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Abstract

Respiratory sinus arrhythmia (RSA) is a biomarker of mental health, but RSA-symptom relations 

in parents of young children are understudied. We examined how anxiety symptoms, depressive 

symptoms, resting RSA, and RSA reactivity during challenging parent-child interactions clustered 

in a community sample of mothers (N=126) and fathers (N=87) of 3-year-olds and whether 

profiles predicted child emotional and behavioral dysregulation at age 4. Mothers fit four profiles 

(Typical, Mild Risk, Moderate Risk/Withdrawal, Moderate Risk/Augmentation), suggesting that 

RSA reactivity was distinct by predominant symptom type at higher levels of risk: specifically, 

heightened RSA withdrawal was associated with a higher probability of anxiety symptoms and 

RSA augmentation was associated with a higher probability of depressive symptoms. Fathers fit 

three profiles (Typical, Mild Risk, Moderate Risk) where Moderate Risk was characterized by 

RSA augmentation and a higher probability of both anxiety and depressive symptoms. Mild risk 

profiles showed heightened resting RSA for mothers and fathers but no differences in RSA 

reactivity. Both mild and moderate risk profiles predicted higher child dysregulation one year later 

compared to typical profiles. Findings offer preliminary evidence that parasympathetic physiology 

covaries with symptoms differently for mothers and fathers and that parental profiles of 

physiology and symptoms inform children’s developmental psychopathology.
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Anxiety and depressive symptoms are the most commonly experienced mental health 

symptoms by adults in the United States (APA, 2013). They include symptoms such as 

depressed mood, loss of interest in activities, sleep and eating disturbances, nervousness, 

increased heart rate, and concentration problems (APA, 2013). Approximately 68% of 

symptomatic women are mothers and 57% of symptomatic men are fathers (Royal College 

of Psychiatrists, 2016). Both mothers and fathers are at risk for developing anxiety and 

depressive symptoms after childbirth (Paulson & Bazemore, 2010), likely due to the 

additional stressors presented by parenthood (Crnic & Low, 2002). Understanding parent 
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symptomology is particularly important because parents’ anxiety and depressive symptoms 

may negatively impact children’s outcomes through their effects on parenting practices, 

parent self-regulation, parent-child interaction patterns, and/or the modeling of anxious and 

depressive styles (Tronick & Beeghly, 2011).

Symptoms of anxiety and depression are thought to have a biological basis in dysregulated 

physiology, including in the functioning of the parasympathetic nervous system on the heart, 

typically measured using respiratory sinus arrythmia (RSA; Berntson, Cacioppo, & Quigley, 

1993). Beginning early in development, RSA contributes to the physiological regulation of 

arousal and stress (Porges, 2007), which in turn provides support for emotion regulation 

(ER) skills (i.e., the ability to monitor, evaluate, and modify emotional responses in 

accordance with one’s goals; Thompson, 1994). Conversely, when RSA is dysregulated, it is 

thought to reflect poorer ER skills, which in turn underlie mental health symptoms 

(Beauchaine, 2015).

Dysregulated RSA is well documented as a biomarker of both anxiety and depressive 

symptoms in clinical studies of adults (Gouin, Deschenes, & Dugas, 2014). However, 

relatively little research has focused on how RSA relates to subclinical levels of symptoms 

in community samples, posing a significant gap in our understanding of whether and how 

RSA functions as a biomarker of psychopathology risk at lower symptom levels. In addition, 

understanding whether the physiological correlates of anxiety and depressive symptoms are 

unique versus shared could inform our precision in diagnosing and treating underlying 

mental health issues before they reach clinical levels. Further, understanding parent RSA-

symptom relations in the context of parent-child interactions may help inform how risk for 

psychopathology is transmitted from parent to child. Accordingly, we examined person-

centered profiles of resting RSA, RSA reactivity, and anxiety and depressive symptoms in a 

community sample of parents and whether these profiles predicted child outcomes 

commonly associated with parental symptoms, namely emotional and behavioral 

dysregulation, to understand their role in children’s developmental psychopathology.

Respiratory Sinus Arrhythmia

RSA is a measure of cardiac vagal activity, reflecting engagement of the parasympathetic 

nervous system on the heart (Berntson et al., 1993). At rest, RSA is typically higher, which 

acts as a “brake” that slows heart rate during times of rest (Porges, 1991). When an 

individual experiences stress or challenge, the “brake” is withdrawn (i.e., RSA decreases), 

allowing the fight-or-flight response to engage and heart rate to speed up to respond to 

environmental demands (Porges, 1991). Thus, in better-regulated individuals, it is typically 

expected that RSA is higher during rest and lower during instances of stress or challenge.

The withdrawal of RSA may be one of the fastest and most flexible physiological markers of 

stress, reflecting quick adaptation to varying demands in social environments (Porges, 2007). 

Theories regarding the importance of RSA (e.g., Polyvagal Theory, Porges, 2007; 

Neurovisceral Integration Model, Thayer & Lane, 2000) have placed it at the heart of 

processes of emotional expression, social engagement, and self-regulation. RSA is 

considered part of a greater neurovisceral network enabling the spontaneous expressions of 

Skoranski and Lunkenheimer Page 2

Dev Psychobiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



emotion that are universally recognized in humans (Porges, 2007). Connections with the 

prefrontal cortex have also been proposed, suggesting that RSA may serve as a periphery 

measure of executive self-regulatory processes (Holzman & Bridgett, 2017; Thayer & Lane, 

2000).

Accordingly, RSA is relevant to everyday interactions in which social engagement and effort 

are required, including parents’ interactions with their children. Parental emotion and self-

regulation during challenging interactions with young children, who need support and 

structure during goal-oriented tasks, correspond with RSA change on the order of seconds 

wherein greater parenting effort is associated with parent RSA withdrawal (Lunkenheimer, 

Busuito, Brown, Panlilio, & Skowron, 2019; Shih, Quiñones-Camacho, Karan, & Davis, 

2019). In laboratory studies, parents show RSA withdrawal when moving from baseline 

tasks to more effortful tasks (Bornstein & Suess, 2000); parents also show lower RSA 

concordance with children when that effort is absent, i.e., when they are disengaged 

(Skoranski, Lunkenheimer, & Lucas-Thompson, 2017). Given that parent-child interactions 

serve as critical socialization contexts for child development, they are important contexts for 

the examination of parents’ RSA reactivity.

The roles of RSA in social engagement, self-regulation, and inhibition of the fight-or-flight 

response make it a candidate biomarker for psychopathology, as mental health symptoms 

often reflect deficiencies in these areas (Beauchaine, 2015; Porges, 2007). For example, the 

inability to inhibit sympathetic arousal during times of safety (i.e., when the context does not 

call for such responses) is a key feature of anxiety disorders (Porges, 2007). Depressive 

disorders also include behavioral symptoms that align with how dysregulated RSA manifests 

in the context of social interactions, such as unresponsive social behavior and less shared 

gaze (Rottenberg, Clift, Boden, & Salomon, 2007). Thus, a better understanding of how 

RSA and symptomology covary is needed to delineate the utility of RSA in research on 

psychopathology risk.

Distinguishing Biomarkers of Anxiety and Depressive Symptoms

Accounts differ as to whether dysregulated RSA represents a general biomarker for all 

psychopathology or differs in relation to anxiety versus depressive symptoms (Beauchaine & 

Thayer, 2015). According to the Tripartite Model (Clark & Watson, 1991), anxiety and 

depression share a general distress factor that accounts for their overlap in symptoms and 

comorbid diagnoses. However, each disorder also has unique characteristics: in particular, 

depression is uniquely characterized by low positive affect (i.e., anhedonia), whereas anxiety 

is characterized by heightened autonomic arousal. The Tripartite Model has been supported 

by factor analytic studies (Anderson & Hope, 2008; Watson et al., 1995), suggesting support 

for both shared and unique characteristics across these syndromes, at least at the behavioral 

level.

In applying the Tripartite Model to the role of RSA in anxiety and depressive symptoms, one 

possibility is that dysregulated resting RSA reflects a general distress factor that is observed 

in both depressive and anxious individuals. Supporting this idea, resting RSA tends to be 

lower in individuals who display greater symptoms of either depression or anxiety 
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(Beauchaine & Thayer, 2015; Rottenberg et al., 2007; Watkins, Grossman, Krishnan, & 

Sherwood, 1998). On the other hand, differentiation in RSA functioning between anxious 

and depressed individuals has also been demonstrated, particularly in terms of RSA 

reactivity. For example, depressive symptoms (e.g., rumination) are associated with no 

change or RSA augmentation in response to challenge (Rottenberg et al., 2007), considered 

a “hyporeactive” response, whereas anxiety symptoms (e.g., worry) are related to 

“excessive” RSA withdrawal (i.e., extreme relative to the situation; Gouin et al., 2014; 

Kircanski, Waugh, Camacho, & Gotlib, 2016), considered a “hyperreactive” response. Thus, 

whereas resting RSA may be similarly affected by symptoms of anxiety or depression, 

dysregulated RSA reactivity may be distinct by symptom type.

However, findings do not always support the Tripartite Model (Licht, de Geus, van Dyck, & 

Pennix, 2009). For example, some researchers have observed excessive RSA withdrawal to a 

stressful interview among patients with both anxiety and depression (Hu, Lamers, de Geus, 

& Pennix, 2016), suggesting comorbidity may relate to RSA reactivity. Others have found 

that depressed individuals who showed higher, not lower, resting RSA reported greater 

sadness and less recovery from a depressive episode (Rottenberg, Wilhelm, Gross, & Gotlib, 

2002), suggesting that higher resting RSA may also be a risk factor. Inconsistencies in 

findings across studies may stem from differences in stressors used to elicit RSA reactivity 

(e.g., psychosocial stressors, worry induction, or cognitive challenge), or from differences in 

patient samples (e.g., individuals with GAD versus comorbid anxiety and depressive 

disorders). Thus, while this model offers strong theoretical guidance on RSA-symptom 

relations, more empirical evidence is needed.

Parent Physiology and Symptom Profiles in Community Populations

It is not yet clear whether the ways in which RSA and symptoms cluster in clinical 

populations are applicable to community populations with lower symptoms. A better 

understanding of RSA-symptom relations in community populations could inform the 

degree to which RSA acts as a biomarker of risk at lower levels of symptomology. 

Additionally, how symptoms interact with parental RSA in the context of typical parent-

child interactions may inform the everyday mechanisms by which psychopathology risk is 

transmitted to children. Existing work shows mothers with greater depressive symptoms 

display lower average RSA during unstructured free play tasks with children (Lunkenheimer 

et al., 2018), and that higher average maternal RSA is a buffer from the effects of mothers’ 

depressive symptoms on adaptive parent-child interaction processes (Connell, Hughes-

Scalise, Klostermann, & Azem, 2011). These findings are informative but more work is 

needed. Accordingly, we examined resting RSA and RSA reactivity during challenging 

parent-child interactions in a community sample of parents and whether they aligned with 

anxiety and depressive symptoms in ways previously demonstrated in the literature.

To explore these relations, latent profile analysis was employed to examine the clustering of 

parasympathetic physiology and anxiety and depressive symptoms in parents. Person-

centered approaches have been used previously to examine multiple predictors within person 

as a cluster rather than as separate predictors (Hernandez, Smith, Day, Neal, & Dunsmore, 

2018), including the conjoint assessment of physiological and emotional factors (Turpyn, 
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Chaplin, Cook, & Martelli, 2015). However, no known studies have utilized such an 

approach to examine how parasympathetic physiology and mental health symptoms covary 

in parents of young children.

One potential pitfall of person-centered approaches is that because they are data-driven, they 

may capture clusters within a sample but may not always generalize to other samples. Thus, 

they can be supplemented with tests of validity that allow greater confidence that profiles 

relate in expected ways to other variables. We were interested in parents due to the potential 

for their symptoms to have direct or indirect negative effects on child outcomes. Thus, to 

help validate parent physiology and symptom profiles, we examined their relation to child 

outcomes known to be associated with parents’ anxiety and depressive symptoms, 

specifically internalizing problems, externalizing problems, and emotion regulation and 

dysregulation.

Parent Symptoms and Child Adjustment

When parents experience symptoms of depression or anxiety, children are at greater risk for 

developing mental health problems themselves (Joormann, Eugene, & Gotlib, 2008), 

showing greater internalizing (e.g., withdrawal, shyness) and externalizing (e.g., 

hyperactivity, aggression) problems in early childhood (Goodman et al., 2011). Parental 

depressive symptoms are linked to lower attention towards children and greater withdrawal 

from interactions, but also inconsistent parenting, as depressed parents may oscillate 

between more withdrawn and intrusive behaviors (Connell et al., 2011; Joormann et al., 

2008). Parental anxiety symptoms are linked to more hypervigilant attention and intrusion 

(Root, Hastings, & Rubin, 2016). These parenting behaviors have been shown to thwart 

children’s developing ER abilities (Zahn-Waxler, Iannotti, Cummings, & Denham, 1990). 

Parents with greater depressive or anxiety symptoms may also have difficulty regulating 

their own emotions, presenting poor models of ER for children, which in turn could lead to 

emotion dysregulation in children (Han, Lei, Qian, Li, & Wang, 2016; Kerns, Pincus, 

McLaughlin, & Comer, 2017). Thus, we were interested in whether parent profiles of RSA 

and symptoms predicted child emotional and behavioral dysregulation.

Current Study

The current study aimed to fill several gaps in the extant literature. First, we sought to 

examine how resting RSA, RSA reactivity, and symptoms of anxiety and depression 

clustered within individuals in a community sample of parents of young children using a 

person-centered approach, in order to improve our understanding of whether and how RSA 

functions as a biomarker of mental health in non-clinical populations. Although the nature of 

model fitting in person-centered analysis is inherently exploratory, we had some 

expectations about the number and type of profiles that could emerge, which are described 

below. We expected overall symptom levels to be in the none to moderate range on average 

given that it was a community sample. One possibility was that three profiles would emerge 

along the lines of no, mild, and moderate risk based on a single general distress factor 

underlying anxiety and depressive symptoms (Beauchaine & Thayer, 2015). In this case, we 

might expect to observe: a) a “typical” profile with no or very low symptoms, higher resting 
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RSA, and RSA withdrawal to challenge; b) a mild risk profile with low symptoms and 

modest differences in resting RSA and RSA reactivity compared to the typical profile; and 

c) a moderate risk profile with higher symptom levels and dysregulated RSA patterns shown 

in prior research (e.g., low resting RSA, RSA augmentation to challenge, or excessive RSA 

withdrawal; Kircanski et al., 2016; Rottenberg et al., 2007).

Another possibility was that we would observe four profiles in line with the notion that when 

individuals are at higher risk for psychopathology, RSA patterns associated with anxiety and 

depressive symptoms are distinct (Greaves-Lord et al., 2007). In this case, we could observe: 

a) a “typical” profile as noted above; b) a mild risk profile as noted above; c) a moderate risk 

profile with heightened anxiety symptoms, lower resting RSA, and heightened RSA 

reactivity (RSA withdrawal) relative to other profiles; and d) a moderate risk profile with 

heightened depressive symptoms, lower resting RSA, and blunted RSA reactivity (RSA 

augmentation) relative to other profiles. These varying hypotheses were explored by 

comparing LPA model solutions using established fit indices.

Second, assuming parent profiles were found, we sought to test the utility of such parental 

biobehavioral profiles for understanding the potential developmental transmission of mental 

health risk. Thus, we examined whether parent profiles predicted differences in children’s 

internalizing problems, externalizing problems, and emotion regulation and dysregulation 

one year later to evaluate their effects on child adjustment. Although the profile solution was 

yet unknown, we predicted that if we did indeed find either a 3- or 4-profile solution as 

outlined above, the parent profiles with mild or moderate risk would be associated with 

greater deficit in socioemotional competence among young children one year later compared 

to those with no risk (“typical”). Finally, we sought to test whether mental health profile 

solutions differed by parent gender (in this sample, all couples were heterosexual and likely 

most were cisgender; gender identity information was unavailable). Mother and father 

models were analyzed separately in consideration of the novelty of the research questions 

and the novelty of examining RSA and symptoms in fathers; given this novelty, we were 

interested in exploring whether there were differences in profiles or their relations to child 

adjustment by parent. Some research indicates that men and women experience the 

physiological aspects of mental health in different ways (e.g., men experience fewer somatic 

symptoms of anxiety, Dekker et al., 2008), which may lead to different clustering of profiles 

in mothers and fathers.

Method

Participants

Families (N = 126, 53% boys) were recruited to participate in a longitudinal study of parent-

child biobehavioral dynamics and familial risk. All mothers and 87 fathers agreed to 

participate. To capture familial risk, families were oversampled for low income (200% or 

less of the federal poverty level), risk for child maltreatment based on potential Child 

Protective Services (CPS) involvement, or higher life stress based on the Social 

Readjustment Rating Scale (e.g., job loss, divorce; Holmes & Rahe, 1967). Families were 

recruited via flyers and word-of-mouth at preschools, community events, service agencies, 

and CPS. Exclusion criteria were the inability to read and write in English, child diagnosis 
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of developmental disabilities, or if parents or children had a cardiac condition that interfered 

with cardiac data collection or interpretation.

Mothers’ race/ethnicity was reported as 75% White, 14% Latina, 3% Multiethnic, 2% Black, 

2% Native American, 1% Asian, and 3% “other” or unknown. Fathers were 29% White, 

53% Latino, 8% Multiethnic, 2% Black, 2% Native American, 1% Asian, and 4% “other” or 

unknown. Children were 64% White, 22% Latinx, 7% Multiethnic, 3% Black, 1% Native 

American, and 3% “other” or unknown. Parents were married (66.7%), 12.7% living 

together (12.7%), single (11.3%), or separated or divorced (8.7%). Annual household 

income ranged from < $5,000 to >$90,000, with a median range of $30,000 to $39,000. 

Average parental educational level was some college for both mothers and fathers. Retention 

was 83% for mothers and 78% for fathers across assessments. There were no significant 

differences in primary study variables or sociodemographic variables between families with 

and without participating fathers, with the exception of income being higher in father-

participating families (t = −5.27, p < .001).

Procedure

Families participated at child ages 2 ½ (Time 1), 3 (Time 2; M = 3.04, SD = 0.11), and 4 

(Time 3; M = 4.00, SD = 0.12 years) years; only the latter two waves involved physiological 

data and were involved in the present analysis. Two-hour laboratory sessions at Time 2 

began with electrode and respiratory belt application and a resting baseline in which parents 

and children watched a 3-min video of dolphins in the ocean. Next, parents and children 

participated in three dyadic tasks: Free Play (7 minutes), Clean-up (4 minutes), and the 

Parent-Child Challenge Task (10 minutes), described below. Children also participated in 

individual tasks and parents filled out surveys about mental health, parenting, and child 

behavior. Mother-child and father-child sessions were scheduled on different days. Toys and 

puzzles for dyadic tasks were counterbalanced across parents so that children encountered 

novel stimuli each time. Families earned $135 when one parent participated and $210 when 

two parents participated.

Parent-Child Challenge Task (PCCT).—RSA data was collected during the PCCT 

(Lunkenheimer, Kemp, Lucas-Thompson, Cole, & Albrecht, 2016), a dyadic task designed 

to be both collaborative and challenging. Parents and 3-year-olds were asked to complete 

three puzzles above the child’s ability level that increased in difficulty in order to win a 

prize; parents were asked to use only their words and not physically assist their children. The 

task consisted of three phases. Baseline was the first 4 minutes of assembly, after which the 

experimenter entered to say dyads had only two minutes left to finish, initiating the 

Challenge condition (3 minutes). Then, the experimenter re-entered the room and gave the 

prize regardless of completion status, asking parents and children to play with the prize (art 

materials) as the Recovery condition (3 minutes).

Measures

RSA.—Respiration and electrocardiograph (ECG) data were transmitted to a computer 

through wireless devices worn in backpacks. Interbeat interval data was processed and 

cleaned offline by graduate research assistants using Mindware Heart Rate Variability 3.0 
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software. RSA was calculated for each 30s segment as the natural logarithm of the variance 

of heart period within the frequency related to respiration (0.24–1.04 Hz for children and 

0.12–0.40 Hz for adults; Fracasso, Porges, Lamb & Rosenberg, 1994). Segments with 10% 

or greater noise or artifact were excluded from analysis. Parent resting RSA was measured 

as mean RSA across the 3-min resting period that preceded the dyadic interaction tasks. 

Parent RSA reactivity was calculated as the difference score between the mean RSA during 

the 4-minute baseline period of the PCCT and the mean RSA during the 3-min challenge 

period of the PCCT, with negative values reflecting RSA withdrawal and positive values 

reflecting RSA augmentation.

Anxiety and depressive symptoms.—Parents completed the Brief Symptom Inventory 

(BSI; Derogatis & Melisaratos, 1983) at Time 2, involving 53 items, 9 psychopathology 

constructs, and a general distress measure. Respondents indicate on a scale of 0 – 4 how 

much they experience each symptom, with 0 = not at all and 4 = extremely. The depressive 

subscale (6 items) reflects dysphoric mood, lack of interest in activities, and feelings of 

hopelessness. The anxiety subscale (6 items) reflects symptoms of restlessness, nervousness, 

tension, and feelings of panic. We found each subscale was internally consistent among our 

sample (depressive α = 0.85; anxiety α = 0.81) and each has been found to be reliable across 

time in prior investigations (depressive r = 0.84; anxiety r = 0.79; Derogatis & Melisaratos, 

1983). The anxiety and depressive subscales of the BSI have been shown to emerge as 

distinct factors in prior analyses of construct validity (e.g., Hayes, 1997, Urbán et al., 2014), 

and provide similar insight as more in-depth self-report measures of depression and anxiety 

(e.g., Morlan & Tan, 1998).

Symptoms were positively skewed for mothers (anxiety skew = 1.06, SE = 0.22; depressive 

skew = 2.35, SE = 0.22) and fathers (anxiety skew = 2.11, SE = 0.27; depressive skew = 

2.41, SE = 0.27). Given skew and our expectation that symptoms would fall into roughly 

three levels, symptoms were categorized into three levels that reflected the number and 

severity of symptoms endorsed on the 6-item depressive and anxiety subscales: no 

symptoms (0 symptoms endorsed), mild symptoms (less than 75th percentile of sample), and 

moderate symptoms (75th percentile of sample or greater). The upper 75th percentile was 

used as the cut-off to indicate elevated risk based on similar methods used in measures of 

cumulative risk (e.g., MacKenzie, Kotch, & Lee, 2011). Using this criterion, the sample was 

fairly evenly divided into three levels for mothers (anxiety: 36% no, 32% mild, and 32% 

moderate risk; depressive: 46% no, 28% mild, and 26% moderate risk) and fathers (anxiety: 

46% no, 32% mild, and 22% moderate risk; depressive: 55% no, 21% mild, and 24% 

moderate risk). Endorsed symptom means for mothers were 1.26 (mild) and 4.18 (moderate) 

for anxiety and were 1.56 (mild) and 5.32 (moderate) for depressive symptoms. Symptom 

means for fathers were 1.46 (mild) and 5.17 (moderate) for anxiety and were 1.35 (mild) and 

5.65 (moderate) for depressive symptoms. Scores for anxiety and depressive symptoms for 

both mothers and fathers in the “moderate risk” group were elevated relative to norms 

delineated for non-clinical community samples (Derogatis, 1992) as well as relative to prior 

studies conducted with parents of young children (e.g., Tzoumakis, Lussier, & Corrado, 

2014), however, they were lower than those of clinical outpatient groups (Derogatis, 1992).
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Child internalizing and externalizing.—Mothers reported internalizing and 

externalizing problems on the Child Behavior Checklist (Achenbach & Rescorla, 2001) at 

Time 3 (4 years old). Mothers responded to 100 items about their children’s behavior on a 

three-point scale, where 0 = not true of my child, 1 = somewhat or sometimes true, 2 = very 

true. Internalizing subscale items reflected anxiety, depression, and withdrawal (e.g., ‘Too 

fearful or anxious,’ ‘Unhappy, sad, or depressed’). Externalizing subscale items reflected 

attention problems, hyperactivity, and aggressive behavior (e.g., ‘Temper tantrums or hot 

temper,’ ‘Can’t sit still, restless, or hyperactive). Cronbach’s alpha was 0.89 for internalizing 

and 0.92 for externalizing.

Child emotion regulation.—Also at Time 3, mothers completed the Emotion Regulation 

Checklist (ERC; Shields & Cicchetti, 1997), a 24-item checklist that includes two subscales: 

emotion regulation (i.e., the ability to modulate emotion to facilitate engagement with the 

environment) and emotional negativity//lability (i.e., lability of emotions and dysregulated 

negative emotions). Parents rated children on each item using a 4-point scale where 1 = 

never, 2 = sometimes, 3 = often, and 4 = almost always. Sample items include, “Can recover 

from stress” (emotion regulation scale), and “Is prone to angry outbursts” (negativity/lability 

scale). Cronbach’s alpha was 0.81 for emotional negativity/lability and 0.73 for emotion 

regulation.

Data Analytic Plan

Person-centered profiles of parent physiology and symptoms were examined using latent 

profile analysis (LPA; Lazarsfeld & Henry, 1968) using data from Time 2 assessments. LPA 

allows individuals to be divided into subgroups based on an unobservable construct based on 

patterns of responses on measured variables. The optimal number of profiles was determined 

by examining model fit indices of multi-solution models fit in MPlus 8 (Muthen & Muthen, 

1998–2017) with the goal of obtaining the most parsimonious solution that explained the 

greatest amount of individual variability. To evaluate the best fitting model, the Akaike 

information criterion (AIC), Bayesian information criterion (BIC), sample size adjusted BIC 

(SSBIC), chi-square value (G2), and the Bootstrapped Log-Ratio Test (BLRT; Tein, Coxe, & 

Cham, 2013) were used. A model was selected once the AIC, BIC, and G2 reached their 

smallest levels and began to increase with the addition of more profiles, and once the BLRT 

became non-significant, indicating that the addition of another profile was not necessary. 

Four variables were included in profiles: resting RSA, RSA reactivity, anxiety symptoms, 

and depressive symptoms. Full information maximum likelihood estimation was used to 

address missing data.

Resting RSA and RSA reactivity were continuous variables whereas parents’ anxiety and 

depressive symptoms were categorical, making this a mixed indicator LPA model. Values for 

resting RSA and RSA reactivity were standardized before entering into latent class models 

so that class means could be compared statistically to the sample mean of 0 for interpretation 

purposes. Symptom variables were interpreted based on item-response probabilities, which 

provide information on the likelihood of a response on a categorical indicator given 

membership in a particular class. Since symptom variables had three levels, observed 

probabilities were interpreted by comparing against the “chance” probability of 0.33. As an 
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example, for individuals who belong to a hypothetical moderate risk profile, we might 

expect the class-specific mean of resting RSA to be lower than the sample mean (i.e., 

negative), paired with higher probabilities of reporting moderate levels of anxiety and/or 

depressive symptoms.

Next, sociodemographic covariates were explored in relation to profiles. Child age, sex, 

ethnicity, maternal education, and paternal education were not related to class membership 

and thus were not considered further. Family income was higher in mothers’ Typical profile 

than the Mild Risk profile, χ2 = 6.016, p < .05. No other income differences among groups 

were found for mothers, and no differences by income were found for fathers. Because this 

was not a robust nor comparable factor across mothers and fathers, it was not included as a 

covariate.

Next, LPA class membership at Time 2 was used to predict children’s internalizing, 

externalizing, emotion regulation, and emotional negativity/lability at Time 3 (one year later) 

using the BCH method (Bakk & Vermunt, 2016). BCH is an alternative to the traditional 

classify-analyze approach where posterior probabilities are used to assign individuals to a 

class and class membership is then treated as a known variable in other models. This 

traditional approach flattens the variability associated with posterior probabilities across 

individuals, attenuating effects and increasing the chance of type II errors. Conversely, BCH 

applies weights to class membership values, which helps to account for individual 

differences in posterior probabilities within a given class (Bakk & Vermunt, 2016).

Results

Preliminary Analyses

See Table 1 for descriptive data. Bivariate correlations indicated mothers’ greater RSA 

reactivity (i.e., more withdrawal) was related to higher anxiety symptoms. Mothers’ and 

fathers’ resting RSA were positively intercorrelated. Mothers’ depressive symptoms were 

positively related to child internalizing, externalizing, and emotional negativity/lability, and 

mothers’ greater RSA reactivity (i.e., more withdrawal) was related to higher child emotion 

regulation at age 4. Fathers’ anxiety symptoms were negatively related to child emotion 

regulation, and fathers’ lesser RSA reactivity (i.e., more augmentation) was related to higher 

child externalizing problems at age 4. Little’s MCAR test showed data was missing 

completely at random for all primary study variables. We did not find any significant 

differences between families who did and did not complete the Time 3 assessment in 

sociodemographic variables (mothers’, fathers’, and children’s race or ethnicity, mothers’ or 

fathers’ education level, or family income) or key study variables (mother’s and fathers’ 

resting RSA, anxiety symptoms, or depressive symptoms). Models were run using full 

information maximum likelihood (FIML) estimation in Mplus, which accounts for 

missingness in the data without dropping full cases. The valid N was 126 for the mother 

LPA models and 87 for the father LPA models (Table 1).
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Primary Analyses

LPA model selection.—LPAs with two to five classes were run and fit indices were 

compared to determine the optimal number of classes. For mothers, a 4-class solution was 

chosen (Table 2). The BIC and G2 decreased between the 2- and 3-class models and between 

the 3- and 4-class models but increased between the 4- and 5-class models. Thus, indices 

were lowest for the 4-class model indicating best model fit. Also, the BLRT was significant 

for the 2- and 3-class models but was not for the 4-class model, indicating the addition of a 

fifth class was not necessary. The AIC and SSBIC continued to decrease indefinitely, which 

may be expected when continuous indicators are used (Collins & Lanza, 2010).

For fathers, a 3-class solution was chosen (Table 2), but indices were less cut-and-dried. The 

BLRT was significant for the 2-class but not the 3-class model, indicating a fourth class may 

not be necessary. But the AIC, BIC, and SSBIC continued to increase indefinitely, which 

may indicate that model fit did not improve from 2 to 3 classes or with the continued 

addition of classes. Also, the G2 continued to increase between the 2- and 4-class solutions 

but decreased between 4- and 5-class solutions, indicating model fit improved between 4- 

and 5-class models. Accordingly, a 3-class model was chosen for fathers for a few reasons. 

First, the 5-class model included two classes that only consisted of 2 individuals each. 

Second, prior work suggests when continuous indicators are used, there are limitations to the 

interpretability of the AIC, BIC, SSBIC, and G2 (Lanza & Collins, 2010), but BLRT is more 

robust to these limitations. Finally, the 3-class solution aligned with one of the two 

hypothesized profile solutions based on prior research, which can inform model selection 

(Bray, Foti, Thompson, & Wills, 2014).

Mother LPA profiles.—Means and item-response probabilities are shown in Table 3. The 

first profile, labeled Typical, encompassed the majority of the sample (79 mothers, 62.7%) 

and were characterized by resting RSA and RSA reactivity close to the standardized sample 

mean of zero and no depressive or anxiety symptoms. The second class, labeled Mild Risk 

(12 mothers, 9.5%), had resting RSA approximately 1½ SD higher than the sample mean, 

RSA reactivity about equal to the sample mean, and mild levels of depressive and anxiety 

symptoms (versus no or moderate symptoms). The third class, Moderate Risk/Withdrawal 

(16 mothers, 12.7%), had resting RSA about equal to the sample mean and RSA reactivity 

roughly 1½ SD below the sample mean, indicating RSA withdrawal to challenge that was 

more pronounced than the other three classes. These mothers showed higher probabilities of 

moderate levels of anxiety (0.91) and depressive (0.68) symptoms versus mild or no 

symptoms, where the probability of anxiety symptoms was higher/predominant. Finally, the 

fourth class, Moderate Risk/Augmentation (19 mothers, 15.1%), had average resting RSA 

and RSA reactivity roughly ¾ SD above the sample mean, suggesting augmentation of RSA 

to challenge on average. This profile also had higher probabilities of moderate levels of 

anxiety and depressive symptoms versus mild or no symptoms, but in this case the 

depressive symptoms were higher/predominant. Thus, whereas both classes exhibited 

moderate risk, heightened anxiety symptoms were more characteristic of the Withdrawal 

profile, and heightened depressive symptoms were more characteristic of the Augmentation 

profile.

Skoranski and Lunkenheimer Page 11

Dev Psychobiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Mothers’ profile membership and child outcomes.—Figure 1a displays means of 

child internalizing, externalizing, emotional negativity/lability, and emotion regulation at age 

4 as a function of mothers’ profile membership one year prior. Mothers’ profile membership 

significantly predicted child internalizing (Overall G2=14.50, p=.002), externalizing (Overall 

G =12.68, p=.005), and negativity/lability (Overall G2=8.15, p=.04). Across all outcomes, 

children of mothers in the three risk classes at age 3 had higher levels of emotional and 

behavioral dysregulation at age 4 than children of mothers in the Typical class. For 

internalizing, these differences were between the Typical class and the Mild Risk (G2=8.31, 

p=.004), Moderate Risk/Withdrawal (G2=4.42, p=.04), and Moderate Risk/Augmentation 

classes (G2=6.91, p=.009). For externalizing, differences were observed between the Typical 

class and the Mild Risk (G2=6.98, p=.008) and Moderate Risk/Augmentation classes 

(G2=5.84, p=.02), but not the Moderate Risk/Withdrawal class (G2=1.67, p=.20). For 

emotional negativity/lability, only the difference between the Typical and Mild Risk classes 

was significant (G2=6.52, p=.01). No significant differences were found for child emotion 

regulation (Overall G2=0.44, p=.80). In addition, no significant differences in outcomes 

were observed among the three risk classes.

Father LPA profiles.—Means and item-response probabilities for fathers are in Table 3. 

The Typical profile (41 fathers, 47.1%) showed RSA reactivity close to the sample mean, 

slightly lower-than-average resting RSA (roughly ¼ SD below the sample mean), and no 

anxiety or depressive symptoms. The second class, labeled Mild Risk (32 fathers, 36.8%), 

displayed higher resting RSA, roughly ½ SD above the sample mean, and RSA reactivity 

roughly ¼ SD below the sample mean, indicating some RSA withdrawal to challenge on 

average. This profile had no difference in probabilities of depressive symptoms compared to 

the sample mean, but a higher likelihood of mild levels of anxiety symptoms (versus no or 

moderate symptoms). Finally, the third profile was labeled Moderate Risk (14 fathers, 

16.1%) and had RSA reactivity ¾ SD above the mean, indicating RSA augmentation to 

challenge on average. Resting RSA was roughly ¼ SD below the sample mean but did not 

differ significantly from the Typical class. This profile also had a higher probability of 

higher symptoms of both depression and anxiety versus mild or no symptoms.

Fathers’ profile membership and child outcomes.—Figure 1b displays the means of 

child internalizing, externalizing, negativity/lability, and emotion regulation at age 4 as a 

function of fathers’ profile membership one year prior. None of the overall models reached 

significance, however, the overall model for externalizing was trending significant (Overall 

G2=5.80, p=.055) and there were significant and marginal effects at the parameter level. 

Trends across all outcomes were such that children of fathers in the Moderate Risk class had 

higher emotional and behavioral dysregulation compared to children of fathers in the Typical 

or Mild Risk classes. Specifically, there was marginally higher internalizing in the Moderate 

Risk than the Mild Risk class (G2=3.82, p=.051); significantly higher externalizing in the 

Moderate Risk than the Typical class (G2=5.74, p=.02) and marginally higher externalizing 

in the Moderate Risk than the Mild Risk class (G2=3.62, p=.057); and marginally lower 

emotion regulation in the Moderate Risk class versus the Typical class (G2=3.59, p=.058). 

No differences between fathers’ classes were observed for children’s emotional negativity/

lability.
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Discussion

This study is the first to our knowledge to examine how parasympathetic physiology and 

anxiety and depressive symptoms cluster within parents of young children using a person-

centered approach, and whether they cluster in ways that support theoretical models about 

how dysregulated RSA acts as a biomarker of psychopathology risk. Our findings suggest 

there may be distinct risk profiles of parents that differ from a more “typical” profile by 

nature of their elevated anxiety and/or depression symptoms as well as differences in resting 

levels of RSA and/or RSA reactivity. The profiles discovered generally supported the 

theoretical assumptions of the Tripartite Model (Clark & Watson, 1991) in that both shared 

and distinct physiological features were present across symptom types.

However, a few particularly notable findings emerged. First, lower resting RSA did not 

characterize the risk profiles as hypothesized. Rather, higher resting RSA was characteristic 

of both mothers and fathers at mild risk for psychopathology in a community sample. 

Second, only mothers showed distinct RSA reactivity patterns by predominant symptom 

type at moderate risk levels in ways expected based on prior research (Rottenberg et al., 

2007; Kircanski et al., 2016). Specifically, mothers characterized by excessive RSA 

withdrawal had the greatest likelihood of elevated anxiety symptoms, while mothers 

characterized by RSA augmentation had the greatest likelihood of elevated depressive 

symptoms. Third, fathers at moderate risk had a higher probability of both anxious and 

depressive symptoms combined with RSA augmentation, suggesting they respond 

differently than mothers and may be more likely to show a hyporeactive physiological 

response to challenge. Fourth, physiology and symptom profiles showed relevance for 

developmental psychopathology in that child emotional and behavioral dysregulation one 

year later was greater when mothers or fathers belonged to a mild or moderate risk profile as 

compared to the typical profile. However, outcomes were robust for mothers and trending 

for fathers, likely due to the smaller sample size of fathers. Findings will need to be 

replicated with larger samples, but this study takes a first step forward in understanding how 

parasympathetic physiology and internalizing symptoms covary in mothers and fathers in 

community populations.

Parasympathetic Physiology and Low Symptoms in Community Samples

We hypothesized that lower resting RSA could reflect the general distress factor observed in 

depressed and anxious individuals according to the Tripartite model (Clark & Watson, 

1991), but lower resting RSA did not characterize risk profiles. This relation may be less 

robust in community than clinical samples if the greater symptom severity characteristic of 

clinical disorders prompts or is underscored by greater physiological regulatory dysfunction, 

making statistical relations more robust. To our knowledge, no other studies have examined 

clustering of RSA and symptoms in a community sample, however, other studies have found 

no relation between heart rate variability and depressive symptom severity in non-clinical 

samples (Koenig, Kemp, Beauchaine, Thayer, & Kaess, 2019). We also found that moderate 

risk groups showed elevated levels of both depressive and anxiety symptoms, reflecting the 

comorbidity of these symptoms established in prior clinical work (Kircanski et al., 2016). It 

is intriguing that an overlap of symptoms was present and yet differentiation in RSA 
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reactivity patterns by the most predominant symptom type was still apparent in mothers, 

perhaps as a function of the greater time spent experiencing that symptom type and its 

associated emotional and behavioral regulatory correlates. The fact that we observed 

stronger relations between symptoms of anxiety and depression and patterns of hyper- and 

hyporeactivity, respectively, provides some support for the Tripartite Model, at least among 

mothers. This suggests that in community populations, a person-centered approach may be 

useful for understanding RSA as a biomarker of psychopathology risk, even in individuals 

showing lower symptom levels and multiple symptom types.

Interestingly, both mothers’ and fathers’ mild risk profiles were characterized by higher 

resting RSA. This finding was the most novel relative to prior research. Resting RSA is 

thought to reflect readiness to respond to stimuli, including challenge, and greater flexibility 

in adapting to the environment (Porges, 2007). But greater sensitivity to the environment, 

while adaptive in some situations (e.g., attending to child needs), may also increase 

susceptibility to environmental stressors (Belsky & Pluess, 2009). Thus, those with higher 

resting RSA may also show greater sensitivity to challenges, which could be associated with 

a greater tendency to experience mild mental health symptoms. Notably, both mothers and 

fathers demonstrated this heightened resting RSA associated with mild symptoms. Some 

clinical research has also indicated higher resting RSA may act as a risk factor for depressive 

symptoms (Rottenberg et al., 2002). Future research will be needed to better understand 

higher resting RSA levels and the degree to which they represent risk or protective factors in 

relation to symptoms of psychopathology.

Differential RSA Patterns Underlying Heightened Risk for Anxiety and Depression

Mothers showed differences in RSA reactivity aligned with heightened anxiety and 

depressive symptoms in line with the Tripartite Model (Clark & Watson, 1991). In the 

Moderate Risk/Withdrawal profile, RSA change was significantly lower than the sample 

mean, reflecting withdrawal that was more pronounced than expected. This finding echoes 

prior research showing that individuals with clinical or subclinical anxiety demonstrate 

“excessive” RSA withdrawal to challenge, which could be associated with an overactive 

fight-or-flight response via increased activation of the sympathetic nervous system 

(Beauchaine, 2015). In contrast, the Moderate Risk/Augmentation profile showed mean 

RSA change significantly above the sample mean, indicating RSA augmentation to 

challenge was the norm within this class. This may reflect the blunted parasympathetic 

response observed in depressed individuals across physiological and neuroendocrine systems 

(Grisson & Bhatnagar, 2009). Hyporeactivity can reflect self-protection from the damaging 

effects of an overactivated autonomic response to chronic stress (McEwen, 2000). Our 

findings suggest these RSA patterns may be present in community samples of mothers, 

which could inform the identification of risk for anxiety versus depressive disorders.

Mothers’ and Fathers’ Similarities and Differences

This study also explored differences in mothers’ and fathers’ physiology and symptoms. 

Given our subsample of fathers was smaller, direct comparisons are challenging, but we can 

interpret findings as preliminary evidence of potential similarities and differences. Both 

mothers and fathers had a typical class that did not report symptoms and showed minimal 
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RSA change across tasks. Also, mild risk groups for mothers and fathers were similar, both 

showing elevated resting RSA and higher likelihood of anxiety symptoms (though mothers 

in the mild profile also showed elevated depressive symptoms). Further, moderate risk 

groups for both mothers and fathers evidenced “comorbidity” such that there were higher 

probabilities of moderate levels of both anxiety and depressive symptoms relative to mild or 

no symptoms.

A major difference between mothers and fathers was that Moderate Risk fathers showed no 

distinction in RSA reactivity: the single moderate risk profile showed RSA augmentation to 

challenge rather than withdrawal. This may be explained by differences in the way that men 

and women experience mental health symptoms (McClean et al., 2011). Men typically 

display fewer somatic symptoms such as increased heart palpitations (Dekker et al., 2008), 

which may mean fathers are less prone to physiological hyperreactivity than mothers. 

Fathers at higher risk for psychopathology may be more likely to show hyporeactive than 

hyperreactive parasympathetic patterns. The implications of these findings for research on 

parenting are interesting: parenting deficits among fathers may be more likely to fall into a 

disengaged or unresponsive than an intrusive and hypervigilant category. It may also be the 

case that parenting tasks are not as stressful for fathers as they are for mothers, in which 

case, risk may be more likely reflected in RSA augmentation than withdrawal in the context 

of our stressful parenting challenge. Prior work regarding gender differences in perceived 

stress has been mixed, with some studies finding lower levels among fathers than mothers 

(e.g., Frank et al., 1991; Holden et al., 1989) but others finding similar reports (e.g., Deater-

Deckard & Scarr, 1996; Davis & Carter, 2008). It will be important for future research to 

employ larger and more comparable samples of mothers and fathers to determine if these 

profiles are replicated, perhaps incorporating different types of challenges to probe for RSA 

change.

Effects of Parents’ Profile Membership on Child Adjustment

Regarding child adjustment, mothers’ membership in any risk class predicted greater 

emotional and behavioral problems for children than membership in the typical class. This 

finding is consistent with prior work associating mothers’ depressive and anxiety symptoms 

with children’s internalizing and externalizing problems (Graziano & Derefinko, 2013), such 

that any level other than ‘no symptoms’ was associated with increased child dysregulation. 

This pattern may reflect that children are sensitive to any level of maternal symptoms; it is 

also possible that we did not have a large enough range of maternal symptoms needed to 

detect differences in child outcomes between mild and moderate symptom levels. Parents 

with elevated levels of symptoms may also be more likely to rate children higher on 

emotional and behavioral dysregulation (Goodman et al., 2011).

Some distinct relations were also observed between mothers’ risk profiles and child 

outcomes. For instance, membership in the Moderate Risk/Withdrawal group predicted 

greater child internalizing relative to the Typical group, but membership in the Moderate 

Risk/Augmentation group did not. Thus, mothers’ membership in the Moderate Risk/

Withdrawal profile (indicating RSA hyperreactivity to challenge) may imbue a specific risk 

for children’s internalizing behaviors. It is also a possibility that links between the Moderate 
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risk/Augmentation profile and children’s internalizing behaviors were not detected at such 

an early stage, as depressive symptoms increase over mid-to-late adolescence (Hankin et al., 

2015) and the blunting of physiological responses (i.e., hyporeactivity) may be associated 

with greater chronicity of depressive symptoms (e.g., Booij et al., 2013). Such differences in 

RSA patterns between risk groups could translate into different pathways from profile 

membership to child behavior problems (i.e., different means to the same ends; Cicchetti & 

Rogosch, 1996), but more research will be needed to replicate these findings and to test 

additional mechanisms of this transmission, such as differences in parenting behavior or 

genetic contributions.

Importantly, significant differences were demonstrated not only between the typical and 

moderate risk classes, but also between the typical and mild risk class, suggesting that even 

mild risk in mothers (i.e., low symptom levels and heightened resting RSA) had an effect on 

child dysregulation. This result underscores the need to consider the implications of parental 

RSA differences for child psychopathology risk even when reported parental symptoms 

appear low. The fact that maternal profiles were distinguished based on patterns of resting 

RSA and RSA regulation in addition to symptoms, combined with the impact such profiles 

appear to have on child functioning, suggests that there could be some utility in screening 

individuals for parenting programs and/or treatment for coping with stress by using 

physiological measurement. It will be interesting to replicate these findings in future work 

with larger samples to test whether greater analytic power can help to distinguish differences 

between lower and higher risk profiles, and/or between anxiety and depressive-centered 

profiles.

For fathers, there were trending differences between risk classes such that children of fathers 

in moderate risk classes showed marginally higher emotional and behavior problems than 

those in mild risk and typical classes. Thus, whereas the mild and moderate risk profiles for 

mothers each had direct implications for children’s adjustment outcomes, only the moderate 

risk profile for fathers was associated with children’s emotional and behavioral problems. 

This may reflect that parent-child relations may be less susceptible to fathers’ lower-level 

symptoms as compared to those of mothers. However, the marginal significance of the 

overall model for fathers means that these findings can only be offered as preliminary 

evidence of these possible relations, and that future research is needed to replicate these tests 

on larger samples of fathers.

Limitations

The present findings are only generalizable to a community sample in which a lower 

incidence of anxiety and depressive disorders is the norm. We utilized a measurement tool, 

the BSI, that is more commonly used to measure general distress rather than differentiate 

between anxiety and depression (although certain BSI subscales including anxiety and 

depressive symptoms have been shown to be meaningful; Hayes, 1997). Future research 

could lend support to our findings by examining profiles using one or more instruments that 

measure anxiety and depressive symptoms more specifically. Another limitation of the 

current study was the use of self-report questionnaires to assess anxiety and depressive 

symptoms and mothers’ report to assess behavioral and emotional problems in children. As 
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noted above, this may have led to an inflation of relations between mothers’ symptoms and 

children’s outcomes, however, this likely did not affect the father models given that fathers’ 

ratings of outcomes were not used. Although relations between parent profiles and parent-

reported child outcomes are informative, future research could examine potential mediating 

factors, such as observed or self-reported parenting behavior, to better understand how 

parent physiology and symptoms influence children’s regulation and dysregulation. Sample 

size differences between mother and father models may have contributed to their differential 

effects and made it more difficult to interpret differences between them. Although larger 

sample sizes would have aided analytic power, confidence in our LPA results is strengthened 

by a few factors. These include a low number of indicators, a fairly large degree of 

separation between profiles (differences in RSA means were on the order of 0.75 to 2 SD), 

and clear differentiation between symptom severity categories (with probabilities between .8 

and 1 for most classes) (Tein et al., 2013). Nonetheless, the smaller sample size may have 

impeded our ability to identify and interpret additional profiles and may have impacted the 

strength of effects of profile membership on child adjustment. As such, replication with 

larger samples (particularly fathers) will be needed to validate these findings. Most 

participants were White or Latinx, thus replication will also be important to establish 

generalizability to other racial and ethnic groups.

Conclusions

A better understanding of how parents with mental health symptoms respond 

physiologically to challenging interactions with children may have important implications 

for their potential to transmit risk for psychopathology to their children. It is important to 

know whether heterogeneity exists within parents at risk for mental health problems that 

subsequently impacts their children’s well-being. Results of this study encourage future 

research to form more holistic profiles of risk that inform risk transmission, potentially 

improving the fit of intervention efforts catered towards unique groups of individuals. 

Understanding the role of parasympathetic physiology in psychopathology risk in 

community samples of parents and children may help refine our understanding of RSA as a 

biomarker of mental health, as well as informing the etiology and prevention of dysregulated 

emotional and behavioral problems in children.
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Figure 1. 
Children’s internalizing, externalizing, negativity/lability, and emotion regulation at age 4 as 

a function of (a) mothers’ profile membership and (b) fathers’ profile membership one year 

prior.
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