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Appendix SI.1 - Outliers 

To remove outliers for normally distributed outcome variables Tukey’s box-plot Inter-quartile range 

(IQR) method was implemented, using a multiplier of 2.2, as suggested by simulation estimates by (Hoaglin & 

Iglewicz, 1987). For non-normally distributed data the ‘adjusted boxplot’ method developed by (Hubert & 

Vandervieren, 2008) was implemented instead (Seo, 2006). One participant from the MT group was removed 

from MEPS analyses. 



Appendix SI.2 - Resting-State Functional Connectivity (rsFC) Post-hoc ROI-to-ROI DMN analyses. 

Post-hoc ROI-to-ROI analyses of the DMN were performed using the four main DMN nodes that were 

taken from the DMN specific masks included in the CONN toolbox that were generated from the Human 

Connectome Project (n=497) (Little et al., 2018; Whitfield-Gabrieli & Nieto-Castanon, 2012). These include the 

mPFC, PCC, and the left and right AG. Secondary hubs, such as the precuneus and left and right hippocampi 

(Buckner & DiNicola, 2019; Kaboodvand et al., 2018) were taken from the CONN atlas based on the FSL 

Oxford-Harvard atlas. The retrosplenial cortex (Kaboodvand et al., 2018) was created by adding the bilateral 

Broadman area 29 and 30 (Vann et al., 2009), based on the Broadman Areas atlas provided with the WFU 

Pickatlas toolbox (v3.0.5b) for SPM/Matlab (Friston et al., 2006; Maldjian et al., 2003). 

Between subject contrast analyses were performed using the CONN standard settings for ROI-to-ROI 

functional connectivity analyses (Nieto-Castanon, 2020; Whitfield-Gabrieli & Nieto-Castanon, 2012). The 

analyses consisted of 28 connections among the 8 ROIs mentioned above (mPFC, PCC, right and left AG, right 

and left hippocampi, precuneus, and retrosplenial cortex). Parametric multivariate statistics using cluster-level 

inferences were selected, with an initial cluster threshold set a p<.05 p-FDR corrected (MVPA omnibus F-test 

for dimensionality reduction of the connectivity patterns across all subjects and all the seed ROIs 

simultaneously), and the connection threshold was set at p<.05 p-FDR corrected (to make inference about 

individual connections using t-test).  

 

 



Appendix SI.3 - Means-end Problem Solving (MEPS) task  

Vignettes and task procedure 

Originally the MEPS consisted of 10 vignettes (Platt & Spivack, 1975a), but subsequent validation 

studies (Platt & Spivack, 1975b) have indicated that it is possible to reduce participant burden and still obtain 

reliable data by administering 3-5 vignettes (D’Zurilla et al., 2004; Glazebrook et al., 2015; Hawton et al., 1999; 

Lyubomirsky & Nolen-Hoeksema, 1995; Marx et al., 1992; Oldershaw et al., 2009; Quiñones et al., 2015; 

Watkins & Moulds, 2005; Werner-Seidler et al., 2018). In this study, we also implemented a shortened/modified 

version of the original MEPS – we administered four interpersonal vignettes related to problems in different 

social scenarios, including peers/friends, a teacher, moving to a new neighbourhood, and leadership/school 

involvement. Note that, in order to increase the relevance of the problematic situations to our child/adolescent 

sample, two vignettes were modified from the original ones: The vignette describing a problem with a teacher 

was adapted from the original MEPS vignette depicting a problem with a boss/manager at work, and the 

vignette about the school meeting was adapted from the original MEPS vignette describing a local community 

meeting.  

The four vignettes were:  

You notice that your friends seem to be avoiding you. You want to have friends and be liked. The story ends 

when your friends like you again.  

You had just moved into a new neighbourhood. You want to have friends in the new neighbourhood. The story 

ends with you having many good friends and feeling at home in the neighbourhood.  

You are having trouble getting along with one of your teachers. You are very unhappy about this. The story ends 

with the teacher liking you.  

You are listening to a group of school friends speak about how to make things better in your school. You wanted 

to say something important and have a chance to be your class representative. The story ends with you being 

elected leader and presenting a speech. 

The presentation order of the vignettes was pseudorandomised, and for each scenario, participants had 

2 minutes to verbally generate solutions. The vignette describing the interpersonal problem and the resolution 



was always in front of the participants as they described the solution path. Before the beginning of the task, 

participants had one practice trial in which a non-interpersonal problematic situation was presented:  

You came home after school and found that you had lost your phone. You are very upset about it. The story ends 

with you finding your phone and you feeling good about it.  

The instructions were similar to those implemented in previous studies with adolescents and adults 

(Glazebrook et al., 2015; Hawton et al., 1999; Oldershaw et al., 2009; Raes et al., 2005; Williams et al., 2005). 

Participants imagined themselves in the problematic scenarios and generated verbally a detailed step-by-step 

strategy. During the practice trial, participants received online feedback on their performance and were 

reminded of the importance of generating a detailed step-by-step solution. Conversely, during the actual task, 

feedback was not provided, and only minimal/general prompting was allowed (e.g., “is there anything else you 

would like to add”). Responses were audio-recorded and then transcribed.  

Scoring 

In line with standard scoring procedures implemented in studies with adults and adolescents, we scored 

the total number of Relevant Means. These are defined as the discrete and concrete steps taken from the 

beginning of the story that brings the participant closer to the problem resolution (Glazebrook et al., 2015; 

Hawton et al., 1999; Kremers et al., 2006; Marx et al., 1992; Oldershaw et al., 2009; Platt & Spivack, 1975a; 

Raes et al., 2005). The definition of Relevant Means encompasses also: i) the acknowledgment of potential 

obstacles; ii) recognising that solving problems can require time; iii) the generation of alternative strategies; and 

iv) introspective/reflective comments (e.g., realising, deciding, wondering) (Kremers et al., 2006; Williams et 

al., 2005). The total number of Relevant Means generated across the four vignettes was averaged to generate an 

individual Relevant Means total score. Also, in line with previous studies, Relevant Means were broken down 

into ‘Active’ (these are relevant steps initiated by the participant) and ‘Passive’ (these are relevant steps initiated 

by another person) (Kremers et al., 2006; Oldershaw et al., 2009). Steps lacking detail (e.g., ‘we sorted things 

out’) with no explanation of how things were resolved, repetitive information, and descriptions that were 

irrelevant to the resolution of the problem were not considered as Relevant Means; instead, these were scored as 

‘No-Means’ in line with current scoring procedures (Oldershaw et al., 2009). Also, in line with recent studies, 

we included an additional Effectiveness score. This was rated on a 7-point scale by the experimenter (1 = not at 

all effective; 7 = extremely effective). A problem-solving strategy is considered to be effective if it maximises 



positive outcomes and minimises short- and long-term undesirable consequences, both to oneself and others 

(D’Zurilla et al., 2004; D’Zurilla & Goldfried, 1971; Kremers et al., 2006; Oldershaw et al., 2009; Raes et al., 

2005; Ridout et al., 2015).  

Scoring was carried out blindly (i.e., group/participant’s identity was unknown by the rater). Moreover, 

a second independent blind rater (a trained research assistant) scored a random subset of interviews (16%) in 

order to determine inter-rater reliability. Intra-class correlations (ICC) for RM total scores were calculated using 

a two-way random absolute agreement model. A good degree of reliability was found – the ICC was .64 [95% 

CIs LL = .43 UL = .79, F(43,43) = 4.61, p < .001]. Moreover, for Active RM and Passive RM, an excellent 

degree of reliability was found. The respective ICC was .81 [95% CIs LL = .67 UL = .89, F(43,43) = 9.40, 

p<.001] and .76 [95 % CIs LL = .60 UL = .86, F(43,43) = 7.24, p < .001]. For No-Means, a fair degree of 

reliability was found with an ICC of .50 [95% CIs LL = .25 UL = .70, F(43,43) = 3.03, p < .001]. Finally, 

reliability was good for Effectiveness scores – ICC was .62 [95% CIs LL = .41 UL = .78, F(43,43) = 4.32, p < 

.001].  



Appendix SI.4 – Demographic and symptomatology of MEPS and rsFC subsamples 

Table S1. 

Demographics, cognitive abilities, and symptomatology of MT (n=34) and NMT (n=38) participants 

included in the MEPS analyses.   
MT  NMT  

Measures 
 

n (%) n (%) 

Female 16(47.1%) 22 (57.9%) 

Caucasian 22(64.7%) 21(55.3%) 

SES - level of education of parent 

(% beyond secondary)1  

12(40.0%) 21(56.8%) 

  
Mean (sd)  Mean (sd) 

Age 14.4 (1.7) 14.9 (1.2) 

PDS - self-report2   2.9 (0.7) 3.1 (0.5) 

WASI-IQ 104.6 (14.9) 110.1 (11.1) 

Verbal fluency3 37.3 (10.5) 36.7 (7.7) 

SDQ total score*4  11.3 (7.5) 7.4 (5.9) 

       emotional symptoms 3.0 (2.4) 2.0 (2.1) 

       conduct problem 2.1 (2.0) 1.5 (2.0) 

       hyperactivity/inattention* 4.2 (3.1) 2.6 (2.4) 

       peer relationship problems 2.1 (2.0) 1.3 (1.3) 

       prosocial behaviour 7.5 (2.2) 8.1 (1.9) 
Note: * p < .05 . Abbreviations: MT = Maltreated group; NMT = Non-maltreated group; PDS = Puberty Development Scale (Petersen 

et al., 1988); SES = Socio-economic-status; SDQ = Strength and Difficulties Questionnaire – parent report; WASI-IQ = 2 IQ-
subscales derived from the Wechsler Abbreviated Scales of Intelligence.  Participants with available data: 1 MT=30, NMT=37; 2 

MT=29, NMT=34; 3 MT=34, NMT=37; 4 MT=30, NMT=35. 

 

Table S2. 

Demographics, cognitive abilities, and symptomatology of MT (n=26) and NMT (n=29) participants included 

in the rsFC analyses   
MT  NMT  

Measures 
 

n (%) n (%) 

Female 14 (53.8%) 18 (62.1%) 

Caucasian 18 (69.2%) 15 (51.7%) 

SES - level of education of parent 

(% beyond secondary)  

10 (38.5%) 16 (55.2%) 

  
Mean (sd)  Mean (sd) 

Age 14.6 (1.4) 15.1 (1.3) 

PDS - self-report1   3.1 (0.6) 3.1 (0.4) 

WASI-IQ 105.2 (12.7) 110.9 (10.0) 

Verbal fluency2 36.1 (11.3) 37.5 (7.9) 

SDQ total score3  9.3 (6.8) 7.6 (5.9) 

       emotional symptoms 2.6 (2.2) 2.0 (2.1) 

       conduct problem 2.0 (2.0) 1.6 (1.9) 

       hyperactivity/inattention 3.2 (2.4) 2.7 (2.4) 

       peer relationship problems 1.5 (1.5) 1.4 (1.6) 

       prosocial behaviour 8.3 (1.8) 7.6 (2.4) 
Abbreviations: MT = Maltreated group; NMT = Non-maltreated group; PDS = Puberty Development Scale (Petersen et al., 1988); SES = 

Socio-economic-status; SDQ = Strength and Difficulties Questionnaire – parent report; WASI-IQ = 2 IQ-subscales derived from the 
Wechsler Abbreviated Scales of Intelligence. Participants with available data: 1 MT=24, NMT=26; 2 MT=22, NMT=28; 3 MT=24, 

NMT=27. 



Appendix SI.5 – Post-hoc DMN ROI-to-ROI analyses 

Figure S1 

ROI-to-ROI DMN Resting State Functional Connectivity (rsFC) Differences Between Adolescents with 

Maltreatment History (MT) and Adolescents with No Maltreatment History (NMT) 

 
Note. Adolescents exposed to childhood maltreatment (MT) compared to peers not exposed to abuse and neglect 

(NMT) showed significantly increased positive resting-state functional connectivity (rsFC) between the medial 

prefrontal cortex (mPFC) with both right and left hippocampi, and between the left hippocampus and the 

posterior cingulate cortex (PCC) and precuneus (PCu). Moreover, the pattern of increased connectivity between 

the retrosplenial cortex (RSP) with the left hippocampus and the mPFC approached statistical significance. 

 

  



Appendix SI.6 – mPFC-PCC and Maltreatment Status Moderation Results 

Table S3.  

Results of multiple regression predicting RM total scores for participants who had resting state 

and MEPS available data (MT = 20; NMT =25). 

 

Predictor Bstandardised or d’ t (67) p 

Maltreatment status  -0.48 -.1.42 .17 

mPFC-PCC rsFC 0.15 0.67 .51 

Interaction of Maltreatment status x mPFC-PCC rsFC * -0.80 -2.35 .02 

Note: Dependent variable = RM total score. The full model is significant R2 = .29, F (3,41) = 5.68, p = .002. 

Significant R2-change (p = .02) due to addition of interaction term = .10. * = p < .05. Regression coefficients 

are expressed as standardized Beta for continuous independent variables and d’ for categorical independent 

variables. Abbreviations: mPFC-PCC = medial prefrontal cortex to posterior cingulate cortex cluster; rsFC = 

resting state functional connectivity. 

 

 



Appendix SI.7 – Power analysis for putative conditional indirect effects 

The Discussion section highlights the limitations of power concerning a potential comprehensive 

model which includes all variables of interest (i.e., rsFC, interpersonal problem-solving, and symptom scores). 

We would think it useful for future studies to conduct a moderated mediation. Specifically, in our case, rsFC 

(the moderator W) would condition/moderate the association between maltreatment status (X) and interpersonal 

problem-solving performance (mediator M) and their impact on total symptoms score (Y). Thus, we have 

conducted a power analysis to estimate the optimum sample required for such an approach.  

We used the software package for R ‘simsem’ to perform a power analysis for the conditional indirect 

effect (in a moderated mediation model based on Preacher et al. Model 2) (Donnelly et al., 2021; Preacher et al., 

2007). The standardized coefficient of the b pathway in the mediation model presented in Figure 1 was b1 = -

0.25, and the standardized interaction/moderation coefficient of the moderation shown in Table S3 (Appendix 

SI.6) was a3 = -0.80. Consistent with Preacher et al. (2007) Model 2 for the canonical model of moderated 

mediation (i.e., in which only the ‘a’ pathway is moderated), it would be expected that the putative standardized 

index of moderated mediation (also known as a conditional indirect effect) to be approximately a3 * b1 = 0.20.  

The outcome of a Monte Carlo Simulation estimated that future studies should recruit approximately 170 

participants to test with enough statistical power (80%) the presence of a conditional indirect effect of this 

magnitude (i.e., 0.20). This N is also consistent with the empirical power simulations estimated for the 

moderated mediation of Model 2 reported in Preacher et al. (2007). In our study, only 43 participants (19 MT 

and 24 NMT) had usable/available data across all three variables (i.e., rsFC, interpersonal problem-solving, and 

SDQ symptom scores). Hence, we are underpowered to run a moderated mediation model.
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