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Abstract

Parenting is a critical factor in adolescent social-emotional development, with maladaptive 

parenting leading to risk for the development of psychopathology. However, the emotion-related 

brain mechanisms underlying the influence of parenting on psychopathology symptoms are 

unknown. The present study utilized functional magnetic resonance imaging and laboratory 

measures to examine sex-differentiated associations among parenting, adolescent emotion-related 

brain function, and substance use and psychopathology symptoms in 66 12–14 year olds. Maternal 

parenting behaviors (warmth, negative parenting) were observed in a laboratory task. Adolescent 

brain responses to negative emotional stimuli were assessed in emotion processing regions of 

interest (left [L] and right [R] amygdala, anterior insula, anterior cingulate cortex [ACC]). 

Adolescents reported on substance use and depressive, anxiety, and externalizing symptoms. 

Maternal negative parenting predicted adolescent brain activation differently by sex. For girls, 

negative parenting predicted heightened R ACC activation to negative emotional stimuli. For boys, 

negative parenting predicted blunted L and R anterior insula and L ACC activation. Furthermore, 

for girls, but not boys, heightened L anterior insula and heightened L and R ACC activation were 

associated with substance use and depressive symptoms, respectively. Findings suggest neural 

response to negative emotion as a possible sex-specific pathway from negative parenting to 

psychopathology.
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One of the most important influences on child and adolescent development is parenting 

behavior. Parenting is particularly critical in early adolescence, when youth begin significant 

emotional, cognitive, and social changes (Steinberg, 2001) and experience increases in 

substance use and some forms of psychopathology (Hankin et al., 1998; Johnston et al., 

2018). Adaptive parenting during early adolescence may buffer youth from 

psychopathology. In contrast, maladaptive parenting (e.g., low warmth, high negative 

parenting) during early adolescence predicts longitudinal increases in substance use and 

internalizing (e.g., depression, anxiety) and externalizing symptoms into middle adolescence 

(e.g., Barnes, Riefman, Farrell, & Dintcheff, 2000; Pettit, Laird, Dodge, Bates, & Criss, 

2001).

Despite the association between parenting and psychopathology, the neural mechanisms by 

which parenting impacts the development of psychopathology are unknown. Recently, 

researchers have hypothesized that maladaptive parenting affects the developing brain during 

childhood and adolescence, leading to alterations in social, emotional, and cognitive 

development and to psychopathology risk (Belsky & de Haan, 2010). However, little 

research has examined associations between parenting and adolescent brain function as these 

relate to psychopathology. The present study examined: 1) Associations between maternal 

parenting behaviors and early adolescents’ emotion-related neural responses, and 2) 

Associations between early adolescents’ emotion-related neural responses and substance use 

and psychopathology symptoms. Given sex differences in emotional reactivity (e.g., Chaplin 

& Aldao, 2013), we examined whether adolescent sex moderated these associations.

Parenting and Adolescent Emotion-Related Brain Function

Starting in early adolescence, there is significant development of structure, function, and 

connectivity of brain networks involved in emotional arousal (Casey, Jones, & Hare, 2008; 

Pfeifer & Allen, 2012). This period also may be a time of vulnerability of brain networks to 

external influence, including parenting (Teicher & Sansom, 2016). Indeed, animal studies 

find that experimental alterations in maternal care lead to alterations in offspring emotion-

related brain function (Caldji, Diorio, & Meaney, 2003), and human behavioral studies find 

that maladaptive parenting predicts emotional arousal and regulation problems in children 

and adolescents (Morris, Silk, Steinberg, Myers, & Robinson, 2007).

Studies have found that a history of child abuse is associated with adolescent brain structure, 

including amygdala and hippocampus volume (e.g., Whittle et al., 2013). However, few 

studies have examined links between a range of non-abusive parenting behaviors and 

adolescent brain function. One study found that greater observed maternal negative emotion 

in a parent-adolescent interaction with 11–17 year olds was correlated with adolescents’ 

decreased amygdala, anterior insula, subgenual anterior cingulate cortex (ACC), and nucleus 

accumbens activation to a peer rejection task (Tan et al., 2014). A second study of older 

adolescents found that higher maternal self-reported authoritarian (harsh, punitive) parenting 
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was associated with decreased caudate response to a peer rejection task for all adolescents 

and with decreased ventrolateral (vl)PFC response for adolescents with behavioral inhibition 

(Guyer et al., 2015). Third, a study of 9–16 year olds found that higher child-reported 

parental psychological over-control, but not lower parental warmth, was associated with 

lower insula response to an emotional conflict task (Marusak, Thomason, Sala-Hamrick, 

Crespo, & Rabinak, 2017). Fourth, Romund and colleagues (2016) found that lower 

adolescent-reported maternal warmth/support was correlated with higher amygdala response 

to negative emotional faces in 13–16 year olds. Studies also have found associations 

between maternal warmth and adolescent brain structure (e.g., Whittle et al., 2014) and 

reward processing (e.g., Morgan, Shaw, & Forbes, 2014). In sum, initial research suggests 

that parenting behavior is associated with altered adolescent emotion-related brain function. 

However, more research is needed, particularly examining associations with adolescent 

outcomes.

Emotion-Related Brain Function and Adolescent Substance Use and 

Symptoms

Emotional reactivity and regulation have been proposed as trans-diagnostic processes 

underlying substance abuse and psychopathology (Aldao, Nolen-Hoeksema, & Schweizer, 

2010), with different emotion-related profiles associated with internalizing symptoms (e.g., 

depression, anxiety) versus externalizing symptoms (e.g., acting out behaviors) (Chaplin & 

Cole, 2005), and with substance use considered as either internalizing or externalizing. In 

response to negative emotional stimuli, humans engage an integrated network, including 

amygdala, anterior insula, ACC, and orbitofrontal cortex (OFC), as well as lateral PFC and 

striatal regions. The present study focuses on three key emotion processing regions that 

specifically support negative emotional arousal: amygdala, anterior insula, and ACC. The 

amygdala is involved in rapid processing of and reactivity to motivationally-relevant 

information including negative emotional stimuli, anterior insula in perception and 

interoceptive awareness of emotional (and other somatic) experiences, and ACC in 

regulating attention in the service of emotional and other responses (e.g., Lindquist, Wager, 

Kober, Bliss-Moreau, & Barrett, 2012).

For substance use, theorists have proposed that youth may show a pattern of either excessive 

emotional arousal or blunted emotional arousal, which may lead them to use substances to 

either relieve excessive negative emotion or to up-regulate blunted arousal (Donohew et al., 

1999; Sinha, 2008). These two different pathways to substance use are consistent with 

substance use representing either an internalizing or externalizing problem. There are few 

studies of neural emotion processing and substance use in adolescents. One found that 

decreased amygdala, ACC, hippocampus, and OFC responses to stress imagery were 

associated with illicit drug use in middle adolescents who were prenatally cocaine exposed 

(Yip, Lacadie, Sinha, Mayes, & Potenza, 2016). A second found that increased amygdala 

response to negative emotion faces was associated with greater problem drinking in late 

adolescent college students (Nikolova, Knodt, Radtke, & Hariri, 2016). Thus, either blunted 

or heightened emotion-related brain activation may be associated with substance use.

Chaplin et al. Page 3

Soc Dev. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Heightened neural activation in emotional arousal-related brain regions to negative 

emotional stimuli is theorized to contribute to internalizing disorders. Specifically, theories 

propose that depressive symptoms are linked to higher amygdala, ACC (especially ventral 

ACC), anterior insula, and OFC and blunted dorsolateral [dl] PFC activation (Mayberg, 

1997). Empirically, depressive symptoms have been associated with heightened amygdala 

activation and altered (sometimes higher, sometimes lower) insula, ACC (both ventral ACC 

and full ACC), and OFC activation to negative emotional stimuli in early through late 

adolescence (e.g., Hall et al., 2014; Tao et al., 2012; Yang et al., 2010). Adolescent anxiety 

symptoms have been correlated with heightened amygdala reactivity to fear faces and 

heightened amygdala and vlPFC activation to threatening faces (e.g., Killgore & Yurgelon-

Todd, 2005; Monk et al., 2006).

Altered emotion processing has also been implicated in externalizing symptoms (Jones, 

Laurens, Herba, Barker, & Viding, 2009). Empirical studies have found that some 

adolescents with externalizing symptoms (especially those with callous-unemotional traits) 

show decreased amygdala and ACC activation to negative emotional stimuli (e.g., Jones et 

al., 2009; Stadler et al., 2007).

Sex Differences in Brain Pathways from Parenting to Adolescent 

Adjustment

Adolescent sex is important to consider in understanding emotion-related pathways from 

parenting to substance use and psychopathology. First, girls and boys show different courses 

and correlates of substance use (Amaro, Blake, Schwartz, & Flinchbaugh, 2001). Second, 

there are sex differences in depressive symptoms (girls > boys) in adolescence and in anxiety 

symptoms (girls > boys) and externalizing symptoms (boys > girls) in childhood (Hankin et 

al., 1998; Kimonis, Frick, & McMahon, 2014; Lewinsohn, Gotlib, Lewinsohn, Seeley, & 

Allen, 1998). Third, there are sex differences in emotional arousal, with girls expressing 

negative emotions (especially sadness and fear) more intensely than boys (Chaplin & Aldao, 

2013), and women showing greater neural responses to negative emotional stimuli than men 

(Stevens & Hamann, 2012). This sex difference may be due to biologically-based 

differences, different socialization of boys versus girls, or both (Chaplin & Aldao, 2013).

We propose that there may be sex differences in emotion-related neural pathways from 

parenting to psychopathology (see Figure 1). Maladaptive parenting may lead to altered 

neural responding to negative emotional stimuli, differently for girls versus boys. For girls, 

given their tendency to allow negative emotions, maladaptive parenting may lead to 

heightened activation in emotion-related brain networks to negative emotional stimuli, 

leading girls to risk for internalizing symptoms and for using substances to down-regulate 

negative arousal. For boys, given their tendency to limit negative emotions, maladaptive 

parenting may lead to blunted neural activation to negative emotional stimuli, leading boys 

to engage in substance use and acting-out/risky behaviors to up-regulate arousal. Supporting 

this, Potenza and colleagues (2012) found that heightened emotion-related brain activation 

was associated with cocaine dependence in women, but not men. Another study found that 

prenatal cocaine exposure (and associated maladaptive parenting) predicted heightened 
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emotional responses to stress for adolescent girls, but blunted salivary alpha amylase (sAA) 

responses for adolescent boys, and that heightened emotional responses predicted substance 

use for girls and blunted sAA responses predicted substance use for boys (Chaplin et al., 

2015).

The Present Study

The present study used laboratory and fMRI methodology to examine associations among 

observed maternal parenting behaviors, adolescent neural responses to negative emotional 

stimuli, and substance use and psychopathology symptoms in early adolescents. Because 

youth are just beginning to use substances and develop psychopathology in early 

adolescence, our study examined neural markers before the brain is affected by entrenched 

substance use/psychopathology. We used an observational measure of parenting behaviors to 

tap in-the-moment behavior that may be outside of parents’ awareness. We limited the study 

to mothers, consistent with prior studies, to limit variability due to parent sex.

We hypothesized that maladaptive parenting (lower warmth, higher negative parenting) 

would interact with adolescent sex to be associated with adolescents’ responses to negative 

emotional stimuli in three regions of interest (ROIs) (amygdala, anterior insula, ACC), with 

maladaptive parenting associated with heightened ROI activation to negative emotional 

stimuli for girls and blunted activation for boys. Second, we hypothesized a brain activation 

by sex interaction such that heightened activation in the ROIs to negative emotional stimuli 

for girls and blunted activation for boys would be linked to substance use, internalizing 

(depressive, anxiety), and externalizing symptoms.

Method

Participants

Participants were sixty six 12–14 year olds (34 boys [sex was determined by parent report]; 

mean age = 12.59, SD = 0.70) and their mothers, recruited from a larger behavioral study to 

participate in this MRI study. Families were recruited for the larger study through mailings 

to households in a suburban area in the mid-Atlantic United States to participate in a study 

of sex, emotion, and adolescent development. Inclusion criteria for this MRI study was age 

12–13 years for adolescent at time of recruitment (8 youth turned 14 before the MRI 

session), IQ >= 80 for adolescent (on Wechsler Abbreviated Scale of Intelligence), adequate 

English proficiency to complete questionnaires for adolescent and mother, and MRI safe for 

adolescent (e.g., no metal in body). Exclusion criteria were history of prenatal substance 

exposure, autism spectrum disorder, psychotic disorder, congenital brain defect, or traumatic 

brain injury for adolescent and current psychiatric medication use for adolescent (due to 

effects of psychiatric medication on brain function), which were assessed by parent report. 

The first eighty one adolescents from the larger study (N = 249) who met criteria and were 

interested and MRI safe participated in this MRI study. Of these, 15 were excluded due to 

inability to complete the MRI scan (n = 9) or excessive head motion during the fMRI 

emotion task (n = 6), leaving a final N of 66. The 66 adolescents were not significantly 

different from the 15 who were excluded on demographics, parenting behavior, or substance 

use/psychopathology symptoms.
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Race/ethnicity was representative of the community, with 71.2% non-Hispanic White, 9.1% 

Hispanic, 10.6% more than one race, and 9.0% Asian, African-American or Other. 

Consistent with the local community, family income level was mostly (77%) greater than or 

equal to $100,000 per year. Mothers were 95% biological mothers and 5% non-biological 

[e.g., adoptive] mothers.

Procedure

Families attended three sessions. In the first, adolescents completed questionnaires, 

interviews, and breath/urine screens assessing demographics, substance use, and 

psychopathology symptoms. In the second, the adolescent and mother completed the parent-

adolescent interaction task (PAIT). In the third, adolescents completed the MRI scan. The 

three sessions were scheduled about 1–2 weeks apart. For 4 adolescents, fMRI sessions were 

delayed 4–6 months due to adolescents using orthodontic braces. For those adolescents, 

substance use and psychopathology measures were taken again at the same time as the fMRI 

session and those measures used in analyses. Study procedures were approved by the 

University Institutional Review Board. Informed parental consent and adolescent assent 

were obtained.

Laboratory Parent-Adolescent Interaction Task (PAIT)

Upon arriving for the second session, adolescents and mothers went to separate rooms and 

each completed the Issues Checklist (IC; Prinz, Foster, Kent, & O’Leary, 1979), a checklist 

of common family conflict topics (e.g., cleaning bedroom). Participants endorsed topics 

discussed in the past month and the anger level they felt during the discussion. After 

completing the IC, there was a 30-minute adaptation period during which participants 

listened to two 5-minute relaxation audio recordings and were told to relax quietly.

Following this, the mother was brought into the adolescent’s room and was seated next to 

the adolescent. The dyad engaged in two challenging 10 minute discussions (a conflict 

discussion and a discussion about drug use), with discussion order randomly assigned (there 

were no discussion order effects on parenting behaviors). The discussions were video-

recorded and later coded for parenting behaviors. In the conflict discussion, the mother and 

adolescent discussed their mutually highest-rated conflict issue from the IC. In the drug use 

discussion, the adolescent and mother were asked to “discuss the topic of using alcohol, 

tobacco, marijuana, or any other drug for 10 minutes” (Boone & Lefkowitz, 2007). If the 

dyad finished either discussion early, they were asked to keep discussing the topic(s) for the 

full 10 minutes.

Observed parenting behaviors.—Maternal parenting behaviors during the two 

discussions were coded by trained coders using the PAIT Coding System (Chaplin, 2010). 

Maternal warmth (e.g., mother nods head, makes eye contact, praises adolescent) and 

negative parenting (e.g., mother criticizes, mocks, or, interrupts adolescent, uses harsh vocal 

tone) were coded, based on the parenting literature (e.g., Gottman, Katz, & Hooven, 1997). 

Coders viewed each discussion and rated each parenting behavior once for each 10 minute 

discussion on a scale from 1–5 (“none present” to “high level”), based on facial expressions, 

behaviors, vocal tone, and speech content. Ratings for the two discussions were summed. 
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Twenty five percent of the videotaped interactions were randomly chosen, double-coded, 

and checked for inter-rater reliability. Intra-class correlation coefficients were moderate for 

warmth (ICC = 0.68) and were good for negative parenting (ICC = 0.77) (Koo & Li, 2016).

fMRI Session

Upon arrival, adolescents completed nine practice items for the emotion task on a computer 

outside of the scanner. They then completed the 60-minute MRI session, which included the 

emotion task, two other tasks, and a T1-weighted structural scan. Scans were acquired on a 

Siemens 3T Allegra MR scanner with a standard single-channel birdcage head coil.

Emotion task.—Adolescents viewed negative, neutral, and positive International Affective 

Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) pictures. The IAPS is a 

standardized method to evoke emotions by viewing pictures of emotionally-laden scenes. 

IAPS pictures have been found to elicit emotion-related brain activation in adolescents 

(McRae et al., 2012). We used the same negative IAPS pictures used in a prior study of 

adolescents, which were selected to be developmentally appropriate (McRae et al., 2012). 

We then selected developmentally-appropriate neutral and positive IAPS pictures matched to 

the negative pictures on subject type, color, and luminescence. IAPS pictures were presented 

using a rapid event-related design in a pseudo-randomized order, with trial order and timing 

determined with Optseq2 (Dale, 1999). A total of 81 trials (27 negative, 27 positive, 27 

neutral) were presented across 3 runs of approximately 6.5 minutes each, with 27 trials per 

run and a balanced number of trial types per run. Each trial consisted of viewing a picture 

(4s), youth rating their intensity of negative emotion (2s) and positive emotion (2s) on a 

scale from 1 to 4 using a button box, and an inter-trial interval period (viewing crosshairs) 

jittered between 2s and 12s. Analyses focused on negative trials minus neutral trials. Both 

negative and neutral trials had the same rating period, thus the contrast allows for a focus on 

the difference between viewing negative vs viewing neutral pictures.

MRI Image acquisition.—Functional images of the hemodynamic response during the 

emotion task were collected using gradient-echo echoplanar images (GE-EPI) (TR/TE: 

2250/30ms; flip = 70o; FOV: 192mm; matrix size: 64 × 64; 40 axial 3mm thick/1mm gap 

slices). For structural imaging, we acquired a whole-head anatomical scan using a T1-

weighted magnetization-prepared rapid-acquisition gradient echo (MPRAGE) pulse 

sequence (TR/TE = 2300/3ms; FOV = 260mm; matrix size = 256 × 256; 160 1mm thick 

slices).

MRI preliminary analyses.—MRI data was analyzed with FSL 5.0 (Jenkinson, 

Beckmann, Behrens, Woolrich, & Smith, 2012) and MATLAB (Mathworks, Natick, MA). 

Data were motion corrected, slice time corrected, and B0 unwarped. Runs with motion > 

3mm at any TR in any direction were excluded (6 adolescents) except for 2 children who 

had 1–2 TR spikes of between 3 and 6mm. Those spikes were scrubbed with FSL motion 

outlier function. For analyses, we included motion correction parameters as regressors in 

first-level GLM analyses run in FEAT. Regressors for the timing of events of interest 

(viewing negative and neutral pictures) were created. These were convolved with a double 

gamma hemodynamic response function to create explanatory variables. Data were 
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smoothed with a 6mm full width half maximum (FWHM) Gaussian kernel, and then linear 

regression was run at each voxel, using generalized least squares with a voxel-wise, 

temporally and spatially regularized autocorrelation model, drift fit with Gaussian-weighted 

running line smoother (96s FWHM). Data were co-registered to that participant’s MPRAGE 

image, and then to the MNI template.

Questionnaire/Interview Measures

Substance use.—Adolescent lifetime substance use was assessed in the first study 

session with a combination of: (1) self-report on the Youth Risk Behavior Survey 2011 

National Version (YRBS; Brener et al., 2004), (2) interview with the Teen Addiction 

Severity Index (T-ASI; Kaminer, Bukstein, & Tarter, 1991), (3) urine screens with the 

TESTCUP5 for opiates, cocaine, THC, PCP, barbiturates and cotinine, and (4) breath 

screens with the Alcosensor III Intoximeter (for alcohol) and a CO monitor (for smoked 

tobacco). Youth were considered positive for substance use if they endorsed lifetime use of 

any substance (nicotine, alcohol, marijuana, inhalants, and others) on the YRBS or T-ASI or 

if they had a positive urine or breath screen. Thus, our substance use variable was a yes 

(lifetime use) vs no (no use) categorical variable. In the present study, 12 adolescents 

reported lifetime substance use (18.2%, 6 boys, 6 girls), consistent with national rates for 

early adolescents (e.g., Johnston et al., 2018) and prior studies of early adolescents (Chaplin 

et al., 2012; Kaplow, Curran, & Dodge, 2002). Although rates at this age are low, it is still 

important to examine predictors of substance use in early adolescence given that early 

substance use onset (<= age 14) has been shown to predict substance use disorders into 

adulthood (e.g., Chassin, Pitts, & Prost, 2002; Glied & Pine, 2002).

Depressive symptoms.—Adolescents completed the Children’s Depression Inventory 

(CDI, Kovacs & Staff, 2003), a widely used 27-item report of depressive symptoms in the 

previous 2-weeks. Items are scored from 0 to 2 and summed. In the present study, CDI 

scores ranged from 0 to 36 (M = 5.79, SD = 6.92), consistent with other community samples 

(Masip, Amador-Campos, Gómez-Benito, & del Barrio Gándara, 2010). Four youth (all 

girls) were in the clinical range (score >=19).

Anxiety symptoms.—Adolescents completed the Revised Children’s Manifest Anxiety 

Scale (RCMAS; Reynolds & Richmond, 1985), a widely-used 28-item self-report of anxiety 

symptoms. Items are scored from 0 to 1 and summed to create a total score. In the present 

study, RCMAS scores ranged from 0 to 23 (M = 6.53, SD = 5.38), somewhat lower than 

other community samples. Two youth (both girls) were in the clinical range (score >=19).

Externalizing symptoms.—Adolescent externalizing symptoms were assessed by 

parent-report on the Child Symptom Inventory (CSI, Gadow & Sprafkin, 2002), a widely-

used measure with good psychometric properties. Symptoms are rated from 0 “never” to 3 

“very often.” Total symptom severity scores ranged from 0 to 17 (M = 5.34, SD = 3.74) for 

Oppositional Defiant Disorder (ODD; 8 items) and from 0 to 5 (M = 0.75, SD = 1.12) for 

Conduct Disorder (CD; 15 items), consistent with or slightly higher than means from other 

community samples (Gadow, Nolan, Sprafkin, & Schwartz, 2002). CD and ODD scores 

were z-scored (to put them on the same scale) and summed to create a composite score for 
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externalizing symptoms. Three youth (all boys) were in the clinical range (>=2 SDs above 

mean).

Covariate measures.—As a measure of parent substance use frequency, mothers reported 

on their use of alcohol, marijuana, and other illicit substances in the past 30 days on the 

Addiction Severity Index (ASI; McLellan, Luborsky, O’Brien, & Woody, 1980), a semi-

structured interview. For our measure of parent substance use frequency, we took the 

maximum number of days using in past 30 days across alcohol, marijuana, and other 

substances (for all mothers, their max use was for alcohol or marijuana). Mean parent 

substance use frequency scores were 6.31 days per month (SD = 8.56), with a range from 0 

to 30 days per month. Scores were skewed and so a square root transformation was used in 

analyses.

As a measure of family stress, adolescents reported on negative life events in the past year 

on the Negative Life Events Inventory (NLEI; Wills, Sandy, Yaeger, Cleary, & Shinar, 2001). 

We summed all of the family-related events to create a family stress score. The events in this 

score included martial conflict, divorce, death in family, serious illness in family, and family 

move(s) (items 1, 2, 3, 6, 6, 8, 10, 14, 18, and 19). Items were rated as 1 (happened in past 

year) or 0 (did not happen), thus total family stress scores could range from 0 to 10. Mean 

family stress scores were 1.29 (SD = 1.64), with a range from 0 to 8. Scores were skewed 

and so a square root transformation was used in analyses.

Results

Analysis Plan

ROI data.—Analyses focused on responses in ROIs (bilateral amygdala, anterior insula, 

and ACC). Data on whole brain activation to the emotion task are provided in Table 1. ROIs 

were created from FSL’s Harvard-Oxford atlas (for amygdala and anterior insula) and the 

Automated Anatomical Labels (Tzourio-Mazoyer et al., 2002) (for ACC) in MNI standard 

space. Follow-ups examined ACC sub-regions (dorsal [d]ACC, pregenual [pg]ACC, and 

subgenual [sg]ACC), created following Rotge et al. (2014). Coefficient of parameter 

estimate (COPE) values for negative and neutral trials were extracted and averaged across 

these subject-specific ROIs. We calculated the difference between negative trials (8 sec) 

minus neutral trials (8 sec) as our contrast of interest (following McRae e al., 2012). This 

allowed us to isolate BOLD response to negative pictures, controlling for BOLD response to 

images in general.

Covariates.—We did not covary race or age given our fairly homogenous sample. We 

considered including menstrual cycle phase, pubertal level, handedness (4 youth were left-

handed), non-psychiatric medication use on fMRI day, parent substance use in past month 

and family stress in past year as covariates if they were correlated with any of the dependent 

variables. A description of parent substance use and family stress measures is in the 

Supporting Information file. Medication use was correlated with higher R anterior insula 

activation and higher depressive symptoms, parent substance use was correlated with higher 

L ACC activation, and family stress was correlated with substance use. Thus, these variables 
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were covaried in analyses predicting these outcomes below (e.g., medication use was 

covaried in regressions predicting depressive symptoms).

Main analyses.—Main analyses were conducted in SPSS with extracted ROI scores. To 

test hypothesis 1 (that parenting would interact with adolescent sex to be associated with 

adolescents’ neural responses to negative emotional stimuli), 2 sets of regressions (one for 

warmth, one for negative parenting) were conducted. In these regressions, observed maternal 

parenting behavior (warmth or negative parenting), adolescent sex, and parenting behavior X 

sex interactions predicted negative (-neutral) ROI activation scores. In each set of 

regressions, 6 regressions were done, one for each ROI (L amygdala, R amygdala, L anterior 

insula, R anterior insula, L ACC, R ACC). False discovery rate (FDR; Benjamini & 

Hochberg, 1995) correction was used to correct the regression coefficient p-values from the 

6 regressions. To test hypothesis 2 (that neural responses to negative emotional stimuli 

would interact with adolescent sex to be associated with adolescents’ substance use, 

internalizing, and externalizing symptoms), 4 sets of regressions were conducted (for 

substance use, depressive, anxiety, and externalizing symptoms) with negative (-neutral) ROI 

activation scores, sex, and ROI score X sex interactions predicting lifetime substance use vs. 

non-use (with logistic regression) and depressive, anxiety, and externalizing symptoms (with 

linear regression). In each set of regressions, 6 regressions were done (L amygdala, R 

amygdala, L anterior insula, R anterior insula, L ACC, R ACC). FDR correction was used to 

correct the regression coefficient p-values from the 6 regressions. Significant ACC findings 

were followed up with exploratory analyses for ACC sub-regions, with FDR correction. If 

there was an interaction with sex at an FDR-corrected p < .05, follow-up regressions were 

conducted for boys and girls separately. Simple slope plots were created for figures with 

PROCESS macro in SPSS 18.0 (Hayes, 2013).

Exploratory moderated mediation analyses.—When there was a significant 

parenting X sex effect on ROI activation and a significant ROI activation X sex effect on 

adolescent substance use/psychopathology symptoms for the same ROI, we conducted 

exploratory moderated mediation analyses using the PROCESS Macro for SPSS with 

process model 58 and 5,000 bootstrap samples. Notably, because data were all collected at 

the same time-point, this would not reflect true mediation, but may be useful information for 

future longitudinal studies.

Preliminary Analyses

Continuous variables were examined for outliers (values > 3 SDs above the mean). Maternal 

negative parenting, bilateral amygdala, anterior insula, and ACC ROI data, and depressive 

symptoms each had 1–2 outlier cases. These cases were winsorized (set to equal 3 SDs 

above the mean), consistent with prior research (Kertes & Gunnar, 2004). After 

winsorization, depressive symptoms were still skewed (skewedness > 1) and so square root 

transformed symptoms were used in analyses. Untransformed means are used in the tables 

and figure for ease of interpretation. One participant was missing externalizing symptom 

data and thus was not included in externalizing analyses. Sex differences in mean levels of 

variables were examined and none were found. Adolescents’ negative emotion expression in 

PAIT was also coded, and there was no sex difference in this. Adolescents’ mean behavioral 
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negative emotion rating for negative emotional pictures was 3.40 on a 1–4 scale (SD = .46) 

and for neutral pictures was 1.48 (SD = .44) (difference: t = 26.34, p < .001). Correlations 

among study variables are shown in Table 2.

Parenting Predicting Brain Response to Negative Emotional Stimuli, by Sex

Maternal negative parenting.—As shown in Figure 2, regressions found significant 

maternal negative parenting X adolescent sex interactions predicting adolescent activation to 

negative emotional (minus neutral) stimuli, with FDR correction, for R amygdala (β = 

−1.67, p = .02), L anterior insula (β = −1.24, p = .02), R anterior insula (β = −1.39, p = .01), 

L ACC (β = −1.20, p = .02), and R ACC (β = −1.27, p = .02). Main effects of negative 

parenting and sex on adolescent ROI activation were not significant after FDR correction. 

Follow-ups indicated that, for girls, higher maternal negative parenting was associated with 

higher activation to negative emotional (-neutral) stimuli for R ACC (β = 0.51, p = .003), 

but not R amygdala, L/R anterior insula, or L ACC. For boys, higher negative parenting was 

associated with lower activation to negative emotional (-neutral) pictures for L anterior 

insula (β = −0.45, p = .008), R anterior insula (β = −0.39, p = .02), and L ACC (β = −0.47, 

p = .004), but not R amygdala or R ACC. Although the follow ups for R amygdala were not 

statistically significant, the pattern of findings was that negative parenting was associated 

with lower R amygdala activation for boys (see Figure 2). ACC sub-region follow-ups found 

significant negative parenting X sex interactions for all ACC sub-regions with FDR 

correction (βs = −1.02 to −1.28, ps = .04 to .02). For girls, negative parenting predicted 

higher R sACC (β = .40, p = .03) and R pACC (β = .41, p = .02) activation. For boys, 

negative parenting predicted lower L pACC (B = −.50, p = .002) and L dACC (B = −.42, p 
= .01) activation.

Maternal warmth.—There were no significant maternal warmth X sex interactions 

predicting ROI activation. There was a main effect for low maternal warmth to predict lower 

R amygdala activation to negative emotional (-neutral) stimuli, but this did not survive FDR 

correction (β = 0.29, uncorrected p = .02, corrected p = .12).

Brain Response to Negative Emotional Stimuli and Adolescent Adjustment, by Sex

Substance use.—Logistic regressions found brain activation to negative emotional (-

neutral) stimuli X adolescent sex interactions predicting adolescent substance use, after FDR 

correction, for L anterior insula (β = 0.83, p = .04) and R anterior insula (β = 0.83, p = .04), 

as shown in Figure 3. Main effects of ROI activation and sex on substance use were not 

significant after FDR correction. Interaction follow-ups found that, for girls, greater 

activation to negative emotional (-neutral) stimuli was associated with greater likelihood of 

substance use for L anterior insula (Exp[B] = 1.13 p = .02). For boys, insula activation was 

not associated with substance use.

Internalizing symptoms.—Regressions found significant brain activation to negative 

emotional (-neutral) stimuli X sex interactions predicting adolescent depressive symptoms, 

after FDR correction, for L ACC (β = −0.60, p = .02) and R ACC (β = −0.48, p = .02), as 

shown in Figure 4. There were also significant main effects, with higher L and R ACC 

activation to negative emotional (-neutral) stimuli associated with higher depressive 
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symptoms after FDR correction (βs = 0.66, 0.58, ps < .01). Interaction follow-ups found 

that, for girls, greater activation to negative emotional (-neutral) stimuli was associated with 

greater depressive symptoms for L ACC (β = 0.45, p = .01) and R ACC (β = 0.43 p = .01). 

For boys, ACC activation to negative (-neutral) emotional stimuli was not significantly 

associated with depressive symptoms. ACC sub-region follow-ups found significant ACC 

activation X sex interactions predicting depressive symptoms for bilateral pgACC and dACC 

(βs = −0.48 to −0.56, ps = .02), but not sgACC (Bs = −0.23, −0.33, ns). For girls, greater 

bilateral pgACC and dACC activation was associated with greater depressive symptoms (Bs 

= 0.36 to 0.45, ps = .03 to .01). For boys, pg and dACC activation was not significantly 

associated with depressive symptoms. There were no significant ROI activation X sex 

interactions or main effects for anxiety symptoms.

Externalizing symptoms.—There were no significant ROI activation X sex interactions 

or main effects for externalizing symptoms.

Exploratory Moderated Mediation Analyses

We tested and found evidence for the indirect effect of negative parenting on depressive 

symptoms through R ACC activation, moderated by sex (Index of Moderated Mediation = 

−0.55, SE = 0.32, 95% CI = −1.22 to −0.01). For girls, but not boys, there was evidence for 

the indirect effect through R ACC (Effect = 0.58, SE = 0.31, 95% CI = 0.08 to 1.24).

Discussion

The present study was the first to examine associations among parenting behaviors, 

adolescent neural responses to negative emotional stimuli, and substance use and 

psychopathology symptoms in early adolescence. The study found that observed maternal 

negative parenting behavior during parent-adolescent interactions was associated with 

adolescent neural activation to negative emotional stimuli, with heightened activation for 

girls and blunted activation for boys. In addition, heightened neural activation to negative 

emotional stimuli was associated with substance use and depressive symptoms for girls, but 

not for boys. Findings suggest a potential sex-differentiated brain-based pathway from 

maladaptive parenting to adolescent substance use and depressive symptoms.

Parenting and Adolescent Emotion-Related Neural Responses

Maternal negative parenting was associated with heightened R ACC activation (specifically 

ventral [pg and sg]ACC) to negative emotional stimuli for girls, but with blunted R and L 

anterior insula and L ACC (specifically pgACC and dACC) activation for boys. Girls’ 

heightened ventral ACC may reflect that parenting leads to heightened emotional reactivity/

emotional awareness in girls. Boys’ blunted anterior insula, pgACC, and dACC may reflect 

that negative parenting is associated with lowered emotional reactivity/awareness and also 

less cognitive engagement (through dACC). It is interesting that negative parenting behavior 

(e.g., harsh tone, criticism) was associated with emotion-related brain activation, but positive 

parenting (warmth) was not. There was a correlation between low maternal warmth and 

blunted R amygdala activation, but this did not survive FDR correction. Our stronger 

findings for negative parenting than warmth are consistent with three of the four prior 
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studies of parenting and adolescent brain function (Guyer et al., 2015; Marusak et al., 2017; 

Tan et al., 2014), which found that parental negative affect, harsh parenting, and 

psychological control (but not warmth) predicted altered brain activation to emotional 

stimuli, but are inconsistent with Romund and colleagues’ (2016) finding that reported 

maternal warmth (and not negative parenting) was associated with heightened amygdala 

activation to negative emotional faces. Our measure of observed negative parenting may 

have reflected negatively emotionally charged parenting, including parents’ negative 

emotion expressions, which specifically may impact (or be associated genetically with) their 

children’s neural processing of negative emotions. Also, our inter-rater reliability for warmth 

was only moderate, which could have contributed to less strong findings for warmth. Future 

studies should examine whether positive parenting is more linked to other brain functions, 

such as reward processing.

Negative parenting’s association with altered ACC and insula activation to negative emotion 

may have several explanations. First, consistent with our conceptual model, harsh parenting 

may impact children’s developing brain structure and function, leading to alterations in brain 

networks involved in negative emotion processing. These effects may manifest differently 

for girls versus boys because of innate and socialized sex differences in children’s emotional 

reactivity (Chaplin & Aldao, 2013). Second, highly neurally sensitive girls and blunted boys 

may elicit harsher parenting. Third, negative parenting may reflect a genetically-based 

tendency toward altered brain reactivity to negative stimuli that is passed on to children 

(with different expressions for girls versus boys). Our study should be followed up with 

longitudinal neuro-imaging studies to delineate direction of effects. Prior longitudinal 

findings that parenting precedes changes in child emotion-related behavior suggest that there 

is likely to be support for parenting affecting brain development (Belsky & de Haan, 2010).

If future research confirms that negative parenting is associated with emotion-related brain 

function differently for boys versus girls, there are important implications. For example, 

parenting-focused interventions should be sensitive to child sex and pay particular attention 

to girls with heightened emotion-related neural reactivity and boys with blunted reactivity. 

And these interventions for girls should prioritize reducing negative parenting.

Adolescent Emotion-Related Brain Function and Substance Use

For girls (but not boys), greater L anterior insula activation to negative emotional stimuli was 

associated with current substance use. Girls’ heightened anterior insula reactivity to negative 

emotional stimuli may reflect heightened interoceptive awareness of negative emotional 

experiences, which then may lead them to use substances to manage high emotional arousal. 

This would be consistent with the hypothesized pattern of girls’ development of 

internalizing disorders and may suggest that girls take an internalizing pathway toward 

substance use. Future studies may ask girls and boys to report on reasons for substance use 

to confirm that girls/women seek out substances to down-regulate arousal. The insula is 

involved in negative emotion processing and also in craving, and so negative emotional 

stress may sensitize the insula in girls, leading to greater craving and substance use (Sinha, 

2008). Boys with high negative parenting showed blunted insula (and L ACC) activation, but 

this blunted activation was not associated with boys’ substance use. Boys’ lowered insula 
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activation may become a risk factor later in adolescence as youth transition from early use to 

heavy use.

Given that our findings are cross-sectional, however, it is also possible that girls’ use of 

substances may have altered their insula development. This is unlikely given that the youth 

in this study were in early adolescence and thus had not used large amounts of substances. 

But, it is possible, and future longitudinal neuro-imaging work should examine this. Either 

way, the present findings have implications, including that substance use prevention 

programs should be sensitive to sex and should focus on reducing reactivity to negative 

emotional stressors for girls. Notably, we examined substance use, and not substance use 

disorders (SUDs). However, early substance use initiation (<= 14 years) is a risk factor for 

later SUDs, thus our findings with 12–14 year olds may have implications for preventing 

SUDs.

Adolescent Emotion-Related Brain Function and Psychopathology Symptoms

Heightened bilateral ACC activation to negative emotional stimuli was associated with 

depressive symptoms for girls (specifically pgACC and dACC), but not for boys. In addition, 

moderated mediation was present, with R ACC activation mediating the association between 

negative parenting and depressive symptoms for girls, but not boys. Notably, there were no 

significant brain activation-anxiety symptom associations. Past research has found brain 

activation-anxiety associations, but these all used emotional stimuli that more specifically 

elicited fear/threat (e.g., viewing threatening faces). Thus, neural processing of negative 

stimuli may be a trans-diagnostic process for internalizing disorders, but within this 

umbrella there may be stronger effects for fear-specific stimuli to anxiety symptoms.

Our findings for depressive symptoms are consistent with past research finding that 

heightened amygdala activation and altered ACC activation to negative emotional stimuli are 

associated with depressive symptoms (e.g., Hall et al., 2014), although our findings found a 

stronger role for ACC than amygdala. Amygdala responds to salient stimuli and perhaps was 

activated commonly to the negative pictures by most of the adolescents in our study. In 

contrast, neural reactivity related to high affective reactivity (pgACC) and cognitive 

monitoring/evaluation (dACC) were more specifically linked to depressive symptoms, 

although interestingly sgACC activation was not (in contrast with other studies suggesting a 

particular role for sgACC in depression- Hall et al., 2014).

Our findings may reflect that girls take a pathway from high environmental stress to 

depression characterized by high reactivity to/processing of negative emotion, consistent 

with rumination and emotional arousal theories of depression. Boys may take a different 

pathway to depression and future research should examine alternate pathways, perhaps 

through reward system functioning. It is also possible that depressive symptoms may lead to 

heightened attention to negative emotional stimuli (for girls), and future longitudinal studies 

should examine this. Implications of our findings are that interventions should select girls 

experiencing negative parenting and help them to reduce emotional reactivity to prevent 

depressive symptoms.
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The present study did not find associations between brain activation to negative emotional 

stimuli and externalizing symptoms. Prior research finds that associations with externalizing 

symptoms are strongest for youth with callous-unemotional traits, and our study may have 

had few youth with those traits. Also, our study used parent report of externalizing 

symptoms, which may have missed some covert externalizing behaviors.

Limitations and Conclusions

There were a few limitations. The sample was small and largely White and middle income, 

limiting generalizability. The small sample limited power to examine full moderated 

mediation models. In addition, we focused on maternal parenting behaviors and did not 

include fathers. Our fMRI task included subjective ratings of negative emotion during trials, 

which may have attenuated BOLD responses and we did not examine reactivity to the 

positive emotional stimuli. In addition, although we examined functional activation, future 

research should examine functional connectivity among regions during emotion processing. 

Finally, we examined symptoms and not clinical diagnoses, and our sample, consistent with 

other community samples, had a limited range of symptoms.

In sum, we found that observed maternal negative parenting behaviors during parent-

adolescent interactions were associated with adolescent brain activation to negative 

emotional stimuli differently by sex, with heightened R ACC activation for girls and blunted 

L ACC and L and R anterior insula activation for boys. Further, heightened anterior insula 

activation was associated with substance use and heightened ACC activation with depressive 

symptoms for girls, but not boys. Findings suggest a potential emotion-related brain pathway 

(sensitization of negative emotion processing brain networks) from negative parenting to 

substance use and depressive symptoms for girls. If findings are replicated, this suggests 

early neural markers that can be used to develop gender-sensitive prevention programs.
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Figure 1. 
Conceptual model. Hyp is an abbreviation for hypothesis.
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Figure 2. 
plots show simple slopes for boys and girls for significant maternal negative parenting by 

adolescent sex interactions predicting adolescent brain activation to negative (-neutral) 

emotional stimuli,for R amygdala, bilateral anterior insula, and bilateral ACC. ROIs were 

created for bilateral amygdala (centroid: x,y,z=± 23, −5, −18), bilateral anterior insula 

(x,y,z= ± 37, 11, −3), and bilateral ACC (x,y,z= ± 4, 34, 13). The following were 

abbreviations: SD (for Standard Deviation), R (for right), L (for left), Ant. (for Anterior).
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Figure 3. 
Plots show simple slopes for boys and girls for significant or trend-level adolescent brain 

activation to negative (-neutral) emotional stimuli by adolescent sex interactions predicting 

adolescent substance use, for bilateral anterior insula. ROIs were created for bilateral 

anterior insula (x,y,z= ± 37, 11, −3). The following were abbrevations: SD (for Standard 

Deviation) and Subst.(for Substance).
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Figure 4. 
Plots show simple slopes for boys and girls for significant brain activation to negative (-

neutral) emotional stimuli by sex predicting adolescent current depressive symptoms for 

bilateral ACC. ROIs were created for bilateral ACC (x,y,z= ± 4, 34, 13) SD is an 

abbreviation for Standard Deviation.
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