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Abstract

Prenatal intrauterine exposures and postnatal caregiving environments may both shape the 

development of infant parasympathetic nervous system (PNS) activity. However, the relative 

contributions of prenatal and postnatal influences on infant respiratory sinus arrhythmia (RSA)–an 

index of PNS functioning–are relatively unknown. We examined whether prenatal and postnatal 

maternal emotion dysregulation, a transdiagnostic construct that spans mental health diagnoses, 

were independently related to infant RSA trajectories during a social stressor, the still-face 

paradigm. Our sample included 104 mothers and their 7-month-old infants. Maternal emotion 

dysregulation was measured with the Difficulties in Emotion Regulation Scale during the 3rd 

trimester of pregnancy and again at a 7-month postpartum laboratory visit. Infant RSA was 

recorded during the still-face paradigm. Only postnatal maternal emotion dysregulation was 

associated with infant RSA. Specifically, high postnatal emotion dysregulation was associated 

with a blunted (i.e., dampened reactivity and recovery) infant RSA response profile. Infant sex did 

not moderate the associations between maternal emotion dysregulation and infant RSA. Findings 

suggest that postnatal interventions to promote effective maternal emotion regulation may reduce 

risk for infants’ dysregulated psychophysiological stress responses.
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Introduction

Maternal distress during prenatal and early postnatal life has downstream effects on 

newborn and infant outcomes (O’Donnell et al., 2014; Van den Bergh et al., 2018). One 

hypothesized mechanism underlying this pathway is infants’ altered physiological stress 

reactivity and regulation (Davis et al., 2011). Relative to other stress response pathways 

(e.g., the hypothalamic–pituitary–adrenal axis; Davis et al., 2011), the parasympathetic 

nervous system (PNS) has received less empirical attention in infants. Respiratory sinus 

arrhythmia (RSA) is one marker of PNS functioning (Porges, 2007) that has been identified 

as a potential precipitant to mental health concerns (Beauchaine, 2001; Wagner & Waller, 

2020). Understanding effects of maternal prenatal and postnatal distress on infant RSA 

may inform early interventions to reduce children’s risk for psychopathology. The goal of 

the present study was to examine the associations between maternal prenatal and postnatal 

distress and infant RSA at 7 months of age.

Emotion Dysregulation as a Marker of Maternal Distress

There is limited consensus in the literature regarding measurement of maternal distress, 

which poses a challenge for research examining associations between maternal distress 

and infant RSA during the perinatal period. Maternal distress is a complex construct that 

encompasses psychological, physiological, and behavioral components (Dunkel Schetter, 

2011; Glover, 2011). Previous research either focused on one domain of maternal distress 

during the perinatal period (e.g., maternal mental health symptoms, number of stressful life 

events) or adopted a cumulative risk approach by tallying the number of risk factors (Bush 

et al., 2017; Gray et al., 2017; Suurland et al., 2018). In the current study, we focused on 

maternal emotion dysregulation, a transdiagnostic marker that spans mental health diagnoses 

(Beauchaine & Cicchetti, 2019), as an indicator of maternal distress.

Emotion dysregulation is defined as “a pattern of emotional experience and/or expression 

that interferes with appropriate goal-directed behavior” (Beauchaine, 2015, p. 876). It 

has been increasingly recognized as a transdiagnostic vulnerability that underlies many 

psychiatric diagnoses (e.g., anxiety, depression) and health-risk behaviors (e.g., suicide risk; 

Beauchaine & Cicchetti, 2019; Cole et al., 2017). Mothers with high emotion dysregulation 

tend to show less sensitive parenting, and their children display less optimal developmental 

outcomes (Leerkes et al., 2020; Ostlund et al., 2019). Improvements in maternal emotional 

regulation following intervention are associated with better developmental outcomes in 

children (e.g., Zimmer-Gembeck et al., 2019). This research on early to middle childhood 

(cf. Leerkes et al., 2020; Ostlund et al., 2019) provides an empirical basis for hypothesizing 

relations between maternal emotion dysregulation and infant outcomes.
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Measuring Intraindividual Patterns of Change in Respiratory Sinus Arrhythmia

Another challenge for examining associations between maternal distress during the perinatal 

period and infant PNS functioning is a limited consensus regarding how to use infant 

RSA activity as an indicator of PNS functioning. RSA measures variability in heart rate 

across the respiratory cycle (i.e., the high frequency spectrum). Baseline RSA and RSA 

responses (which include task reactivity, or changes in RSA values from baseline to stress 

exposure, as well as task recovery, or changes in RSA from stress exposure to removal of a 

stressor) are two commonly reported measures. Baseline RSA typically is measured as the 

average RSA value during minimal or neutral external stress. According to polyvagal theory 

(Porges, 2007), high baseline RSA reflects an individual’s ability to maintain homeostasis 

under normal circumstances, which promotes adaptive social interactions and is considered 

a marker of the individual’s potential capacity for emotion regulation (Beauchaine, 2001). 

In infancy, high baseline RSA is generally considered adaptive and associated with greater 

emotional and behavioral flexibility to external events (Beauchaine, 2001). Children with 

high baseline RSA in infancy are found to have more optimal developmental outcomes 

in childhood, such as fewer oppositional defiant behaviors and more cognitive control 

(Feldman et al., 2014; Wagner & Waller, 2020). Conversely, low baseline RSA may reflect 

vulnerability to stressors and has been associated with risk for childhood internalizing and 

externalizing behavior problems (Skowron et al., 2014).

RSA responses, on the other hand, represent individuals’ efforts to cope and self-regulate 

following discrete stressors or emotionally evocative events (El-Sheikh et al., 2009; Porges, 

2007). In the absence of strong sympathetic nervous system influence, decreases in RSA 

correspond to higher heart rate, which signifies shifting attentional and behavioral resources 

in response to threat or challenge; increases in RSA typically correspond to lower heart rate, 

which facilitates maintenance of the body’s homeostasis (Brooker & Buss, 2010; Porges, 

2007). Smaller decreases in RSA from baseline to experimental challenges (i.e., less RSA 

reactivity) are related to more adjustment and cognitive problems, although results differ 

across samples (see Graziano & Derefinko, 2013 for a review). Healthy RSA responses 

also include returning to pre-stress, baseline levels after the stressor is removed (i.e., RSA 

recovery). Studies with young infants have found that a lack of RSA recovery to a social 

stressor is associated with low levels of attention, engagement, and positive affect, which 

may suggest poor emotion regulation capacity (Conradt & Ablow, 2010; Moore & Calkins, 

2004; Suurland et al., 2018).

Although RSA is considered an indicator of physiological regulation that is responsive to 

chronic or acute challenges, RSA responses are typically measured with static approaches, 

such as change scores (i.e., subtracting the averaged RSA values across a challenging task 

from baseline RSA) or residualized change scores (i.e., regressing the averaged RSA values 

during a challenging task on baseline RSA). These traditional approaches to measuring 

RSA responses capture only interindividual differences and not intraindividual temporal 

changes that correspond with changes in task demands and emotions (Brooker & Buss, 

2010). Individuals’ RSA levels can change on much smaller time scales (i.e., changes 

can occur within an episode), and thus task differences or across-episode aggregates may 

fail to detect meaningful differences among individuals (Brooker & Buss, 2010; Butler 
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et al., 2006). Indeed, one meta-analysis showed that young children with a profile of 

initial RSA decreases and subsequent RSA increases during social interaction tasks were at 

lower risk for psychopathological symptoms (Shahrestani et al., 2014). Therefore, modeling 

intraindividual RSA reactivity and recovery patterns during a stressful task appear to be 

necessary for thoroughly understanding infants’ physiological regulation.

One widely used laboratory task to elicit and measure infant RSA activity is the Still-Face 

Paradigm (SFP; Haley & Stansbury, 2003; Tronick et al., 1978). During the SFP, mothers 

first play with their infants freely (i.e., Play episode). Then, mothers are instructed to 

stop interacting with their infants and maintain neutral expressions (i.e., Still-Face [SF] 

episode). This episode has been shown to elicit significant behavioral and physiological 

stress responses among infants (e.g., Moore & Calkins, 2004). Lastly, mothers are instructed 

to resume interactions with their infants (i.e., Reunion episode), providing an opportunity for 

infants to recover from distress. Typically, infants exhibit decreases in RSA during the SF 

episode and increases during the Reunion episode, although average RSA levels often do not 

return to levels observed during the Play episode (Conradt & Ablow, 2010; Jones-Mason et 

al., 2018; Moore & Calkins, 2004; Moore et al., 2009).

Unique Contributions of Prenatal and Postnatal Influences

Infant PNS development is thought to be shaped by both prenatal intrauterine influences 

and postnatal caregiving environments (Del Giudice et al., 2011). Although many studies 

suggest that associations between prenatal maternal distress and child behavioral outcomes 

are maintained even when controlling for postnatal influences (e.g., anxiety and depression; 

Davis et al., 2007; Kataja et al., 2019; O’Donnell et al., 2014), little is known about whether 

prenatal maternal emotion dysregulation exerts a unique effect on infant PNS functioning. 

Theoretically, prenatal distress may play a more influential role than postnatal distress on 

infants’ baseline RSA levels (i.e., the “starting point” of infant PNS). Specifically, prenatal 

exposures may exert programming effects on the developing fetal brain and autonomic 

nervous system (ANS) that shape later ANS activity (Wadhwa et al., 2009). Indeed, at least 

two studies have found that high levels of maternal prenatal psychopathology predicted low 

baseline RSA levels in newborns (Field et al., 2006; Propper, 2012).

Although infant baseline RSA also could be calibrated by postnatal experiences, this 

calibration takes time and may be indirect through infants’ RSA responses to stressful 

events. In other words, infant RSA responses to stressful events, compared to infant 

baseline RSA, may be more influenced by postnatal maternal distress. Infants’ physiological 

responses to environmental events are largely dyadic in nature. Infants rely on their parents 

and other caregivers to garner information about appropriate reactions to the immediate 

context by gaze or orienting toward the caregiver (Tronick & Beeghly, 2011). They also 

receive direct assistance from caregivers to regulate their physiological arousal (Haley & 

Stansbury, 2003). Elevated feelings of distress in caregivers may compromise their abilities 

to sensitively respond to the infant’s needs (Moore & Calkins, 2004). Indeed, maternal 

distress has been associated with compromised infant neurophysiological regulatory abilities 

during first years of life, as evidenced by smaller RSA changes to stressors and slower RSA 

recovery after removal of the stressors (Ostlund et al., 2017; Rash et al., 2016).
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Sex differences.—Associations between prenatal maternal distress and child outcomes 

may be sex dependent. Sex differences in child outcomes following exposure to prenatal 

risks have received accumulating empirical support (Gray et al., 2017; Sandman et al., 

2013; Van den Bergh et al., 2018). However, whether female or male offspring are more 

susceptible to prenatal exposure to maternal distress is not yet clear in the literature. For 

instance, some studies found that prenatal exposures to adverse intrauterine environments 

(Spinillo et al., 2009) and problematic maternal health behaviors (Willoughby et al., 2007) 

posed greater risk for male versus female infants’ neurodevelopment in the first two years of 

life. Conversely, other studies have found that prenatal maternal distress was related to more 

compromised childhood mental health outcomes in females versus males (O’Donnell et al., 

2014; Sandman et al., 2013). One possible direction to advancing clarity of this disparate 

literature is to examine the biological mechanisms underpinning these sex-dependent effects 

(Van den Bergh et al., 2020). It could be that although males and females are at similar risk 

when exposed to prenatal stress, the biological pathways leading to later developmental 

problems may be different. For example, in older children, higher baseline RSA or 

heightened RSA reactivity has been found to associate with less aggression in males, but 

more aggression in females (Morales et al., 2015). The in utero risk exposure may have 

“programmed” male and female fetuses’ PNS in opposite directions, which subsequently 

lead to different outcomes.

Only one study to our knowledge, however, has examined sex differences in the association 

between prenatal maternal stress and infant RSA. Gray and colleagues (2017) reported 

that high levels of prenatal stress were associated with high overall (including baseline) 

RSA levels for boys. For girls, high levels of prenatal stress were associated with low 

overall RSA levels, which were generally thought to reflect less optimal PNS functioning. 

Although Gray et al. (2017) focused on perceptions of stress rather than maternal emotion 

dysregulation, their results suggest that prenatal exposure to maternal distress may be more 

strongly associated with lower baseline RSA levels among girls than boys.

The Present study

The goal of the present study was twofold. First, we examined the unique contributions 

of maternal prenatal and postnatal emotion dysregulation on infant RSA activity at 7 

months postpartum (Aim 1). We hypothesized that maternal prenatal emotion dysregulation 

would be negatively associated with infant RSA levels during a baseline task and the play 

episode of the SFP and not associated with infant RSA reactivity and recovery to the SFP 

(H1a). Conversely, we hypothesized that maternal postnatal emotion dysregulation would 

be related to infant RSA reactivity and recovery patterns, but not baseline RSA levels or 

RSA during the play episode. Specifically, we expected that infants of mothers with high 

levels of postnatal emotion dysregulation would exhibit a blunted pattern of RSA reactivity 

and/or recovery. That is, these infants would show decreases in RSA during the SF episode 

followed by increases in RSA during the reunion episode (H1b).

Second, we tested whether the associations between maternal prenatal and postnatal emotion 

dysregulation and infant RSA outcomes differed by infant sex (Aim 2). We hypothesized 

that there would be sex-specific effects of prenatal and postnatal emotion dysregulation on 
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infant RSA, although no specific sex differences were hypothesized given mixed findings 

in the literature (H2). All hypotheses were pre-registered on the Open Science Framework 

(https://osf.io/zpk3j).

Method

Participants

Mother-infant dyads were drawn from a prospective longitudinal study that spanned the 3rd 

trimester of pregnancy to 18 months postpartum. Pregnant women were recruited during 

prenatal care appointments at OB/GYN clinics affiliated with University of Utah via flyers, 

brochures, and social media posts. Women interested in participating first completed the 

Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004) and answered 

questions related to eligibility criteria (i.e., ages 18–40, ≥ 25 weeks gestation, no pregnancy 

complications, no substance use during pregnancy, anticipated singleton delivery, and 

planned delivery at a participating hospital). We intentionally oversampled women with high 

and low DERS scores in order to achieve a uniform distribution of emotion dysregulation in 

our sample. See (Lin et al., 2019) for additional information on recruitment.

A total of 162 pregnant women participated prenatally. At 7-months postpartum, 135 

mothers provided data. Mothers either returned with their infants to the laboratory and 

completed questionnaires (N = 114) or completed questionnaires online only (N = 21). 

There were no systematic differences between mother-infant dyads who provided data at 

7 months and those who dropped out from the study. Of the 114 infants who participated 

the laboratory visit with their mothers, RSA data were not available for 10 infants due to 

hardware problems or because infants were too distressed to complete the study. Therefore, 

the final sample included 104 infants and their mothers. Comparing our final sample (N 
= 104) and the excluded sample due to unavailable RSA data (N = 29), we found no 

significant differences in the following variables: infant age and sex, maternal education, 

maternal identity as a woman of color, and emotional dysregulation at prenatal and 7-month 

visits. However, mothers in the final sample reported higher household income than those 

who were excluded from final analyses, t(111) = 2.08, p = 0.040. Demographic information 

of the final sample is presented in Table 1.

Procedure

During prenatal and 7-month assessments, mothers completed online questionnaires about 

themselves and their infants. At 7 months, mother-infant dyads also participated in several 

behavioral tasks in the laboratory during which their physiological data were collected. 

Experimenters attached heart rate and respiration monitoring equipment to both mothers and 

infants. Dyads then watched a 2-min Baby Einstein video while infants sat in their mothers’ 

laps. This baseline physiology assessment was used to examine infants’ RSA while in a 

neutral state (Conradt et al., 2013). Following baseline, infants were placed in a high chair 

and experimenters introduced the SFP (Haley & Stansbury, 2003; Tronick et al., 1978). 

Mothers were instructed to play with their infants as they typically would for 2 min (i.e., 

Play). Then, mothers were asked to turn their faces away for a moment and then turn back 

to face their infants with a neutral expression for 2 min (i.e., Still-Face). Mothers were then 
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instructed to look away again for a moment and then return to interact with their infants in 

whatever manner they would like while remaining seated for another 2 min (i.e., Reunion). 

The procedure was stopped if the infant became too distressed or if the mother requested 

to end the procedure (n = 5 infants). Participants provided written informed consent before 

each portion of the study and were compensated up to $80 for prenatal participation and $75 

for 7-month participation. All study procedures were approved by the Institutional Review 

Board at University of Utah.

Measures

Maternal emotion dysregulation.—The Difficulties in Emotion Regulation Scale 

(DERS; Gratz & Roemer, 2004) was used to measure maternal emotion dysregulation 

during the prenatal visit and at 7 months postpartum. At both time points, mothers rated 

the extent to which each of the 36 items applied to them using a 1–5 Likert scale (1 – 

almost never, 5 – almost always). Sample items included “When I’m upset, I have difficulty 

getting work done” and “When I’m upset, I believe there is nothing I can do to feel better.” 

The DERS assesses six specific aspects of emotion dysregulation, including nonacceptance 

of emotional responses, difficulty with goal-directed behavior, impulse control difficulties, 

lack of emotional awareness, limited access to emotion regulation strategies, and lack of 

emotional clarity. Total scores were computed to indicate participants’ overall level of 

emotion dysregulation at prenatal and 7-month visits, with higher scores representing more 

emotion dysregulation. The DERS demonstrated strong internal consistency for the current 

sample at the prenatal visit (Cronbach’s α = 0.96) and the 7-month visit (Cronbach’s α = 

0.96).

Infant respiratory sinus arrhythmia (RSA).—Electrocardiogram (ECG) data were 

collected from infants using a two-lead configuration with spot electrodes placed on the 

right clavicle and left ribcage (Qu et al., 1986) using MindWare mobile devices (MindWare 

Technologies Ltd., Gahanna, OH; Biolab software version 3.1). RSA was defined as the high 

frequency band of the power spectrum waveform (0.24 – 1.04 Hz for infants) and was scored 

in 30-s epochs by trained research assistants using MindWare’s heart rate variability analysis 

software. This software automatically identifies peaks of the R wave within each QRS 

complex (the graphical depiction of ventricle depolarization, i.e., a heartbeat) and records 

the interval between adjacent R peaks (i.e., inter-beat intervals). The software also calculates 

whether the inter-beat intervals are within an expected range for an inter-beat interval 

series, as well as whether they are within expected deviations considering surrounding data. 

Trained research assistants reviewed the identified R peaks and made corrections when 

necessary (i.e., misidentified R peak). A 30-s epoch of data was considered missing if: 

(1) there were ≥ 5 s of missing or unusable data within the epoch, or (2) RSA values 

fell outside of the expected range of 1–10. After the RSA data were computed, they were 

double-checked by a senior investigator (SEC) when necessary.

Baseline RSA levels were computed by averaging scores obtained during the 2-min video 

baseline. Because the SFP was 6 min long, twelve RSA scores (i.e., 30-s epochs) were 

available for each infant. Scores were averaged across two epochs to capture RSA levels at 

each minute of the SFP, resulting in six RSA values during the SFP for each participant. 
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Our decision to combine the two neighboring epochs was made after consultation with 

physiological methodologists at a MindWare Technologies workshop. We were encouraged 

to examine RSA in 60-s epochs to reliably capture variability in heart rate based on 

respiratory cycles. Additionally, this is the same approach used by Gray et al. (2017). By 

following their analytic approach, we hoped to compare our results against the only study 

that had examined sex differences in the association between prenatal exposure and infant 

RSA.

Analytic Plan

Missing data.—Of the 162 women enrolled in the study at the prenatal time point, 

prenatal and postnatal DERS had less than 5% of missingness on the item-level; therefore, 

participants’ responses on the DERS were imputed via mean imputation. Minute-level infant 

RSA values had a missing rate ranging from 1% (i.e., the first minute of baseline and the 

first minute of Still-Face) to 10.6% (i.e., the second minute of Reunion). To account for 

missingness, full information maximum likelihood was used in all multilevel models.

Statistical models.—Two linear regression models were used separately to test the 

associations between: (a) maternal prenatal emotion dysregulation and infant baseline RSA 

at 7 months postpartum as well as (b) maternal emotion dysregulation at 7 months and 

infant baseline RSA. Household annual income at the prenatal time point was included as 

a covariate because of its significant correlation with infant RSA at the first minute of the 

Reunion episode (see OSF pre-registration for detailed criteria for including covariates). 

The standardized coefficients from these two models were compared to evaluate the 

relative contribution of prenatal and postnatal effects. We modeled prenatal and postnatal 

effects separately because of the strong correlation between prenatal and postnatal maternal 

emotion dysregulation (r = 0.784, p < 0.001).

Multilevel models were used to test associations between maternal prenatal emotion 

dysregulation and infant RSA during the SFP (i.e., RSA levels during Play, RSA reactivity 

during the Still-Face, and RSA recovery during the Reunion episodes). Level 1 of the 

multilevel model captured the intraindividual temporal RSA changes during the SFP. Time 

was modeled with linear and quadratic terms to represent the reactivity and recovery patterns 

of infant RSA across the SFP. Interindividual differences were captured on Level 2 of the 

multilevel models with group-mean centered prenatal emotion dysregulation and household 

income. Models were built in a sequential manner. First, we tested whether there were 

intraindividual changes across the SFP. Equation (1) presents the combined equation (no 

Level 2 predictor):

RSAji = b0i + b1itime + b2itime2 + b3iCovariates + eti (1)

Then we included centered prenatal maternal emotion dysregulation in Level 2 to examine 

the main effect of prenatal emotion dysregulation on infant RSA activity during the SFP task 

(Eq. (2)):
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RSAji = b0i + b1itime + b2itime2 + b3iED0i + b4iCovariates + eti (2)

Next, the 2-way interaction terms were included to examine the differences in RSA 

reactivity (time) and recovery (time2) by prenatal emotion dysregulation (Eq. (3)):

RSAji = b0i + b1itime + b2itime2 + b3iED0i

+ b4itime × ED0i + b5itimes2

× ED0i + b6iCovariates + eti

(3)

Lastly, we included the 3-way interaction terms examining sex differences (Eq. (4)):

RSAji = b0i + b1itime + b2itime2 + b3iED0i + b4itime × ED0i

+ b5itime2 × ED0i + b6iCovariates + b70sexi + b8itime
× sexi + b9itimes2 × sexi + b10iED0i × sexi + b11itime
× ED0i × sexi + b12itime2 × ED0i × sexi + eji

(4)

Three corresponding models were tested with postnatal emotion dysregulation predicting 

infant RSA. Models 2.1, 2.2, and 2.3 were the same as models 1.1, 1.2, and 1.3, respectively, 

with the exception that prenatal emotion dysregulation was replaced by maternal emotion 

dysregulation at 7 months postpartum. These models also were examined in a sequential 

manner.

The PROC MIXED statement in SAS 9.4 was used to test the above multilevel models. 

For each model, we increased the model complexity by subsequently estimating (1) random 

intercept only, (2) random intercept and random time and time2 effects, and (3) random 

effects of all parameters. Model fit indices were compared across these models to identify 

the best fitting model. Models 1.1, 1.2, 2.1, and 2.2 were used to test Aim 1. Models 1.3 and 

2.3 were used to test Aim 2 regarding potential sex differences.

Results

Descriptive statistics and bivariate correlations among key study variables are presented in 

Table 2. Neither prenatal nor postnatal maternal emotion dysregulation were significantly 

associated with infant RSA during any of the SFP episodes in bivariate tests. Male and 

female infants did not differ in RSA levels (all ps > 0.498). Paired sample t-test indicated 

that DERS decreased from prenatal (M = 78.8, SD = 26.2) to postnatal visits (M = 71.1, SD 
= 23.2), t (99) = 4.21, p < 0.001.

Baseline RSA

In the multiple regression models, neither prenatal (β = −0.015, p = 0.886) nor postnatal 

(β = 0.033, p = 0.746) emotion dysregulation was significantly associated with infant 

baseline RSA levels, which did not support hypothesis H1a.

Sex differences.—Interaction terms involving infant sex were not significant (all ps > 

0.105) in prenatal and postnatal models. These results suggested that associations between 
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maternal emotion dysregulation and baseline RSA did not vary by infant sex, which was 

contrary to hypothesis H2.

RSA during the SFP

Within-subject variance accounted for most of the variance (intraclass correlation coefficient 

= 59.8%), which supported our decision to use multilevel models to capture interindividual 

differences in the intraindividual temporal changes in infant RSA. Results from Model 0, 

which included only infant RSA activity across the SFP, are presented in Table 3. Both linear 

(b = −0.25, SE = 0.08, p = 0.002) and quadratic (b = 0.04, SE = 0.02, p = 0.011) time terms 

were significant, indicating significant changes in RSA levels across the SFP. Specifically, 

on average, RSA levels decreased during the SF episode and then increased during the 

Reunion episode (Table 3), suggesting that infants exhibited the expected stress response to 

the SFP.

Following the pre-registered analytic plan, we evaluated fit indices across models to identify 

the best-fitting model. Models 1.2 and 2.2 were selected as best-fitting models. These 

models included 2-way interaction terms (i.e., DS0 ∕ 7 × time and DS0 ∕ 7 × time2) as fixed 

effects, as well as intercept and two 2-way interaction terms as random effects. Table 3 

presents parameter estimates and variance components for these two models.

Prenatal emotion dysregulation.—Results from Model 1.2 indicated that maternal 

prenatal emotion dysregulation was not associated significantly with temporal change 

patterns in RSA or with RSA levels during the Play episode (see Table 3).

Postnatal emotion dysregulation.—Results from Model 2.2 showed that maternal 

postnatal emotion dysregulation was not significantly related to RSA levels during the Play 

episode. In contrast, postnatal emotion dysregulation was associated with linear (b = 0.007, 

SE = 0.003, p = 0.032) and quadratic (b = −0.001, SE = 0.001, p = 0.042) changes in RSA 

during the SFP. Post-hoc analyses indicated that infants with less dysregulated mothers (as 

measured by one SD below the mean) demonstrated a significant decrease (b = −0.423, SE = 

0.078, p < 0.001) followed by an increase (b = 0.071, SE = 0.015, p < 0.001) in RSA levels. 

In contrast, infants with highly dysregulated mothers (i.e., one SD above the mean) showed 

a flatter, more blunted pattern of RSA change across the SFP (Fig. 1). For infants of highly 

dysregulated mothers, their decreases (b = −0.086, SE = 0.078, p = 0.268) and subsequent 

increases in RSA (b = 0.010, SE = 0.015, p = 0.505) were not significant.

Sex differences—Model 1.3 did not fit the data significantly better than the more 

parsimonious Model 1.2, Δ −2 LL = 4.1, critical value χ2(Δdf = 6) = 12.59, p = 0.66. 

Similarly, Model 2.3 did not fit the data significantly better than the more parsimonious 

Model 2.2, Δ −2 LL = 4.6, critical value χ2(Δdf = 6) = 12.59, p = 0.60. Moreover, none of 

the interaction terms involving infant sex were significant in Model 1.3 or 2.3. Altogether, 

these results did not support our hypothesis (H2) that there would be sex differences in the 

associations between maternal emotion dysregulation and infants’ patterns of RSA during 

the SFP.
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Discussion

Maternal emotion dysregulation is a useful construct for the field of maternal and infant 

mental health given its associations with maternal mental health symptoms, life stress, and 

parenting sensitivity as well as newborn and infant neurobehavioral outcomes (Leerkes et 

al., 2020; Lin et al., 2019; Ostlund et al., 2019). However, no study to our knowledge 

has examined associations between maternal emotion dysregulation and infant RSA, which 

may be an early-life marker of risk for psychopathology (Suurland et al., 2018; Wagner & 

Waller, 2020). To address this gap, we examined whether maternal prenatal and postnatal 

emotion dysregulation would uniquely predict infant baseline RSA levels and infant RSA 

responses to a stressful event. Overall, our results showed that maternal postnatal, but not 

prenatal, emotion dysregulation was related to a blunted (i.e., dampened reactivity and 

recovery) infant RSA pattern to a social stressor. No sex differences in these associations 

were observed.

Maternal Emotion Dysregulation and Infant Baseline RSA

We hypothesized that infant baseline RSA and RSA levels during non-stressful interpersonal 

interactions (i.e., play episode of the SFP) would be predicted by maternal prenatal emotion 

dysregulation. Contrary to this hypothesis, no significant associations were observed in 

the present study. Existing studies that reported the association between prenatal stress 

and infant PNS functioning have mostly focused on life stress, such as mothers’ adverse 

childhood experiences, perceived stress, stressful life events, and financial strain (e.g., Bush 

et al., 2017; Gray et al., 2017; Jones et al., 2019). Stress exposures during the prenatal 

period are theorized to become biologically embedded and “program” the fetus by altering 

its biophysiological structures and functions (Hamada & Matthews, 2019; Wadhwa et al., 

2009). It is possible that maternal emotion dysregulation, the indicator of prenatal distress in 

the present study, may not have as strong of a “programming effect” as do other these other 

prenatal stressors.

Although emotion dysregulation underlies numerous mental health diagnoses and is 

associated with stressful life experiences (Beauchaine & Cicchetti, 2019; Lin et al., 2019), it 

is a broad construct that involves one’s ability to notice, accept, and cope with emotions. As 

such, emotion dysregulation is distinct from stress exposure. Many women who encounter 

high levels of stress may be well-equipped with skills and traits for coping with the feelings 

of distress, such as mindfulness (Braeken et al., 2017). Thus, it is likely that prenatal 

emotion dysregulation may interact with mothers’ coping strategies and social supports to 

shape infant PNS functioning.

Maternal Emotion Dysregulation and Infant RSA Responses to Stressful Events

Consistent with our hypothesis, maternal postnatal emotion dysregulation was related to 

dampened infant RSA reactivity and recovery over the course of the SFP. Infants of 

mothers with high levels of postnatal emotion dysregulation were not only less reactive 

to an attachment-related stressor (i.e., briefly losing the support of their attachment 

figure, the mother), they showed less recovery after the stressor was removed and dyadic 

interactions resumed. This pattern of dampened PNS activity was consistent with previous 
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research documenting the influence of maternal mental health symptoms and low parenting 

sensitivity on infant RSA responses to stress (Moore et al., 2009; Ostlund et al., 2017). 

Less decreases in infant RSA levels (i.e., dampened PNS activity) in response to a stressor 

indicate lack of metabolic processes that are important for infants to cope with a challenging 

state. Moreover, dampened RSA recovery when the stressor is removed may prevent the 

infant from engaging in self-regulatory behaviors, which may have long-term negative 

impacts on infants’ development of regulatory skills. Additionally, infants with persistent 

dampened PNS activity, especially when mothers resume typical interactions, may be 

limited in their abilities to effectively use their mothers as sources of co-regulation (Busuito 

et al., 2019; Feldman et al., 2011). In the long run, dampened PNS responses to stressful 

events, especially when coupled with environmental adversities, may lead to elevated risk 

for psychopathology (Beauchaine & Cicchetti, 2019; El-Sheikh et al., 2009; Suurland et al., 

2018). Granted, the lack of change in infant RSA during latter part of the SFP may not 

necessarily reflect less recovery in PNS activity for infants of highly dysregulated mothers. 

These infants also exhibited less RSA decreases during the Still Face episode SFP, which 

may have subsequently limited the amount of change in RSA levels that could be observed 

during reunion of mother–infant interactions.

The significant associations between postnatal maternal emotion dysregulation and infant 

RSA responses in our sample may suggest that infants’ postnatal experiences with caregivers 

play a critical role in shaping infants’ RSA responses to an attachment-related stressor. 

Mothers with high levels of emotion dysregulation may be physiologically dysregulated 

during stressful parenting tasks such that they may be less sensitive to distressed infants 

(Leerkes et al., 2020) and less in-sync with their infants’ nonverbal signals (Lotzin et al., 

2015) than well-regulated mothers. As a result, dyadic mother–infant interactions may be 

less effective at providing infants with co-regulatory support upon reunion, indicated by 

less parasympathetic recovery. Repeated challenges with parasympathetic recovery may 

subsequently lead to attenuated PNS reactions to stressors, which is considered a less 

flexible stress response (Graziano & Derefinko, 2013).

Although the effects of prenatal emotion dysregulation on infant RSA responses were not 

significant, they were approaching significance level (see Model 1.2 results in Table 3). 

The results of the prenatal model paralleled those in the postnatal model in that infants of 

mothers with high prenatal emotion dysregulation also tended to show a pattern of blunted 

RSA responses. On one hand, this result is not surprising given the high correlation between 

prenatal and postnatal emotion dysregulation. However, it may also suggest that mothers’ 

emotion dysregulation levels during pregnancy influence infants’ physiological regulation. 

Future replication studies with a larger sample size may help clarify the unique effects of 

prenatal and/or postnatal emotion dysregulation on infant PNS functioning. A large sample 

size permits simultaneous inclusion of prenatal and postnatal emotion dysregulation in the 

same model to tease apart their relative contributions to infant RSA outcomes. Additionally, 

a larger sample would increase statistical power to detect small effect sizes that may have 

rendered some findings null in the present study.

In this study, maternal emotion dysregulation was used as a marker of maternal distress 

during the perinatal period and was measured by the DERS (Gratz & Roemer, 2004). 
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Although the DERS was designed to measure dispositional tendencies by asking about 

typical emotion-related experiences, emotion dysregulation can vary from day to day (see 

e.g., Lavender et al., 2017) and change in response to significant life events, such as 

giving birth. In fact, we observed that mothers reported significantly less difficulties with 

emotion regulation from the third trimester to seven months postpartum. There are numerous 

neurobiological, psychological, and social factors that may have contributed to overall 

lower postnatal emotion dysregulation in our sample, and to our knowledge, few studies 

have examined changes in maternal emotion dysregulation across the perinatal period (c.f., 

Agako et al., 2021). We recommend researchers to examine how changes in maternal 

emotion dysregulation could influence young children’s early physiological and behavioral 

development.

Infant RSA responses to stress have been linked to infant attachment types that may have 

implications for adaptation and mental health across the life span (Groh & Narayan, 2019; 

Hill-Soderlund et al., 2008). Besides, infants are at higher risk for developing attachment 

disorganization when their mothers report greater emotion regulation difficulties (Leerkes et 

al., 2020). It is likely that infant RSA patterns may mediate the effect of maternal emotion 

dysregulation on the development of insecure attachments, an important question to be 

tested by future research.

No Observed Sex Differences

Evidence in the literature has been mixed regarding sex differences in the association 

between prenatal distress and child outcomes. The only study that has tested whether 

the effect of prenatal distress on infant PNS activity differed by infant sex reported a 

“sex-differentiated advantage” conferred to boys (Gray et al., 2017, p. 926). That is, high 

prenatal stress was related to high baseline RSA and high RSA levels across the course 

of the SFP (i.e., a heightened responsiveness for potential stressors) for boys, whereas 

an opposite pattern was found in girls. These findings were not observed in the present 

study. Given that the present study and that by Gray et al. (2017) are the only two 

that examined these sex differences, it would be remiss to draw conclusions from our 

results. Continued investigations of sex-differentiated effects of maternal distress during 

the perinatal period, particularly the effects on infant RSA, and their etiologies are greatly 

needed. Understanding whether male and female infants’ RSA are differentially influenced 

by exposure to maternal distress can advance our understanding of the ontogeny of mental 

and physical health problems. For instance, depression and cardiovascular disease are two 

RSA-related outcomes that exhibit sex differences in adults (Nolen-Hoeksema, 2001; Thayer 

& Lane, 2007).

Strengths, Limitations, and Future Directions

Our study has a number of strengths, including the longitudinal design; a sample of pregnant 

women with uniformly distributed emotion dysregulation scores; the examination of infant 

baseline, reactivity and recovery RSA levels; and the use of pre-registration to facilitate 

open science. However, our findings should be interpreted in light of limitations and in 

consideration of future directions. First, maternal emotion dysregulation was self-reported 

by participants. Although the DERS converges with physiological measures of emotion 

Gao et al. Page 13

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 March 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dysregulation in our own sample (Lin et al., 2019) as well as in others (Leerkes et al., 

2020), women’s self-reported emotion dysregulation may be affected by their pregnancy 

and postpartum experiences. Future studies should include both behavioral observations 

and physiological assessments to obtain a more comprehensive profile of maternal emotion 

dysregulation during the prenatal and early postnatal periods.

Second, maternal postnatal emotion dysregulation and infant RSA were assessed at the same 

general time point (i.e., at the 7-month visit), and thus the directionality of effects cannot 

be unambiguously discerned with the current data. Although we interpreted our finding 

as indicating that maternal emotion dysregulation influenced infant RSA responses, the 

opposite relation also is possible. For example, low infant baseline RSA has been posited 

to undermine mothers’ parenting self-efficacy and exacerbate maternal depressive symptoms 

(Somers et al., 2021), which could possibly lead to higher maternal emotion dysregulation. 

A task for future research will be to shed light on the processes underlying the potential 

bidirectional processes underlying the link between maternal emotion dysregulation and 

infant PNS activity. In fact, the current literature points to the possibility of a dynamic 

process co-created by the mother-infant dyad on behavioral and physiological levels 

(Provenzi et al., 2018).

Third, we chose to use RSA as our outcome of interest given that RSA may be a valid 

peripheral biomarker of emotion dysregulation and the relative paucity of research on 

this physiological outcome among infants. However, some scholars have proposed that 

multiple infant stress response systems (e.g., PNS, sympathetic nervous system, central 

nervous system) interact to mediate the pathway between prenatal exposure and offspring 

long-term health and well-being (e.g., Rash et al., 2016; Suurland et al., 2018). Therefore, 

it is important for future research to include multiple indicators of different stress response 

systems, such as preejection period, electrodermal activity, and cortisol, and examine how 

prenatal and postnatal exposures contribute to the complex multisystem activity. Lastly, 

although our sample included a sizable proportion of Hispanic/Latinx infants (26.9%), 

the largest subgroup of infants was white and non-Hispanic/Latinx (47.1%). It is unclear 

whether our findings could be generalized to other samples with different racial and ethnic 

identities.

Conclusions

Our study is the first to evaluate discrete associations between maternal emotion 

dysregulation during the prenatal and postnatal periods and infant RSA, a marker of 

physiological regulation that emerges within the first few months of life. We found that 

infants of mothers who reported high postnatal emotion dysregulation exhibited a pattern of 

dampened infant RSA responsivity. Given the heightened risk for psychopathology among 

children with dampened RSA responses (Graziano & Derefinko, 2013), our findings provide 

additional support for interventions that promote mothers’ emotion regulation skills. Taken 

together, implementing interventions on maternal emotion dysregulation, especially in the 

first year after birth when the infant PNS is rapidly developing (Porges & Furman, 2011), 

may be particularly fruitful for preventing later psychopathology.
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Fig. 1. 
Respiratory sinus arrhythmia (RSA) changes across time for infants of mothers with 

different levels of postnatal emotion dysregulation. DERS = Difficulties in Emotion 

Regulation Scale; SD = standard deviation; SFP = Still-Face Paradigm. Epochs 0 and 1 

are the Play episode of the SFP; Epochs 2 and 3 are the Still-Face of the SFP; Epochs 4 and 

5 are the Reunion episode of the SFP
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Table 1

Demographic Information

n (%) Mean (SD)

Infant characteristics (at seven-month visit)

 Age (days) 6.5 months (0.8)

 Sex (male) 54 (51.9)

 Race and Ethnicity

  White, Hispanic/Latinx 28 (26.9)

  White, non-Hispanic/Latinx 49 (47.1)

  Asian 3 (2.9)

  Hawaiian or Pacific Islander 1 (1.0)

  Multiracial 23 (22.1)

Maternal Characteristics (at prenatal visit)

 Age (years) 28.94 years (4.69)

 Income

  Less than $19,999 12 (11.7)

  $20,000 – $29,999 6 (5.8)

  $30,000 – $39,999 10 (9.6)

  $40,000– $49,999 6 (5.8)

  $50,000 – $79,999 35 (33.7)

  $80,000 – $99,999 11 (10.6)

  $100,000 and greater 15 (14.4)

 Education

  Less than 12th grade 1 (1.0)

  High school graduate or equivalent 14 (13.5)

  Junior college graduate, or some college, or technical school 31 (29.8)

  College graduate 36 (34.6)

  Any post graduate school 21 (20.2)

 Race and Ethnicity

  White, Hispanic/Latina 29 (27.9)

  White, non-Hispanic/Latina 53 (51.0)

  Asian 11 (10.6)

  American Indian or Alaskan Native 2 (2.0)

  Hawaiian or Pacific Islander 1 (1.0)

  Multiracial 8 (7.7)

Due to missing data, the numbers of sample size in the second column do not consistently add to 104 (the full sample)

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 March 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gao et al. Page 22

Ta
b

le
 2

M
ea

n,
 S

ta
nd

ar
d 

D
ev

ia
tio

ns
, a

nd
 B

iv
ar

ia
te

 C
or

re
la

tio
ns

 o
f 

th
e 

St
ud

y 
V

ar
ia

bl
es

1
2

3
4

5
6

7
8

9
10

11
12

1.
B

as
el

in
e 

R
SA

–

2.
 P

1 
R

SA
0.

43
**

*
–

3.
 P

2 
R

SA
0.

54
**

*
0.

73
**

*
–

4.
 S

F1
 R

SA
0.

50
**

*
0.

44
**

*
0.

58
**

*
–

5.
 S

F2
 R

SA
0.

49
**

*
0.

44
**

*
0.

56
**

*
0.

67
**

*
–

6.
 R

1 
R

SA
0.

59
**

*
0.

58
**

*
0.

70
**

*
0.

61
**

*
0.

74
**

*
–

7.
 R

2R
SA

0.
51

**
*

0.
58

**
*

0.
59

**
*

0.
50

**
*

0.
62

**
*

0.
72

**
*

–

8.
 D

E
R

S0
−

0.
03

−
0.

07
0.

02
0.

05
0.

09
−

0.
04

−
0.

08
–

9.
 D

E
R

S7
0.

03
−

0.
10

−
0.

02
0.

09
0.

12
0.

04
−

0.
08

0.
78

**
*

–

10
. I

nf
an

t S
ex

−
0.

01
−

0.
06

−
0.

04
0.

05
0.

07
0.

00
−

0.
04

0.
09

0.
09

–

11
. A

ge
 a

t 7
 m

on
th

s
0.

01
−

0.
01

0.
05

0.
15

0.
06

0.
02

0.
03

0.
02

0.
08

0.
09

–

12
. H

ou
se

ho
ld

 I
nc

om
e

0.
05

−
0.

02
−

0.
15

−
0.

14
−

0.
22

*
−

0.
23

*
−

0.
07

−
0.

12
−

0.
03

−
0.

07
−

0.
04

–

n 
(N

 =
 1

04
)

10
3

10
4

10
4

10
3

95
99

93
10

2
10

2
10

4
10

2
10

3

M
ea

n 
(S

D
)

3.
57

 (
0.

93
)

3.
59

 (
1.

13
)

3.
62

 (
1.

07
)

3.
39

 (
1.

15
)

3.
16

 (
1.

14
)

3.
23

 (
1.

32
)

3.
50

 (
1.

35
)

78
.8

 (
26

.2
)

71
.1

 (
23

.2
)

–
19

5.
3 

(2
2.

7)
–

C
or

re
la

tio
ns

 a
re

 c
al

cu
la

te
d 

w
ith

 r
aw

 v
al

ue
s

In
fa

nt
 s

ex
 is

 0
/1

 c
od

ed
 (

0 
in

di
ca

te
s 

m
al

e 
an

d 
1 

in
di

ca
te

s 
fe

m
al

e)

D
es

cr
ip

tiv
e 

in
fo

rm
at

io
n 

of
 in

fa
nt

 s
ex

 a
nd

 h
ou

se
ho

ld
 in

co
m

e 
of

 th
is

 s
am

pl
e 

is
 p

re
se

nt
ed

 in
 T

ab
le

 1

P1
/P

2 
fi

rs
t/s

ec
on

d 
m

in
ut

e 
of

 P
la

y 
ep

is
od

e,
 S

F1
/S

F2
 f

ir
st

/s
ec

on
d 

m
in

ut
e 

of
 S

til
l-

Fa
ce

 e
pi

so
de

, R
1/

R
2 

fi
rs

t/s
ec

on
d 

m
in

ut
e 

of
 R

eu
ni

on
 e

pi
so

de
, D

E
R

S0
 p

re
na

ta
l m

at
er

na
l e

m
ot

io
n 

dy
sr

eg
ul

at
io

n,
 D

E
R

S7
 

po
st

na
ta

l m
at

er
na

l e
m

ot
io

n 
dy

sr
eg

ul
at

io
n

* p 
<

 0
.0

5

**
* p 

<
 0

.0
01

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 March 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gao et al. Page 23

Ta
b

le
 3

Fi
xe

d 
an

d 
R

an
do

m
 E

ff
ec

ts
 o

f 
M

at
er

na
l E

m
ot

io
n 

D
ys

re
gu

la
tio

n 
on

 I
nf

an
t R

es
pi

ra
to

ry
 S

in
us

 A
rr

hy
th

m
ia

 R
es

po
ns

es
 d

ur
in

g 
th

e 
St

ill
-F

ac
e 

Pa
ra

di
gm

M
od

el
 0

P
re

na
ta

l M
od

el
(M

od
el

 1
.2

)
P

os
tn

at
al

 M
od

el
(M

od
el

 2
.2

)

F
ix

ed
 E

ff
ec

t
B

 (
SE

)
p 

va
lu

e
B

 (
SE

)
p 

va
lu

e
B

 (
SE

)
p 

va
lu

e

  I
nt

er
ce

pt
4.

06
 (

0.
30

)
<0

.0
01

3.
92

 (
0.

32
)

<0
.0

01
4.

10
 (

0.
30

)
<0

.0
01

  I
nc

om
e

−
0.

05
 (

0.
04

)
0.

16
6

−
0.

03
 (

0.
04

)
0.

39
3

−
0.

05
 (

0.
04

)
0.

14
5

  T
im

e
−0

.2
5 

(0
.0

8)
0.

00
2

−0
.2

6 
(0

.0
8)

0.
00

1
−0

.2
6 

(0
.0

8)
0.

00
2

  T
im

e2
0.

04
 (

0.
02

)
0.

01
0

0.
04

 (
0.

02
)

0.
00

8
0.

04
 (

0.
02

)
0.

00
8

  D
E

R
S

–
–

−
0.

00
3 

(0
.0

04
)

0.
44

6
−

0.
00

6 
(0

.0
05

)
0.

20
0

  T
im

e 
x 

D
E

R
S

–
–

0.
00

6 
(0

.0
03

)
0.

06
0

0.
00

7 
(0

.0
03

)
0.

03
2

  T
im

e2
xD

ER
S

–
–

−
0.

00
1 

(0
.0

01
)

0.
05

6
−0

.0
01

 (
0.

00
1)

0.
04

2

R
an

do
m

 E
ff

ec
t

V
ar

/C
ov

 (
SE

)
p 

va
lu

e
V

ar
/C

ov
 (

SE
)

p 
va

lu
e

V
ar

/C
ov

 (
SE

)
p 

va
lu

e

  I
nt

er
ce

pt
0.

93
 (

0.
18

)
<

0.
00

1
0.

94
 (

0.
18

)
<

0.
00

1
0.

91
 (

0.
18

)
<

0.
00

1

  T
im

e
0.

32
 (

0.
09

)
<

0.
00

1
0.

29
 (

0.
09

)
<

0.
00

1
0.

30
 (

0.
09

)
<

0.
00

1

  T
im

e2
0.

01
 (

0.
00

3)
<

0.
00

1
0.

01
 (

0.
00

3)
<

0.
00

1
0.

01
 (

0.
00

3)
<

0.
00

1

  (
In

te
rc

ep
t, 

T
im

e)
−

0.
25

 (
0.

11
)

0.
02

0
−

0.
24

 (
0.

10
)

0.
01

9
−

0.
23

 (
0.

10
)

0.
03

0

  (
In

te
rc

ep
t, 

Ti
m

e2 )
0.

05
 (

0.
02

)
0.

01
2

0.
05

 (
0.

02
)

0.
01

3
0.

05
 (

0.
02

)
0.

02
0

  (
Ti

m
e,

Ti
m

e2 )
−

0.
06

 (
0.

02
)

0.
00

1
−

0.
05

 (
0.

02
)

<
0.

00
1

−
0.

05
 (

0.
02

)
0.

00
2

L
ev

el
 1

 e
rr

or
0.

42
 (

0.
03

)
<

0.
00

1
0.

41
 (

0.
04

)
<

0.
00

1
0.

42
 (

0.
04

)
<

0.
00

1

N
um

be
r 

of
 p

ar
am

et
er

s
11

14
14

G
oo

dn
es

s 
of

 f
it

  −
2 

L
og

 L
ik

el
ih

oo
d

15
50

.2
15

07
.5

15
17

.0

D
at

a 
in

 b
ol

df
ac

e 
in

di
ca

te
 s

ig
ni

fi
ca

nt
 f

ix
ed

 e
ff

ec
ts

D
E

R
S 

D
if

fi
cu

lti
es

 w
ith

 E
m

ot
io

n 
R

eg
ul

at
io

n 
Sc

al
e,

 S
E

 S
ta

nd
ar

d 
er

ro
r, 

V
ar

/C
ov

 V
ar

ia
nc

e/
C

ov
ar

ia
nc

e

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 March 27.


	Abstract
	Introduction
	Emotion Dysregulation as a Marker of Maternal Distress
	Measuring Intraindividual Patterns of Change in Respiratory Sinus Arrhythmia
	Unique Contributions of Prenatal and Postnatal Influences
	Sex differences.

	The Present study

	Method
	Participants
	Procedure
	Measures
	Maternal emotion dysregulation.
	Infant respiratory sinus arrhythmia (RSA).

	Analytic Plan
	Missing data.
	Statistical models.


	Results
	Baseline RSA
	Sex differences.

	RSA during the SFP
	Prenatal emotion dysregulation.
	Postnatal emotion dysregulation.
	Sex differences


	Discussion
	Maternal Emotion Dysregulation and Infant Baseline RSA
	Maternal Emotion Dysregulation and Infant RSA Responses to Stressful Events
	No Observed Sex Differences
	Strengths, Limitations, and Future Directions

	Conclusions
	References
	Fig. 1
	Table 1
	Table 2
	Table 3

