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Abstract

Childhood family adversity (CFA) increases the risk for conduct disorder (CD) and has been associated with alterations in

regions of affective processing like ventral striatum (VS) and amygdala. However, no study so far has demonstrated neural

converging effects of CFA and CD in the same sample. At age 25 years, functional MRI data during two affective tasks, i.e. a

reward (N¼171) and a face-matching paradigm (N¼181) and anatomical scans (N¼181) were acquired in right-handed cur-

rently healthy participants of an epidemiological study followed since birth. CFA during childhood was determined using a

standardized parent interview. Disruptive behaviors and CD diagnoses during childhood and adolescence were obtained by

diagnostic interview (2–19 years), temperamental reward dependence was assessed by questionnaire (15 and 19 years).

CFA predicted increased CD and amygdala volume. Both exposure to CFA and CD were associated with a decreased VS

response during reward anticipation and blunted amygdala activity during face-matching. CDmediated the effect of CFA on

brain activity. Temperamental reward dependence was negatively correlated with CFA and CD and positively with VS
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activity. These findings underline the detrimental effects of CFA on the offspring’s affective processing and support the im-

portance of early postnatal intervention programs aiming to reduce childhood adversity factors.

Key words: childhood adversity; conduct disorder; amygdala; ventral striatum; fMRI

Introduction

Conduct disorder (CD) is one of the most prevalent psychiatric

disorders during childhood and adolescence (around 2%, Sterzer

and Stadler, 2009), with less than a quarter of CD patients

receiving effective help (Coghill, 2013). Individuals with CD

show aggressive, deceptive, rule-violating, and destructive be-

haviors (American Psychiatric Association, 1994, 2013).

Recently, there has been growing interest in different subtypes

of antisocial behavior (AB), which pertains to identifying indi-

viduals exhibiting the more severe callous-unemotional (CU)

behavior, i.e. lack of remorse or guilt, lack of empathy, indiffer-

ence about performance and shallow or deficient affect

(American Psychiatric Association, 2013). Moreover, the psycho-

biological model of personality as proposed by Cloninger (2000,

2003) provided comprehensive temperamental characteristics

of AB, including low reward dependence, i.e. an intrinsically

lower sensitivity to social rewards, such as praise (Cloninger

et al., 1994; Lahey et al., 2003). Several studies in juvenile of-

fenders (Atarhouch et al., 2004) and incarcerated girls (Sevecke

et al., 2010) with CD confirmed this relationship. Evidence from

twin and adoption studies has indicated that CD (without CU) is

moderately heritable, with about half of the variance being ex-

plained by genetic make-up (for review see Glenn et al., 2013)

and a substantial environmental contribution (Viding and

McCrory, 2012). In this context, the heritability of antisocial be-

havior with high CU traits was reported to be considerably

greater than for those low on CU traits (Viding and McCrory,

2012). However, this does not imply that environmental adver-

sity plays a negligible role regarding CU traits. Actually, recent

work suggested that CU traits may be shaped by parenting

across all developmental stages and that CU individuals are re-

sponsive to parenting-focused interventions (Waller et al., 2013;

Hyde et al., 2016). Further evidence in support for a role of envir-

onmental adversity in CU traits has been provided by Kimonis

et al. (2011, 2012). According to these authors, two distinct CU

subgroups are designated (primary and secondary CU), with the

secondary variant being specifically characterized by a mal-

treatment history (and high anxiety) when compared to the pri-

mary variant (Kimonis et al., 2011, 2012). This underlines the

importance of probing for environmental factors to explain the

variance, which cannot be attributed to genetic influence.

Among these, childhood family adversity (CFA) has a prominent

role, including poverty, poor parental monitoring and harsh and

coercive discipline (Jaffee et al., 2012; Blair et al., 2014;

Humphreys and Zeanah, 2015). Neuropsychological studies

have suggested that CD patients exhibit deficits in tasks involv-

ing motivation and affect. For example, impaired reversal learn-

ing of stimulus-response contingencies during reward

processing, probably due to decreased sensitivity to punish-

ment and incentives, has been demonstrated in CD (Budhani

and Blair, 2005; Rubia, 2011). Moreover, antisocial individuals

were found to be impaired in facial emotion recognition, includ-

ing anger and disgust (Fairchild et al., 2010), especially in early

onset CD (Fairchild et al., 2009), as well as fear, reflecting a

reduced level of empathy, particularly as a function of CU traits

(Blair et al., 2001; Fairchild et al., 2009; Blair et al., 2014).

Consistent with these deficits, deviant functioning of the ven-

tral striatum (VS), in particular of the caudate, and the amygdala

has been implicated as neural underpinnings of AB. For example,

CD patients with comorbid substance use disorder displayed

hypoactivity in the striatum during a risky incentive decision-

making task (Crowley et al., 2010). Finger et al (2011) confirmed

the finding of blunted caudate activation in CD during a passive

avoidance learning task, suggestive of disrupted prediction error

signaling in the caudate during reward processing (White et al.,

2013). A subsequent study (White et al., 2014) extended these

findings to a comparable environmental reinforcement para-

digm, indicating that in CD patients, caudate activity decreased

during the presentation of rewarding cues. Regarding the amyg-

dala, differential neural activation has been found depending on

the subtypes of CD. While blunted amygdala activity during emo-

tion processing has been associated with CD during the percep-

tion of negative pictures (Sterzer and Stadler, 2009) and angry

faces (Passamonti et al., 2010), also as a function of CU traits dur-

ing fearful face processing (Viding et al., 2012; Blair et al., 2014),

heightened amygdala activity to angry faces has been linked to

impulsive aggression (Coccaro et al., 2007).

Recently, the study of long-term consequences of early ad-

versity on brain structure and function has garnered increasing

interest, with evidence of the VS and the amygdala being par-

ticularly sensitive to stress. Various studies demonstrated

reduced activation in the basal ganglia in response to reward-

predicting cues following early adversity, including CFA

(Boecker et al., 2014), stressful life events (Hanson et al., 2016),

childhood maltreatment (Dillon et al., 2009) and global early de-

privation in Romanian adoptees (Mehta et al., 2010). Notably,

differential changes in amygdala activity depending on the type

of early adversity have been observed. While major parts of the

literature point to heightened amygdala activation during emo-

tion processing following severe forms of emotional stress, i.e.

as a function of maltreatment (McCrory et al., 2011, 2013;

Dannlowski et al., 2012; van Harmelen et al., 2013), institutional-

ization in children (Tottenham et al., 2011) or history of care-

giver deprivation and emotional neglect in youth (Maheu et al.,

2010), there is also evidence that an adverse family environ-

ment is related to blunted amygdala activity during emotion

processing (Taylor et al., 2006). Such diverse patterns of deviance

have also been demonstrated for amygdala structure, with both

volume increases (Mehta et al., 2009; Tottenham et al., 2010) and

reductions (Ganzel et al., 2008; Lui et al., 2013; Hanson et al., 2015)

after the experience of various stressors.

Using longitudinal data from an epidemiological cohort

study of young adults followed since birth (Laucht et al., 2000),

the present investigation aimed to (i) replicate the well-

established link between CFA and CD and (ii) examine the neu-

ral convergence of CFA and CD in the same sample in two dif-

ferent affective paradigms. Specifically, in line with previous

literature examining the impact of environmental adversity and

CD on affective processing, VS response during reward process-

ing is expected to be blunted during anticipation. Regarding

amygdala activity, previous heterogeneous results on the effect

of adversity and CD allow to make alternative predictions: (1)
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amygdala activity could be heightened in case of impulsive CD

(Coccaro et al., 2007) and after exposure to adversity, in line with

McCrory et al. (2011, 2013), (2) amygdala activity could be blunted

as a function of CD with CU traits (Viding and McCrory, 2012)

and following adversity (Taylor et al., 2006). A further aim is (3)

to test whether the effect of CFA on activity in the VS and the

amygdala is mediated by CD and (4) relate CFA, CD and neural

activity to social reward dependence (Cloninger et al., 1994),

assumed to be a stable temperamental trait (Cloninger, 1987).

Materials and methods

Sample

This investigation was conducted in the framework of the

Mannheim Study of Children at Risk, an ongoing epidemiolo-

gical cohort study of the long-term outcome of early risk factors

(for full details c.f. Laucht et al., 2000, Supplementary Methods).

CD and exclusion criteria at age 25 were assessed by a

Structured Clinical Interview (American Psychiatric Association,

1994; German version, Wittchen et al., 1997) (see Supplementary

Methods). Only currently healthy participants free of medica-

tion were included (reward: N¼ 171; face: N¼ 181; Table 1).

Previous publications from our group with a largely overlapping

sample (Boecker et al., 2014; Holz et al., 2016) already provided

evidence for the susceptibility of VS and amygdala activity on

environmental adversity. In this paper, however, a novel focus

on previous psychopathology is reported (details depicted in the

Supplementary Methods). The study was approved by the ethics

committee of the University of Heidelberg and written informed

consent was obtained from all participants.

Assessments

CFA until 11 years of age was determined using a standardized

parent interview conducted at each of the five assessments dur-

ing childhood by informed trained psychologists, yielding an

‘enriched’ family adversity index as proposed by Rutter and

Quinton (1977) which covered difficulties of the parents, their

partnership and the family environment including socioeco-

nomic disadvantages during a period of 1 year prior to the as-

sessment (Laucht et al., 2000) (11 items, range 0–10, detailed

description is provided in Supplementary Table S1). A total CFA

score was formed by counting the number of psychosocial risks

present in the period until 11 years of age (without repeating

items which only apply to the first assessment wave, e.g. un-

wanted pregnancy; faces sample: M¼ 3.5, SD¼ 2.40; reward

sample: M¼ 3.6, SD¼ 2.41).

Given the heterogeneity of the CFA items, we additionally

confirmed our results by extracting one factor as identified by

principal component analysis, which correlated highly with

CFA (r ¼ 0.99, P < 0.001). Using this factor as a main predictor

(instead of CFA) did not change the results (Supplementary

Methods and Supplementary Table S7 depicted in the

supplement).

Disruptive symptoms, such as aggression (at the age of 2)

and CD diagnoses (4–19 years of age) during childhood and ado-

lescence according to DSM IV (American Psychiatric

Association, 1994) were assessed using diagnostic interviews

with the parents (Mannheim Parent Interview; MPI; Esser et al.,

1989) until the age of 11 years and with the children at ages 8

and 11 years. The MPI is a highly structured interview adapted

from Rutter’s parent interviews (Cox and Rutter, 1985) and

modified to include all symptoms related to major DSM-IV diag-

noses, such as ADHD, ODD, CD, anxiety and mood disorders. CD

diagnoses were based on both parent and self-reports. We

examined inter-rater reliability in 8-year-olds. On single behav-

ior problems, mean inter-rater reliability was kappa ¼ 0.77

(range 0.71–1.00), indicating a high level of agreement. At age 15

years, the Schedule for Affective Disorders and Schizophrenia

for School-Age Children (K-SADS-PL; Kaufman et al., 1996;

German version by Delmo et al., 2000) was conducted independ-

ently with parents and adolescents. A diagnosis was defined as

present when criteria were met in either the parent or adoles-

cent interview. At the age of 19 years, the Structured Clinical

Interview for DSM-IV (SCID; American Psychiatric Association,

1994; German version, Wittchen et al., 1997) was performed with

the offspring to assess current diagnoses. The presence of a CD

diagnosis in each of the six assessments was rated as 0¼not

present, 1¼present (Figure 1). A sum score was computed by

adding up these values, which yielded a continuous score with

a maximum of four diagnoses (range 0–4). In case of self- and

parent report of a CD diagnosis, the presence of a diagnosis was

counted only once. To further specify the results for impulsive

Table 1. Sample characteristics

CD diagnoses, No. None 1CD 2CD 3CD 4CD Test statistics P-value

No. (%) 145 (80.1) 20 (11.0) 8 (4.4) 4 (2.2) 1 (0.6)

Males, No. (%) 54 (37.2) 10 (50.0) 7 (87.5) 2 (50.0) 1 b¼�0.60 0.01a

CFA, mean (SD) 3.11 (2.22) 4.25 (2.20) 6.75 (1.67) 8.00 (1.63) 5.00 b¼ 0.12 <0.001b,c

ADHD diagnoses, mean (SD) 0.26 (.56) 0.90 (1.02) 1.50 (1.31) 2.00 (1.41) 6.00 b¼ 2.07 <0.001b,c.

Lifetime nicotine dependence, mean (SD) �0.32 (3.30) 0.92 (4.23) 1.67 (5.02) 1.69 (2.67) 12.72 b¼ 1.27 0.001b

Lifetime impulsivity, mean (SD) 0.38 (.69) 1.20 (1.36) 2.25 (1.17) 2.00 (.00) 4.00 b¼ 0.73 <0.001b,c

PSD CU traits, mean (SD) 1.61 (1.48) 1.63 (1.54) 2.73 (1.60) 4.75 (2.06) 2.00 b¼ 0.41 0.02b,c

Current YASR aggression, mean (SD) 1.18 (1.47) 1.80 (2.12) 0.88 (1.36) 3.75 (2.63) 1.00 b¼ 0.63 0.02b,c

RT monetary (ms), mean (SD) 194.84 (25.44) 200.41 (31.01) 206.66 (35.18) 223.77 (29.63) 228.74 b¼ 7.66 0.008b

RT verbal (ms), mean (SD) 224.22 (42.25) 233.54 (41.08) 251.22 (70.48) 237.68 (33.32) 251.58 b¼ 8.42 0.07b

Note: CD¼ conduct disorder, CFA ¼ childhood family adversity, SD¼ standard deviation, ADHD ¼ attention deficit/hyperactivity disorder, RT ¼ reaction time, PSD

¼Psychopathy Screening Device, YASR¼Young Adult Self-Report.
aLogistic regression.
bLinear regression.
cAdjusted for parental antisocial disorder, sex, obstetric adversity, lifetime substance abuse. The regressions do not change when adjusted for sex only (CFA b¼0.12, P

< 0.001; ADHD b¼2.21, P < 0.001; impulsivity b¼0.75, P < 0.001; YASR aggression b¼0.56, P ¼ 0.03; CU traits b¼0.53, P ¼ 0.002).
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and callous-unemotional CD dimensions (Buitelaar et al., 2013),

additional measures were obtained (1) lifetime impulsivity

symptoms assessed at the ages of 2–15 years (using the MPI and

the ADHD supplement of the K-SADS-PL) and (2) parent-

reported CU traits using the Psychopathy Screening Device

(PSD; Frick and Hare, 1998) at the offspring’s age of 15.

Moreover, due to the high comorbidity between CD and ADHD

as well as mood and anxiety disorders, lifetime diagnoses of

these disorders have been assessed in analogy to CD and were

controlled for in further analyses.

To further clarify the association with social functioning, in-

formation on reward dependence (RD) was acquired at ages 15

and 19 years with the (Junior) Temperament and Character

Inventory (Cloninger et al., 1994). RD reflects the tendency to

react strongly to reinforcements and maintain behavior previ-

ously associated with rewards. Individuals low on RD are so-

cially detached, practical, tough minded, emotionally cool and

independent. Thus, low RD may predispose individuals to show

decreased activity in the VS during reward processing.

To evaluate current aggressive behaviors, the Young Adult

Self-Report (YASR, Achenbach, 1991) was administered to the

participants at the age of 25.

Further details of assessments are provided in the

Supplementary Methods.

Covariates and confounders

All results presented (except for task main effects) were ad-

justed for confounders including sex, obstetric adversity, and

lifetime substance abuse, including lifetime nicotine depend-

ence [Fagerström Test for Nicotine Dependence (FTND,

Heatherton et al., 1991)], lifetime alcohol abuse [Alcohol Use

Disorders Identification Test (AUDIT, Babor et al., 2001)], and

lifetime cannabis abuse (12-month prevalence). In addition, re-

sults were controlled for parental antisocial personality disorder

diagnosis [ASPD; assessed using the SCID (German version,

Wittchen et al., 1997)] to rule out that the observed brain pat-

terns merely reflect familial risk (the results, however,

remained unchanged when this covariate was not additionally

controlled for). Moreover, to evaluate the specificity of the ef-

fects, lifetime ADHD as well as mood and anxiety disorder (as-

sessed in analogy to CD diagnoses) were controlled for in

further analyses. Finally, since we included currently healthy

participants who previously have had CD, brain activity was

correlated with self-reported resilience to ensure that the

observed brain patterns reflect vulnerability markers rather

than resilience. Resilience was assessed using the resilience

scale (Schumacher et al., 2005). To warrant that the results are

not due to adjustment for confounders, analyses controlled for

sex only as well as details for all measures are provided in the

Supplementary Methods.

Reward task

The reward paradigm used yields reliable and robust activation

of the VS (Boecker et al., 2014), which requires a fast button-

press directly after a flash target in order to gain reward. An an-

ticipation cue is presented followed by the flash target which is

followed by feedback about their current balance. The cues con-

sistently signaled different types of reward anticipation: either

a smiley signaling that responding sufficiently fast after the

flash target would yield monetary feedback (‘0.50 Euro’ or

‘0.00 Euro’), or a scrambled smiley indicating only verbal feed-

back (‘Fast reaction!’ or ‘Not fast enough!’). Boost trials with a

monetary reward of 2 Euro instead of 0.50 Euro occurred after

approximately every eighth win trial in order to improve the

participants’ level of motivation. In total, 50 monetary and 50

verbal feedback trials were presented in a pseudo-randomized

order. The reaction time (RT) window (common to both reward

conditions, with a maximum of 1 s) was adaptively tailored to

the individual RTs to yield comparable winnings across partici-

pants (�60%). After every trial, the participants were informed

about their current account balance. The time window between

the beginning of cue presentation and feedback was jittered

mainly by varying cue duration (3–5 s). For further details see

Supplementary Methods.

Fig. 1. Assessment waves through lifespan. S ¼ self-report, P ¼parent report.
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Face-matching task

To assess emotion processing, 12 blocks of sequences of fearful/

angry faces alternated with sequences of shapes (Hariri et al.,

2002). In the face blocks, participants were instructed to indicate

which of the two faces at the bottom was identical to the target

face (at the top) and to press the button on the respective side.

In the sensorimotor control task, participants had to compare

circles and ellipses according to the same criterion. Both stimu-

lus sets consisted of six different trios of faces, one trio consist-

ing of both fearful and angry faces, or shapes, each presented

every 2.5 s on average. The total task time was 409 s, and reac-

tion time was measured. One subject was excluded due to left

amygdala activation> 3 SD from the mean.

fMRI parameters and data analysis

Functional magnetic resonance imaging was performed using a

3 Tesla scanner (Magnetom TRIO, Siemens, Erlangen, Germany)

with a standard 12-channel head coil at the age of 25 years. The

functional images were analyzed using Statistical Parametric

Mapping (SPM8, http://www.fil.ion.ucl.ac.uk/spm) implemented

in Matlab 7.12. (Mathworks Inc., Natick, MA, USA) with standard

preprocessing steps (as also described in Boecker et al., 2014;

Holz et al., 2016). More details in Supplementary Methods.

The first four fMRI volumes were discarded to allow longitu-

dinal magnetization to reach equilibrium. Preprocessing

included slice time correction of the volumes to the first slice,

realignment to correct for movement artifacts, co-registration

of functional and anatomical data, spatial normalization to

standard MNI (Montreal Neurological Institute) space and

smoothing with a Gaussian kernel of 8mm full-width-at-half-

maximum (FWHM). For the reward task, eight regressors of

interest (laughing and scrambled smiley, flash, response, mon-

etary and verbal, win and no-win trials, respectively) were cre-

ated and convolved with the SPM hemodynamic response

function (HRF). For the face-matching task, two vectors com-

prising onsets and durations of either shapes or faces were con-

volved with the SPM8 canonical hemodynamic response

function in the context of a General Linear Model in order to

model the BOLD time course. A further six movement param-

eters were included as regressors of no interest in both models.

First-level contrast images reflecting activation (1) to the antici-

pation of monetary vs. verbal trials (i.e. cue onset), (2) to the de-

livery contrast of win vs no-win trials pooled over the monetary

and verbal condition (i.e. trials with positive monetary and ver-

bal feedback versus trials with negative monetary and verbal

feedback) during reward and (3) to faces vs shapes during emo-

tion processing were used. These contrasts were entered into

separate second-level group analyses, with CFA and CD diag-

noses during childhood and adolescence, respectively, as the

main predictor while controlling for all covariates previously

mentioned (see ‘covariates and confounders’). The results re-

mained significant when adjusted for sex only, which is speci-

fied in the supplement. The caudate head, the putamen and the

amygdala were defined as regions of interest (ROIs), using ana-

tomical masks implemented in the Wake Forest University

(WFU) PickAtlas v2.4 (Maldjian et al., 2003), where a P < 0.05 FWE

correction (minimum of five adjacent voxels) was applied. For

display reasons, the statistical threshold was set at P ¼ 0.005 un-

corrected. For exploratory whole brain analyses, a P < 0.001 un-

corrected threshold and a criterion of 10 adjacent voxels was

set. Mediation analysis using the Sobel Test (Baron and Kenny,

1986) was applied and CD diagnoses were treated as a mediator.

This model assumes that a CD related lifestyle may have led to

the observed brain changes. Mediation was tested using the

overlap of the FWE significant clusters (k¼ 5) controlling for all

covariates previously mentioned. Further details can be found

in the Supplementary Methods.

Voxel-based morphometry

We acquired 1 � 1 � 1mm T1-weighted anatomical images with

192 slices covering the whole brain (matrix 256 � 256, repetition

time¼ 2300 ms, echo time¼ 3.03 ms, 50% distance factor, field

of view 256 � 256 � 192 mm, flip angle 9�). Images were bias-

corrected and classified into gray matter, white matter, cerebro-

spinal fluid and non-brain tissue using Diffeomorphic

Anatomical Registration through Exponentiated Lie algebra

(DARTEL) registration toolbox (Ashburner, 2007). Data were seg-

mented based on tissue probability maps, indexing the prior

probability of any voxel in a registered image being grey or

white matter or cerebrospinal fluid. An average template from

the data was created, to which the images were registered.

Additionally, the images were affine-transformed to MNI space

and smoothed with a 6-mm FWHM kernel. Total intracranial

volume was calculated by adding the tissue probabilities of gray

matter, white matter and cerebrospinal fluid and used as a

covariate. For group statistics of gray matter images, the same

analysis as with the functional images was performed while

additionally controlling for total intracranial volume. In order to

control for the influence of gray matter differences, brain vol-

ume was extracted using anatomical masks comprising the

caudate, the putamen and the amygdala derived from the WFU

PickAtlas v2.4 (Maldjian et al., 2003) and separately added as an

additional covariate.

Results

Sample characteristics

As hypothesized, CFA increased the level of CD and ADHD diag-

noses during childhood and adolescence, lifetime impulsivity

and CU traits. Concerning task performance, the participants

with CFA displayed slower reaction times for monetary trials.

More males than females had previous CD diagnoses. In add-

ition, CD diagnoses during childhood and adolescence were

related to higher lifetime impulsivity, more CU traits, more

ADHD diagnoses, a higher level of nicotine dependence and

slower reaction times for monetary trials. Further, CD diagnoses

were associated with increased current YASR aggression scores

(Supplemental Figure S1).

More details are provided in Table 1 and in the

Supplementary Results and Supplemental Table S2.

VBM results

CD and CFA neither affected caudate nor putamen structure (all

pFWE > 0.08). While CFA was associated with increased left

amygdala volume, no relationship emerged with CD (puncorrected

> 0.05, Table 2).

Task effects

Robust caudate and putamen activation emerged during the an-

ticipation of reward [caudate right: t(170) ¼ 18.37, pFWE < 0.001,

peak: 12 12 �2; left: t(170) ¼ 16.71, pFWE < 0.001, peak: �10 10 �2;

putamen right: t(170) ¼ 18.85, pFWE < 0.001, peak: 16 8 �6; left:

t(170) ¼ 18.35, pFWE < 0.001, peak: �16 6 �6] as well as during the

delivery [caudate right: t(170) ¼ 11.62, pFWE < 0.001, peak: 12 12
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�4; left: t(170) ¼ 11.80, pFWE < 0.001, peak: �20 �12 24; putamen

right: t(170) ¼ 12.23, pFWE < 0.001, peak: 30 �14 8; left: t(170) ¼

12.47, pFWE < 0.001, peak: �16 6 �6]. Emotion processing during

the faces task elicited significant amygdala activation [right:

t(180) ¼ 22.79; pFWE < 0.001; left: t(180) ¼ 20.25; pFWE < 0.001).

Reward processing and brain structure in the
ventral striatum

During the anticipation of reward, operationalized by the con-

trast monetary versus verbal trials, CD diagnoses during child-

hood and adolescence were associated with decreased VS

activity and CFA was related to reduced VS activity (Table 2 and

Figure 2A and B) extending to the dorsal striatum when ad-

justed for covariates. Whole brain results are depicted in

Supplementary Tables S3 and S4. Critically, no such effect of CD

or CFA was observed during reward delivery.

Likewise, the fMRI results for reward anticipation remained

significant when gray matter differences in the left caudate and

the putamen were accounted for [CD: caudate left: (t(160) ¼ 3.60,

pFWE ¼ 0.005; putamen left: t(160) ¼ 3.89, pFWE ¼ 0.006; right

t(160) ¼ 3.25, pFWE ¼ 0.04; CFA: caudate left: t(162) ¼ 4.08, pFWE ¼

0.001; putamen left: t(162) ¼ 3.76, pFWE ¼ 0.009; right t(162) ¼

4.24, pFWE ¼ 0.002). In addition, all results remained significant

when adjusted for the reaction time difference between monet-

ary and verbal trials.

Emotion processing and amygdala volume

CD diagnoses during childhood and adolescence were related to

decreased left amygdala activity (Table 2 and Figure 2C) when

controlled for covariates. Similarly, there was an inverse correl-

ation between CFA and activity in the left amygdala (Table 2

and Figure 2C). Whole brain results are depicted in

Supplementary Tables S5 and 6.

The effects of CFA and CD during childhood and adolescence

on amygdala activity during emotion processing remained sig-

nificant when controlled for left amygdala volume [CD: t(168) ¼

3.03, pFWE ¼ 0.03; CFA: t(171) ¼ 3.26, pFWE ¼ 0.01). In addition,

the results did not change when the reaction time difference be-

tween faces and shapes was used as an additional covariate.

Specificity of the effects

After adjustment for previous ADHD or mood and anxiety dis-

order, all results remained significant (details depicted in the

Supplementary Results). This also applied to VS activity when

adjusting for CU traits but not for amygdala activity, where the

voxel criterion was no longer reached. In line with this, CU traits

as a main predictor were associated with decreased amygdala

activity during emotion processing [t(168) ¼ 3.19, pFWE ¼ 0.02]

but were not significantly related to VS activity during reward

anticipation (all p’s> 0.008 uncorrected). When using lifetime

impulsivity as a covariate of interest, results were similar to

those found for CD during reward anticipation, with negative

relationships obtained with caudate [t(162) ¼ 3.42, pFWE ¼ 0.02)

and putamen activity [t(159) ¼ 3.22, pFWE ¼ 0.047]. Impulsivity

was, however, not significantly related to amygdala activity

[puncorrected ¼ 0.006). Details of the analyses conducted are de-

picted in Supplementary Results.

When controlled for CFA, the association between CD and

VS activity failed to reach significance [t(160) ¼ 2.40, p uncorr ¼

0.009). Regarding amygdala activity, the association with CD re-

mained significant [t(168) ¼ 3.07, pFWE ¼ 0.03) but failed to

reach the minimum voxel criterion.

Mediation

Given that the effects of CFA and lifetime CD diagnoses con-

verged in reduced caudate, putamen and amygdala activity, we

tested for a mediating effect of CD on the relationship between

CFA and neural activity. Including CD diagnosis as a mediator

revealed a significant indirect effect (t ¼ �2.23, P ¼ 0.026; Figure

3A), with a significant path between CFA and lifetime CD, and

between CD and caudate activity. Moreover, the direct path be-

tween CFA and caudate activity remained significant, albeit at a

lower threshold, suggesting partial mediation. A similar partial

mediation emerged when including CD as a mediator between

the relationship of CFA and putamen activity (t ¼ �2.11, P ¼

0.03, Figure 3B). In addition, CD mediated the relationship be-

tween CFA and amygdala (t ¼ �1.96, P ¼ 0.049; Figure 3C) with

significant paths between CFA and CD and between CD and

amygdala activity. The effect of CFA on amygdala activity was

no longer significant, indicating full mediation.

Association with temperamental reward dependence
and resilience

Both CD diagnoses during childhood and adolescence and CFA

were associated with a lower level of reward dependence irre-

spective of the inclusion of confounders (CD: r ¼ �0.17, P ¼ 0.03;

CFA: r ¼ �0.22, P ¼ 0.005). Likewise, caudate and putamen re-

sponse to reward anticipation correlated with temperamental

reward dependence (r ¼ 0.17, P ¼ 0.03; r ¼ 0.18, P ¼ 0.02, respect-

ively). While resilience was inversely related to CFA (r ¼ �0.15,

Table 2. Functional magnetic resonance imaging and voxel-based morphometry results

fMRI results VBM results

Reward anticipation

(N ¼ 171)

Emotion processing

(N ¼ 181)

N ¼ 181

Caudate Putamen Amygdala Caudate Putamen Amygdala

Hemisphere L L R L L L R L

CD t(161) ¼ 3.62,

pFWE ¼ 0.005

t(161) ¼ 3.87,

pFWE ¼ 0.007

t(161) ¼ 3.42,

pFWE ¼ 0.04

t(169) ¼ 3.04,

pFWE ¼ 0.03

n.s. n.s. n.s. n.s.

CFA t(163) ¼ 3.95,

pFWE ¼ 0.002

t(163) ¼ 3.67,

pFWE ¼ 0.01

t(163) ¼ 4.09,

pFWE ¼ 0.003

t(172) ¼ 3.25,

pFWE ¼ 0.01

n.s. n.s. n.s. t(173) ¼ 3.06,

pFWE ¼0.047

Note: CD¼ conduct disorder, CFA¼ childhood family adversity; n.s.¼not significant, L¼ left, R¼ right.
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P ¼ 0.047), no significant association with CD or brain activity in

the ROIs (all ps > 0.28) was found.

Discussion

The novel aspect of the present investigation is the focus on

functional characteristics of reward and emotion processing as

convergence sites of persistent CD and CFA in one and the same

sample. Specifically, our results from a prospective study over

25 years replicated previous evidence of higher levels of CD fol-

lowing CFA. Increased amygdala volume emerged following

CFA. Moreover, individuals previously diagnosed with CD or

from adverse backgrounds exhibited a reduced response in the

VS extending to the dorsal striatum including the caudate head

and the putamen during reward anticipation and blunted amyg-

dala activity when confronted with angry and fearful faces with

all effects being independent from gray matter differences.

Moreover, the impact of CFA on brain activity in the VS and the

amygdala was (partially) mediated by CD. In addition, there was

a negative relationship between temperamental reward

dependence (reflecting decreased social reward dependence)

and both CFA and CD, and a positive association with the VS

response.

Blunted VS activity during reward anticipation might be in-

dicative of deficits in approach behavior to biologically salient

goals. This may result in less effort to obtain rewards, which is a

crucial precondition for adequate social functioning.

Interestingly, our results demonstrated that deficient motiv-

ational processing, indexed by decreased VS activity and linked

with CD and exposure to CFA, was associated with lower levels

of temperamental reward dependence, suggesting reduced so-

cial cognition, such as sentimentality, openness to emotional

communication, attachment and dependence on others’

approval. Dysfunction in the VS might further disrupt the

development of stimulus-reward contingencies and poor

decision-making, which, in turn, might lead to frustration and

aggression. Likewise, the poor ability to learn from reinforce-

ment information, as an evident VS function, may contribute to

dysfunctional reinforcement exchanges between parents and

children, i.e. might provoke harsh and inconsistent parenting

Fig. 2. Effect of exposure to childhood family adversity (CFA) and conduct disorder (CD) diagnoses during childhood and adolescence on VS activity during reward pro-

cessing (panels A and B) and amygdala activity emotion processing (panel C) (activity averaged over cluster). (A) left caudate reward processing: Left: activity decreased

with increasing CFA (157 voxel, peaks �4 6 4; �14 18 6). Right: activity decreased with increasing CD during childhood and adolescence (40 voxel, peak �14 20 6). B. left

putamen. Left: activity decreased with increasing CFA (31 voxel, peak �20 16 8). Right: activity decreased with increasing CD during childhood and adolescence (16

voxel, peak �32 4 �6). C. left amygdala. Left: activity decreased with increasing CFA (10 voxel, peak �22 �10 �12). Right: activity decreased with increasing CD during

childhood and adolescence (14 voxel, peak �30 4 �18). Middle: significant clusters (thresholded at P ¼ 0.005 uncorrected) showing the effect of CFA in red and CD during

childhood and adolescence in green, with their overlap in yellow. Note that the scatter plot is a partial regression plot depicting the relationship of CFA and CD with

brain activity when corrected for all confounders previously mentioned (such as sex, lifetime substance abuse etc.). Thus, negative CFA and CD levels may emerge.
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(Viding and McCrory, 2012). Therefore, the findings presented

here may be relevant for future targets regarding parenting

based interventions, which could be tailored towards enhancing

positive parenting. Moreover, understimulation of the reward

circuit might increase reward-seeking behavior, such as drug

abuse or rule-breaking behavior, in order to minimize stimulus

hyporeactivity, often seen in CD (Carpentier et al., 2012) and in

individuals from adverse backgrounds (Mersky et al., 2013).

The amygdala is activated during the perception of salient

stimuli such as negative emotional faces. Here, we demon-

strated blunted amygdala activity in individuals with child and

adolescent CD and from CFA backgrounds. This might be indi-

cative of reduced sensitivity to negative emotions, potentially

implying less attribution of significance to these stimuli. In ana-

logy to decreased reward sensitivity in these individuals, this

might lead to impaired emotion processing and further contrib-

ute to inappropriate social functioning. Whereas less VS activity

(Dillon et al., 2009; Mehta et al., 2010; Boecker et al., 2014) follow-

ing exposure to early life stress echoes previous reports, evi-

dence has been conflicting and task-dependent with regard to

amygdala activity. Importantly, Taylor et al. (2006) also demon-

strated less amygdala activity during the observation of emo-

tional faces as a function of CFA including abuse and neglect

but with opposite results during more active emotion-labeling,

which is in accordance with the majority of studies investigat-

ing the effects of various measures of childhood maltreatment

(Maheu et al., 2010; McCrory et al., 2011; Tottenham et al., 2011;

Dannlowski et al., 2012; McCrory et al., 2013; van Harmelen et al.,

2013; Teicher and Samson, 2016). Our results mimic the obser-

vation results by Taylor et al. (2006), in line with our face match-

ing task which can be performed as a simple physical match

requiring no emotion labeling. However, further evidence also

indicates decreased amygdala activity following unresolved

trauma (Kim et al., 2014). Due to results suggesting both hypo-

and hyperactivity following adversity, it is intriguing to specu-

late that amygdala activity in the midrange might be optimal.

Some experience of emotional arousal may be adaptive and

beneficial (Reynaud et al., 2013), while excessive arousal may be

deleterious. An alternative explanation of the discrepant find-

ings regarding increased and decreased amygdala activity

might relate to the type of the stressor. In contrast to severe

forms of maltreatment, CFA covers more normative types of

family adversity including ‘objective’ measures of adversity,

such as socioeconomic disadvantage. Studies using similar ad-

versity types have also reported opposite results when examin-

ing the effect of global family functioning as compared to severe

childhood adversities on brain volume (Walsh et al., 2014) or re-

ported null findings of poverty (Kim et al., 2013) or of moderate

CA (Schweizer et al., 2016) on amygdala activity (but see

Gianaros et al., 2008). Hence, while maltreatment may specific-

ally involve a lower level of parental care, this does not neces-

sarily apply to participants from high CFA backgrounds, where

a warm parent–child relationship can still be fostered, and,

thus, could have a different effect on emotion-related regions.

Moreover, secure attachment and positive parenting have been

linked to an increased efficiency in upregulating positive emo-

tions (Moutsiana et al., 2014) and to decreased amygdala volume

(Moutsiana et al., 2015) as well as to attenuated growth (Whittle

et al., 2014). Likewise, maternal warmth has been shown to buf-

fer the effects of low socioeconomic status in terms of pro-

inflammatory signaling (Chen et al., 2011). Further, resilience,

age, timing of the stressor and developmental trajectories (first

hyperactivity followed by hypoactivity in adulthood) could not

account for amygdala hypoactivity (compare to Dannlowski

et al., 2012; van Harmelen et al., 2013). Notably, such discrepant

findings have also been found for the effect of maltreatment on

amygdala volume (Teicher and Samson, 2016). In general, this

might prove that there is no monocausal explanation for the

differences found in the effects on amygdala activity, which cor-

roborates the complexity of the neural scars of adversity. One

might argue that these different forms of adversity might lead

to different alterations in the development of emotional pro-

cessing and regulation, which might represent alternative path-

ways of vulnerability to types of psychopathology. Whereas

mood and anxiety disorders have been associated with height-

ened responding during emotion processing (Anand and

Shekhar, 2003), CD with high CU traits has previously been

linked to blunted amygdala activity (Sebastian et al., 2012;

Viding and McCrory, 2012; Viding et al., 2012; Herpers et al.,

2014), which is also echoed by the results presented. In contrast

to other studies (e.g. Fairchild et al., 2011), no effect of CD on

amygdala structure was found in this study. Rather than inter-

preting this as a non-replication, this could instead be attrib-

uted to the fact that all individuals included in our study have

remitted from CD until age 25 years. Thus, altered amygdala

volume may rather be a marker of current CD.

The present study concentrated on the persistence of CD

during childhood and young adulthood in individuals who cur-

rently had no CD diagnosis. While this restricts the generaliz-

ability of the findings in light of evidence suggesting that half of

ASPD patients had a history of CD, it is also notable that only

25–30% of CD patients later develop ASPD (for review see Vloet

Fig. 3. Mediation analysis. Path model showing that CD (partially) mediated

the association between CFA and caudate (A), putamen (B) and amygdala

activity (C). ***P<.001; **P<.01; *P<.05
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et al., 2008). However, the absence of a current diagnosis does

not necessarily imply that individuals in this study qualitatively

differ from those who develop ASPD, as brain activity may be a

state-independent vulnerability marker. Therefore, on a dimen-

sional view, brain vulnerability markers such as decreased ven-

tral striatum activity seem to persist even in the absence of a

diagnosis on a phenotypic level. In further support of this, par-

ticipants with previous CD were found to still exhibit increased

(subclinical) levels of aggression and brain activity in the VS and

amygdala was unrelated to resilience, although an inverse rela-

tionship of resilience with CFA emerged. Further, the investiga-

tion of healthy subjects, with established developmental risk

factors for AB (previous CD and CFA) allows the examination of

brain activity independent of non-specific disease load and

medication, which might impact on motivation processing

(Insel et al., 2014). Of note, in the remaining sample which did

not participate in the fMRI session, only three individuals (2.4%)

were diagnosed with ASPD, although one third of this sample

previously had CD (see Supplementary Methods), indicating

that our currently healthy fMRI sample is likely to be unbiased.

A unique feature of the present study was the possibility to

control for previous diagnoses and substance abuse, which are

highly comorbid with CD (Blair et al., 2014). Importantly, our re-

sults were independent of substance abuse, ADHD as well as

mood and anxiety diagnoses with regard to VS and amygdala

activity (details in the Supplementary Results). Likewise, the ef-

fects were disentangled with regard to specific effects of differ-

ent CD dimensions. Notably, both impulsive and CU behavior is

often present in the same individuals (Munoz et al., 2008) and

may represent partly related behaviors rather than separable

subtypes. The reward processing results presented here may be

more driven by the impulsive facet of CD, given the similar im-

pact of both CD during childhood and adolescence and lifetime

impulsivity on VS activity and the unchanged results after ad-

justment for CU traits. Moreover, apparently CFA significantly

contributes to the effect of CD on caudate head activity. In con-

trast, the emotion processing results suggested that blunted

amygdala activity seems to be driven by CU traits, which is line

with the affective pattern observed in these individuals (Viding

and McCrory, 2012; Blair et al., 2014). Likewise, amygdala activity

did not reach the voxel criterion after control for CFA, suggest-

ing that the shared variance of CD and CFA may account for

blunted amygdala activity.

When evaluating the results, several limitations have to be

considered. While the possibility of creating a score of CD diag-

noses during childhood and adolescence is a unique feature of

this longitudinal study, measures of brain activity were not lon-

gitudinally assessed and our sample is currently healthy. Future

longitudinal studies on patients are needed to disentangle

cause and effect relationships between brain measures and psy-

chopathology to clarify whether blunted activity in the ROIs

examined here may be interpreted as a vulnerability factor or a

long-term vestige of CD, i.e. an effect of the disease itself.

However, given that the fMRI results largely overlap with

emotion-related findings from CD patients, and, crucially, are

also seen in individuals without a clinical diagnosis of CD

(Sebastian et al., 2012; Viding and McCrory, 2012), the brain alter-

ations reported may also be a vulnerability factor rather than a

consequence of the disease. Moreover, only a small number of

the participants in this study had received a CD diagnosis.

However, 18% of the sample was diagnosed with CD, which is

about twice the rate of lifetime CD prevalence in the general

population (�10%, Vloet et al., 2008). This might result from the

fact that the present sample is enriched with participants

characterized by psychosocial and obstetric risk factors.

Likewise, our results on the effects of CD on brain activity

should be interpreted with caution, as the majority of partici-

pants only received one diagnosis during childhood and adoles-

cence. Given the low number of participants with CD diagnoses,

we were unable to differentiate between individuals with child-

(CO) and adolescent-onset (AO). However, as previous studies

did not detect any difference regarding amygdala volume

(Fairchild et al., 2011) or amygdala activity to angry faces

(Passamonti et al., 2010) according to onset type, the effect on

emotion processing should be minimal. Future studies should

disentangle the effect of CO and AO on the VS response during

reward processing. Further our effects were not whole-brain but

only region of interest corrected, which is, however, a standard

approach in neuroimaging for the examination of a priori

hypotheses (Poldrack, 2007). Moreover, although the face

matching paradigm is a very well-validated task, it comprises a

pooled emotion contrast over angry and fearful faces. For future

studies, it would be preferable to investigate fear and anger sep-

arately, especially, given the dissociation between reactivity to

anger and fear in CD with and without CU traits (Blair et al.,

2001; Fairchild et al., 2008; Marsh et al., 2008; Fairchild et al., 2009,

2010) and the specific hypervigilance in the amygdala to threat

following exposure to early adversity (McCrory and Viding,

2015). Finally, this report focused on environmental effects,

which are unlikely to exert their influence independent from

the individua�ls genetic make-up, as has been emphasized by re-

cent reports from our group (Nikitopoulos et al., 2014; Zohsel

et al., 2014). In this context, it is necessary to consider the pos-

sible influence of gene-environment correlations (rGE), i.e. the

degree of overlap between genetic and environmental factors

implying that exposure to adverse environment may depend

upon the genetic vulnerability within families. In this study, it

may be conceivable that the parents themselves exhibited anti-

social behavior and CU traits (passive rGE), which in turn might

have led to CFA. However, by controlling for parental ASPD, we

partly accounted for this influence.

Conclusion

In conclusion, blunted activity in the VS and the amygdala may

present possible convergence sites of CD and CFA affecting mo-

tivation and emotion processing, respectively. Specifically,

altered affective processing following CFA may impact on social

functioning and may increase the risk for CD. Since environ-

mental risk factors are modifiable in nature, this may offer an

attractive opportunity for intervention.

Acknowledgements

The authors thank Sibylle Heinzel, Elisabeth Reichert, Erika

Hohm, Katrin Zohsel, Anna Becker, Angelika Bocklage,

Andrea Len, Daniel Megally and Elise Jezycki for conducting

and supporting the assessments.

Funding

This work was supported by grants from the German

Research Foundation (grant number DFG LA 733/1-2) to ML,

DB, AML, and TB and the EC FP7 projects Aggressotype (FP7-

Health-2013-Innovation-1 602805) and MATRICS (FP7-

Health-2013-Innovation-1 603016) to DaB, TB and JKB, the

‘Kompetenzzentrum Aggression’ (AZ 42-04HV.MED(14)/14/1)

N. E. Holz et al. | 269



to DaB and TB and the NWO Brain & Cognition project 056-

24-011 to JKB. The funding source had no role in study de-

sign, in collection, analysis and interpretation of data, in the

writing of the report, and in the decision to submit the art-

icle for publication.

Supplementary data

Supplementary data are available at SCAN online.

Conflicts of interest

TB served in an advisory or consultancy role for Hexal

Pharma, Lilly, Medice, Novartis, Otsuka, Oxford outcomes,

PCM scientific, Shire and Viforpharma. He received confer-

ence attendance support and conference support or

received speaker’s fee by Lilly, Medice, Novartis and Shire.

He is/has been involved in clinical trials conducted by Lilly,

Shire & Viforpharma. AML received fees for consultancy

Lundbeck International Neuroscience, Thieme Verlag

Germany and Elsevier USA; for lectures, including travel

fees from Aula Médica Congresos, Groupo Ferrer

International, Janssen-Cilag, Lilly Deutschland, Roche

Pharma AG; and also grants from the Federal Office for

Radiation Protection Germany and the Prix Roger de

Spoelberch. JKB has been in the past 3 years a consultant to/

member of advisory board of/and/or speaker for Janssen

Cilag BV, Eli Lilly, Medice, Shire and Servier. He is not an em-

ployee of any of these companies, and not a stock share-

holder of any of these companies. He has no other financial

or material support, including expert testimony, patents,

and royalties. All other authors declare that they have no

biomedical financial interest or potential conflicts of inter-

est. The present work is unrelated to the above grants and

relationships.

References

Achenbach, T.M. (1991). Young Adult Self Report. Burlington:

University of Vermont, Department of Psychiatry.

American Psychiatric Association (1994). Diagnostic and Statistical

Manual of Mental Disorders, 4th edn. Washington, DC: American

Psychiatric Association.

American Psychiatric Association (2013). Diagnostic and Statistical

Manual of Mental Disorders, 5th edn. Arlington, VA: American

Psychiatric Association.

Anand, A., Shekhar, A. (2003). Brain imaging studies in mood

and anxiety disorders: special emphasis on the amygdala.

Annals of the New York Academy of Sciences, 985, 370–88.

Ashburner, J. (2007). A fast diffeomorphic image registration al-

gorithm. Neuroimage, 38, 95–113.

Atarhouch, N., Hoffmann, E., Adam, S., et al. (2004). [Evaluation

of typical psychopathic traits with juvenile offenders].

Encephale, 30, 369–75.

Babor, T.F., Higgins-Biddle, J.C., Saunders, J.B., Monteiro, M.G.

(2001). AUDIT the Alcohol Use Disorders Identification Test:

Guidelines for Use in Primary Care. Geneva: World Health

Organization.

Baron, R.M., Kenny, D.A. (1986). The moderator-mediator vari-

able distinction in social psychological research: conceptual,

strategic, and statistical considerations. Journal of Personality

and Social Psychology, 51, 1173–82.

Blair, R.J., Colledge, E., Murray, L., Mitchell, D.G. (2001). A select-

ive impairment in the processing of sad and fearful expres-

sions in children with psychopathic tendencies. Journal of

Abnormal Child Psychology, 29, 491–8.

Blair, R.J., Leibenluft, E., Pine, D.S. (2014). Conduct disorder and

callous-unemotional traits in youth. New England Journal of

Medicine, 371, 2207–16.

Boecker, R., Holz, N.E., Buchmann, A.F., et al. (2014). Impact of

early life adversity on reward processing in young adults: EEG-

fMRI results from a prospective study over 25 years. PLoS One,

9, e104185.

Budhani, S., Blair, R.J. (2005). Response reversal and children

with psychopathic tendencies: success is a function of salience

of contingency change. Journal of Child Psychology and

Psychiatry, 46, 972–81.

Buitelaar, J.K., Smeets, K.C., Herpers, P., Scheepers, F., Glennon,

J., Rommelse, N.N. (2013). Conduct disorders. European Child

and Adolescent Psychiatry, 22 (suppl 1), S49–54.

Carpentier, P.J., Knapen, L.J., van Gogh, M.T., Buitelaar, J.K., De

Jong, C.A. (2012). Addiction in developmental perspective: in-

fluence of conduct disorder severity, subtype, and attention-

deficit hyperactivity disorder on problem severity and comor-

bidity in adults with opioid dependence. Journal of Addictive

Diseases, 31, 45–59.

Chen, E., Miller, G.E., Kobor, M.S., Cole, S.W. (2011). Maternal

warmth buffers the effects of low early-life socioeconomic sta-

tus on pro-inflammatory signaling in adulthood. Molecular

Psychiatry, 16, 729–37.

Cloninger, C.R. (1987). A systematic method for clinical descrip-

tion and classification of personality variants. A proposal.

Archives of General Psychiatry, 44, 573–88.

Cloninger, C.R. (2000). A practical way to diagnosis personality

disorder: a proposal. Journal of Personality Disorders, 14, 99–108.

Cloninger, C.R. (2003). Completing the psychobiological architec-

ture of human personality development: temperament, char-

acter, and coherence. In: Staudinger, U.M., Lindenberger,

U.E.R., editors. Understanding Human Development: Dialogues

with Lifespan Psychology. Boston: Kluwer Academic Publishers.

Cloninger, C.R., Przybeck, T.R., Svrakic, D.M., Wetzel, R.D. (1994).

The Temperament and Character Inventory (TCI): A Guide to Its

Development and Use. St. Louis, MO: Washington University

Center for Psychobiology of Personality.

Coccaro, E.F., McCloskey, M.S., Fitzgerald, D.A., Phan, K.L. (2007).

Amygdala and orbitofrontal reactivity to social threat in indi-

viduals with impulsive aggression. Biological Psychiatry, 62,

168–78.

Coghill, D. (2013). Editorial: do clinical services need to take con-

duct disorder more seriously? Journal of Child Psychology and

Psychiatry, 54, 921–3.

Cox, A., Rutter, M. (1985). Diagnostic appraisal and interviewing.

In: Rutter, M., Hersov, L., editors. Child and Adolescent Psychiatry.

Modern Approaches, 2nd edn. Oxford: Blackwell.

Crowley, T.J., Dalwani, M.S., Mikulich-Gilbertson, S.K., et al. (2010).

Risky decisions and their consequences: neural processing by

boyswithAntisocial Substance Disorder. PLoS One, 5, e12835.

Dannlowski, U., Stuhrmann, A., Beutelmann, V., et al. (2012).

Limbic scars: long-term consequences of childhood maltreat-

ment revealed by functional and structural magnetic reson-

ance imaging. Biological Psychiatry, 71, 286–93.

Delmo, C., Weiffenbach, O., Gabriel, M., Poustka, F. (2000). Kiddie-

SADS-Present and Lifetime version (K-SADS-PL) 3. Auflage der

deutschen Forschungsversion. Available: http://www.adhs-

essen.com/PDF/K-SADS_Fragebogen.pdf. Last accessed August

2016

270 | Social Cognitive and Affective Neuroscience, 2017, Vol. 12, No. 2



Dillon, D.G., Holmes, A.J., Birk, J.L., Brooks, N., Lyons-Ruth, K.,

Pizzagalli, D.A. (2009). Childhood adversity is associated with

left basal ganglia dysfunction during reward anticipation in

adulthood. Biological Psychiatry, 66, 206–13.

Esser, G., Blanz, B., Geisel, B., Laucht, M. (1989). [Mannheim Parent

Interview—Structured Interview for Child Psychiatric Disorders].

Weinheim: Beltz.

Fairchild, G., Passamonti, L., Hurford, G., et al. (2011). Brain struc-

ture abnormalities in early-onset and adolescent-onset con-

duct disorder. American Journal of Psychiatry, 168, 624–33.

Fairchild, G., Stobbe, Y., van Goozen, S.H., Calder, A.J., Goodyer,

I.M. (2010). Facial expression recognition, fear conditioning,

and startle modulation in female subjects with conduct dis-

order. Biological Psychiatry, 68, 272–9.

Fairchild, G., Van Goozen, S.H., Calder, A.J., Stollery, S.J.,

Goodyer, I.M. (2009). Deficits in facial expression recognition in

male adolescents with early-onset or adolescence-onset con-

duct disorder. Journal of Child Psychology and Psychiatry, 50,

627–36.

Fairchild, G., Van Goozen, S.H., Stollery, S.J., Goodyer, I.M. (2008).

Fear conditioning and affectivemodulation of the startle reflex

in male adolescents with early-onset or adolescence-onset

conduct disorder and healthy control subjects. Biological

Psychiatry, 63, 279–85.

Finger, E.C., Marsh, A.A., Blair, K.S., et al. (2011). Disrupted re-

inforcement signaling in the orbitofrontal cortex and caudate

in youths with conduct disorder or oppositional defiant dis-

order and a high level of psychopathic traits. American Journal

of Psychiatry, 168, 152–62.

Frick, P.J., Hare, R.D. (1998). The Psychopathy Screening Device.

Toronto: Multi-Health Systems.

Ganzel, B.L., Kim, P., Glover, G.H., Temple, E. (2008). Resilience

after 9/11: multimodal neuroimaging evidence for stress-

related change in the healthy adult brain. Neuroimage, 40,

788–95.

Gianaros, P.J., Horenstein, J.A., Hariri, A.R., et al. (2008). Potential

neural embedding of parental social standing. Social Cognitive

and Affective Neuroscience, 3, 91–6.

Glenn, A.L., Johnson, A.K., Raine, A. (2013). Antisocial personality

disorder: a current review. Current Psychiatry Reports, 15, 427.

Hanson, J.L., Albert, D., Iselin, A.M., Carre, J.M., Dodge, K.A.,

Hariri, A.R. (2016). Cumulative stress in childhood is associated

with blunted reward-related brain activity in adulthood. Social

Cognitive and Affective Neuroscience, 11, 405–12.

Hanson, J.L., Nacewicz, B.M., Sutterer, M.J., et al. (2015).

Behavioral problems after early life stress: contributions of

the hippocampus and amygdala. Biological Psychiatry, 77,

314–23.

Hariri, A.R., Tessitore, A., Mattay, V.S., Fera, F., Weinberger, D.R.

(2002). The amygdala response to emotional stimuli: a com-

parison of faces and scenes.Neuroimage, 17, 317–23.

Heatherton, T.F., Kozlowski, L.T., Frecker, R.C., Fagerstrom, K.O.

(1991). The Fagerstrom test for nicotine dependence: a revision

of the Fagerstrom tolerance questionnaire. British Journal of

Addiction, 86, 1119–27.

Herpers, P.C., Scheepers, F.E., Bons, D.M., Buitelaar, J.K.,

Rommelse, N.N. (2014). The cognitive and neural correlates of

psychopathy and especially callous-unemotional traits in

youths: a systematic review of the evidence. Development and

Psychopathology, 26, 245–73.

Holz, N., Boecker, R., Buchmann, A.F., et al. (2016). Evidence for a

sex-dependent MAOAx childhood stress interaction in the

neural circuitry of aggression. Cerebral Cortex, 26, 904–14.

Humphreys, K.L., Zeanah, C.H. (2015). Deviations from the ex-

pectable environment in early childhood and emerging psy-

chopathology.Neuropsychopharmacology, 40, 154–70.

Hyde, L.W., Waller, R., Trentacosta, C.J., et al. (2016). Heritable

and nonheritable pathways to early callous-unemotional be-

haviors. American Journal of Psychiatry, http://dx.doi.org/10.

1176/appi.ajp.2016.15111381.

Insel, C., Reinen, J., Weber, J., et al. (2014). Antipsychotic dose

modulates behavioral and neural responses to feedback dur-

ing reinforcement learning in schizophrenia. Cognitive,

Affective and Behavioral Neuroscience, 14, 189–201.

Jaffee, S.R., Strait, L.B., Odgers, C.L. (2012). From correlates to

causes: can quasi-experimental studies and statistical innov-

ations bring us closer to identifying the causes of antisocial be-

havior? Psychological Bulletin, 138, 272–95.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Ryan, N. (1996).

Kiddie-Sads-Present and Lifetime Version (K-SADS_PL).

Available: http://www.psychiatry.pitt.edu/node/8233. Last

accessed August 2016.

Kim, P., Evans, G.W., Angstadt, M., et al. (2013). Effects of child-

hood poverty and chronic stress on emotion regulatory brain

function in adulthood. Proceedings of the National Academy of

Sciences of the United States of America, 110, 18442–7.

Kim, S., Fonagy, P., Allen, J., Strathearn, L. (2014). Mothers’ unre-

solved trauma blunts amygdala response to infant distress.

Social Neuroscience, 9, 352–63.

Kimonis, E.R., Frick, P.J., Cauffman, E., Goldweber, A., Skeem, J.

(2012). Primary and secondary variants of juvenile psychop-

athy differ in emotional processing. Development and

Psychopathology, 24, 1091–103.

Kimonis, E.R., Skeem, J.L., Cauffman, E., Dmitrieva, J. (2011). Are

secondary variants of juvenile psychopathy more reactively

violent and less psychosocially mature than primary variants?

Law and Human Behavior, 35, 381–91.

Lahey, B.B., Moffitt, T.E., Caspi, A. (2003). Causes of Conduct

Disorder and Juvenile Delinquency. New York: Guilford Press.

Laucht, M., Esser, G., Baving, L., et al. (2000). Behavioral sequelae

of perinatal insults and early family adversity at 8 years of age.

Journal of the American Academy of Child and Adolescent

Psychiatry, 39, 1229–37.

Lui, S., Chen, L., Yao, L., et al. (2013). Brain structural plasticity in

survivors of a major earthquake. Journal of Psychiatry and

Neuroscience, 38, 381–7.

Maheu, F.S., Dozier, M., Guyer, A.E., et al. (2010). A preliminary

study of medial temporal lobe function in youths with a his-

tory of caregiver deprivation and emotional neglect. Cognitive,

Affective & Behavioral Neuroscience, 10, 34–49.

Maldjian, J.A., Laurienti, P.J., Kraft, R.A., Burdette, J.H. (2003). An

automated method for neuroanatomic and cytoarchitectonic

atlas-based interrogation of fMRI data sets. Neuroimage, 19,

1233–9.

Marsh, A.A., Finger, E.C., Mitchell, D.G., et al. (2008). Reduced

amygdala response to fearful expressions in children and ado-

lescents with callous-unemotional traits and disruptive be-

havior disorders. American Journal of Psychiatry, 165, 712–20.

McCrory, E.J., De Brito, S.A., Kelly, P.A., et al. (2013). Amygdala ac-

tivation in maltreated children during pre-attentive emotional

processing. British Journal of Psychiatry, 202, 269–76.

McCrory, E.J., De Brito, S.A., Sebastian, C.L., et al. (2011).

Heightened neural reactivity to threat in child victims of fam-

ily violence. Current Biology, 21, R947–8.

McCrory, E.J., Viding, E. (2015). The theory of latent vulnerability:

reconceptualizing the link between childhood maltreatment

N. E. Holz et al. | 271



and psychiatric disorder. Development and Psychopathology, 27,

493–505.

Mehta, M.A., Golembo, N.I., Nosarti, C., et al. (2009). Amygdala,

hippocampal and corpus callosum size following severe early

institutional deprivation: the English and Romanian

Adoptees study pilot. Journal of Child Psychology and Psychiatry,

50, 943–51.

Mehta, M.A., Gore-Langton, E., Golembo, N., Colvert, E.,

Williams, S.C., Sonuga-Barke, E. (2010). Hyporesponsive re-

ward anticipation in the basal ganglia following severe institu-

tional deprivation early in life. Journal of Cognitive Neuroscience,

22, 2316–25.

Mersky, J.P., Topitzes, J., Reynolds, A.J. (2013). Impacts of ad-

verse childhood experiences on health, mental health, and

substance use in early adulthood: a cohort study of an urban,

minority sample in the U.S. Child Abuse and Neglect, 37,

917–25.

Moutsiana, C., Fearon, P., Murray, L., et al. (2014). Making an effort

to feel positive: insecure attachment in infancy predicts the

neural underpinnings of emotion regulation in adulthood.

Journal of Child Psychology and Psychiatry, 55, 999–1008.

Moutsiana, C., Johnstone, T., Murray, L., et al. (2015). Insecure at-

tachment during infancy predicts greater amygdala volumes

in early adulthood. Journal of Child Psychology and Psychiatry, 56,

540–8.

Munoz, L.C., Frick, P.J., Kimonis, E.R., Aucoin, K.J. (2008). Types of

aggression, responsiveness to provocation, and callous-

unemotional traits in detained adolescents. Journal of Abnormal

Child Psychology, 36, 15–28.

Nikitopoulos, J., Zohsel, K., Blomeyer, D., et al. (2014). Are infants

differentially sensitive to parenting? Early maternal care,

DRD4 genotype and externalizing behavior during adoles-

cence. Journal of Psychiatric Research, 59, 53–9.

Passamonti, L., Fairchild, G., Goodyer, I.M., et al. (2010). Neural

abnormalities in early-onset and adolescence-onset conduct

disorder. Archives of General Psychiatry, 67, 729–38.

Poldrack, R.A. (2007). Region of interest analysis for fMRI. Social

Cognitive and Affective Neuroscience, 2, 67–70.

Reynaud, E., Guedj, E., Souville, M., et al. (2013). Relationship be-

tween emotional experience and resilience: an fMRI study in

fire-fighters.Neuropsychologia, 51, 845–9.

Rubia, K. (2011). “Cool” inferior frontostriatal dysfunction in

attention-deficit/hyperactivity disorder versus “hot” ventro-

medial orbitofrontal-limbic dysfunction in conduct disorder: a

review. Biological Psychiatry, 69, e69–87.

Rutter, M., Quinton, D. (1977). Psychiatric disorder—ecological fac-

tors and concepts of causation. In: McGurk, M., editor. Ecological

Factors in Human Development. Amsterdam: North Holland.

Schumacher, J., Leppert, K., Gunzelmann, T., Strauß, B., Br€ahler,

E. (2005). Resilience as a protective personality characteristic

in the elderly. Zeitschrift Für Klinische Psychologie, Psychiatrie Und

Psychotherapie, 53, 16–39.

Schweizer, S., Walsh, N.D., Stretton, J., Dunn, V.J., Goodyer, I.M.,

Dalgleish, T. (2016). Enhanced emotion regulation capacity

and its neural substrates in those exposed to moderate child-

hood adversity. Social Cognitive and Affective Neuroscience, 11,

272–81.

Sebastian, C.L., McCrory, E.J., Cecil, C.A., et al. (2012). Neural re-

sponses to affective and cognitive theory of mind in children

with conduct problems and varying levels of callous-

unemotional traits.Archives of General Psychiatry, 69, 814–22.

Sevecke, K., Lehmkuhl, G., Krischer, M.K. (2010). Psychopathy,

temperament and antisocial behaviour in girls. Zeitschrift Für

Kinder- Und Jugendpsychiatrie Und Psychotherapie, 38, 91–101.

Sterzer, P., Stadler, C. (2009). Neuroimaging of aggressive and

violent behaviour in children and adolescents. Frontiers in

Behavioral Neuroscience, 3, 35.

Taylor, S.E., Eisenberger, N.I., Saxbe, D., Lehman, B.J., Lieberman,

M.D. (2006). Neural responses to emotional stimuli are associ-

ated with childhood family stress. Biological Psychiatry, 60,

296–301.

Teicher, M.H., Samson, J.A. (2016). Annual research review:

enduring neurobiological effects of childhood abuse and neg-

lect. Journal of Child Psychology and Psychiatry, 57, 241–66.

Tottenham, N., Hare, T.A., Millner, A., Gilhooly, T., Zevin, J.D.,

Casey, B.J. (2011). Elevated amygdala response to faces follow-

ing early deprivation. Developmental Science, 14, 190–204.

Tottenham, N., Hare, T.A., Quinn, B.T., et al. (2010). Prolonged in-

stitutional rearing is associated with atypically large amygdala

volume and difficulties in emotion regulation. Developmental

Science, 13, 46–61.

van Harmelen, A.L., van Tol, M.J., Demenescu, L.R., et al. (2013).

Enhanced amygdala reactivity to emotional faces in adults re-

porting childhood emotional maltreatment. Social Cognitive and

Affective Neuroscience, 8, 362–9.

Viding, E., McCrory, E.J. (2012). Genetic and neurocognitive con-

tributions to the development of psychopathy. Development

and Psychopathology, 24, 969–83.

Viding, E., Sebastian, C.L., Dadds, M.R., et al. (2012). Amygdala re-

sponse to preattentive masked fear in children with conduct

problems: the role of callous-unemotional traits. American

Journal of Psychiatry, 169, 1109–16.

Vloet, T.D., Konrad, K., Huebner, T., Herpertz, S., Herpertz-

Dahlmann, B. (2008). Structural and functional MRI- findings in

children and adolescents with antisocial behavior. Behavioral

Sciences and the Law, 26, 99–111.

Waller, R., Gardner, F., Hyde, L.W. (2013). What are the associ-

ations between parenting, callous-unemotional traits, and

antisocial behavior in youth? A systematic review of evidence.

Clinical Psychology Review, 33, 593–608.

Walsh, N.D., Dalgleish, T., Lombardo, M.V., et al. (2014).

General and specific effects of early-life psychosocial adver-

sities on adolescent grey matter volume. Neuroimage Clinical, 4,

308–18.

White, S.F., Fowler, K.A., Sinclair, S., et al. (2014). Disrupted ex-

pected value signaling in youth with disruptive behavior dis-

orders to environmental reinforcers. Journal of the American

Academy of Child and Adolescent Psychiatry, 53, 579–88 e9.

White, S.F., Pope, K., Sinclair, S., et al. (2013). Disrupted expected

value and prediction error signaling in youths with disruptive

behavior disorders during a passive avoidance task. American

Journal of Psychiatry, 170, 315–23.

Whittle, S., Simmons, J.G., Dennison, M., et al. (2014). Positive

parenting predicts the development of adolescent brain struc-

ture: a longitudinal study. Developmental Cognitive Neuroscience,

8, 7–17.

Wittchen, H.U., Zaudig, M., Fydrich, T. (1997). Structured Clinical

Interview for DSM-IV Axis I and II - SCID.Göttingen: Hogrefe.

Zohsel, K., Buchmann, A.F., Blomeyer, D., et al. (2014). Mothers’

prenatal stress and their children’s antisocial outcomes—a

moderating role for the Dopamine D4 Receptor (DRD4) gene.

Journal of Child Psychology and Psychiatry, 55, 69–76.

272 | Social Cognitive and Affective Neuroscience, 2017, Vol. 12, No. 2


	nsw120-TF1
	nsw120-TF2
	nsw120-TF3
	nsw120-TF4
	nsw120-TF5

