental
disorders (6-8), research on ER has focused on individuals with CM suffering from a specific
mental disorder and found alterations in ER within this population. Berube et al. (2021)
reported that 33% of the studies included in their review examined the combined effect of
CM and mental illness, 21% excluded participants with current or past mental illness and
46% did not report information about participants’ mental health altogether. In addition,
previous studies have rarely focused on the recognition of neutral facial expressions. In the
review by Berube et al. (2021), only two out of 11 studies that included neutral facial
expressions used an ER task, rather than an attention, matching, or gender identification task.
In one of the two studies, participants were mothers with vs. mothers without CM without
current mental disorders and psychopharmacological treatment (24). The other of the two
studies examined patients with depression and healthy controls with vs. without a history of
CM (25). Hence, findings from previous studies may not generalize to the population of
individuals with a history of CM and it is unclear whether alterations in the recognition of
facial expressions are related to CM, to the presence of mental disorders or to the
combination of CM and mental disorders (23). Moreover, the correct interpretation of neutral
facial expressions is crucial as in our everyday lives, facial expressions might often be neutral

(26). Thus, further studies are needed that examine possible alterations in the interpretation of
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neutral facial expressions in a population that is representative for individuals with CM
experiences, rather than recruiting individuals with a specific mental disorder who, in
addition, report a history of CM.

Finally, previous studies commonly used static stimuli (e.g., still pictures), presented
with high intensity to assess ER, making it difficult to generalize results to real-life situations,
where emotions are displayed dynamically. In the review by Berube et al. (2021), only one of
24 studies included videos instead of still pictures. Five of the studies transformed the
pictures to provide participants with a gradual display of emotions. Yet, in real life, emotions
are commonly more subtle (27, 28). Thus, a replication of previous findings with ecologically

more valid stimuli is needed to better understand ER in individuals with CM.

The present study hence pursued three goals. First, to recruit a sample of adults with a
history of CM (CM+) and compare it to a sample of adults without a history of CM (CM-),
rather than recruiting participants with a specific mental disorder, with and without a history
of CM. Second, to assess the ability to recognize neutral (next to negative and positive) facial
expressions. Third, to employ dynamic stimuli that are as close to real life situations as
possible. We hypothesized that the CM+ group would achieve lower recognition rates for
positive and neutral expressions, and higher recognition rates for negative expressions than
unexposed individuals. Further, we hypothesized that the CM+ group would show a greater
negativity bias (tendency to label neutral facial expressions as negative) than unexposed
individuals. Finally, we explored whether the hypothesized group differences would remain

significant when accounting for the presence of mental disorders.

2. Method

2.1. Participants

Participants were recruited from a study pool, by means of online advertising, and in

collaboration with out-patient clinics in the area of Zurich. The study was approved by the
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local ethics committee (Kantonale Ethikkomission Zirich). All participants provided written
informed consent. Inclusion criteria were: 1) age between 18 and 65 years, 2) normal eyesight
(or corrected). Exclusion criteria were: 1) insufficient knowledge of German language, 2)
substance abuse (current or during the last 12 months), 3) acute suicidality (assessed during
screening visit), 4) psychotic symptoms (current or past), 5) current intake of medication with
a potential influence on psychophysiological measurements (e.g., beta blocker) recorded in a
separate study that was part of an overarching project, 6) severe medical conditions affecting
psychophysiological measurements of the separate study, 7) pregnancy, 8) placement in
children’s home or similar institution for at least 1 year during the first 18 years of age

(exclusion criterion for the separate study).

Eleven out of 109 potential participants in the CM+ group and two out of 62 potential
participants in the CM- group were excluded as they met one of the exclusion criteria. This
resulted in 98 (78 female) participants in the CM+ group, and 60 (45 female) participants in

the CM- group. Table 1 illustrates the participants’ characteristics.

Table 1

2.2. Psychological assessment

CM was measured using the German version of the Childhood Trauma
Questionnaire-Short Form (CTQ-SF; (29), in German translation and validation of (30, 31).
The CTQ is widely used (by 67% of the studies in the review by Berube et al. (2021)).
Internal consistency for the subscores is high (a >.81), except for the physical neglect
subscale (o = 0.49). Participants with a CTQ rating higher than “none / minimal” in at least
one of the subscales according to (32) (i.e., >10 for emotional neglect, >8 for physical

neglect, >9 for emotional abuse, >8 for physical abuse and >6 for sexual abuse) were
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included in the CM+ group. The CM- group comprised individuals with “none / minimal”
CTQ ratings on all subscales.

To characterize the sample, we assessed 1) Depressive symptoms, using the German
version of the Beck Depression Inventory (BDI; (33), in German translation of Beck & Steer,
1987 (34)). The BDI comprises 21 self-report items, assessing the severity of depressive
symptoms over the past week. The BDI has good validity and reliability (33). 2) The number
of experienced trauma types using the trauma checklist of the Post-Traumatic Diagnostic
Scale for DSM-5 (PDS-5; (35), non-published adapted German version by Elbert et al.,
University of Konstanz). The PDS-5 demonstrates excellent internal consistency and test—
retest reliability, and good convergent validity with the PTSD Checklist - Specific Version
and the PTSD Symptom Scale - Interview Version for DSM-5 (35). 3) Current mental
disorders (anxiety disorders, obsessive-compulsive disorders, PTSD, eating disorders), using
a semi-structured German diagnostic interview for mental disorders (Diagnostisches
Interview bei Psychischen Stérungen for DSM-5 (DIPS), (36), showing good reliability (37).
4) Personality disorders, using the German version of the Structured Clinical Interview for
DSM-1V, axis Il (personality disorders) (SKID-4; (38)), showing adequate interrater and

internal consistency reliability (39).

Additionally, we evaluated participants’ educational levels: 1 = up to 13 years of
education (mandatory school years), 2 = up to 18 years of education (high school degree), 3 =
up to 23 years of education (university degree; Bachelor or higher) and 4 = more than 23

years of education (university degree; PhD or higher).

2.3. Facial ER paradigm

We used the Amsterdam Dynamic Facial Expression Set - Bath Intensity Variations

(ADFES-BIV) as stimuli, which was adapted from the ADFES (40) and subsequently
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validated in a sample of 92 healthy participants (27). The ADFES-BIV comprises 360 non-
manipulated, coloured video sequences of facial expressions by 12 Northern European
encoders (7 male, 5 female) and 10 practice videos by 10 Mediterranean encoders (5 male, 5
female); each 1040ms in duration. This relatively short time period corresponds to everyday

situations, in which individuals are usually confronted with short emotional expressions.

We used 200 stimuli from the ADFES-BIV (10 encoders (5 female, 5 male) x 9
emotions (anger, sadness, embarrassment, contempt, fear, disgust, joy, surprise, pride) and 20
neutral facial expressions) and presented them in the SR Research Experiment Builder
software. Each video displayed the face of an encoder that changed from a neutral expression
into one of the eight emotional expressions or remained neutral. Next, a list of the nine
emotional expressions and neutral appeared and the participants were asked to indicate with a

mouse click which expression had been presented (emotion labelling).

2.4. Procedure

The study was part of a larger project that investigated physical and socio-emotional
consequences of CM. Study procedures comprised three laboratory appointments. At visit 1,
participants signed written informed consent and graduate psychology students, trained and
supervised by an experienced licensed psychotherapist (last author), assigned the
questionnaires and conducted clinical interviews (CTQ-SF, BDI, PDS-5, DIPS, SKID-4). At
visit 2, participants completed the above described ER paradigm (27), as well as an emotion
induction paradigm and a personal space paradigm. At visit 3, participants’ responses to

intimacy were assessed (41). Participants were reimbursed with 20 Swiss Francs per hour.

2.5. Statistical analyses

The analysis of the emotion surprise of the ER paradigm was left out, as surprise

cannot clearly be assigned to the positive or negative category. Furthermore, for all statistical
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analyses, the two emotion intensity levels (1 and 3) were taken together as for the separate
intensity levels, there was not enough stimulus material and therefore, the dispersion of the
data was too large. The remaining emotional expressions were divided into three categories
(dependent variables): positive (joy, pride), negative (anger, fear, sadness, disgust, contempt,
and embarrassment), and neutral. Group differences in ER of correctly identified positive,
negative, and neutral emotional expressions were calculated using R version 4.2.1 (2022-06-
23). First, three variables were calculated: percentage of correctly identified positive
expressions, percentage of correctly identified negative, and percentage of correctly identified
neutral expressions. If a participant identified a positive emotion as another positive emotion
(or a negative emotion as another negative emotion), this was counted as “false”. Data of the
positive condition was well modelled by a normal distribution according to Shapiro-Wilk's
normality test (W = 0.983, p =.053). Data of the negative (W = 0.981, p = .026), and of the
neutral condition were not well modelled (W = 0.868, p < .001) by a normal distribution. The
Levene's test for homogeneity of variance suggested homogeneity in the variables of all three
conditions (p > .471) and no outliers were detected by box-whisker-plots. To assess whether
the two study groups differ in the number of correct responses (correctly identified stimuli —
e.g., anger identified as anger), Mann-Whitney-U tests were calculated for positive, negative,
and neutral emotion trials separately. Additionally, to test the influence of current mental
disorder (according to the SKID-4 and the DIPS), separate t-tests for mean percentage rates
of positive trials and Mann-Whitney-U tests for neutral and negative trials were conducted
for comparison of the CM- and the CM+ group. Groups were compared three ways:
participants of CM+ and CM- without one or more current mental disorder (n = 48, n = 49),
participants of the CM+ group without current mental disorder with participants of the CM+
group with current mental disorder (n = 45), and the CM+ with current mental disorder with

the CM- group comprising of participants without current mental disorder. Two separate
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generalized linear mixed effect models (GLMM) by maximum likelihood (Laplace
approximation) with binominal response variables, using the R package Ime4 (version 1.1-30;
(42)) were conducted to 1) analyse if specifically neutral facial expressions were more often
interpreted as negative (dependent variable; overall counts of falsely negative identified
neutral expressions) by the CM+ group, and 2) to identify if there is a potential general
negativity bias of the CM+ group present (dependent variables; overall counts of falsely
negatively identified neutral expressions, falsely negatively identified positive expressions,
and falsely neutrally identified positive expressions) rather than the specifically expected
negative interpretation of neutral facial expressions. The factor mental disorder was
additionally added to the two GLMMs to check if it had an influence on the possible group
effects on ER skills. One advantage of GLMMs is that they take fixed as well as random
effects into account. We accounted for the both within-person and across-person source of
variability, as variance due to repeated measurements within one person is smaller than
between persons (correlated residuals). With a GLMM, we can consider the variance of each
participant as an extra predictor and thus control for it (43). Hence, this variance of the
correlated errors can be incorporated as a random effect to the linear predictor into the model
(44).

Supplementary, an overall summary of the ER rates by emotion and group measured

with the ADFES-BIV was calculated.

3. Results
3.1. Recognition rates by group
Group differences are illustrated in Figure 1, as summary statistics of ER percentage

rates by group for each condition (positive, negative, and neutral).

Figure 1
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Participants of the CM+ achieved generally lower ER rates than participants of the
CM- group. Mann-Whitney-U tests revealed significant group differences in the recognition
of positive (U = 2368.5 (Pone-tail = .020)), negative (U = 2250.50 (pone-tail = .007)), and neutral
(U =2410.00 (pone-tait = .027)) facial expressions. Significant differences in the recognition of
negative and neutral facial expressions persisted when comparing the CM+ without mental
disorder with the CM- group without mental disorder (U = 1444, p = .027 for negative; U =
1428, p = 0.033 for neutral). Participants of the CM+ with mental disorder did not show
significantly different scores than participants from the CM+ group without mental disorder
(negative expressions: U = 1174, p = .295; neutral expressions: U = 1197.5, p =.235) but
they did show significantly different scores than the CM- group without mental disorders
(negative expressions: U = 1434, p = .003; neutral expressions: U = 1313, p = .035). For the
recognition of positive facial expressions, only participants from the CM+ with (t[90.35] =
2.56, p = .006) but not participants from the CM+ group without mental disorders (t[88.83] =
+0.01, p = .504) showed lower scores than participants from the CM- group without mental
disorders. Participants from the CM+ with mental disorders showed lower scores than
participants from the CM+ group without mental disorders (t[89.01] = 2.92, p =.002). Group
differences are illustrated in Figure 2, as summary statistics of ER mean percentage rates by
group and mental disorder for each condition (positive, negative, and neutral). Results did not
change when (n = 24) images with low recognition rates (< 33%) were excluded from the

analyses (p’s <.029 for significant results, p’s > .206 for non-significant results).

Figure 2

3.2. Negativity bias by group

The GLMM with the negativity shift defined as “subject answered negative instead of

neutral” revealed a significant group difference (OR = 0.75, p < 0.001 with a Cl =0.7450 —
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0.7466). The CM+ group interpreted neutral facial expressions significantly more often as
negative as the CM- group. Adding the factor mental disorders to the model had a significant
effect on the negativity shift (OR = 1.05, p < 0.001 with a Cl = 1.05 — 1.05), with the group
effect (CM+/CM-) remaining significant (OR = 0.79, p < 0.001 with a ClI =0.79 - 0.79).
Individuals out of the CM+ group with current mental disorder had a stronger negativity bias
than those without current mental disorder. The GLMM to identify a general negativity bias
revealed no significant group differences (OR =0.87, p = 0.217 with a Cl = 0.69 — 1.09). The
factor mental disorders did not have a significant effect on the general negativity bias (OR =
0.68, p = .136 with a Cl = 0.40 — 1.13). Participants of the CM+ group with current mental
disorder did not show a stronger general negativity bias than participants of the CM+ group

without current mental disorder.

Age did neither correlate with ER rates, nor with the negativity bias. The overall
summary statistics of the recognition rates of each emotion are illustrated in the appendix.
The maximum possible score for each emotion was 20, equalling 100%, while the minimum
score for each emotion was 0, equalling 0%. While contempt was most frequently interpreted

incorrectly, neutral expressions had the highest recognition rate by both groups.

4. Discussion

This study investigated if adults with a history of CM show alterations in facial ER,
using a dynamic stimulus set that is close to real-life conditions and if they tend to interpret
neutral facial expressions as negative. As hypothesized, the CM+ group showed lower
recognition rates for positive and neutral facial expressions than the CM- group.
Unexpectedly, the CM+ group also scored lower in recognizing negative emotions, pointing
to global (non-valence specific) alterations in facial ER. In line with the hypothesis, CM was

furthermore associated with negative interpretations of neutral facial expressions. When
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considering only participants with CM without current mental disorder, effects remained

significant for negative and neutral but not for positive expressions.

4.1. ER alterations

General ER deficits have been identified in several prior studies assessing children
exposed to CM (45, 46). However, our finding of global ER alterations in adults exposed to
CM is somewhat surprising. In contrast to studies with children, previous studies with adult
populations mainly pointed to increased recognition rates for negative emotions (23).
Contradictory findings might be explained by differences in study samples and in the applied
ER paradigms. English et al. (2018) (47) for example found that CM was related to increased
recognition of fear. Their research was conducted with female undergraduate students (M =
18.98 years) with exposure to emotional maltreatment. This finding might therefore not
translate to a more representative CM population, including male and older individuals or
individuals with other types of CM experiences, which frequently co-occur (48). Gibb et al.
(2009) (49) found an attention and interpretation bias for angry faces in young adults (M =
19.24 years) with a history of childhood abuse. However, the authors did not assess the
influence of neglect, and used photographs rather than dynamic ER stimuli. The dynamic
stimulus set used in the current study might be more sensitive in detecting ER alterations than
a static stimulus set, given that emotions displayed with high intensity are less difficult to
identify (50). Hence, previous studies with static intense stimuli may not have captured the

full range of alterations.

Importantly, significant group differences for the recognition of neutral and negative
facial expressions detected in the current study persisted when accounting for mental
disorder. This finding might emphasize that CM specifically affects the recognition of neutral

and negative but not of positive facial expressions, for which the difference between the CM-
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and the CM+ group was no longer significant when assessing only participants without
mental disorder.

4.2. Negativity bias

We found no general negativity shift in the interpretation of facial expressions but
rather, and in line with findings by Pfaltz et al. (2019) and Catalan et al. (2020), the
negativity bias was confined to neutral facial expressions. That is, a specific negativity bias
for neutral facial expressions was found, rather than a general negativity shift. Even though
the negativity bias for neutral facial expressions was strongest in the CM+ group with current
mental disorder, the group effect stayed significant. That is, both, individuals with CM
experiences with and without mental disorder, showed a negativity bias for neutral facial
expressions. As neutral expressions may precede, accompany, or follow sexual or physical
abuse by the perpetrating caregivers (51), neutral expressions might not be considered
trustworthy by individuals with CM experiences. Negative schemas might influence the
perception and interpretation of facial expressions. Schemas are belief patterns, developed in
early childhood through past behaviours and experiences, which are thought to correspond to
unmet needs in childhood relationships with significant others (52, 53). In fact, schemas in
adulthood are associated with a history of abuse and neglect during childhood and
adolescence (53). Moreover, in individuals with experiences of emotional and/or physical
neglect, non-emotional facial expressions may represent a caregiver’s lack of responsiveness
and thus be perceived as aversive. While such learning processes might be adaptive in the
original, maltreating environment of a child, they might contribute to interpersonal problems
when persisting into adulthood and exert negative effects on social interactions and
relationships. In fact, a high percentage of our sample suffered from personality disorders,

which are characterized by interpersonal difficulties.
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Thus, future research should investigate if alterations in the recognition of facial
expressions are related to difficulties in affected individuals’ everyday lives and whether they
are connected to decreased relationship satisfaction and a lack of perceived social support.
Ultimately, the development of interventions improving the recognition of facial expressions

might provide a basis for improving relationship satisfaction and psychological wellbeing.

4.3. Limitations and conclusions

A first limitation is that in our ER paradigm, which is in line with most paradigms
(23), more negative (anger, sadness, fear, disgust, contempt, embarrassment) than positive
(happiness, pride) emotions were presented. Thus, neutral expressions had a higher chance to
be confused with negative compared to positive expressions. Given the significant group
difference in the percentage of negatively (mis)identified neutral expressions, our results
nonetheless speak for a negativity bias in CM+ compared to CM-. Still, future research
studies should assess whether the observed negativity bias for neutral expressions can be
replicated when presenting the same number of positive and negative
expressions.Furthermore, the retrospective self-report assessment of CM by adults using the
CTQ is a limitation, as it has been shown that prospective and retrospective measures of CM
identify different groups of individuals (54). The CTQ is also a rather sensitive measure. In
particular, the emotional neglect and sexual abuse subscales have cut-off scores that can
easily be reached. In some instances, participants were assigned to the CM+ group if they
reported experiences such as their parents’ separation which had created a non-loving or non-
caring family atmosphere during a particular time of their lives, or isolated events that were
not experienced as stressful (e.g., being exposed to an exhibitionist that was unknown to
them). In other words, a few participants ended up in the CM+ group that reported
experiences which may not constitute CM. Furthermore, the exclusion criteria (certain

medications, individuals who were removed from their homes because of maltreatment)
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might affect the generalizability of our results. Nevertheless, the sample of the current study
reported levels (severity) of CM that are comparable to previous studies (e.g., (47, 49, 55)).
Another limitation is the size of the subgroups in our sample (e.g., larger subgroups with
anxiety/personality disorders), which makes it difficult to ascribe our results to a general
effect of mental disorder, or rather a specific mental disorder as for example anxiety disorder.
Larger samples and subgroups are needed to investigate this further. Moreover, some authors
(56) have recently challenged the meaning of “emotion recognition” and favour the term
“emotion reasoning” instead, which encompasses the ability of children to use expressive
behaviours, contextual information, and their own learning histories to make reasonable and
adaptive inferences and predictions about other people’s internal states and future behaviours.
Future research should take this new definition into consideration and assess socio-emotional
skills and their interplay more broadly. Finally, we cannot conclusively say if participants
misclassified negative emotions to neutral expressions or if this is rather an artifact of general
“non-emotional” classification processes, since we — like most other ER studies researching
individuals with CM experiences (e.g., 21, 22, 57) did not include a geometric control
condition. Future studies should thus include such a control condition as is common in MRI

studies researching consequences of CM experiences (e.g., 58-60).

Our study using a dynamic stimulus set of emotions extends previous findings on a
negativity bias towards neutral facial expressions (21, 22), which does not seem to be
restricted to PTSD or other mental illnesses in individuals with a history of CM. Together
with broader problems in the recognition of negative and positive expressions, this might
result in interpersonal problems and consolidate unfavourable past emotional experiences and
corresponding schemas (53). Hopefully future research will contribute to better understand
social problems in individuals affected by CM, and to develop effective interventions that

improve social functioning.
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corresponding author, [MCP]. The data are not publicly available due to information that

could compromise the privacy of research participants.

References

1. Sethi, D., Bellis, M., Hughes, K., Gilbert, R., Mitis, F., & Galea, G. (2013). European
report on preventing child maltreatment: World Health Organization. Regional Office for
Europe.

2. World Health Organisation. (2020). Child maltreatment. Retrieved from
https://www.who.int/news-room/fact-sheets/detail/child-maltreatment. Accessed August 20,
2021

3. Bellis, M. A., Hughes, K., Leckenby, N., Hardcastle, K. A., Perkins, C., & Lowey, H.
(2015). Measuring mortality and the burden of adult disease associated with adverse
childhood experiences in England: a national survey. J Public Health (Oxf), 37(3), 445-454.
doi:10.1093/pubmed/fdu065

4. Hughes, K., Bellis, M. A., Hardcastle, K. A., Sethi, D., Butchart, A., Mikton, C., . ..
Dunne, M. P. (2017). The effect of multiple adverse childhood experiences on health: a
systematic review and meta-analysis. Lancet Public Health, 2(8), e356-e366.
d0i:10.1016/S2468-2667(17)30118-4

5. Huffhines, L., & Jackson, Y. (2019). Child Maltreatment, Chronic Pain, and Other
Chronic Health Conditions in Youth in Foster Care. J Child Adolesc Trauma, 12(4), 437-445.
d0i:10.1007/s40653-019-0248-x

6. Cicchetti, D., & Toth, S. L. (2005). Child Maltreatment. 1(1), 409-438.
doi:10.1146/annurev.clinpsy.1.102803.144029

7. Brietzke, E., Kauer Sant'anna, M., Jackowski, A., Grassi-Oliveira, R., Bucker, J.,
Zugman, A., . .. Bressan, R. A. (2012). Impact of childhood stress on psychopathology. Braz
J Psychiatry, 34(4), 480-488. doi:10.1016/j.rbp.2012.04.009

8. Struck, N., Krug, A., Yuksel, D., Stein, F., Schmitt, S., Meller, T., ... & Brakemeier,
E. L. (2020). Childhood maltreatment and adult mental disorders—the prevalence of different
types of maltreatment and associations with age of onset and severity of symptoms.
Psychiatry research, 293, 113398.

9. Leeb, R. T., Lewis, T., & Zolotor, A. J. (2011). A review of physical and mental
health consequences of child abuse and neglect and implications for practice. American
Journal of Lifestyle Medicine, 5(5), 454-468.

10. Labella, M. H., Johnson, W. F., Martin, J., Ruiz, S. K., Shankman, J. L., Englund, M.
M., ... Simpson, J. A. (2018). Multiple Dimensions of Childhood Abuse and Neglect



414
415

416
417
418

419
420
421
422
423
424
425
426
427
428
429
430
431

432
433
434
435
436
437
438
439
440
441
442

443
444
445

446
447
448
449
450
451
452
453

454
455
456
457
458

CHILD MALTREATMENT AND EMOTION RECOGNITION 19

Prospectively Predict Poorer Adult Romantic Functioning. Pers Soc Psychol Bull, 44(2), 238
251. doi:10.1177/0146167217736049

11.  Savage, L. E., Tarabulsy, G. M., Pearson, J., Collin-Vezina, D., & Gagne, L. M.
(2019). Maternal history of childhood maltreatment and later parenting behavior: A meta-
analysis. Dev Psychopathol, 31(1), 9-21. doi:10.1017/S0954579418001542

12.  White, H. R., & Widom, C. S. (2003). Intimate partner violence among abused and
neglected children in young adulthood: The mediating effects of early aggression, antisocial
personality, hostility and alcohol problems. Aggressive Behavior, 29(4), 332-345.
d0i:10.1002/ab.10074

13.  Zamir, O. (2021). Childhood Maltreatment and Relationship Quality: A Review of
Type of Abuse and Mediating and Protective Factors. Trauma Violence Abuse,
1524838021998319. d0i:10.1177/1524838021998319

14.  Shevlin, M., McElroy, E., & Murphy, J. (2015). Loneliness mediates the relationship
between childhood trauma and adult psychopathology: evidence from the adult psychiatric
morbidity survey. Social Psychiatry and Psychiatric Epidemiology, 50(4), 591-601.
d0i:10.1007/s00127-014-0951-8

15. Wang, Y., Chung, M. C., Wang, N., Yu, X., & Kenardy, J. (2021). Social support and
posttraumatic stress disorder: A meta-analysis of longitudinal studies. Clin Psychol Rev, 85,
101998. doi:10.1016/j.cpr.2021.101998

16. Holz, N. E., Tost, H., & Meyer-Lindenberg, A. (2020). Resilience and the brain: a key
role for regulatory circuits linked to social stress and support. Mol Psychiatry, 25(2), 379
396. doi:10.1038/s41380-019-0551-9

17. Leigh-Hunt, N., Bagguley, D., Bash, K., Turner, V., Turnbull, S., Valtorta, N., &
Caan, W. (2017). An overview of systematic reviews on the public health consequences of
social isolation and loneliness. Public Health, 152, 157-171. doi:10.1016/j.puhe.2017.07.035

18.  Yule, K., Houston, J., & Grych, J. (2019). Resilience in Children Exposed to
Violence: A Meta-analysis of Protective Factors Across Ecological Contexts. Clin Child Fam
Psychol Rev, 22(3), 406-431. d0i:10.1007/s10567-019-00293-1

19.  Pfaltz, M. C., Halligan, S. L., Haim-Nachum, S., Sopp, M. R., Ahs, F., Bachem, R., ...
Seedat, S. (2022). Social functioning in individuals affected by childhood maltreatment:
establishing a research agenda to inform interventions. Psychotherapy and psychosomatics, 1
14.

20.  Young,J.C., & Widom, C. S. (2014). Long-term effects of child abuse and neglect on
emotion processing in adulthood. Child Abuse Negl, 38(8), 1369-1381.
doi:10.1016/j.chiabu.2014.03.008

21. Catalan, A., Diaz, A., Angosto, V., Zamalloa, I., Martinez, N., Guede, D., . ..
Gonzalez-Torres, M. A. (2020). Can childhood trauma influence facial emotion recognition
independently from a diagnosis of severe mental disorder? Rev Psiquiatr Salud Ment (Engl
Ed), 13(3), 140-149. doi:10.1016/j.rpsm.2018.10.003



459
460
461
462
463
464
465
466

467
468
469

470
471
472
473
474
475
476

477
478
479
480

481
482
483

484
485
486
487
488
489
490
491

492
493
494
495

496
497

498
499
500
501

CHILD MALTREATMENT AND EMOTION RECOGNITION 20

22.  Pfaltz, M. C., Passardi, S., Auschra, B., Fares-Otero, N. E., Schnyder, U., & Peyk, P.
(2019). Are you angry at me? Negative interpretations of neutral facial expressions are linked
to child maltreatment but not to posttraumatic stress disorder. Eur J Psychotraumatol, 10(1),
1682929. doi:10.1080/20008198.2019.1682929

23. Berube, A., Turgeon, J., Blais, C., & Fiset, D. (2021). Emotion Recognition in Adults
With a History of Childhood Maltreatment: A Systematic Review. Trauma Violence Abuse,
15248380211029403. doi:10.1177/15248380211029403

24, Neukel, C., Herpertz, S.C., Hinid-Attar, C. et al. Neural processing of the own child’s
facial emotions in mothers with a history of early life maltreatment. Eur Arch Psychiatry Clin
Neurosci 269, 171-181 (2019). https://doi.org/10.1007/s00406-018-0929-8

25. Suzuki, A., Poon, L., Kumari, V., & Cleare, A. J. (2015). Fear Biases in Emotional
Face Processing Following Childhood Trauma as a Marker of Resilience and Vulnerability to
Depression. Child Maltreat, 20(4), 240-250. doi:10.1177/1077559515600781

26.  Somerville, L. H., & Whalen, P. J. (2006). Prior experience as a stimulus category
confound: an example using facial expressions of emotion. Social Cognitive and Affective
Neuroscience, 1(3), 271-274.

27.  Wingenbach, T. S., Ashwin, C., & Brosnan, M. (2016). Validation of the Amsterdam
Dynamic Facial Expression Set--Bath Intensity Variations (ADFES-BIV): A Set of Videos
Expressing Low, Intermediate, and High Intensity Emotions. PLoS One, 11(1), e0147112.
doi:10.1371/journal.pone.0147112

28. Banziger, T., Mortillaro, M., & Scherer, K. R. (2012). Introducing the Geneva
Multimodal expression corpus for experimental research on emotion perception. Emotion,
12(5), 1161-1179. doi:10.1037/a0025827

29. 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 version of the
Childhood Trauma Questionnaire. Child Abuse Negl, 27(2), 169-190. doi:10.1016/s0145
2134(02)00541-0

30. Bader, K., Hanny, C., Schafer, V., Neuckel, A., & Kuhl, C. (2009). Childhood
Trauma Questionnaire - Psychometric properties of a German version. Zeitschrift Fur
Klinische Psychologie Und Psychotherapie, 38(4), 223-230. doi:10.1026/1616-3443.38.4.223

31. Karos, K., Niederstrasser, N., Abidi, L., Bernstein, D. P., & Bader, K. (2014). Factor
Structure, Reliability, and Known Groups Validity of the German Version of the Childhood
Trauma Questionnaire (Short-Form) in Swiss Patients and Nonpatients. Journal of Child
Sexual Abuse, 23(4), 418-430. doi:10.1080/10538712.2014.896840

32.  Bernstein, D.P., & Fink, L. (1998). Childhood Trauma Questionnaire. A retrospective
self-report: Manual. Orlando: Psychological Corporation.

33. Hautzinger M, Bailer M, Worall H, Keller F. (1994). Beck-Depressions-Inventar
(BDI). Bearbeitung der deutschen Ausgabe. Testhandbuch. Bern, Goéttingen, Toronto, Seattle,
Huber.



502
503

504
505
506

507
508

509
510
511
512
513
514
515
516
517
518
519

520
521
522

523
524
525
526

527
528
529

530
531
532
533
534
535

536
537
538

539
540
541

542

CHILD MALTREATMENT AND EMOTION RECOGNITION 21

34. Beck A.T., & Steer R.A. (1987). Manual for the Beck Depression Inventory—Il. San
Antonio, Tex, Psychological Corporation. https://doi.org/10.1037/t00742-000

35. Foa, E. B., McLean, C. P, Zang, Y., Zhong, J., Powers, M. B., Kauffman, B. Y., . ..
Knowles, K. (2016). Psychometric properties of the Posttraumatic Diagnostic Scale for DSM
5 (PDS-5). Psychol Assess, 28(10), 1166-1171. doi:10.1037/pas0000258

36. Margraf J, Cwik JC, Pflug V, Schneider S. Strukturierte klinische Interviews zur
Erfassung psychischer Stérungen uber die Lebensspanne. Z Kl Psych Psychoth. 2017.

37. In-Albon, T., Suppiger, A., Schlup, B., Wendler, S., Margraf, J., & Schneider, S.
(2008). Validitat des Diagnostischen Interviews bei psychischen Storungen (DIPS fur DSM
IV-TR). Zeitschrift Fur Klinische Psychologie Und Psychotherapie, 37(1), 33.

38.  Wittchen, H.-U., Zaudig, M., & Fydrich, T. (1997). Skid. Strukturiertes klinisches
Interview fir DSM-IV. Achse | und I11. Handanweisung.

39. Maffei, C., Fossati, A., Agostoni, |., Barraco, A., Bagnato, M., Deborah, D., . . .
Petrachi, M. (1997). Interrater reliability and internal consistency of the structured clinical
interview for DSM-IV axis Il personality disorders (SCID-I11), version 2.0. J Pers Disord,
11(3), 279-284. doi:10.1521/pedi.1997.11.3.279

40.  Van Der Schalk, J., Hawk, S. T., Fischer, A. H., & Doosje, B. (2011). Moving faces,
looking places: validation of the Amsterdam Dynamic Facial Expression Set (ADFES).
Emotion, 11(4), 907.

41. Weilenmann, S., von Luckner, A., Peyk, P., Huber, C., Schnyder, U., & Pfaltz, M. C.
(2021). Experimental Induction of Emotional and Sexual Intimacy: Exploring the Validity of
the German Fast Friends Procedure in Individuals with and without Childhood Maltreatment.
Arch Sex Behav. doi:10.1007/s10508-021-02081-x

42. Bates, D., Machler, M., Bolker, B. M., & Walker, S. C. (2015). Fitting Linear Mixed-
Effects Models Using Ime4. Journal of Statistical Software, 67(1), 1-48. doi:DOI
10.18637/jss.v067.i01

43.  James, G., Witten, D., Hastie, T., & Tibshirani, R. (2013). An Introduction to
statistical learning. Springer. https://doi.org/10.1007/978-1-4614-7138-7

44.  Johnson, P. C. D., Barry, S. J. E., Ferguson, H. M., & Mdiller, P. (2015). Power
analysis for generalized linear mixed models in ecology and evolution. Methods in Ecology
and Evolution, 6(2), 133-142. https://doi.org/10.1111/2041-210X.12306

45.  da Silva Ferreira, G. C., Crippa, J. A., & de Lima Osorio, F. (2014). Facial emotion
processing and recognition among maltreated children: a systematic literature review. Front
Psychol, 5, 1460. doi:10.3389/fpsyg.2014.01460

46.  Luke, N., & Banerjee, R. (2013). Differentiated associations between childhood
maltreatment experiences and social understanding: A meta-analysis and systematic review.
Developmental Review, 33(1), 1-28. d0i:10.1016/.dr.2012.10.001

47. English, L. H., Wisener, M., & Bailey, H. N. (2018). Childhood emotional



543
544

545
546
547

548
549
550

551
552
553
554
555
556
557
558

559
560
561

562
563
564

565
566
567

568
569
570

571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

CHILD MALTREATMENT AND EMOTION RECOGNITION 22

maltreatment, anxiety, attachment, and mindfulness: Associations with facial emotion
recognition. Child Abuse Negl, 80, 146-160. doi:10.1016/j.chiabu.2018.02.006

48. Herrenkohl, R. C., & Herrenkohl, T. I. (2009). Assessing a child’s experience of
multiple maltreatment types: Some unfinished business. Journal of family violence, 24(7),
485-496.

49, Gibb, B. E., Schofield, C. A., & Coles, M. E. (2009). Reported history of childhood
abuse and young adults' information-processing biases for facial displays of emotion. Child
Maltreat, 14(2), 148-156. d0i:10.1177/1077559508326358

50. Krumhuber, E. G., Kuster, D., Namba, S., & Skora, L. (2021). Human and machine
validation of 14 databases of dynamic facial expressions. Behav Res Methods, 53(2), 686
701. d0i:10.3758/s13428-020-01443-y

51.  Schlumpf, Y. R., Nijenhuis, E. R., Chalavi, S., Weder, E. V., Zimmermann, E.,
Luechinger, R., . . . Jancke, L. (2013). Dissociative part-dependent biopsychosocial reactions
to backward masked angry and neutral faces: An fMRI study of dissociative identity disorder.
Neuroimage Clin, 3, 54-64. doi:10.1016/j.nicl.2013.07.002

52.  Phillips, K., Brockman, R., Bailey, P. E., & Kneebone, 1l. (2019). Young Schema
Questionnaire - Short Form Version 3 (YSQ-S3): Preliminary validation in older adults.
Aging Ment Health, 23(1), 140-147. doi:10.1080/13607863.2017.1396579

53.  Pilkington, P. D., Bishop, A., & Younan, R. (2021). Adverse childhood experiences
and early maladaptive schemas in adulthood: A systematic review and meta-analysis. Clin
Psychol Psychother, 28(3), 569-584. doi:10.1002/cpp.2533

54, 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(6), 584-593.

55. Fani, N., Bradley-Davino, B., Ressler, K. J., & McClure-Tong, E. B. (2011). Attention
bias in adult survivors of childhood maltreatment with and without posttraumatic stress
disorder. Cognitive therapy and research, 35(1), 57-67.

56. Ruba, A. L., & Pollak, S. D. (2020). The development of emotion reasoning in
infancy and early childhood. Annual Review of Developmental Psychology, 2, 503-531.

57.  Cheng, P., & Langevin, R. (2022). Unpacking the effects of child maltreatment
subtypes on emotional competence in emerging adults. Psychological trauma: theory,
research, practice, and policy.

57. Demers, L. A., McKenzie, K. J., Hunt, R. H., Cicchetti, D., Cowell, R. A., Rogosch,
F. A, ... & Thomas, K. M. (2018). Separable effects of childhood maltreatment and adult
adaptive functioning on amygdala connectivity during emotion processing. Biological
psychiatry: cognitive neuroscience and neuroimaging, 3(2), 116-124.

58. Jedd, K., Hunt, R. H., Cicchetti, D., Hunt, E., Cowell, R. A., Rogosch, F. A., ... &
Thomas, K. M. (2015). Long-term consequences of childhood maltreatment: Altered
amygdala functional connectivity. Development and psychopathology, 27(4pt2), 1577-15809.



586
587
588
589
590
5901
592
593

594
595

CHILD MALTREATMENT AND EMOTION RECOGNITION 23

59.  Dannlowski, U., Stuhrmann, A., Beutelmann, V., Zwanzger, P., Lenzen, T.,
Grotegerd, D., ... & Kugel, H. (2012). Limbic scars: long-term consequences of childhood
maltreatment revealed by functional and structural magnetic resonance imaging. Biological
psychiatry, 71(4), 286-293.

60. Redlich, R., Opel, N., Burger, C., Dohm, K., Grotegerd, D., Forster, K., ... &
Dannlowski, U. (2018). The limbic system in youth depression: brain structural and
functional alterations in adolescent in-patients with severe

depression. Neuropsychopharmacology, 43(3), 546-554.



