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Abstract

Parental emotion regulation plays a major role in parent-child interactions, and in

turn, neural plasticity in children, particularly during sensitive developmental peri-

ods. However, little is known about how parental emotion dysregulation is associated

with variation in children’s brain structure, which was the goal of this study. Forty-

five Black American mother–child dyads were recruited from an intergenerational

trauma study; emotion regulation in mothers and their children (age 8–13 years) was

assessed. Diffusion-weighted imageswere collected in children; deterministic tractog-

raphy was used to reconstruct pathways of relevance to emotion regulation. Metrics

of white matter connectivity [fractional anisotropy (FA), mean diffusivity (MD)] were

extracted for pathways. Socio-economic variables were also included in statistical

models. Maternal emotion dysregulation was the strongest predictor of child fornix

MD (r = .35, p = .001), indicating that more severe emotion dysregulation in mothers

corresponded with lower fornix connectivity in children. Maternal impulsivity was a

strong predictor of child fornix MD (r = .51, p < .001). Maternal emotion dysregula-

tion may adversely influence connectivity of the child.s fornix, a hippocampal-striatal

pathway implicated in reward processes; these associations remained even after

accounting for other socio-environmental factors. Dysregulated maternal emotions

may uniquely impact children’s adaptation to trauma/stress by affecting networks that

support appetitive processing.
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1 INTRODUCTION

Emotion regulation describes the ability to process, monitor, and man-

age emotions effectively (Thompson, 1994). These abilities develop

Abbreviations: CB, cingulum bundle; CEMS, Child EmotionManagement Scale; DERS,

Difficulties in Emotion Regulation Scale; FA, fractional anisotropy; HPA,

hypothalamus–pituitary–adrenal; MD, mean diffusivity; PFC, prefrontal cortex; SD, standard

deviation; TESI, Traumatic Events Screening Inventory; UF, uncinate fasciculus.

throughout childhood and adolescence and into adulthood (Denham

et al., 2002; John & Gross, 2004). The awareness and acceptance of

emotions, the ability to stay engaged and persist with goal-oriented

behavior in the face of negative emotions, and the ability to control

impulsive behaviors are all components of adaptive emotion regulation

(Gratz & Roemer, 2004). Emotion regulation difficulties, which may

manifest as impulsivity, nonacceptance of emotional response, and

an inability to persist with goals in the face of distress, have been
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associated with mood disruptions and trauma-related disorders,

including major depressive disorder and posttraumatic stress disorder

(PTSD) (Hofmann et al., 2012; Pencea et al., 2020; Powers et al.,

2015). As such, emotion regulation difficulties (often termed emotion

dysregulation) are considered a transdiagnostic phenomenon present

in various mental health disorders (Bradley et al., 2011).

Emotion regulation processes, including the appraisal of emotional

cues, selective inhibition of response, and attentional focus and shift-

ing, are supported by cognitive control and salience neural networks,

which include the amygdala, insula, and anterior cingulate cortex (Cole

& Schneider, 2007; Phillips et al., 2008; Seeley et al., 2007; Zilver-

stand et al., 2017). Functional connectivity between these network

regions has been linked to specific emotion regulation processes; for

example, the amygdala and ventromedial prefrontal cortex (PFC) have

been linked to inhibition of threat response (Åhs et al., 2015), and

connectivity between the amygdala and dorsal anterior cingulate cor-

tex is associated with the detection of salient stimuli and emotion

appraisal (Uddin, 2017; Peters et al., 2016; Etkin et al., 2011). Further,

the hippocampus is a key region for contextual processing of emotion-

ally salient stimuli; connectivity of the hippocampus with the striatum,

which is essential to reward-related responding, has been implicated

in reward-learning processes. As such, hippocampal–striatal pathways

are relevant to learning emotional reward in social contexts (Cox &

Witten, 2019).

Associational white matter fibers provide connections between

these brain regions involvedwith emotion regulation. Among the paths

highlighted as most salient to emotion regulation are the uncinate fas-

ciculus (UF), the cingulum bundle (CB), and fornix (Tan et al., 2020;

Cutuli, 2014; Phelps, 2004; Chahal et al., 2021). The UF is a ven-

trolimbic white matter pathway connecting the ventral PFC with the

amygdala that supports various emotional processes, including threat

detection and inhibition (Papagno et al., 2010; Oishi et al., 2014; Fujie

et al., 2008; Olson et al., 2015). The CB is a dorsolimbic white mat-

ter pathway that connects the limbic system with the cingulate cortex

and is involved in executive control, episodic memory, and fear extinc-

tion (Bubb et al., 2018; Fani et al., 2015; Versace et al., 2015). The

fornix is the major output pathway of the hippocampus, connecting

other subcortical limbic structures such as the nucleus accumbens and

the striatum. Reduced structural connectivity of the fornix is associ-

ated with abnormalities in reward learning (Gaffan et al., 1984), and

diminished connectivity of this pathway is also linked to anhedonia,

suggesting its general relevance to appetitive processes (Harnett et al.,

2021). Taken together, diminishedconnectivity in theCB,UF, and fornix

has been linked with impaired emotional management (Barysheva

et al., 2013; Baur et al., 2011; Harnett et al., 2018; Korgaonkar et al.,

2010; Liao et al., 2014; Manelis et al., 2021), suggesting that struc-

tural disruptions in these pathways may result in impaired emotion

regulation.

Parents may influence the plasticity of these connections via their

role in shaping their children’s emotion regulation; this can occur

through emotion modeling (Kerr et al., 2019; Morris et al., 2007).

Parents with emotion regulation difficulties are less likely to model

adaptive emotion regulation strategies. Maternal emotion regulation

difficulties have been linked to the presence of emotion dysregulation

in children (Morelen et al., 2016; Powers et al., 2022) and negative psy-

chological outcomes overall (Powers et al., 2022). Mothers who report

effective emotion regulation are more likely to foster positive family

expressiveness in their homeenvironment,which, in turn, relates to the

useof adaptiveemotion regulation strategies in children (Are&Shaffer,

2016).

Maternal emotion regulation difficulties may also influence the fre-

quency of negative behaviors toward children (Morelen et al., 2016);

these behaviors can represent a chronic stressor for children, with

consequences for child neural plasticity. Adverse mother–child inter-

actions can serve as a chronic stressor, activating the stress response

system (hypothalamus–pituitary–adrenal [HPA] axis) in children.

Chronic HPA activation adversely affects neuroplasticity, particularly

for stress-sensitive brain structures (Lupien et al., 2009), with dele-

terious effects on dendritic and axonal development (Helmeke et al.,

2009; Ivy et al., 2010; Liu et al., 2012) in the PFC and limbic system.

In rodents exposed to various forms of early life stress, reductions in

dendritic complexity and reduced myelination in white matter tracts

that connect emotion regulation network regions have been observed

(Helmeke et al., 2009; Liu et al., 2012; Muhammad & Kolb, 2011). Fur-

ther, reduced fractional anisotropy (FA) and increasedmean diffusivity

(MD), which are indices of white matter microstructural integrity,

have been found in the UF, the superior longitudinal fasciculus, the

corona radiata, the fornix, the corpus callosum, arcuate fasciculus,

and the inferior longitudinal fasciculus of individuals who experienced

childhood maltreatment, suggesting that these chronic stressors

compromise white matter integrity (Bick et al., 2015; Govindan et al.,

2010; Hanson et al., 2013; Huang et al., 2012; McCarthy-Jones et al.,

2018).

There are different pathways through which emotion regulation

in parents may influence their children’s emotion regulation, which

is mediated by neuroplastic changes throughout development. How-

ever, no extant studies have examined associations between emotion

regulation difficulties in parents, specifically mothers, and white mat-

ter connectivity in their children. This was our study objective. We

included a historically understudied group of individuals—Black Amer-

ican mother–child dyads. The majority of extant intergenerational

studies have been conducted with predominantly White middle-class

families. Marginalized populations, including people of color (specifi-

cally, Black Americans), and economically disadvantaged families have

been largely ignored in this line of research. Black communities in

the United States face a disproportionately high burden of chronic

stress and trauma due to racial discrimination and systemic inequities,

which are in turn associated with mental and physical health dispari-

ties (Carter et al., 2021; Kirkinis et al., 2021). Despite this fact, Black

Americans havebeenhistorically ignored in intergenerational research

(Barnes et al., 2021).

To our knowledge, this study is the first to investigate associations

betweenmaternal emotion regulation andwhitematter connectivity in

children. To examine white matter connectivity, we used deterministic
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tractography to reconstruct pathways that have been repeatedly

implicated in basic emotion regulation processes and studies of early

adversity, including the UF, CB, and fornix. Using different white

matter connectivity indices (FA andMD), we investigated relationships

between these white matter assays in maternal emotion regulation

difficulties. Our primary hypothesiswas that greatermaternal emotion

regulation difficulties would be associated with lesser connectivity

(lower FA and higher MD) of these pathways in children. Secondarily,

we examined relationships between specific aspects of maternal emo-

tion dysregulation (e.g., impulsivity, emotion nonacceptance) and child

white matter connectivity. Finally, we conducted exploratory analyses

to examine associations of children’s white matter connectivity with

reported child emotion regulation difficulties. We hypothesized that

lesser connectivity of thesepathwayswouldbe associatedwith greater

emotion regulation difficulties in children. Given that environmental

stressors such as economic disadvantage and psychological trauma

exposure (which are experienced by amajority of our study population)

can also play a role in shaping neural plasticity (Kim et al., 2013; Villalta

et al., 2018), we accounted for variance associatedwith these factors in

our analyses.

2 MATERIALS AND METHODS

2.1 Procedure

The current study included 45 mother–child dyads from two NIH-

funded studies investigating intergenerational trauma in Black Amer-

ican mothers and their children (HD071982) and examined the rela-

tionship between trauma exposure and neural plasticity during critical

periods of brain development in children (MH111682). All study pro-

cedures were approved by the Institutional Review Board of Emory

University and Grady Research Oversight Committee. Participant

recruitment for these two studies took place in the waiting rooms of a

pediatric hospital or the primary care clinic of a publicly funded hospi-

tal in Atlanta. After potential participants were approached, mothers

completed an initial interview with a trained research assistant to

determine eligibility.

Prior to participating in the study, all mothers provided informed

consent and parental permission for children to participate. Assent

from child participants was also obtained prior to participating in the

initial study visit. Once participants completed consent to join the

study, mother–child dyads were invited to complete individual, sepa-

rate clinical interviews, and self-reportmeasures to assess their trauma

history and emotion regulation. Child participants also completed a

magnetic resonance imaging (MRI), which included diffusion-weighted

imaging. Clinical and MRI data were collected at different time points

across a period of a year and a half, due to the longitudinal nature of

the original studies. Prior to each MRI scan, children were given the

opportunity to complete amock scan toensureparticipant comfort and

reduce the likelihood of motion-related artifacts.

2.2 Participants

Forty-five Black American mother–child dyads were recruited; com-

plete mother and child emotion regulation data and child white matter

datawere available for 44 dyads. Inclusion criteria formotherswere as

follows: 18–65 years old; identified as Black American/Black; able to

provide informed consent; primary caretaker of an 8- to 13-year-old

child. Child inclusion criteria were as follows: 8–13 years old; will-

ingness to provide assent/consent. Exclusion criteria for mothers and

children were cognitive disability or diagnosis of autism spectrum dis-

order. The average age for mothers was 37.11 (standard deviation

[SD] = 8.86, range = 26–59); the average age for children was 10.06

(SD = 1.45, range = 8–13; 51% female). Further demographic and

clinical characteristics of mothers and their children are provided in

Table 1.

2.3 Clinical measures

Maternal emotion regulation difficultiesweremeasuredwith theDiffi-

culties in Emotion Regulation Scale (DERS) (Cronbach’s α= .95) (Gratz

& Roemer, 2004), which includes six subscales: nonacceptance of neg-

ative affect (Cronbach’s α = .92); difficulty controlling impulses in the

presence of negative affect (Cronbach’s α = .88); difficulty engaging

in goal-directed behavior in the presence of negative emotions (Cron-

bach’s α = .86); difficulties with adaptive emotion regulation skills

(Cronbach’s α = .92); difficulties with emotional clarity (Cronbach’s

α= .82); and difficultieswith emotional awareness (Cronbach’s α= .82)

(Hallion et al., 2018). Child emotion regulation difficulties were mea-

sured using the Children’s Emotion Management Scale parent report

(CEMS; Cronbach’s α = .75); dysregulation and inhibition scores for

negative emotions (anger, sadness, and worry) were used in analyses.

The Traumatic Events Screening Inventory (TESI) was administered to

mothers to assess child exposure to various traumatic events (Ghosh-

Ippen et al., 2002). A summed score representing exposure to different

types of traumatic events was used in analyses. Further details on clin-

ical measures and associations among index scores for thesemeasures

are provided inMethods andResults in the Supporting Information and

in Table S1.

2.4 Diffusion tensor imaging acquisition and
deterministic tractography

Scanning was conducted with a research-dedicated Siemens 3-Tesla

TIM-Trio scanner using a 32-channel head coil. Diffusion-weighted

images were acquired in two different phase-encoding directions

with the following parameters: 66 × 2.0 mm thick axial slices,

matrix = 106 × 106, field of view = 212 × 180 mm, voxel

size = 2 × 2 × 2 mm, TR = 3292 ms, and TE = 96 ms. The diffusion

weighting was isotropically distributed along 138 directions using a
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TABLE 1 Participant demographic information

Maternal demographic characteristics

Mean (SD) (N= 45)

Maternal age 37.11 (8.86)

Relationship status %

Single 54.5

Married 9.1

Divorced 18.2

Separated 9.1

Widowed 4.5

Domestic partner 4.5

Maternal education %

<12th 18.2

Highschool

graduate/equivalent

29.5

Some college/technical

school

22.7

Technical school

graduate

11.4

College graduate 13.6

Graduate school 4.5

Maternal employment %

Employed 62.2

Unemployed 35.6

Householdmonthly income %

$0–249 9.1

$250–499 9.1

$500–999 29.5

$1000–1999 29.5

≥$2000 22.7

Difficulties in Emotion

Regulation Scale (DERS)

Mean (SD) (N= 45)

Total 72.77 (24.66)

Nonacceptance 10.98 (5.10)

Goals 12.30 (4.82)

Impulse 11.84 (5.43)

Awareness 13.25 (5.26)

Strategies 14.74 (6.18)

Clarity 9.65 (4.45)

Child demographic

characteristics

Mean (SD) (N= 45)

Child age (8–13) 10.06 (1.45)

Child gender %

Female 51.1

Male 46.6

Child Emotion

Management Scale

Mean (SD) (N= 45)

CEMS PR subscales

Anger inhibition 5.67 (1.90)

Anger dysregulation 5.27(1.60)

(Continues)

TABLE 1 (Continued)

Maternal demographic characteristics

Mean (SD) (N= 45)

Sadness inhibition 7.31 (2.42)

Sadness dysregulation 6.04 (1.68)

Worry inhibition 6.27 (1.81)

Worry dysregulation 4.40 (1.44)

b-value of 1000 s/mm2. Scan preprocessing steps are detailed in the

Supporting Information.

Deterministic tractography was performed using DSI Studio’s

graphical user interface (http://dsi-studio.labsolver.org). Automated

maskswere used to generate three-dimensional diffusion tensor imag-

ing volumes, and white matter connectivity indices, FA, andMD values

were extracted for the bilateral UF, fornix, and CB using the soft-

ware’s automated system. Example deterministic reconstructions of

these tracts are provided in Figure S1.

2.5 Data analyses

Our primary objective was to examine associations of emotion reg-

ulation difficulties in mothers with child white matter connectivity

in our tracts of interest (CB, UF, fornix). First, we examined correla-

tions between DERS total score and indices of children’s white matter

structural connectivity (FA and MD, each averaged across both hemi-

spheres) with maternal emotion regulation difficulties (DERS total).

Benjamini–Hochberg correction was applied for each family of tests

to adjust for error inflation due to multiple comparisons; where sig-

nificant associations were observed, we examined correlations of

FA and/or MD for each hemisphere with DERS subscales (Impulsiv-

ity, Nonacceptance, Clarity, Goals, Awareness, Strategies). Significant

findings were also subject to follow-up linear regression analyses to

examine specific associations of maternal difficulties in emotion regu-

lationandconnectivityof childwhitematterpathwaysafter accounting

for other factors that may affect white matter connectivity, including

child sex, economic disadvantage/poverty (monthly household income

entered as a binary variable, greater than or less than $1000/month),

and child trauma exposure (TESI total). Statistical significance was set

at p< .05. Secondarily, we conducted exploratory bivariate correlation

analyses to examine potential associations between child whitematter

indices and child difficulties in emotion regulation (CEMS anger, worry,

sadness subscales). Analyses were performed with IBM SPSS (version

26) software.

3 RESULTS

3.1 Maternal emotion regulation associations
with child white matter connectivity indices

Our primary objective was to examine associations of maternal emo-

tion regulation difficulties with child white matter connectivity in our
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TABLE 2 Associations of maternal emotion dysregulation (DERS) total scores with child white matter connectivity indices

DERS total FA fornix MD fornix

FA cingulum

bundle

MD cingulum

bundle

FA uncinate

fasciculus

MDuncinate

fasciculus

DERS total –

FA fornix –.09 –

MD fornix –.35* –.56** –

FA cingulum bundle .05 .35** .074 –

MD cingulum bundle –.02 –.50** .27 –.75** –

FA uncinate fasciculus –.02 .19 –.03 .46** –.55** –

MDuncinate fasciculus –.03 –.32* .21 –.34* .43* –.80** –

*Correlation is significant at the .05 level (two-tailed).

**Correlation is significant at the .01 level (two-tailed).

TABLE 3 Predictors of child fornix connectivity

Full model DERS total Child sex Monthly income Child trauma (TESI)

Tract Hemi F-statistic (p-value) R-value β (p-value)

Fornix Right

MD 5.96 (.001)** .64 .002 (<.001)** –.005 (.85) –.063 (.019)* –.008 (.032)*

Fornix Left

MD 2.85 (.039)* .50 .001 (.14) –.061 (.030)* –.064 (.023)* –.003 (.41)

*p< .05;

**p< .01.

tracts of interest (CB, UF, fornix).We found thatmaternal emotion reg-

ulation difficulties correlated significantly and positively with MD of

the child’s fornix (r= .35, p= .001; Table 2; Figure 1a,b), indicating that

higher maternal emotion dysregulation (DERS total) corresponded

with lower child fornix connectivity. No other significant correlations

were observed at our a priori statistical threshold. To follow up on

these analyses, we examined correlations of MD of the fornix for each

hemisphere with DERS subscales (Impulsivity, Nonacceptance, Clar-

ity, Goals, Awareness, Strategies). Findings indicated that, among these

subscales, maternal impulsivity (DERS Impulsivity subscale) was most

strongly correlatedwithMDof the child’s right fornix (r= .51, p< .001;

Table S2). Difficulty engaging in goal-directed behavior in the pres-

ence of negative emotions subscale (DERSGoals) was also significantly

associated withMDof the child’s right fornix (r= .45, p= .003).

Subsequent regression analyses were conducted to examine unique

associations of maternal emotion dysregulation with child fornix con-

nectivity (MD) after accounting for variance associated with child sex,

monthly income, and trauma exposure (TESI total; Table 3). We con-

ducted three separate models that included MD of the right and left

fornix, separately; all models were statistically significant (ps < .05).

For MD (R = .64, p = .001) of the child’s right fornix, the predictors

collectively accounted for 41% of the variance. Among the predictors

in the model, DERS total score predicted the most variance in MD of

the child’s right fornix (β= .002, p< .001), followed bymonthly income

(β=–.063,p= .019) andchild traumaexposure (β=–.008,p= .032). For

MD of the left fornix (R = .50, p = .039), the predictors accounted for

25%of the variance. DERS total scorewas not a significant predictor of

left fornixMD (β= .001, p= .14); sex significantly predicted variance in

MD of the child’s left fornix (β = –.061, p < .030), followed by monthly

income (β= –.064, p= .023).

3.2 Child emotion regulation associations with
child white matter connectivity indices

Our secondary aim was to examine potential associations between

child white matter indices and child difficulties in emotion regula-

tion (CEMS anger, worry, sadness subscales). Child sadness inhibition

(CEMS sadness inhibition) was significantly and negatively correlated

withMDof theCB (r=−.40, p= .006; Figure 1c; Table S3).Noother sig-

nificant correlationswere observed at our a priori statistical threshold.

Follow-up analyses with anterior and posterior CB segments indicated

that MD of the right posterior CB (r = –.45, p = .002), left posterior

CB (r = –.33, p = .028), and right anterior CB (r = –.32, p = .033) was

significantly associated with child sadness inhibition (Table S4).

Given these findings, regression analyses were conducted to exam-

ine unique associations of child sadness inhibition with child CB

MD after accounting for variance associated with child sex, monthly

income, trauma exposure (TESI total), as well as age, given that agewas

correlated with CB connectivity; correlations among model variables
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F IGURE 1 (a) Deterministic reconstructions of the cingulum
bundle (anterior segment displayed in green, posterior segment
displayed inmagenta) and fornix (displayed in yellow) of a child’s brain.
(b) Greater maternal emotion dysregulation (DERS total) corresponds
with lower child fornix connectivity (mean diffusivity; r= .34,
p= .024). (c) Greater child sadness inhibition (CEMS sadness
inhibition) corresponds with greater child cingulum bundle
connectivity (mean diffusivity; r= –.4, p= .011)

are provided in Table S5 and regressions in Table S6. When sepa-

rated by hemisphere andby section (anterior/posterior), the predictors

accounted for 32% of the variance in child right posterior CB (R = .56;

p = .022) and 29% of the variance in the MD of the child’s left poste-

rior CB (R= .52; p= .041). However, the individual predictors for these

models were not statistically significant; child sadness inhibition and

child age demonstrated the highest β values.
Lastly, given the correlations of children’s CEMS with children’s

white matter connectivity, CEMS dysregulation total, CEMS inhibition

total, and DERS total were included as independent variables to pre-

dict the MD of the fornix in a multivariate linear regression analysis

(Table S7). The overall model was statistically significant (F = 4.99,

p = .005) and accounted for 28% of the variance in MD of the right

fornix; onlyDERS total was a significant predictor in themodel (β= .49,

p= .003).

4 DISCUSSION

The primary objective of this study was to examine associations

between maternal emotion regulation difficulties and child white mat-

ter connectivity in a sample of Black American mothers and their

children. Secondarily, we examined how child emotion regulation dif-

ficulties related to child white matter connectivity. We observed that

children of mothers who reported more difficulties in emotion reg-

ulation demonstrated lesser connectivity of the fornix. Even after

accounting for environmental (economic disadvantage, trauma) and

other factors that may affect white matter connectivity, maternal dif-

ficulties in emotion regulation remained the most robust predictor of

child fornix connectivity, particularly for the right fornix. Specifically,

maternal impulse control dysregulation and difficulty engaging in goal-

directed behaviors in the presence of negative emotions were most

strongly associated with fornix connectivity in their children. Further,

we observed that parent-reported sadness inhibition in children was

negatively correlated with MD of the CB, particularly posterior seg-

ments, indicating that greater sadness inhibition was associated with

greater connectivity of this pathway.

Our findings indicate that disruptions in white matter connectivity

of the child’s fornix assessed via MD were linked to maternal diffi-

culties in emotion regulation, particularly impulsivity. MD reflects the

average of water molecule mobility in axons, equivalent to themean of

the three eigenvalues of the diffusion tensor (Salat, 2014). Higher MD

values have been suggestive of demyelination (Abdel-Aziz & Ciccarelli,

2014; Caeyenberghs & Swinnen, 2015) in axons. Although the mech-

anism was not assessed in the current study, a possible cause of the

white matter disruptions observed here is chronically increased glu-

cocorticoid levels secondary to HPA axis activation (Eva et al., 2019;

Myers et al., 2014) related to exposure to maternal emotion dysreg-

ulation. Glucocorticoids bind to the mineralocorticoid and glucocorti-

coid receptors in neurons, and oligodendrocytes that produce myelin

sheaths contain both mineralocorticoid and glucocorticoid receptors

(Bohn et al., 1991); these receptors are expressed throughout the

brain, particularly in prefrontal and limbic regions implicated in emo-

tion regulation. Glucocorticoids can affect neural plasticity by inhibit-

ing the proliferation of oligodendrocyte predecessor cells in bothwhite

and gray matter (Alonso, 2000). Other chronic stressors, such as child-

hood maltreatment, are known to impact white matter plasticity, par-

ticularly connectivity of the fornix (Choi et al., 2009; McCarthy-Jones
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et al., 2018; Lim et al., 2020). Maternal emotion regulation difficulties

could likewise represent a chronic stressor that impacts white mat-

ter plasticity in this region via HPA axis activation. These effects may

be particularly potent in the peripubertal period, during which chronic

stress appears to have a more prominent impact (Fani et al., 2021;

Callaghan & Tottenham, 2016; Gur et al., 2019; Sumner et al., 2019).

Maternal emotion regulation difficulties may be a particularly

impactful stressor to children given that mothers are often their pri-

mary attachment figure, the person with whom a child interacts most

during development. Emotion regulation in mothers affects attach-

ment with their children (Brake et al., 2020); a child’s perception of

frequent maternal emotion disruption can influence feelings of insta-

bility, leading to an insecure attachment style characterized by anxious

or avoidant behaviors. Insecure attachment can influence a child’s abil-

ity to self-soothe and manage emotional distress; disruptions in these

abilities can increase the risk for the development of mood disrup-

tions later in life (Crow et al., 2021). Adaptive emotion regulation is

associated with positive parenting practices, and conversely, emotion

regulation difficulties are associated with negative parenting practices

(Buckholdt et al., 2014; Lorber, 2012; Jones et al., 2014; Mazursky-

Horowitz et al., 2014). Thus, maternal difficulties in emotion regulation

can pose a significant stressor to children, triggering chronic HPA

axis activation through negative interactions and insecure attachment.

This, in turn, can lead to changes in white matter microarchitecture,

potentially resulting in fornix demyelination over time.

The fornix is the major output fiber tract projecting from the hip-

pocampus to the anterior aspects of the brain. After reaching the

anterior commissure, it projectsdownward, connecting to thehypotha-

lamus, thalamus, ventral striatum, cingulate cortex, andnucleus accum-

bens (Kazlouski et al., 2011). The nucleus accumbens is a striatal region

critical for motivation and the experience of pleasure/reward (Salgado

& Kaplitt, 2015). The fornix also plays an important role in emotion

regulation, memory, and hippocampal–accumbens-dependent reward

processing (Dalgleish, 2004). Fornix lesions have been associated with

reward-learning impairments (Gaffan et al., 1984) and disruptions in

fornix connectivity have been linked to reward deficits, including anhe-

donia in the context of PTSD and apathy in the aftermath of ischemic

stroke (Harnett et al., 2021; Klimiec-Moskal et al., 2021). Parents

are a major source of reward and reward learning throughout their

children’s development. Rewards such as praise, gifts, and positive

interactions, or the lack thereof, likely influence children’s expectations

of future reward, and similarly, motivation to seek reward. As such,

maternal emotion regulation difficulties may affect reward-learning

processes in children; however, given that we did not assess reward

processing in children, this is merely speculative. Additional research

using reward-related tasks is needed to confirm these results.

Further, maternal difficulty engaging in goal-directed behavior in

the presence of negative emotion and controlling impulses demon-

strated the strongest negative associations with child fornix connec-

tivity. These emotion regulation difficulties may affect a mother’s

ability to fully attend to her child in the presence of intense negative

emotion or similarly may lead to negative and/or inconsistent reac-

tions/behaviors in situations when a child is expecting praise/reward.

Such interactions can lead to chronic HPA axis activation, gradually

affecting fornix connectivity. Lastly, childhood trauma and economic

disadvantage were also negatively associated with child fornix con-

nectivity. This finding is consistent with past literature, which indi-

cates that early childhood adversity is associated with disruptions in

white matter connectivity in the fornix and other brain regions, sug-

gesting the contributions of other environmental factors on white

matter development beyond mother–child interactions (Choi et al.,

2009; McCarthy-Jones et al., 2018; Lim et al., 2020; Yu et al., 2017).

Considering this literature, and the fact that our sample consists

of Black Americans who face chronic adversity and disadvantage,

it is particularly meaningful that maternal emotion dysregulation

had the strongest associations with fornix connectivity. These data

demonstrate that, even in the context of other significant adver-

sity/disadvantage, maternal–child interactions play a salient role in

child neural plasticity.

We also observed that greater sadness inhibition in children was

negatively associated with MD of the CB. The CB links the frontal,

parietal, and medial temporal regions, with aspects proximal to the

hippocampus/parahippocampus (Versace et al., 2015). The CB has

various roles in emotion regulation, executive control, and episodic

memory (Bubb et al., 2018). Abnormalities in CB connectivity and

microstructure have been found across psychiatric disorders, including

major depressive disorder, obsessive–compulsive disorder, posttrau-

matic stress disorder, and schizophrenia (Bubb et al., 2018). Our

findings indicate that effortful inhibition of sadness in children corre-

sponded with relatively enhanced connectivity of the CB, which has

been involved with inhibitory processes. Inhibition of other emotions,

specifically conditioned fear, has been associated with the structural

integrity of the CB, which in turn affects the functional connectiv-

ity of regions implicated in conditioned fear extinction such as the

hippocampus, the PFC, and amygdala (Fani et al., 2015). The present

findings extend this research to suggest that the CBmay be implicated

in the inhibition of other negative emotions as well, including sadness

(He et al., 2021). Negative correlations between negative emotional-

ity traits and FA of the CB have been previously observed, indicating

that reduced white matter integrity of this pathway is associated with

stronger experience of negative emotions (McIntosh et al., 2013). From

a functional perspective, the posterior cingulate cortex is activated in

the presence of stimuli with sad valence, including sad films and sad

facial images (Eugène et al., 2003; Goldin et al., 2005; Habel et al.,

2005). However, no other research to date has linked CB connectivity

with sadness inhibition.Our findingsof greaterCBconnectivity in asso-

ciation with stronger sadness inhibition in children extend this earlier

research, implicating this pathway in negative emotion inhibitionmore

generally. Although we did not observe a relationship between mater-

nal difficulties in emotion regulation and sadness inhibition in children,

future studies with larger sample sizes are warranted to investigate

this potential relationship.

We acknowledge several limitations to this study. Our sample

size likely limited statistical power to detect more subtle associa-

tions between maternal emotion regulation and child white matter

connectivity in other pathways linked to emotion regulation. The
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cross-sectional design precluded our ability to make causal inferences

about the relationship between maternal emotion regulation diffi-

culties and child white matter connectivity. Additionally, given that

children in this peripubertal period are known to demonstrate signif-

icant neural plasticity (Laube et al., 2020), the strength and direction of

these findings may change in children assessed at a later age; as such,

longitudinal assessment can provide a more complete understanding

of the trajectory of these associations across later stages of develop-

ment. Another limitation is the collection of clinical and neuroimaging

data across different days, which may introduce a source of error vari-

ance in findings. Further, we did not have sufficient data in mothers to

compare white matter connectivity in these pathways in mother–child

dyads and assess relationshipswith other factors, such as genetics; this

merits consideration in future research.

In sum, in this sample of Black Americanmothers and their children,

we observed thatmaternal emotion regulation difficulties, particularly,

difficulties with goal-directed behavior in the presence of negative

emotion and controlling impulses, were associated with lower fornix

connectivity in children. These associations were stronger than those

related to other types of adversity, including trauma exposure and

economic disadvantage. Given the role of the fornix in reward learning,

it is possible that these aspects of maternal emotion dysregulation

may affect appetitive processes in children via effects on white matter

plasticity. These findings suggest specific links betweenmaternal emo-

tion regulation difficulties and white matter development in children,

representing a pathway throughwhichmaternal difficulties in emotion

regulationmay impact emotion regulation processes in children.
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