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ARTICLE INFO ABSTRACT

Keywords: Parental socialization may influence the development of children’s autonomic nervous system (ANS), a key
Parenting stress-response system. However, to date no quantitative synthesis of the literature linking parenting and child
Attachment ANS physiology has been conducted. To address this gap, we conducted a pre-registered meta-analysis. A sys-
::::;:E:tﬁzzous system tematic review of the literature identified 103 studies (n = 13,044 participants) with available effect sizes
Sympathetic describing the association between parenting and either parasympathetic nervous system (PNS) or sympathetic

nervous system (SNS) activity in children. The overall analysis revealed non-significant associations between
parenting and child ANS physiology on average. However, moderation analyses revealed a positive association
between more positive parenting and higher resting PNS activity that was stronger when a study was experi-
mental rather than correlational, and when the sample included children with a clinical condition. In conclusion,
well-controlled experimental studies show that positive parenting is associated with the development of higher
resting PNS activity, an effect that may be stronger among children who are at elevated developmental risk.

in this literature. To address this heterogeneity and provide a quanti-
tative estimate of the overall strength of the association between
parenting and child ANS physiology, we conducted a pre-registered
meta-analysis.

1. Introduction

Parents play a critical role in shaping children’s affect and self-
regulatory abilities, especially during the earliest years of life (Grusec
and Davidov, 2010; Thompson, 2014a). For example, parenting that is
characterized by sensitivity, consistency, and developmentally appro-

priate levels of control is associated with better self-regulation in chil-
dren (Feldman, 2012; Thompson and Meyer, 2007). One proposed
mechanism thought to underpin links between parenting and these
beneficial child outcomes is through potential effects on the autonomic
nervous system (ANS; Calkins et al., 2013; Miller and Hastings, 2019;
Propper and Moore, 2006; Thompson, 2015), a key stress-response
system that has been implicated in both health and social-emotional
outcomes (Beauchaine et al., 2013; Miller, 2018; Thayer et al., 2010).
In support of this idea, a number of studies have found links between
parenting and child ANS physiology, and these studies have been the
subject of various high-quality narrative reviews (Chiang et al., 2015;
Propper and Holochwost, 2013; Quigley and Moore, 2018). However,
there is substantial heterogeneity in both results and study methodology

1.1. The autonomic nervous system

The autonomic nervous system (ANS) is an expansive network of
efferent and afferent nerves that work in conjunction with the central
nervous and endocrine systems to adaptively respond to changes in the
environment and maintain the body in dynamic, context-appropriate
homeostasis (Propper and Holochwost, 2013). The ANS is comprised
of two branches: the parasympathetic nervous system (PNS) and the
sympathetic nervous system (SNS). In general, the SNS is involved in
mobilizing the body to confront a threat or challenge (i.e., “fight-or--
flight”), such that stressors increase sympathetic output. Conversely, the
PNS facilitates return to calm (i.e., “rest-and-digest™). During moments
of relative rest, cardiovascular activity is under constant influence by the
PNS, which actively reduces heart rate through innervation of the
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sinoatrial node, termed the heart’s pacemaker (Beauchaine, 2001). As
such, the initial physiological response to perceived challenges in the
environment is a reduction in parasympathetic modulation of the heart,
referred to as parasympathetic, or vagal, withdrawal (Porges, 2007).

Several theoretical models have been proposed to account for
observed associations between ANS functioning and well-being. For
example, polyvagal theory proposes that the highly myelinated ventral
vagus nerve plays a central role in dynamic physiological responding to
stimuli, which allows for flexibly attending to subtle social environ-
mental cues among species with relatively high metabolic demands
(Porges, 2007). While polyvagal theory has contributed much to our
appreciation for the important dynamic interplay between the para-
sympathetic and sympathetic branches of the nervous system in social
situations, its evolutionary and anatomical tenets have been challenged
(Grossman and Taylor, 2007). Another theoretical perspective, the
neurovisceral integration model, posits that higher and lower order
neural and endocrine systems organize the body for goal-directed
behavior partially through sympathetic and parasympathetic nerves,
which innervate the heart (Thayer and Lane, 2000). According to this
perspective, measurements of autonomic modulation of the heart can
provide noninvasive insight into individual differences in cognitive and
self-regulation abilities (Appelhans and Luecken, 2006; Thayer, 2006).
Grossman and Taylor (2007) theorized that respiratory sinus arrhythmia
(RSA), a common index of PNS modulation of cardiac activity, can
reflect general physiological and neural plasticity to changing environ-
mental needs (i.e., flexibility), as information from multiple bodily
systems is integrated to enhance metabolic efficiency.

1.1.1. Measures of the parasympathetic nervous system

Several biomarkers exist that are regularly used to measure PNS
activity. Most biomarkers indirectly assess parasympathetic modulation
of cardiovascular activity via heart rate variability (HRV), which is an
index of the beat-to-beat changes in heart rate over time (Task Force of
the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology, 1996). Three commonly used measures of
HRV have been well validated to reflect PNS modulation of the heart
through the vagus nerve (Laborde et al., 2017). First, high-frequency
heart rate variability (HF-HRV) is a measure of variations in HR asso-
ciated with normative increases and decreases in HR during inhalation
and exhalation, respectively (Laborde et al., 2017). When HF-HRV is
partitioned into developmentally appropriate frequencies, it is a rela-
tively pure approximation of PNS influence over cardiac activity (Shader
et al., 2018). Second, root mean squared successive differences
(RMSSD), and third, RSA—derived through the peak-to-valley meth-
od—are time-series measures that are highly correlated with HF-HRV
(Grossman et al., 1990). A fourth, less common, index of PNS modula-
tion of the heart is the cardiac vagal index (CVI), which has been vali-
dated using pharmacological blockade (Toichi et al., 1997).

Resting measures of HRV are positively associated with emotion and
self-regulation (Appelhans and Luecken, 2006), executive function
(Gillie et al., 2015), and better physical health (Alen et al., 2020c;
Thayer et al., 2010). However, some studies have found negligible as-
sociations between HRV and psychosocial functioning (Kluttig et al.,
2010; Sloan et al., 2017). Some recent evidence suggests the relation
between resting HRV and social-emotional outcomes may not be linear
(Miller, 2018).

HRV change in reaction to challenge or threat (i.e., vagal with-
drawal) represents a physiological mobilization of resources important
in attending to changing environmental demands, and it has also been
associated with better social and emotional functioning (Calkins and
Keane, 2004; Miller et al., 2015; Thompson et al., 2008). However, the
appropriateness of vagal withdrawal is context-dependent (Hastings
et al., 2014a, 2014b), and in some instances (e.g., normatively
non-threatening situations) may reflect reactivity that is ill-suited to
situational demands (Beauchaine et al., 2007; Davis et al., 2016; Hast-
ings et al., 2008a, 2008b).
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1.1.2. Measures of the sympathetic nervous system

The activity of the sympathetic nervous system can be measured
using various indices. Pre-ejection period (PEP) is an index of the me-
chanical aspects of the heart (i.e., contractility; Sherwood et al., 1990).
PEP is derived from cardiac impedance data, with shorter PEP repre-
senting more SNS influence over cardiac activity (Schachinger et al.,
2001). The SNS can also be indexed through skin conductance level
(SCL), which measures electrodermal activity related to sympathetic
innervation of sweat glands, and is positively related to SNS activity
(Beauchaine, 2001). Additionally, salivary alpha amylase (sAA) has
been suggested to reflect primarily sympathetic activity (Nater et al.,
2007). However, production of saliva is influenced by both sympathetic
and parasympathetic innervation of salivary glands, and therefore sAA
levels do not purely index SNS activity (Rohleder and Nater, 2009).
Toichi et al. (1997) also developed a validated, though less common,
measure of SNS activity, termed the cardiac sympathetic index (CSI).

Increased sympathetic activity at rest is associated with cardiovas-
cular risk factors (e.g., hypertension; Mancia and Grassi, 2013), making
resting SNS activity a valuable clinical marker of cardiovascular health
and risk of mortality. Research has also linked increased resting sym-
pathetic activity to increased behavioral problems in preschoolers
(Esposito et al., 2016), though studies have also found the opposite
relation (Beauchaine et al., 2013), or no relation (Nelson et al., 2021).
Sympathetic reactivity has been associated with health and psychosocial
functioning, with elevated reactivity predicting cardiovascular risk
(Treiber et al., 2003) and reduced reactivity predicting increased sub-
stance use (Brenner and Beauchaine, 2011), poorer emotion regulation
abilities (Stifter et al., 2011), and increased aggression (Posthumus
et al., 2009) in children. It should be noted that, like PNS reactivity,
sympathetic reactivity must be interpreted in the context of task
demands.

1.2. Parental socialization and the autonomic nervous system

Parental socialization of children’s affect and self-regulatory abilities
is a complex and intricate process that involves several aspects of both
the parent’s behavior towards the child and the parent-child relation-
ship (Grusec, 2011; Thompson and Meyer, 2007). Established theoret-
ical perspectives suggest that a child’s ability to regulate emotional
states and adaptively respond to changing environmental demands is
most likely influenced by parenting in three domains: protection, teach-
ing, and control (Grusec and Davidov, 2010). More specifically, parents
can help facilitate the development of affect and self-regulation through:
(1) sensitive responding to distress, (2) socialization of emotional un-
derstanding, and (3) consistent and developmentally appropriate disci-
pline (Grusec, 2011; Thompson, 2015). In addition, a child’s ability to
practice self-regulatory skills early in life depends on internalized con-
ceptualizations of safety and dependability in close relationships (Wa-
ters et al., 2010).

The development of affect and self-regulation skills is aided by
parental sensitivity and support, as parents engage in efforts to protect
infants and children from both internal and external sources of threat
(Grusec, 2011). In infancy and early childhood parents act as primary
sources of emotional and affective regulation (Thompson, 1994).
Without adequately developed cognitive and physiological mechanisms
for self-regulation, infants and young children rely on caregivers to help
them recover following affective arousal. Through guided socialization
processes, parents’ efforts to help children manage their internal affec-
tive state may over time lead to the entrainment of cognitive strategies
and physiological response patterns critical in the development of
adaptive emotion and self-regulatory skills (Thompson, 2015).

Through social buffering processes, parental support can help
maintain infant and child endocrine and sympathetic responses to in-
ternal and external stimuli within moderate, more manageable, levels
(Hostinar et al., 2014). At the same time, parental support leads to
increased reliance on parasympathetic withdrawal as a physiological
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mechanism of engagement (Calkins et al., 2008; Calkins and Keane,
2004), which is thought to be a more adaptive physiological response
pattern (Beauchaine, 2001). Over time, parental support may lead to the
programming of stress physiology that is more moderate in reactivity,
more flexible, and therefore better able to respond appropriately to
changing environmental demands (Flannery et al., 2017; Miller et al.,
2011). As such, sensitive and supportive parenting may contribute to the
development of adaptive physiological regulatory systems. Harsh or
abusive parenting, on the other hand, may pose a double risk of (1) an
absence of expected caretaker warmth, and (2) an increased level of
threat and environmental unpredictability. Children who develop in
abusive or unpredictable interpersonal environments may develop
physiological reactivity patterns that are evolutionarily adaptive for the
short term (e.g., hyper-vigilant), with long term costs to health and
well-being (Blair and Raver, 2012; Del Giudice et al., 2011; Repetti et al.,
2002).

Child autonomic physiology may also be influenced by parental ef-
forts to teach children emotional understanding. More specifically, a
parent’s open discussion of, and measured reactions to, their child’s and
their own emotional expressions can help engender the child’s under-
standing of emotions, and ability to effectively identify and moderate
them (Eisenberg et al., 1998). Conversely, parental invalidation of child
negative emotions can lead to rigid or avoidant cognitive and physio-
logical emotion response patterns (Crowell et al., 2013). Differences in
emotion coaching, or a parent’s contribution to a child’s understanding
of their own affective state, can have substantial influence on the child’s
ability to regulate their own emotions, which may manifest itself in
physiological systems implicated in affect and self-regulation (e.g., ANS
physiology; Thompson, 2014b).

Children also benefit from developmentally appropriate levels of
control and discipline. Parental behavioral control, that includes active
monitoring, clear and realistic expectations, and developmentally
appropriate involvement of the child in the decision-making process,
guides the child towards practicing self-regulation (Barber, 1996; Gru-
sec, 2011), which may become internalized and reflected at a physio-
logical level (Propper and Holochwost, 2013; Quigley and Moore,
2018). Parental control that is strict, overcontrolling, or that leverages
the personal relationship (e.g., psychological control) can undermine
autonomy and rob the child of chances to engage in independent
self-regulation (Barber and Harmon, 2002; Hastings et al., 2008a,
2008b). Furthermore, harsh or inconsistent discipline can be a source of
threat to the child (Morris et al., 2007), which may lead to the canali-
zation of physiological and affective response patterns that are more
vigilant (i.e., reactive) and more difficult to regulate (Gunnar and
Cheatham, 2003; Repetti et al., 2002).

Lastly, these parental socialization processes share a bidirectional
association with the child’s style of attachment to the parent. According
to attachment theory, infants and children incorporate characteristics of
their caregiver’s behavior patterns into an internal working model, or a
dynamic representation of how their caregiver, and the larger social
world, will respond to their emotional signals (Bowlby, 1969; Thomp-
son, 2008a). When a child believes the caregiver will be responsive to
distress signals, this facilitates trust in the interpersonal environment
and can give rise to a developmentally appropriate balance between
interdependence and independence (Thompson, 2008b). Children who
are securely attached to their caregiver can thus feel safe using their
caregiver as a secure base from which to explore the world and returning
to them to seek comfort in moments of distress (Ainsworth et al., 1974;
Cassidy, 1994). This means that a secure attachment enables the care-
giver to act as an effective buffer in times of acute stress (Hostinar, 2015;
Thompson et al., 2008), while also permitting the growing child to
practice the self-regulatory processes essential in the development of a
flexible physiological approach and avoidance system (e.g., the ANS;
Thompson, 2015).
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1.3. Moderators

Theoretical and conceptual models, as outlined above, predict parent
socialization effects on child ANS physiology. However, narrative re-
views of the literature have revealed mixed results (Chiang et al., 2015;
Propper and Holochwost, 2013; Quigley and Moore, 2018). It is there-
fore important to consider participant-level and study-level character-
istics that may serve as moderators (see Table 1 for a list of moderators)
and may explain this heterogeneity in research findings.

First, parenting measure valence, that is whether a parenting measure
reflects a positive or a negative parenting behavior, may influence the
strength of the association between parenting and child ANS physiology.
Negative parenting behaviors (e.g., harshness, aggression) have been
proposed to be more influential on child outcomes, as compared to
positive parenting behaviors (e.g., warmth; Baumeister et al., 2001).
Some evidence also suggests that measures of negative parenting
behavior may be more accurate (i.e., have less measurement error). For
example, negative parenting behaviors have been found to exhibit
stronger correlations between parent-reported and observed measures
(Hendriks et al., 2018). Indeed, meta-analyses have found stronger as-
sociations between parenting and child behavioral outcomes (e.g.,
externalizing behavior problems) when the parenting measure is nega-
tively valenced (Hoeve et al., 2009; Johnson et al., 2017). It is therefore
possible that the relation between parenting and child ANS physiology
will be stronger when a negatively-valenced parenting measure is used.

The strength of the association between parenting and child ANS
physiology may also depend on aspects of the general study design,
namely, whether a study is experimental vs. correlational, or longitudinal
vs. cross-sectional. Most studies use correlational designs, potentially
due to the greater ease and reduced costs. However, true causal effects
are more likely to be revealed through experimental designs, whereby
random assignment to condition controls for individual differences and
unmeasured covariates (Collins et al., 2000). A similar assertion could
be made for longitudinal designs, which allow for more precise testing of
directional associations. As compared to cross-sectional correlational
studies, experimental and longitudinal studies likely require more time,
more funding, and more rigorous study planning, and may therefore be
better suited to isolate true parenting effects. Based on this, effects of
parenting on child ANS physiology may be larger among studies that use
experimental, as compared to correlational, and longitudinal, as
compared to cross-sectional, designs.

We identified three sample-level characteristics that may moderate
the association between parenting and child ANS physiology: clinical
sample vs. non-clinical sample, sample age, and sample percent female.
Social buffering models propose that positive parenting may be most
beneficial within adverse contexts, where parental support can weaken

Table 1
Moderators that may explain variability in links among parenting and child
autonomic physiology.

Moderator Description

1. Parenting measure valence ~ Whether a parenting measure reflects positive
behaviors (e.g., encouragement, warmth) or
negative behaviors (e.g., harshness, aggression).
Whether the study is experimental (i.e., parenting is
intervened on) or correlational (i.e., parenting is
studied observationally).

Whether the correlation for the effect size is drawn
from longitudinal or cross-sectional data.

Whether the study was conducted with a clinical
sample or non-clinical sample (see main text for list
of clinical conditions, e.g. ADHD, prematurity)
Mean age of the sample for the effect size of interest
Percentage of females in the sample

Whether the parent was present during the ANS
recording

Whether ANS reactivity was calculated using
residualized change scores or raw change scores

2. Experimental design

3. Longitudinal design

4. Clinical sample

5. Sample age

6. Sample gender distribution

7. Parental presence during
the ANS recording

8. Reactivity formula
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the effects of adversity on child outcomes (Hostinar, 2015). Parenting
effects may therefore be stronger among children exposed to higher
levels of adversity, such as those with a clinical diagnosis.

Sample age may also moderate the relation between parenting and
child ANS physiology. Past findings have revealed consistent develop-
mental trajectories of both PNS and SNS activity. Resting PNS activity
tends to increase and resting SNS activity tends to decrease across in-
fancy and childhood, and both reach moderate stability in adolescence
(Matthews et al., 2002; Rigterink et al., 2010; Wagner et al., 2021). PNS
reactivity decreases from infancy to adolescence, and SNS reactivity
increases (Hinnant et al.,, 2011; Shader et al., 2018). Moderate
rank-order stability is found for resting measures, but less so for mea-
sures of reactivity, though there may be less stability during early
developmental periods (Calkins and Keane, 2004) as compared to later
periods (e.g., adolescence; Salomon, 2005). Though it is not clear
whether parenting and child ANS physiology will be more strongly
correlated among younger or older youths, this is an important
moderator to consider.

Gender may also moderate the association between parenting and
child ANS physiology. Robust sex differences in ANS activity have been
observed, with greater parasympathetic and less sympathetic activity at
rest observed in females compared to males (Dart et al., 2002; Koenig
and Thayer, 2016). In addition, differences in parenting experienced by
boys and girls has been found, with some evidence that girls experience
both more support and more control (Van Lissa et al., 2019). One study
found that more parental support and less negative interactions with
parents were associated with higher resting PNS activity, but only in
girls (Van der Graaff et al., 2016), though other research has found no
differences between boys and girls in the relation between parenting and
ANS physiology (e.g., PNS reactivity; Hastings et al., 2008a, 2008b).
Differences in parent socialization effects on behavioral outcomes have
also been demonstrated. For example, parent socialization of emotion
regulation abilities has been found to be stronger among boys (Rueth
et al., 2017), though the opposite has also been observed (Van Lissa
et al.,, 2019). Given the gender/sex differences in both parenting and
ANS physiology, and the mixed evidence for moderation by gender, this
is another important potential moderator to investigate.

Two additional methodological characteristics are worth considering
in explaining heterogeneity in the literature on parenting and child ANS
physiology: (1) parent presence during ANS recording, and (2) whether
ANS reactivity scores are calculated using residualized change scores or
raw change scores. First, having a parent present during the ANS
recording may add complexity to our ability to test relations between
parenting and child ANS physiology. This is because characteristics of
the parenting or parent-child relationship may influence the context in
which ANS physiology is measured (e.g., a resting measure in the
presence of an aggressive parent may be stressful and therefore not
reflect a true ‘trait-like’ measure). It is therefore possible that the rela-
tion between parenting and child ANS physiology will be moderated by
parental presence during the ANS recording.

Lastly, it is important to consider how ANS reactivity scores are
calculated. Two common methods for calculating ANS reactivity are (1)
raw change score (i.e., difference score), which is the simple arithmetic
difference between resting levels and task levels, and (2) residualized
score, which comes from the residuals of an OLS regression after
regressing task levels onto resting levels. Residualized scores, therefore,
“correct” for resting levels, whereas raw change scores do not (Burt and
Obradovi¢, 2013). This is important when considering the Law of Initial
Values (Jamieson, 1995), which describes a common correlation be-
tween resting levels and reactivity. This issue can be corrected for by
including resting levels as a covariate in multivariate analysis. In addi-
tion, the use of latent change or growth methods are now recommended
over either raw change or residualized scores (Burt and Obradovic,
2013; Miller, 2018). However, for a correlational meta-analysis only
unadjusted, bivariate correlations will be used. It is therefore important
to test whether the relation between parenting and child ANS reactivity
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will be moderated by whether a residualized or a raw change score was
used.

1.4. Current study

Parental socialization theory proposes links between parenting
experienced during early life and individual differences in children’s
affect and self-regulation, which may be reflected in differences in
autonomic physiology. In order to synthesize the literature, we con-
ducted a meta-analysis of the association between parenting (or related
constructs) and child ANS physiology. In the current study, we had two
goals: (1) to quantify the magnitude and direction of the association
between parenting experienced during early life and measures of child
parasympathetic and sympathetic nervous system physiology, and (2) to
investigate sample-level and study-level characteristics that might
explain variability in findings across studies. Based on the literature
reviewed above, we hypothesized that the relation between parenting
and child ANS physiology would be stronger when (1) the parenting
measure is negatively valenced, (2) the study is experimental, (3) the
study is longitudinal, (4) the participant sample is clinical, (5) the parent
is not present during the ANS recording, and (6) reactivity is calculated
using residualized change scores, as opposed to raw change scores. In
addition, we hypothesized that study mean age, and percent female would
moderate the correlation between parenting and ANS physiology,
though notably we did not have a directional hypothesis for these two
moderators.

2. Methods
2.1. Literature search and study screening

Search strategy and study methods were pre-registered at the Inter-
national Prospective Register of Systematic Reviews (PROSPERO; Alen
et al., 2020b). Study reporting adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) guidelines (Page
et al., 2021). To identify possible studies for inclusion we searched for
relevant publications through two databases: PubMed and PsychINFO.
Searches were conducted initially in April 2020 and then during a sec-
ond time point in February 2021, using the following search string, with
asterisks indicating a wildcard symbol that stands for any one or more
characters that may follow the provided word stem:

(parent* OR maternal OR paternal OR mother OR father OR
attachment OR maltreatment OR abuse OR neglect) AND (“autonomic
nervous system” OR parasympathetic OR sympathetic OR “heart rate
variability” OR “respiratory sinus arrhythmia” OR “heart period vari-
ability” OR vagal OR vagus OR “pre-ejection period” OR “skin conduc-
tance” OR “salivary alpha amylase™).

This search resulted in the identification of 2486 studies, from which
307 duplicates were removed (2179 unique studies; see Fig. 1 for
PRISMA flow chart). An additional 11 studies were identified through
hand searching reference lists from relevant literature reviews and in-
quiries within our research network. Screening procedures were con-
ducted using the web-based platform Covidence systematic review
software (Veritas Health Innovation, Melbourne, Australia). Titles and
abstracts for these 2190 studies were screened for relevance twice
independently by a team of six trained research assistants (RAs: Cohen’s
kappa range among RAs:.71-0.93); disagreements, which occurred for
4.8 % of articles, during this process were resolved by the lead author
(NVA). Title and abstract screening resulted in the exclusion of 1831
irrelevant studies. The lead author independently reviewed 10 % (k =
183) of these excluded studies and found no errors (i.e., zero incorrectly
excluded studies). For the remaining 359 studies, full texts were
retrieved, and screening of Methods sections was then conducted by
NVA to make inclusion decisions.
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2,486 studies identified through
database search

11 additional studies

identified through _
reference searching "
and research network A

> 307 duplicates removed

screened

2,190 studies title and abstract

> 1,831 irrelevant studies

A

359 studies full-text screened

269 studies excluded:

138 no parenting measure
63 insufficient information
19 no child ANS measure

A\ 4

q 15 not empirical study
12 adult population
12 repeat analysis of sample
5 wrong study design
S neural or cardio disorder

7 study authors

99 eligible studies with
sufficient information

responded to requests
for information to >
calculate effect size for y

inclusion of study 106 studies

included

(103 unique samples)

Fig. 1. PRISMA flow chart.

2.2. Inclusion and exclusion criteria

For a study to be included in the analysis the following had to true:

The study must be peer reviewed, written in English, and present unique
data. Studies were limited to peer-reviewed articles to increase
confidence in the quality of study methodology. Concerns of publi-
cation bias were low considering a large portion of studies (63.1 %)
were not explicitly designed to test direct relations between
parenting and child ANS physiology, and instead collected both
variables in order to test a different hypothesis (e.g., 30.1 % of
studies tested ANS physiology as a moderator of the relation between
parenting and some child outcome). If more than one article
described the same sample and data, the article with the most in-
formation (e.g., more participants, more measures) was used (m = 4).
If neither article presented more information, then the earliest pub-
lished article was used (m = 8). If two studies used the same sample
and each described different data (e.g., different ANS physiology
measures), then all unique data were used and data were grouped
together into a single study for analysis (m = 3).

The study must contain either a measure of parenting, a measure of the
parent-child relationship, or a parenting intervention. Given insufficient
prior knowledge on which aspects of parental socialization are most
strongly associated with child ANS physiology, the current synthesis
adopted an inclusive approach and examined any study that included
a measure of parenting or parent-child relationship quality. A
parenting measure was considered acceptable if it (1) could be
placed conceptually within a spectrum ranging from negative (e.g.,
harsh, aggressive, abusive) to positive (e.g., warm, sensitive, sup-
portive) parenting, or (2) if it described a parent’s socialization of the
child’s emotions (e.g., emotion coaching), or (3) if it described a
manner of parental control or discipline. Documented history of
maltreatment was included as a parenting measure if the study

explicitly stated that the perpetrators of maltreatment were all par-
ents or primary caregivers. Acceptable measures of the parent-child
relationship included measures of attachment security and measures
of subjective quality of the relationship. Parenting interventions
were only included if they were specific to the parent (i.e., did not
involve child-directed intervention).

The study must contain at least one of the well-validated single branch
(PNS or SNS) measures of the infant/child/adolescent ANS physiology
described in the introduction (e.g., HRV, PEP, SCL). For comprehen-
siveness, salivary alpha amylase (sAA) was also included, although
this measure has been described as reflecting both sympathetic and
parasympathetic influence (Rohleder and Nater, 2009). Sensitivity
analyses were conducted to test models with and without this addi-
tional biomarker.

The study article or study authors must provide sufficient information for
the calculation of an effect size. If a study article did not provide suf-
ficient information for the calculation of an effect size, requests for
information were sent to the study corresponding author and prin-
cipal investigator.

For studies of ANS reactivity, reactivity must be calculated as either a raw
change score (e.g., task level minus resting level) or a residualized change
score (task level controlling for resting level). If a study provided only an
effect size for the association between parenting and ANS physiology
during a task without baseline correction, requests were sent to the
corresponding author for effect sizes that use either change scores or
residualized change scores.

Studies were excluded if any of the following were true:

The sample included participants that were older than 18 years of
age at the time of ANS physiology measurement.

The sample included participants with a neurological or cardiovas-
cular disorder.
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e The ANS physiology measure was obtained in the hospital shortly
after birth (less than 1 week after birth).

The ANS physiology measure was obtained at an earlier time point
than the parenting measure. This exclusion criterion was imple-
mented in order to support the conceptual framework of parenting
influencing the development of the child’s ANS. If a study presented
both effect sizes that met inclusion criteria (e.g., cross-sectional or
parenting measured before child ANS) and effect sizes that failed to
meet inclusion criteria, the study was included but only the accept-
able effect sizes were used in meta-analysis.

Full text screening resulted in m = 153 eligible studies, of which m
= 99 studies provided sufficient data for the calculation of an effect size
(Abaied et al., 2018; Bell et al., 2018; Blandon et al., 2010; Borelli et al.,
2017; Bosquet Enlow et al., 2014; Brown, 2007; Bubier et al., 2009;
Burgess et al., 2003; Cai and Tu, 2020; Chen et al., 2015; Cho and Buss,
2017; Clark et al., 2016; Conradt and Ablow, 2010; Creaven et al., 2014;
Creavey et al., 2018; Cui et al., 2019; Decarli et al., 2020; Diamond et al.,
2012; Dixon-Gordon et al., 2020; Duprey et al., 2021; Eiden et al., 2018;
Erath et al., 2009; Fagundes et al., 2012; Feldman, 2015; Feldman et al.,
2010, 2013, 2014; Feldman and Eidelman, 2007; Fletcher et al., 2017;
Fox et al., 2019; Gilissen et al., 2007, 2008; Giuliano et al., 2015, 2015;
Grady and Callan, 2019; Graham et al., 2010; Graham et al., 2017;
Hagan et al., 2016; Ham and Tronick, 2009; Han et al., 2020; Hastings
et al., 2008a, 2008b, 2014a, 2014b, 2019a, 2019b; Hinnant et al., 2015,
2016; Holochwost et al., 2014, 2018; Huffman et al., 2020; Izard et al.,
1991; James et al., 2017; Kaplan et al., 2008; Katz et al., 2020; Katz and
Gottman, 1997; Kennedy et al., 2004; Kochanska et al., 2017; Li et al.,
2019; McQuade et al., 2021; Miller et al., 2013; Miller-Slough and
Dunsmore, 2020; Miskovic et al., 2009; Monti et al., 2014; Nelson et al.,
2017; Oshri et al., 2020, 2021; Paret et al., 2015; Partington et al., 2018;
Perlman et al., 2008; Perrone et al., 2016; Perry et al., 2012, 2013, 2014,
2018; Pollak et al., 2005; Porges et al., 2019; Quigley et al., 2017;
Richardson et al., 2019; Rudd et al., 2017; Scrimgeour et al., 2016;
Shakiba et al., 2020; Sharp et al., 2012; Sichko et al., 2018; Skibo et al.,
2020; Skowron et al., 2014; Smiley et al., 2020; Stanger et al., 2018;
Sturge-Apple et al., 2012; Sweet et al., 1999; Tabachnick et al., 2019,
2021; Taylor et al., 2013, 2015; Tu et al., 2014, 2017; Van der Graaff
et al., 2016; Wagner et al., 2018; Welch et al., 2020; West et al., 2021;
Willemen et al., 2008, 2009; Zeegers et al., 2018; Zhang et al., 2020).

Requests for necessary data to compute effect sizes were sent to 71
study authors: 54 authors were contacted for all (or any) study effect
sizes, in order to include the study; 21 authors were contacted for
additional effect sizes, 18 of which were requests for recalculating effect
sizes using task level scores into effect sizes using change scores, and 3
were requests for unreported effect sizes. This effort resulted in the in-
clusion of m = 7 additional studies (Del Giudice et al., 2012; Laurent
et al., 2012; Mezulis et al., 2015; Noll et al., 2015; Rousseau et al., 2014;
Skowron et al., 2011; Tharner et al., 2013a, 2013b) and additional effect
sizes from m = 9 studies (Bosquet Enlow et al., 2014; Clark et al., 2016;
Giuliano et al., 2015; Miller et al., 2013; Partington et al., 2018; Perrone
et al., 2016; Rudd et al., 2017; Tabachnick et al., 2019; Willemen et al.,
2008). Most studies reported more than one effect size (e.g., due to
multiple types of parenting measures or repeated assessments of ANS
physiology). All effect sizes were retained for use in meta-analysis with
one caveat: if a study contained repeated assessments of the same
parenting measure, only the first assessment was included. A total of m
= 103 unique samples, from 106 citations, provided k = 418 effect sizes
(n = 13,044 unique participants). A full list and brief description of
included studies are presented in Supplemental Table S1. Study data and
R script used in analysis, are available on the Open Science Framework
(OSF) repository at: osf.io/xs8ku.

2.3. Data extraction

Data for calculating effect sizes, effect size weights, and for coding
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moderators were extracted by a team of highly trained RAs. Each study
was extracted twice independently by RAs, and discrepancies were
handled by the lead author. The lead author then conducted an addi-
tional check of the information used to calculate effect sizes and weights
(i.e., correlation coefficient and sample size) on all studies. Lastly, the
principal investigator (CEH) checked 10 % of all extracted data for
accuracy.

2.4. Coding of moderators

The following categorical moderators were coded for use in primary
analysis: (1) type of ANS physiology measure, (2) parenting measure
valence, (3) study design, (4) whether the parent was present or not
during the ANS physiology recording, (5) clinical vs. non-clinical sam-
ple, and (6) type of change score used. In addition, two continuous
moderators were coded (1) mean sample age at time of ANS measure-
ment, and (2) percent female of sample. Continuous moderator variables
were mean centered, within each individual model. Lastly, additional
moderators were identified post hoc (during study selection and data
extraction) as having the potential to explain variability in the correla-
tion between parenting and child ANS physiology. The following mod-
erators were coded for exploratory analysis: (1) relationship/attachment
measures vs. parenting measures, (2) the type of parenting measure used
(sensitivity/harshness, emotion socialization, control/discipline), (3)
the type of report used (parent-report, child-report, observed, compos-
ite), (4) country of sample, (5) percent minority sample, and (6) the type
of task used during ANS reactivity measurement.

2.4.1. Type of ANS measure

Parasympathetic and sympathetic nervous system measures were
tested separately. However, within these separate models, different
types of biomarkers were included together. Moderation by biomarker
type was therefore tested. For parasympathetic models (resting and
reactivity) three biomarkers were used: high-frequency heart rate vari-
ability (HF-HRV), root mean squared successive differences (RMSSD),
and RSA as derived using the peak-to-valley method. For sympathetic
models the following biomarkers were included: skin conductance level
(SCL), also known as electrodermal activity, pre-ejection period (PEP),
and salivary alpha amylase (sAA).

2.4.2. Parenting measure valence

A dichotomous dummy-coded variable was created to reflect
whether a parenting variable measured a positive construct or a negative
construct. Specifically, positive parenting measures reflect measures
where higher values or scores on the measure would be theorized to lead
to better emotion or self-regulation (e.g., parental warmth, sensitivity,
emotional support). Conversely, negative parenting measures reflect
measures where higher values or scores on the measure would be
theorized to lead to poorer emotion or self-regulation (e.g., parental
hostility, harshness, corporal punishment).

2.4.3. Type of reactivity measure

Reactivity effect sizes were calculated and reported as either raw
change scores (e.g., task level minus resting level) or as regression-based
residualized change scores in source studies. To examine whether this
difference in methods influenced the results, we created a dummy coded
variable, residualized, such that effect sizes that came from residualized
scores = 1, and effect sizes that came from raw change scores = 0.

2.4.4. Study design

Study design was coded into two categorical variables reflecting (1)
whether an effect size was experimental (e.g., parenting intervention
effect) vs. correlational, and (2) whether an effect size was longitudinal
vs. cross-sectional. All experimental effect sizes were longitudinal due to
the need for pre- and post-intervention measurement, but correlational
studies were either cross-sectional or longitudinal. Experimental studies
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identified included parenting intervention programs designed to in-
crease parental sensitivity (Hastings et al., 2019a; Tabachnick, 2019;
2021) and emotion coaching in parents (Katz et al., 2020), as well as
programs designed to foster stronger emotional bonds between parent
and child (Porges et al., 2019; Welch et al., 2020).

2.4.5. Clinical vs. non-clinical

Studies were coded as clinical if 50 % or more of the sample had a
diagnosed clinical disorder or health condition. Clinical studies identi-
fied included samples with attention deficit hyperactivity disorder (Bell
et al., 2018; McQuade et al., 2021), samples born premature (Brown,
2007; Feldman, 2015; Feldman and Eidelman, 2007; Feldman et al.,
2014; Porges et al., 2019; Welch et al., 2020), and samples with a broad
range of clinical disorders (internalizing and externalizing disorders,
Willemen et al., 2008; Willemen et al., 2009).

2.4.6. Parenting measure type

Due to the large heterogeneity in parenting measures found in our
search results, we further coded effect sizes for parenting measure type.
We created four dummy coded variables reflecting whether a parenting
measure was (1) an emotion socialization measure, (2) a measure of a
parent’s manner of control or discipline over the child, (3) a measure of
the parent-child relationship quality, or (4) a measure of attachment
security.

2.4.7. Country of sample and percent minority

Due to the distribution of the sample country of origin (i.e., 79 %
were USA samples), we tested country of sample as a dichotomous
moderator, such that USA samples = 1, and all other country samples
= 0. Percent minority reflected the percent of the sample that was re-
ported to belong to a minority racial or ethnic group for the respective
country of the sample.

2.4.8. Reactivity task type

ANS reactivity effect sizes were coded into whether they were from
ANS reactivity to tasks designed to be challenging (e.g., frustration tasks,
conflict tasks, stressors), or tasks not designed to be challenging (e.g.,
free play, joint interaction). A dummy coded variable “non-challenging”
was created such that non-challenging task effect sizes = 1, and chal-
lenging task effect sizes = 0.

2.5. Computation and coding of effect sizes

The primary effect size observed was a Pearson’s correlation, r,
describing the association between two continuous variables. If a study
reported a different effect size, such as Cohen’s d (m = 1), this was
transformed into a Pearson’s correlation. If a study reported means,
standard deviations (SDs), and sample sizes by group (e.g., groups with
different categorical attachment classifications), this was used to first
calculate a Cohen’s d, which was then transformed into a Pearson’s
correlation (m = 24). When a study only reported an F-test (m = 1) or t-
test (m = 2) statistic, this was used in combination with group sample
sizes to first calculate a Cohen’s d, which was then transformed into a
Pearson’s correlation. If a study only provided information to calculate
effect sizes from correlations that were significant (selective reporting),
requests were sent to study authors for the non-significant correlations.
If study authors did not respond to requests, correlations described as
non-significant in study text were imputed as r = 0 (this occurred for
k = 7 effect sizes). This is considered a conservative method for handling
selective reporting, as it is unlikely true correlations were exactly zero
(Miller et al., 2007).

Due to the heterogeneity in both (1) parenting measures, and (2)
type of ANS measures, effect sizes needed to be coded so that they would
all reflect the same direction of effect. For resting ANS models, effect
sizes were coded such that larger positive effect sizes reflect a greater
positive relation between more positive parenting and higher levels of
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the respective resting ANS physiology measure. This was accomplished
by multiplying effect sizes with negative parenting measures by —1.

For reactivity ANS models, effect sizes were coded such that larger
positive effect sizes reflect a stronger positive relation between more
positive parenting and greater “reactivity”. This coding had to take into
consideration (1) the type of parenting measure (i.e., positive vs. nega-
tive), (2) the way in which the change scores were calculated (i.e.,
resting minus task vs. either task minus resting or residualized), and (3)
the specific ANS biomarker used. For all included measures of PNS ac-
tivity, a reduction in levels during a task, known as withdrawal, reflects
physiological engagement and/or a fight-or-flight stress response. For
SCL or sAA, exposure to a significant stressor should result in increasing
levels. However, PEP is inversely related to sympathetic output, and
therefore decreases in PEP during threat exposure are expected. In order
to have all SNS measures be positively associated with SNS activity, PEP
effect sizes were multiplied by —1. A complete description of the effect
size coding scheme is available in the appendix. Positive effect sizes in
reactivity models subsequently represent positive relations between
more positive parenting and either greater PNS withdrawal (decreases),
or greater SNS augmentation (increases).

Sample size was utilized to calculate variance of the effect sizes. If
sample size for each specific correlation was not clearly provided in the
article, requests for clarification were sent to study authors. If study
authors did not respond, then all available information was used to
approximate sample size. We adopted a conservative approach to
approximating sample size. For example, if a study only provided a
range of missingness across all variables, the maximum missingness of
the range was assumed.

2.6. Missing moderator data

When data for moderators were unavailable or unclear in the pub-
lication, authors were contacted for clarification. We received responses
from eight study authors providing the requested data (Laurent et al.,
2012; McQuade et al., 2021; Nelson et al., 2017; Oshri et al., 2020; Perry
etal., 2013; Taylor et al., 2015; Willemen et al., 2008). As a result of this
effort all moderators in the primary analysis, with the exception of
sample percent female, had complete data. Percent female data were
missing for m = 3 studies. A total of m = 6 studies did not have sufficient
information on race or ethnicity to calculate percent minority. Consid-
ering this low rate of missingness, we ran analysis on available data only.
In addition, moderators were tested individually, which means that
listwise deletion of studies missing either percent female or percent
minority only affected tests of these specific moderators.

2.7. Statistical analysis

All analyses were conducted using Rstudio Version 1.38, running R
language Version 4.0.0 (R Core Team, 2020a, 2020b; RStudio Team,
2010). We used random-effects meta-analytic modeling, instead of
fixed-effects modeling, due to the high heterogeneity in study design
(Hedges and Vevea, 1998). A total of four meta-analytic models were
tested looking at the relation between parenting and (1) resting PNS
activity, (2) PNS reactivity, (3) resting SNS activity, and (4) SNS reac-
tivity. Pearson’s correlations were transformed into Fisher’s Z, using the
escalc function in the metafor package (Viechtbauer, 2010), for analysis.
This is recommended practice, due to bias introduced when calculating
the variance estimate for Pearson’s r effect sizes (Borenstein and Hedges,
2019). To increase interpretability, pooled effect sizes were back
transformed and presented as Pearson’s r in the text.

Many studies reported more than one effect size per sample, as
previously stated. This was most often due to studies collecting multiple
parenting measures, but also resulted from repeated measures of ANS
physiology. Methods for obtaining a single effect size per study, for
example by averaging effect sizes or arbitrarily selecting a single effect
size, result in a loss of information (loss of statistical power) and biased
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pooled estimates (Assink and Wibbelink, 2016). In order to properly
handle this within-study dependency, we employed robust variance
estimation (RVE) methods with a correlated effects structure, which
produces effect size weights that are corrected for the shared covariance
between effect sizes clustered within a given sample (Hedges et al.,
2010). Random effects meta-analysis with RVE was conducted using the
R package robumeta (Version 2.0; Fisher et al., 2017). Unlike alternative
methods for handling within-study dependency (i.e., generalized linear
modeling), RVE does not require precise knowledge of the covariance
structure among study effect sizes, or rho (p; Hedges et al., 2010). In the
current analysis, rho was set to p = 0.8, reflecting high covariance
among parenting measures and/or repeated measures of ANS physi-
ology. Sensitivity analyses were then conducted that vary rho in in-
crements of.1, ranging from p=0 to p=1; consistent with the
robustness of RVE methods, results were virtually unchanged. We
implemented a small sample size bias correction for all models. This
correction can reduce bias introduced by small samples, unbalanced
moderators, or outliers (Tipton, 2015).

Intercept-only models were initially conducted, which provides a
weighted pooled estimate of the effect, across biomarker types. To test
for heterogeneity, we calculated the I statistic. I? within an RVE model
is a measure of total variability (i.e., within study and between study) in
effect sizes (Cheung, 2014). This statistic ranges from 0 to 1, with higher
values reflecting greater heterogeneity in effect sizes. It has been sug-
gested that an P < .30 (less than 30 % of variance attributed to het-
erogeneity) reflects low heterogeneity, I values of .30 to .50 reflect
moderate heterogeneity, and values above .70 reflect high heterogeneity
(Deeks et al., 2008). It should be noted that other guides for interpreting
the 2 have been proposed (e.g., Higgins et al., 2003).

We next tested for moderation by biomarker type. Categorical
moderation analysis was conducted by running a no-intercept model,
with the inclusion of a dummy variable for each biomarker for a given
model. For example, the no-intercept model for testing PNS activity
biomarker type as a moderator could be written as:

Zr; = B;(HF HRV,) + B,(RMSSD;) + B;(Peak —to — Valley,)
whereby the resulting estimates B;_3 represent the estimated weighted
pooled effect size for the association between parenting and HF-HRV,
RMSSD, and peak-to-valley, respectively. We used a small sample
adjusted F-test, using the Wald test function from the R package club-
Sandwich (Pustejovsky, 2021), to test for significant moderation. Results
from this analysis suggested no moderation by biomarker type (see
Results section) in any model, we therefore conducted subsequent
moderation analysis collapsing across biomarkers.

Moderators were tested individually, in order to avoid suppression
effects. Categorical moderators were tested using the small sample
adjusted F-test (i.e., Wald test), as described above. Only categorical
moderators that had five or more effect sizes per level were included in a
given model. Because of this, the list of moderators varied between
models. The full list of moderators included: parenting measure valence,
experimental study, longitudinal study, parent absent during ANS
recording, clinical sample, sample mean age, and sample percent fe-
male; an additional moderator, residualized, was included in reactivity
models. Experimental study was not tested in the resting SNS model, or
the SNS reactivity model, due to too few effect sizes being experimental
(k’s = 1). Clinical sample was not tested in the resting SNS model, as too
few effect sizes were from clinical samples (k = 4). In addition, longi-
tudinal study was not tested in the SNS reactivity model because too few
effect sizes were longitudinal (k = 3).

Publication bias was assessed through visual inspection of contour
enhanced funnel plots and through Egger’s regression (Egger et al.,
1997). Weighted effect sizes were aggregated at the study level before
generating funnel plots and testing Egger’s regression, a method that has
been recommended for testing for publication bias with robust variance
estimation methods (Bediou et al., 2018; Tanner-Smith, 2012). The
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regtest function from the metafor package in R (Viechtbauer, 2010) was
used to run Egger’s regression.

3. Results
3.1. Study characteristics

Of the 103 total selected studies, M = 74 studies provided k = 178
effect sizes for resting PNS activity (HF-HRV, m = 61, k = 142; peak-to-
valley,m =8,k = 14;RMSSD,m =4,k =18; CV,m=1,k = 4), M= 50
studies provided k = 137 effect sizes for PNS reactivity (HF-HRV, m =
38, k = 105; peak-to-valley, m = 8, k = 18; RMSSD, m = 4, k = 14), M
= 25 studies provided k = 51 effect sizes for resting SNS activity (SCL,
m= 13, k=23; PEP, m =6, k=11; sAA,m=5,k=13; CS, m =1,
k =4), and M = 27 studies provided k = 61 effect sizes for SNS reac-
tivity (SCL, m = 17, k =34; PEP, m = 9, k = 23; sAA, m = 1, k = 4).
Biomarkers with less than five effect sizes (CVI, CSI, sAA reactivity) were
excluded from analysis.

The majority of the included studies were conducted in the United
States (77 %), but studies were also obtained from Canada (7 %), the
Netherlands (7 %), Israel (5 %), and other countries (4 %). Mean sample
age ranged from term age (preterm sample) to 16.8 years (mean = 6.6,
SD = 4.8, years), and on average samples were half female (mean = 50
%, SD = 8 %, female). Study sample sizes ranged from n = 18 ton = 450
(mean sample size = 127, SD = 95).

3.2. Publication bias and outliers

Investigation of publication bias did not reveal significant evidence
for publication bias. In the resting PNS activity model the Egger’s
regression only revealed a marginally significant association between SE
and effect size (p = .10). This association was driven by a single outlier
(effect size > 4 SD above the mean) with a small sample size (n = 18).
After removing this outlier, the Egger’s regression test was non-
significant (p = .26). Removing this outlier did not change any pri-
mary study results; we therefore present the funnel plot with this outlier
removed (Fig. 2). Egger’s regression was non-significant for all other
models (p’s > 0.30), suggesting lack of publication bias. In addition,
visual inspection of the contour enhanced funnel plots, presented in
Fig. 2, revealed a relatively symmetrical distribution of data points on
the left and right side of the average effect size, thus there was no evi-
dence for publication bias.

3.3. Pooled estimates

The meta-analysis revealed non-significant overall correlations be-
tween parenting and resting PNS activity (r = 0.01, SE =0.01, df = 61.8,
p = .31, 95 % CI [-0.01,.04]), PNS reactivity (r = —0.01, SE =0.01, df =
40.6,p = .46, 95 % CI [-0.03,.02]), resting SNS activity (r = —0.004, SE
=0.03, df = 19.3, p =.90, 95 % CI [-0.06,.05]), and SNS reactivity
(r=0.01, SE =0.02, df = 20.0, p = .59, 95 % CI [—0.04,.06]). Tests of
heterogeneity revealed substantial heterogeneity in the resting SNS
model (IZ =.54), moderate heterogeneity in the resting PNS model &
=.46) and the SNS reactivity model > =.39), and low heterogeneity in
the PNS reactivity model (I2 =.28).

3.4. Moderation analysis

3.4.1. Resting PNS

Results from the resting PNS activity moderation analysis are pre-
sented in Table 2. Moderation analysis revealed that the correlation
between parenting and resting PNS activity was not moderated by
biomarker type (F(2, 5.1) = 1.2, p = .37). Across all studies, parenting
was not significantly correlated with either resting HF-HRV (r = 0.02,
SE =0.01, df = 51.9, p=.15, 95 % CI [ —0.01,.05]), resting RSA
calculated using the peak-to-valley method (r = —0.03, SE =0.03, df =
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Fig. 2. Contour enhanced funnel plots for visual inspection of publication bias in the included studies on parenting and (A) resting parasympathetic nervous system
(PNS) activity, (B) PNS reactivity, (C) resting sympathetic nervous system (SNS) activity, and (D) SNS reactivity. White region represents 95 % CI. The dashed vertical

line represents the average effect size.

Table 2
Potential moderators of relation between parenting and baseline PNS activity.
Moderator
Categorical F-test r df P
ANS biomarker type 1.2 2,5.1 .37
HF-HRV .02 51.9 .15
Peak-to-valley RSA -0.03 6.8 .29
RMSSD -0.01 2.5" .89
Parenting measure valence 3.55 1, 60.2 .06
Positive .03 41.5 .07
Negative -0.01 33.9 .52
Parent presence during ANS measure 0.19 1, 53.7 .67
Present .02 36.8 .29
Absent .01 24.5 .75
Study design - type 18.2 1, 3.4" .019
Experimental .22 3.1° .019
Correlational .005 58.0 .70
Study design - length 1.22 1,221 .28
Longitudinal .04 14.4 .18
Cross-sectional .01 52.7 .67
Participant sample 12.0 1,7.8 .009
Clinical .14 6.5 .01
Non-clinical -0.00 53.6 .98
Continuous B SE df P
Mean age -0.00 .00 27.9 31
Percent female -0.12 .28 4.3 .69

Note. ANS = autonomic nervous system. HF-HRV = high frequency heart rate
variability. RSA = respiratory sinus arrhythmia. RMSSD = root mean squared
successive differences.
Bolded estimates are significant at the p < .05 level.

? tests with degrees of freedom < 4 should be interpreted with caution.

6.8, p =.29, 95 % CI [ —0.10,.04]), or resting RMSSD (r = —0.01, SE
=0.09, df = 2.5, p=.89, 95 % CI [ —0.31,.29]). Two moderators
emerged as significant: experimental study (F(1, 3.4) = 18.2, p =.019)

and clinical sample (F(1, 7.8) = 12.0, p = .009). The positive correlation
between positive parenting and resting PNS activity was greater among
experimental studies (r = 0.22, SE =0.05, df = 3.1, p =.019, 95 % CI
[.07,.36]) compared to correlational studies (r = 0.005, SE =0.01, df =
58.0,p = .70, 95 % CI [—0.02,.03]). In addition, the positive correlation
between positive parenting and resting PNS activity was greater among
clinical samples (r=0.14, SE =0.04, df = 6.5, p =.0097, 95 % CI
[.05,.23]) compared to non-clinical samples (r = —0.00, SE =0.01, df =
53.6,p = .98, 95 % CI [-0.03,.03]).

We next ran a model that included all moderators with a p-value less
than p < .10. This included experimental study, clinical sample, as well
as parenting measure valence, which was a non-significant moderator (F
(1, 60.2) = 3.55, p = .06). Both experimental study (p = .04) and clin-
ical sample (p =.03) remained significant, suggesting independent
moderating effects. See Fig. 3 for forest plots of experimental studies and
clinical sample studies. Parenting measure valence remained non-
significant after controlling for experimental study and clinical sample
(p =.35). We next ran an intercept model centering both significant
moderators at their highest reliably obtained values (i.e., modeling an
experimental study with a clinical sample). With these moderators
centered positive parenting was positively, and significantly, correlated
with resting PNS activity (r = 0.26, SE =0.05, df = 3.2, p = .01, 95 % CI
[.11,.41]). To obtain 80 % power to detect this effect would require a
sample size of N =112 (i.e., n = 56 intervention, n = 56 control for a
parenting intervention study with a clinical sample).

3.4.2. PNS reactivity

Moderation analysis results for PNS reactivity are presented in
Table 3. Biomarker type was not a significant moderator in the PNS
reactivity model (F(2, 5.9) = 1.35, p = .33). Parenting was not signifi-
cantly correlated with HF-HRV reactivity (r = 0.001, SE =0.01, df =
30.4, p = .97, 95 % CI [-0.03,.03]), RSA as derived from peak-to-valley
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Fig. 3. Effect sizes (Fisher’s Z) for relation between parenting and resting PNS activity in parenting intervention studies. HF-HRV = high frequency heart rate
variability. Size of squares reflect relative weight of effect. Error bars represent 95 % CI. Diamond and dashed line represent weighted mean effect size.

Table 3
Potential moderators of the relation between parenting and PNS reactivity.
Moderator
Categorical F-test r df P
ANS biomarker type 1.35 2,59 .33
HF-HRV .00 30.4 .97
Peak-to-valley RSA -0.04 5.6 .18
RMSSD -0.05 2.8° .24
Parenting measure valence 1.55 1, 35.4 .22
Positive -0.02 29.5 .21
Negative .01 19.0 .67
Parent presence during ANS measure 0.80 1,37.2 .38
Present .00 23.4 .98
Absent -0.02 16.9 .25
Study design - type 0.02 1,1.03" .92
Experimental -0.03 1° .88
Correlational -0.01 40.0 .48
Study design - length 0.08 1,11.2 .79
Longitudinal -0.02 7.5 .57
Cross-sectional -0.01 35.6 .59
Participant sample 0.72 1,41 44
Clinical -0.06 3.6" .40
Non-clinical -0.01 36.7 .66
Reactivity calculation method 0.51 1,26 .48
Raw change score -0.02 26.8 .25
Residualized change score .01 13.1 .85
Continuous B SE df p
Mean age -0.00 .00 16.2 .68
Percent female 13 .16 6.5 .45

Note. ANS = autonomic nervous system. HF-HRV = high frequency heart rate
variability. RSA = respiratory sinus arrhythmia. RMSSD = root mean squared
successive differences.
Bolded estimates are significant at the p < .05 level.

2 tests with degrees of freedom < 4 should be interpreted with caution.

method reactivity (r = —0.04, SE =0.03, df = 5.6, p =.18, 95 % CI
[-0.11,.03]), or RMSSD reactivity (r = —0.05, SE =0.03, df = 2.8,
p = .24, 95 % CI [-0.16,.06]). There were no significant moderators of
the relation between parenting and PNS reactivity (p’s > 0.22).
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3.4.3. Resting SNS

Moderation results for resting SNS activity are presented in Table 4.
Biomarker type was not a significant moderator in this model (F(2, 8.6)
= 0.79, p = .49). Parenting was not significantly correlated with resting
SCL (r = —0.04, SE =0.02, df = 10.6, p = .11, 95 % CI [-0.09,.01]),
resting PEP (r = 0.02, SE =0.10, df = 4.5, p = .82, 95 % CI [—0.23,.28]),
or resting sAA (r=0.05, SE =0.06, df = 3.7, p=.53, 95 % CI
[—0.14,.23]). Only longitudinal design was a significant moderator in
this model (F(1, 2.6) = 14.8, p = .04), such that among longitudinal
studies there was a negative correlation between positive parenting and
resting SNS activity (r = —0.12, SE =0.02, df = 2.0, p = .04, 95 % CI

Table 4
Potential moderators of relation between parenting and baseline SNS activity.
Moderator
Categorical F-test r df P
ANS biomarker type 0.79 2, 8.6 .49
SCL -0.04 10.6 11
PEP .02 4.5 .82
SAA .05 3.7° .53
Parenting measure valence 0.09 1,16.7 .77
Positive -0.01 9.7 .78
Negative .00 14.6 .93
Parent presence during ANS measure 0.02 1,17.7 .90
Present .00 8.1 .99
Absent -0.01 10.4 .83
Study design - length 14.8 1, 2.6° .04
Longitudinal -0.12 2.0% .04
Cross-sectional .02 16.0 .55
Participant sample 1.03 1,1.2° .50
Clinical -0.08 1.0% .48
Non-clinical .00 17.5 .93
Continuous B SE df P
Mean age -0.00 .01 7.5 .66
Percent female .45 .39 2.9% .34

Note. ANS = autonomic nervous system. SCL = skin conductance level. PEP
= pre-ejection period. sAA = salivary alpha amylase.
Bolded estimates are significant at the p < .05 level.

2 tests with degrees of freedom < 4 should be interpreted with caution.
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[-0.22, —0.02]), that was not observed among cross-sectional studies
(r = 0.02, SE =0.03, df = 16.0, p = .55, 95 % CI [—0.04,.08]). However,
considering the small degrees of freedom in both the F-test and the es-
timate among longitudinal studies, likely resulting from there being so
few longitudinal studies (m = 3 studies, k = 5 effect sizes), these results
should be interpreted with caution. All other moderators of the relation
between parenting and resting SNS activity were non-significant
@’s > 0.34).

3.4.4. SNS reactivity

Moderation results for SNS reactivity are presented in Table 5.
Biomarker type did not moderate the correlation between parenting and
SNS reactivity (F(1, 11.7) = 0.54, p = .48). Parenting was not signifi-
cantly correlated with SCL reactivity (r = 0.02, SE =0.03, df = 14.0,
p = .49, 95 % CI [—0.04,.09]), or PEP reactivity (r = —0.01, SE =0.03, df
= 6.4, p=.75, 95 % CI [-0.08,.06]). Study mean age was the only
significant moderator of the relation between parenting and SNS reac-
tivity (B = —0.01, SE =0.004, df = 7.2, p=.01, 95 % CI [-0.02,
—0.004]). Visual inspection of the scatterplot between mean age and
effect size, presented in Fig. 4, revealed that as sample age increased
from childhood to adolescence the correlation between positive
parenting and SNS reactivity changed from positive to negative.
Figs. 5-7.

3.5. Exploratory moderator analyses

Exploratory analyses were conducted to further investigate study-
level and sample-level characteristics, identified during study
screening and data extraction, as potential moderators of the relation
between parenting and child ANS physiology.

3.5.1. Relationship measures

The moderating effect of attachment and relationship measures was
tested by including a categorical variable representing whether a mea-
sure was a parenting measure, an attachment measure, or a relationship
quality measure. Relationship measure was a significant moderator in
the resting PNS model (F(2, 4.8) = 6.02, p = .0496). Pairwise compar-
isons revealed significant differences between effect sizes from
parenting measures (r = 0.02, SE =0.01, df = 55.1, p =.16, 95 % CI
[-0.01,.05]) and those from attachment measures (r= —0.08, SE
=0.03, df = 3.99, p = .03, 95 % CI [—0.15, —0.02]). The moderating

Table 5
Potential moderators of the relation between parenting and SNS reactivity.
Moderator
Categorical F-test r df p
ANS biomarker type 0.54 1,11.7 .48
SCL .02 14.0 .49
PEP -.01 6.4 .75
Parenting measure valence 0.15 1, 20.0 71
Positive .00 13.6 .90
Negative .02 11.3 .53
Parent presence during ANS measure 0.03 1,19.4 .87
Present .01 10.8 .82
Absent .02 9.1 .57
Participant sample 3.6 1, 3.6" .14
Clinical -0.09 2.8" 22
Non-clinical .03 16.5 .29
Reactivity calculation method 0.53 1,11.3 .48
Raw change score -0.00 14.0 .98
Residualized change score .04 5.5 .45
Continuous B SE df P
Mean age -0.01 .004 7.2 .01
Percent female .01 .26 2.3% .96

Note. ANS = autonomic nervous system. SCL = skin conductance level. PEP
= pre-ejection period.
Bolded estimates are significant at the p < .05 level.

2 tests with degrees of freedom < 4 should be interpreted with caution.
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effect of relationship measure is presented in Fig. 8. Relationship mea-
sure was not a significant moderator in the PNS reactivity model (F(2,
4.5) = 1.0, p = .43), resting SNS model (F(2, 0.7) = 0.06, p = .95), or
SNS reactivity model (F(2, 0.73) = 0.02, p = .98).

3.5.2. Parenting measure type

Within parenting measures, specific type of parenting measure was
tested as a moderator by first removing effect sizes for relationship
measures, then adding a categorical variable representing whether a
parenting measure reflected (1) warmth/aggression, (2) control, or (3)
emotion socialization. Parenting measure type was not a significant
moderator in the resting PNS model, (F(2, 13.8) = 1.6, p = .25), the PNS
reactivity model, (F(2, 10.7) = 1.4, p = .29), resting SNS model (F(2,
4.8) =0.05, p=.95), or SNS reactivity model (F(2, 4.8) =0.84,
p = .49).

3.5.3. Type of report

In order to provide information for future researchers regarding
differences in report type among correlational studies, we compared
parent-reported, child-reported, observed, and composite (e.g.,
observed and parent-reports combined) parenting measures. First, we
removed studies that used either (1) experimental designs, or (2)
documented history (i.e., abuse). In addition, only two studies used
composite measures in SNS models; composite measure was therefore
not tested in those models. Type of report was not a significant moder-
ator in the resting PNS model, (F(3, 7.9) = 1.5, p = .30), the PNS reac-
tivity model, (F(3, 7.5) = 0.1, p = .93), resting SNS model (F(2, 5.0)
= 0.11, p =.90), or SNS reactivity model (F(2, 5.0) = 0.67, p = .55).

3.5.4. Country of sample and percent minority

Country of sample was not a significant moderator in any model
(p’s > 0.32). Percent minority was also not a significant moderator in
any model (p’s > 0.24).

3.5.5. Non-challenging task

Non-challenging task was not a significant moderator of the relation
between parenting and PNS reactivity (F(1, 2.8) = 6.0, p = .10). Non-
challenging task was not tested as a moderator of the relation between
parenting and SNS reactivity because only one SNS reactivity study used
a non-challenging task.

3.6. Sensitivity analysis

Sensitivity analysis was conducted to test the robustness of findings
to: (1) the exclusion of an outlier in the resting PNS model, (2) exclusion
of sAA effect sizes in the resting SNS model, and (3) the exclusion of
imputed non-significant effect sizes. The removal of a single outlier with
a small sample size in the resting PNS model did not change results. The
exclusion of sAA effect sizes in the baseline SNS model (k = 13 effect
sizes from m = 5 studies), only influenced the moderating effect of
longitudinal study, which was no longer significant (p =.20). When
imputed effect sizes were excluded from analysis results were virtually
identical and inferences were unchanged.

4. Discussion

In the current meta-analysis, we tested the strength of the correlation
between parenting and child ANS physiology. In contrast to expecta-
tions, we observed non-significant pooled associations between
parenting and child parasympathetic and sympathetic nervous system
activity across all studies. These non-significant associations were
observed across biomarkers used for measuring PNS and SNS physi-
ology, for both resting and reactivity measures. The autonomic nervous
system has been proposed as a biological mediator between parenting
experienced in early life and later child health and behavioral outcomes
(Propper and Moore, 2006; Repetti et al., 2002). While across studies no



N.V. Alen et al.

Study

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Effect Size  ANS Biomarker

Feldman & Eidelman 2007 i
Maternal Stimulatory Touch — 0.050 HF-HRV
Maternal Affiliative Behavior —)— 0.299 HF-HRV
|
Bell et al. 2018 .
Negative Parenting* — -0.070 HF-HRV
Positive Parenting +—— 0.161 HF-HRV
I
|
Brown 2007 !
Affection and Sensitivity — 1T -0.080 HF-HRV
Affection and Sensitivity e o 0.020 HF-HRV
Affection and Sensitivity +—— 0.277 HF-HRV
|
|
Feldman 2015 )
Parent-Child Reciprocity —-.— 0.110 HF-HRV
|
Porges et al. 2019 :
Family Nurture Intervention -+ 0.174 HF-HRV
|
Feldman et al. 2014 i
Mother-Child Reciprocity —— 0.203 HF-HRV
Maternal Attachment Behaviors —— 0.245 HF-HRV
Maternal Attachment Behaviors | 0.245 HF-HRV
I
Welch et al. 2020 i
Family Nurture Intervention —— 0.320 HF-HRV
|
I
McQuade et al. 2021 |
Supportive Reactions —— -0.310 HF-HRV
Non-Supportive Reactions* — - 0.234 HF-HRV
|
<>
I
| T : | |
-1 -0.5 0 0.5 1
Effect Size
(Fisher’s Z)

Fig. 4. Effect sizes (Fisher’s Z) for relation between parenting and resting PNS activity in clinical sample studies. HF-HRV = high frequency heart rate variability.
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general association between parenting and child ANS physiology was
observed, moderation analysis revealed that experimental interventions
aimed at improving parenting resulted in increases in resting PNS
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and resting parasympathetic nervous system (PNS) activity. Diamonds repre-
sent weighted mean effect size in each subgroup. Size of data points represent
relative weight used in calculating mean effect size. Error bars represent 95
% CL.

activity in children and adolescents, an effect that may be stronger
among more at-risk youth.
Importantly, given the comprehensive scope of the current meta-
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analysis, substantial heterogeneity in both study methods and partici-
pant sample were observed in the literature. Mirroring this qualitative
characteristic, between-study heterogeneity in effect sizes was also
observed, warranting investigation of potential moderators that might
explain variability in the correlations between parenting and child ANS
physiology. A few significant moderators were observed. First, within
the resting PNS model, effect sizes were larger for studies that used
experimental designs, specifically parenting intervention studies, as
compared to correlational designs. The positive pooled effect size
observed among these studies suggests that interventions designed to
improve parenting and facilitate the development of a secure attach-
ment between parent and child lead to higher resting PNS activity in
children. This is consistent with parent socialization and attachment
theory. Developmentally appropriate protection, sensitive responding,
and coaching of emotional understanding by parents, as well as secure
bonds that facilitate trust between child and caregiver, may influence
neural-autonomic systems implicated in self and affect-regulation
(Propper and Moore, 2006; Thompson, 2015).

The finding that effects were stronger among intervention studies
suggests that accurate approximations of parenting effects on child ANS
physiology may be difficult to obtain using correlational data, where we
could expect high levels of noise and confounding from unmeasured
variables (e.g., physical exercise level, larger family context). In addi-
tion, correlational results are complicated by the bidirectional relation
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between child physiology and parenting. Physiological profiles associ-
ated with poorer emotion regulation skills (e.g., low resting HRV) may
lead to less supportive, or more overcontrolling, parenting (Hastings,
Grady, and Barrieau, 2019; Kennedy et al., 2004). Alternatively, chil-
dren with poorer emotion regulation abilities may sometimes evoke
more support during moments of challenge because parents anticipate
them requiring it (Planalp et al., 2016). The principle of Goodness-of-fit
parenting (Chess and Thomas, 1999) adds further complexity to corre-
lational findings, as certain temperamental or physiological character-
istics may influence the magnitude or direction of parent socialization
effects (Rubin et al., 2002). In their seminal paper, Collins and col-
leagues suggested that parenting intervention studies can provide the
most convincing evidence for or against parenting influences on child
development (Collins et al., 2000). Our results support this suggestion,
highlighting the advantages of experimental designs, and suggest that
future developmental researchers should increase efforts to utilize
experimental, over correlational, designs whenever possible.

For PNS reactivity, no moderating effect of experimental study was
observed. Notably, only two studies were identified that tested
parenting intervention effects on PNS reactivity, and they differed
greatly in the length of follow-up. Parenting intervention resulted in
reduced PNS withdrawal among toddlers measured 6 months after
treatment (Hastings, 2019a), but did not influence PNS withdrawal
among children tested 9 years after treatment (Tabachnick et al., 2019).
This suggests that parenting intervention effects on PNS reactivity may
diminish over time. Future research should aim to continue testing
parenting intervention effects on child ANS functioning, stressing the
need for additional studies on PNS reactivity, as well as studies on SNS
activity. In addition, investigations should be made into the effects of
follow-up interventions, whereby parental sensitivity training refreshers
could be provided, analogous to vaccine booster shots.

Second, we found that the positive correlation between parenting
and resting PNS activity was greater among studies with a clinical
sample. This is consistent with recent meta-analytic findings that early-
life maltreatment is more strongly associated with resting PNS activity
among clinical samples (Sigrist et al., 2021). The types of clinical sam-
ples identified varied greatly, including samples with behavioral and
mood disorders (e.g., attention deficit hyperactivity disorder, internal-
izing problems), as well as samples at elevated developmental risk (e.g.,
premature birth). Stronger positive associations between parenting and
resting PNS activity among clinical samples may reflect stronger in-
fluences of parenting on children’s ANS physiology among these more
at-risk youth. Children who are at greater risk of psychopathology or
developmental delay may rely more on positive parent socialization
efforts, which can directly buffer against, or help entrain positive coping
abilities to independently manage the higher levels of adversity to which
this group may be exposed (Blair and Raver, 2012; Hostinar et al., 2014).
These effects observed were almost entirely correlational, so strong
causal inferences should be avoided. Nevertheless, future researchers
interested in parent socialization of child ANS physiology could benefit
from focusing on clinical samples, or other samples of children at
elevated risk of psychopathology (e.g., children living in poverty).

The correlation between parenting and resting PNS activity was also
moderated by whether a parenting or attachment measure was utilized.
Surprisingly, we observed negative relations between attachment se-
curity and resting PNS activity. This is in contrast to findings with
parenting measures, and expectations that secure attachment would be
linked to higher levels of resting PNS activity. It should be noted that the
identified studies that investigated attachment and child ANS physi-
ology exhibited substantial variability. Attachment measures used in
primary source studies included observed behavioral (ABC-D classifi-
cation), narrative, and child-report measures. Unfortunately, due to the
limited number of attachment studies identified we were unable to test
more nuanced moderation analysis regarding type of attachment mea-
sure used. In addition, different forms of insecure attachment (avoidant
versus resistant) may exhibit opposing emotion regulation-linked
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behavioral reactions to interpersonal challenge such as separation
(Cassidy, 1994). It is therefore unlikely that different styles of insecure
attachment, or even different methods for measuring attachment inse-
curity, would relate to physiological systems of affect and stress regu-
lation in a similar manner. The exploratory nature of these results, in
addition to the relatively small number of attachment studies, must be
taken into consideration. Nevertheless, future research is needed to
clarify why attachment security, which is linked to sensitive parenting
(Cassidy, 1994), may exhibit differential associations with resting PNS
activity as compared to characteristics of parenting.

There was some evidence that the association between parenting and
resting SNS activity may be moderated by longitudinal design. Among
longitudinal studies more positive parenting was associated with lower
resting SNS activity, an association that was not observed among cross-
sectional studies. Elevated resting SNS activity has been positively
associated with markers of cardiovascular risk (e.g., hypertension;
Mancia and Grassi, 2013). If positive parenting predicts lower resting
SNS activity this may be one mechanism through which positive
parenting leads to better long-term health outcomes (E. Chen et al.,
2017). Observing this effect only among longitudinal studies may sug-
gest that directional relations between parenting and resting SNS ac-
tivity are easier to detect using longitudinal designs. These results
should be interpreted with caution considering the small number of
resting SNS activity longitudinal studies identified. Nevertheless,
considering these preliminary results and the relative gap in the litera-
ture, researchers interested in parenting socialization of sympathetic
activity should increase efforts to use longitudinal, over cross-sectional,
designs.

Lastly, the correlation between parenting and SNS reactivity was
moderated by mean age of the sample. As mean age of the sample
increased from early childhood to late adolescence, the correlation be-
tween positive parenting and SNS reactivity appeared to change from
positive to negative. Longitudinal or age-comparison studies of SNS
reactivity to challenge have tended to show increases in SNS reactivity
from early childhood to adolescence (Hinnant et al., 2011; Quigley and
Stifter, 2006). Positive parenting being associated with less reactivity in
adolescence may mean that positive parenting leads to more moderate
levels of reactivity at an age when reactivity is on average higher.
Importantly, determining what is over-reactivity versus an appropriate
level of reactivity is difficult; it will depend not only on the task, but also
on the range of levels within the sample. For example, if moderate levels
of ANS reactivity during challenge are most adaptive (Miller, 2018),
then tests of simple linear relations (e.g., correlations) could lead to
mixed results: if the range of change scores extend from low to moderate
reactivity, then we might expect higher values within the sample to be
more adaptive; if scores range from moderate to high, then relatively
lower values could be more adaptive. Alternatively, given the lack of a
significant pooled estimate, it is possible that the relation between
positive parenting and SNS reactivity is always negative, but simply
becomes stronger later in youth. This explanation is consistent with
recent meta-analytic findings that the negative association between
early-life maltreatment and resting PNS activity becomes stronger with
age (Sigrist et al., 2021). The effect of negative or harsh parenting may
accumulate over time, interacting with other environmental factors (e.
g., influencing peer relationships), resulting in greater changes to
physiology later in youth. Alternatively, increased attention is being
given to adolescence (i.e., puberty) as a potential second sensitive period
of development (Gunnar et al., 2019). Considering that adolescence may
also be a time of increased parent-child conflict (Parra et al., 2015),
negative or harsh parenting may be particularly impactful during this
developmental period.

Surprisingly, given the large variability in parenting measures, we
did not observe any moderating effect of type of parenting measure.
Across models, effect sizes did not differ between measures of sensitivity
or harshness, measures of emotion socialization, or measures of control
or discipline. We also did not find evidence that effect sizes differed
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between positive and negative measures. This could reflect high corre-
lation among these different parenting domains (i.e., parents who are
more sensitive tend to also engage in more emotion coaching, parents
who exhibit more positive parenting tend to exhibit less negative
parenting). It could also reflect that all of these aspects of parenting are
similarly important in shaping physiological mechanisms of emotion
and self-regulation (Repetti et al., 2002; Propper and Moore, 2006).
Conversely, considering the non-significant pooled correlation between
parenting and ANS physiology, this could be explained by a generally
minimal effect of normative variation in parenting on the development
of the ANS. However, given the significant causal evidence observed
within parent-intervention studies, this is not a likely explanation.
Instead, the difficulty of identifying associations between parenting and
child ANS physiology using correlational designs might be similar be-
tween different types of parenting measures.

We also did not observe any moderating effect of type of reactivity
measure (raw change scores vs. residualized change scores). This may be
due to these different reactivity measures typically being highly corre-
lated (Treadwell et al., 2010). Therefore, how change scores are calcu-
lated may not influence the direction or magnitude of the associations.

4.1. Study limitations and future directions

There are several strengths of this study, as the first quantitative
synthesis of the literature on parenting and child ANS physiology. First,
the study was rather comprehensive. We included a diverse range of
parenting and parental socialization measures theorized to influence
development through physiological systems of affect and self-
regulation. In addition, we assessed well validated single-branch mea-
sures of both the PNS and the SNS and included both resting and reac-
tivity measures. Among the ANS physiology literature, substantial
heterogeneity of methods exists, posing challenges for the synthesis of
evidence (Laborde et al., 2017). Our moderation analysis contributes
important information for guiding future researchers interested in
parenting and ANS physiology. Lastly, we found no evidence of publi-
cation bias, an important finding considering we restricted our analysis
to peer-reviewed journal articles.

Despite these strengths, several limitations should be mentioned to
help clarify findings and guide future research. First, relatively fewer
studies were identified that looked at SNS activity, as compared to PNS
activity. This may explain why most significant moderators were found
among PNS studies. Second, the study data available were not appro-
priate for testing moderating effects of child gender. Gender influences
on parent socialization have been documented (e.g., Klimes-Dougan
et al., 2007). In fact, differential associations between parenting and
PNS activity (resting HF-HRV) between boys and girls have been found
(Van der Graaff et al., 2016). However, primary source studies identified
included half female and half male participants on average, with very
little variability. Testing sample percent female as a moderator was
therefore unable to reveal any effect. Many studies did not report effect
sizes separately for boys and girls, but future efforts to gather separate
effect sizes for boys and girls could facilitate testing gender as a
moderator. Similarly, we were unable to properly test parent gender as a
moderator. This is mainly because of a lack of male parent participants
in most primary source studies. Despite the increasing call for addressing
the lack of father participation in developmental research, evidence
suggests no significant improvements over the past decade (Parent et al.,
2017). Future efforts to recruit more fathers, or to test relations between
parenting and child ANS physiology separately, could help address this
limitation.

Our use of ANS reactivity change scores may also be a limitation.
Measuring resting, reactivity, and recovery ANS physiology (referred to
as the 3 R’s) provides a more comprehensive assessment of ANS func-
tioning (Laborde et al., 2017). Too few studies provided recovery
measures to facilitate a meta-analysis of the relation between parenting
and ANS recovery. Increased attention to recovery measures is an
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important future direction, as this has the potential to clarify the het-
erogeneous findings with ANS reactivity to challenge. Parent socializ-
ation of stress and affect regulation may emerge more in how a child
recovers following threat, as compared to how much the child reacts
initially (Miller et al., 2013). Developmental psychophysiology re-
searchers have recommended the use of more statistically advanced
methods for quantifying change (e.g., growth curve modeling), over the
traditional change score (Miller, 2018). However, results using these
advanced statistical methods are not easily integrated into a
meta-analysis, given that growth curve modeling may differ across
studies depending on timing or frequency of measurement, as well as
different time-varying covariates. In addition, the focus on the activity of
single branches of the ANS may limit the ability to detect associations, if
parenting shapes the overall balance of sympathetic versus para-
sympathetic activity (Quigley and Moore, 2018). We could not identify
any studies that used indices of autonomic balance, but measures of
autonomic balance (e.g., cardiac autonomic balance) have been impli-
cated in both behavioral (Alen et al., 2021) and health-related outcomes
(Alen et al., 2020a; Berntson et al., 2008; Thayer et al., 2010). A clearer
understanding of the relation between parenting and autonomic balance
is an important future direction for research into the biological un-
derpinnings of parental socialization of affect and self-regulation in
children (Quigley and Moore, 2018).

A final limitation of this study is that the scope was limited to exclude
child-driven effects on parenting and parental autonomic physiology,
although undoubtedly this pathway contributes to parent and child
outcomes (see for instance recent evidence by Gao et al., 2022). Future
studies should examine bidirectional processes of influence from parents
to child physiology, as well as from child behavior to parental physi-
ology, in tandem with patterns of synchrony and mutual behavioral and
physiological regulation within the parent-child dyad.

4.2. Conclusion

The current meta-analysis of the association between parenting and
child ANS physiology revealed vast variability in both methods and
results. The synthesis of these heterogenous studies resulted in an
overall lack of evidence for a strong association between parenting and
child ANS physiology. However, dissection of this complex literature
revealed that the general non-significant results masked some important
takeaways. First, experimental manipulation of parenting, through
positive parenting intervention, leads to higher resting parasympathetic
activity in children. Second, positive parenting is more strongly associ-
ated with higher resting PNS activity among clinical samples of youth.
Higher resting HRV is consistently associated with better health out-
comes across the lifespan and may predict better psychosocial func-
tioning (Beauchaine, 2001; Thayer et al., 2010). Results from this study
highlight the ANS as a potential biological mechanism through which
positive parenting interventions, particularly among those most at risk,
may benefit health and well-being.

Data Availability
All data and code are publicly available as described in the article.
Acknowledgements

We thank Drs. Ross A. Thompson and Paul D. Hastings for feedback
on an earlier draft of this manuscript. We would also like to thank the
following primary study authors who responded to requests for infor-
mation: Agnes M. Willemen, Alexandra Tabachnick, Amy Mezulis, Anne
Tharner, Assaf Oshri, Ben Hinnant, Benjamin W. Nelson, Elizabeth A.
Skowron, Grazyna Kochanska, Heidemarie Laurent, Henning Tiemeier,
Jennifer Ablow, Jessica Borelli, Jonas G. Miller, Julia D. McQuade,
Kristen L. Rudd, Kenneth H. Rubin, Lindsey Partington, Marco Del
Giudice, Michelle Bosquet, Nancy Eisenberg, Nicholas B. Allen, Nicole

15

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Perry, Ryan Giuliano, Sofie Rousseau, and Tracy Spinrad. Dr. Hostinar
was supported by the Eunice Kennedy Shriver National Institute of Child
Health & Human Development of the National Institutes of Health under
Award Number RO1HD104185. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the
National Institutes of Health.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.neubiorev.2022.104734.

References

Abaied, J.L., Stanger, S.B., Wagner, C., Sanders, W., Dyer, W.J., Padilla-Walker, L., 2018.
Parasympathetic and sympathetic reactivity moderate maternal contributions to
emotional adjustment in adolescence. Dev. Psychol. 54 (9), 1661-1673. https://doi.
org/10.1037/dev0000507.

Ainsworth, M.D.S., Bell, S.M., Stayton, D.F., 1974. Infant-mother attachment and social
development: Socialization as a product of reciprocal responsiveness to signals. In:
Richards, M.P.M. (Ed.), The integration of a child into a social world. Cambridge
University Press, pp. 99-135.

Alen, N.V., Deer, L.B.K., Hostinar, C.E., 2020. Autonomic nervous system activity
predicts increasing serum cytokines in children. Psychoneuroendocrinology 119
(February), 104745. https://doi.org/10.1016/j.psyneuen.2020.104745.

Alen, N.V., Shields, G., & Hostinar, C.E. (2020b). A Systematic Review and Meta-analysis
of the Relation Between Parenting and Offspring Autonomic Physiology. PROSPERO
CRD42020179045 Available at: (https://www.crd.york.ac.uk/prospero/displa
y_record.php?ID=CRD42020179045).

Alen, N.V.,, Sloan, R.P., Seeman, T.E., Hostinar, C.E., 2020. Childhood parental warmth
and heart rate variability in midlife: implications for health. Pers. Relatsh. 27 (3),
506-525. https://doi.org/10.1111/pere.12329.

Alen, N.V., Deer, L.K., Karimi, M., Feyzieva, E., Hastings, P.D., Hostinar, C.E., 2021.
Children’s altruism following acute stress: the role of autonomic nervous system
activity and social support. Dev. Sci. 2020, 1-15. https://doi.org/10.1111/
desc.13099.

Appelhans, B.M., Luecken, L.J., 2006. Heart rate variability as an index of regulated
emotional responding. Rev. Gen. Psychol. 10 (3), 229-240. https://doi.org/
10.1037/1089-2680.10.3.229.

Assink, M., Wibbelink, C., 2016. Fitting three-level meta-analytic models in R: a step-by-
step tutorial. Quant. Methods Psychol. 12 (3), 154-174.

Barber, B.K., 1996. Parental psychological control: revisiting a neglected construct. Child
Dev. 67 (6), 3296-3319.

Barber, B.K., Harmon, E.L., 2002. Violating the self: Parental psychological control of
children and adolescents. In: Barber, B.K. (Ed.), Intrusive parenting: How
psychological control affects children and adolescents. American Psychological
Association, Washington, DC, pp. 15-52.

Baumeister, R.F., Bratslavsky, E., Finkenauer, C., Vohs, K.D., 2001. Bad is stronger than
good. Rev. Gen. Psychol. 5 (4), 323-370. https://doi.org/10.1037/1089-
2680.5.4.323.

Beauchaine, T.P., 2001. Vagal tone, development, and Gray’s motivational theory:
toward an integrated model of autonomic nervous system functioning in
psychopathology. Dev. Psychopathol. 13 (2) https://doi.org/10.1017/
50954579401002012. S0954579401002012.

Beauchaine, T.P., Gatzke-Kopp, L., Mead, H.K., 2007. Polyvagal Theory and
developmental psychopathology: emotion dysregulation and conduct problems from
preschool to adolescence. Biol. Psychol. 74 (2), 174-184. https://doi.org/10.1016/j.
biopsycho.2005.08.008.

Beauchaine, T.P., Gatzke-Kopp, L., Neuhaus, E., Chipman, J., Reid, M.J., Webster-
Stratton, C., 2013. Sympathetic- and parasympathetic-linked cardiac function and
prediction of externalizing behavior, emotion regulation, and prosocial behavior
among preschoolers treated for ADHD. J. Consult. Clin. Psychol. 81 (3), 481-493.
https://doi.org/10.1037/a0032302.

Bediou, B., Adams, D.M., Mayer, R.E., Tipton, E., Green, C.S., Bavelier, D., 2018. Meta-
analysis of action video game impact on perceptual, attentional, and cognitive skills.
Psychol. Bull. 144 (1), 77-110. https://doi.org/10.1037/bul0000130.

Bell, Z., Shader, T., Webster-Stratton, C., Reid, M.J., Beauchaine, T.P., 2018.
Improvements in negative parenting mediate changes in children’s autonomic
responding following a preschool intervention for ADHD. Clin. Psychol. Sci. 6 (1),
134-144. https://doi.org/10.1177/2167702617727559.

Berntson, G.G., Norman, G.J., Hawkley, L.C., Cacioppo, J.T., 2008. Cardiac autonomic
balance vs. cardiac regulatory capacity. Psychophysiology 45 (4), 1-7. https://doi.
org/10.1111/j.1469-8986.2008.00652.x.

Blair, C., Raver, C., 2012. Child development in the context of adversity. Am. Psychol. 67
(4), 309-318. https://doi.org/10.1037/a0027493.Child.

Blandon, A.Y., Calkins, S.D., Keane, S.P., O’Brien, M., 2010. Contributions of child’s
physiology and maternal behavior to children’s trajectories of temperamental
reactivity. Dev. Psychol. 46 (5), 1089-1102. https://doi.org/10.1037/a0020678.

Borelli, J.L., Smiley, P.A., Rasmussen, H.F., Gémez, A., Seaman, L.C., Nurmi, E.L., 2017.
Interactive effects of attachment and FKBP5 genotype on school-aged children’s
emotion regulation and depressive symptoms. Behav. Brain Res. 325, 278-289.
https://doi.org/10.1016/j.bbr.2016.07.035.


https://doi.org/10.1016/j.neubiorev.2022.104734
https://doi.org/10.1037/dev0000507
https://doi.org/10.1037/dev0000507
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref2
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref2
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref2
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref2
https://doi.org/10.1016/j.psyneuen.2020.104745
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020179045
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020179045
https://doi.org/10.1111/pere.12329
https://doi.org/10.1111/desc.13099
https://doi.org/10.1111/desc.13099
https://doi.org/10.1037/1089-2680.10.3.229
https://doi.org/10.1037/1089-2680.10.3.229
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref7
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref7
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref8
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref8
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref9
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref9
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref9
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref9
https://doi.org/10.1037/1089-2680.5.4.323
https://doi.org/10.1037/1089-2680.5.4.323
https://doi.org/10.1017/S0954579401002012
https://doi.org/10.1017/S0954579401002012
https://doi.org/10.1016/j.biopsycho.2005.08.008
https://doi.org/10.1016/j.biopsycho.2005.08.008
https://doi.org/10.1037/a0032302
https://doi.org/10.1037/bul0000130
https://doi.org/10.1177/2167702617727559
https://doi.org/10.1111/j.1469-8986.2008.00652.x
https://doi.org/10.1111/j.1469-8986.2008.00652.x
https://doi.org/10.1037/a0027493.Child
https://doi.org/10.1037/a0020678
https://doi.org/10.1016/j.bbr.2016.07.035

N.V. Alen et al.

Borenstein, M., Hedges, L.V., 2019. Effect sizes for meta-analysis. In: Cooper, H.,
Hedges, L., Valentine, J. (Eds.), The Handbook of Research Synthesis and Meta-
analysis, 3rd ed..,. Russell Sage Foundation, New York.

Bosquet Enlow, M., King, L., Schreier, H.M., Howard, J.M., Rosenfield, D., Ritz, T.,
Wright, R.J., 2014. Maternal sensitivity and infant autonomic and endocrine stress
responses. Early Hum. Dev. 90 (7), 377-385. https://doi.org/10.1016/j.
earlhumdev.2014.04.007.

Bowlby, J., 1969. Attachment and loss: Vol. 1. Attachment. Basic Books, New York, NY.

Brenner, S.L., Beauchaine, T.P., 2011. Pre-ejection period reactivity and psychiatric
comorbidity prospectively predict substance use initiation among middle-schoolers:
a pilot study. Psychophysiology 48 (11), 1588-1596. https://doi.org/10.1111/
j.1469-8986.2011.01230.x.

Brown, L., 2007. Heart rate variability in premature infants during feeding. Biol. Res.
Nurs. 8 (4), 283-293. https://doi.org/10.1177/1099800406298542.

Bubier, J.L., Drabick, D.A.G., Breiner, T., 2009. Autonomic functioning moderates the
relations between contextual factors and externalizing behaviors among inner-city
children. J. Fam. Psychol. 23 (4), 500-510. https://doi.org/10.1037/a0015555.

Burgess, K.B., Marshall, P.J., Rubin, K.H., Fox, N.A., 2003. Infant attachment and
temperament as predictors of subsequent externalizing problems and cardiac
physiology: attachment and temperament predicting behavioral and cardiac
functioning. J. Child Psychol. Psychiatry 44 (6), 819-831. https://doi.org/10.1111/
1469-7610.00167.

Burt, K.B., Obradovi¢, J., 2013. The construct of psychophysiological reactivity:
Statistical and psychometric issues. Dev. Rev. 33 (1), 29-57. https://doi.org/
10.1016/j.dr.2012.10.002.

Cai, T., Tu, K.M., 2020. Linking parental monitoring and psychological control with
internalizing symptoms in early adolescence: the moderating role of vagal tone.

J. Abnorm. Child Psychol. 48 (6), 809-821. https://doi.org/10.1007/s10802-020-
00631-w.

Calkins, S.D., Keane, S.P., 2004. Cardiac vagal regulation across the preschool period:
stability, continuity, and implications for childhood adjustment. Dev. Psychobiol. 45
(3), 101-112. https://doi.org/10.1002/dev.20020.

Calkins, S.D., Graziano, P.A., Berdan, L.E., Keane, S.P., Degnan, K.A., 2008. Predicting
cardiac vagal regulation in early childhood from maternal-child relationship quality
during toddlerhood. Dev. Psychobiol. 50 (8), 751-766. https://doi.org/10.1038/
jid.2014.371.

Calkins, S.D., Propper, C., Mills-Koonce, W.R., 2013. A biopsychosocial perspective on
parenting and developmental psychopathology. Dev. Psychopathol. 25 (4 PART 2),
1399-1414. https://doi.org/10.1017/50954579413000680.

Cassidy, J., 1994. Emotion regulation: influences of attachment relationships. Monogr.
Soc. Res. Child Dev. 59 (2-3), 228-283. https://doi.org/10.2307/1166148.

Chen, E., Brody, G.H., Miller, G.E., 2017. Childhood close family relationships and
health. Am. Psychol. 72 (6), 555-566. https://doi.org/10.1037/amp0000067.

Chen, F.R,, Raine, A., Rudo-Hutt, A.S., Glenn, A.L., Soyfer, L., Granger, D.A., 2015. Harsh
discipline and behavior problems: the moderating effects of cortisol and alpha-
amylase. Biol. Psychol. 104, 19-27. https://doi.org/10.1016/j.
biopsycho.2014.11.005.

Chess, S., Thomas, A., 1999. Goodness of fit: Clinical Applications for Infancy through
Adult Life. Bruner/Mazel, Philadelphia, PA.

Cheung, M.W., 2014. Fixed- and random-effects meta-analytic structural equation
modeling: examples and analyses in R. Behav. Res. Methods 46 (1), 29-40. https://
doi.org/10.3758/513428-013-0361-y.

Chiang, J.J., Taylor, S.E., Bower, J.E., 2015. Early adversity, neural development, and
inflammation. Dev. Psychobiol. 57 (8), 887-907. https://doi.org/10.1002/
dev.21329.

Cho, S., Buss, K.A., 2017. Toddler parasympathetic regulation and fear: links to maternal
appraisal and behavior. Dev. Psychobiol. 59 (2), 197-208. https://doi.org/10.1002/
dev.21481.

Clark, C.A.C., Skowron, E.A., Giuliano, R.J., Fisher, P.A., 2016. Intersections between
cardiac physiology, emotion regulation and interpersonal warmth in preschoolers:
implications for drug abuse prevention from translational neuroscience. Drug
Alcohol Depend. 163, S60-S69. https://doi.org/10.1016/j.drugalcdep.2016.01.033.

Collins, W.A., Maccoby, E.E., Steinberg, L., Hetherington, E.M., Bornstein, M.H., 2000.
Contemporary research on parenting. case Nat. Nurtur. Am. Psychol. 55 (2),
218-232.

Conradt, E., Ablow, J., 2010. Infant physiological response to the still-face paradigm:
contributions of maternal sensitivity and infants’ early regulatory behavior. Infant
Behav. Dev. 33 (3), 251-265. https://doi.org/10.1016/j.infbeh.2010.01.001.

Creaven, A.M., Skowron, E.A., Hughes, B.M., Howard, S., Loken, E., 2014. Dyadic
concordance in mother and preschooler resting cardiovascular function varies by
risk status: cardiovascular concordance in mother-child dyads. Dev. Psychobiol. 56
(1), 142-152. https://doi.org/10.1002/dev.21098.

Creavey, K.L., Gatzke-Kopp, L.M., Fosco, G.M., 2018. Differential effects of family stress
exposure and harsh parental discipline on child social competence. J. Child Fam.
Stud. 27 (2), 483-493. https://doi.org/10.1007/s10826-017-0913-3.

Crowell, S.E., Baucom, B.R., McCauley, E., Potapova, N.V., Fitelson, M., Barth, H.,
Smith, C.J., Beauchaine, T.P., 2013. Mechanisms of contextual risk for adolescent
self-injury: invalidation and conflict escalation in mother-child interactions. J. Clin.
Child Adolesc. Psychol. 42 (4), 467-480. https://doi.org/10.1080/
15374416.2013.785360.

Cui, L., Zhang, X., Houltberg, B.J., Criss, M.M., Morris, A.S., 2019. RSA reactivity in
response to viewing bullying film and adolescent social adjustment. Dev. Psychobiol.
61 (4), 592-604. https://doi.org/10.1002/dev.21835.

Dart, A.M., Du, X.J., Kingwell, B.A., 2002. Gender, sex hormones and autonomic nervous
control of the cardiovascular system. Cardiovasc. Res. 53 (3), 678-687. https://doi.
0rg/10.1016/50008-6363(01)00508-9.

16

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Davis, E.L., Quinones-Camacho, L.E., Buss, K.A., 2016. The effects of distraction and
reappraisal on children’s parasympathetic regulation of sadness and fear. J. Exp.
Child Psychol. 142, 344-358. https://doi.org/10.1016/j.jecp.2015.09.020.

Decarli, A., Pierrehumbert, B., Schulz, A., Schaan, V.K., Vogele, C., 2020. Disorganized
attachment in adolescence: Emotional and physiological dysregulation during the
Friends and Family Interview and a conflict interaction. Dev. Psychopathol. 1-15.
https://doi.org/10.1017/S0954579420001352.

Deeks, J.J., Higgins, J.P. and Altman, D.G. (2008). Analysing Data and Undertaking
Meta-Analyses. In {C}J.P. Higgins & S. Green{C} (Eds), Cochrane Handbook for
Systematic Reviews of Interventions. (https://doi.org/10.1002/9780470712184.ch9).

Del Giudice, M., Ellis, B.J., Shirtcliff, E.A., 2011. The adaptive calibration model of stress
responsivity. Neurosci. Biobehav. Rev. 35 (7), 1562-1592. https://doi.org/10.1016/
j.neubiorev.2010.11.007.

Del Giudice, M., Hinnant, J.B., Ellis, B.J., El-Sheikh, M., 2012. Adaptive patterns of stress
responsivity: a preliminary investigation. Dev. Psychol. 48 (3), 775-790. https://doi.
org/10.1037/a0026519.

Diamond, L.M., Fagundes, C.P., Cribbet, M.R., 2012. Individual differences in
adolescents’ sympathetic and parasympathetic functioning moderate associations
between family environment and psychosocial adjustment. Dev. Psychol. 48 (4),
918-931. https://doi.org/10.1037/a0026901.

Dixon-Gordon, K.L., Marsh, N.P., Balda, K.E., McQuade, J.D., 2020. Parent emotion
socialization and child emotional vulnerability as predictors of borderline
personality features. Res. Child Adolesc. Psychopathol. 48 (1), 135-147. https://doi.
org/10.1007/5s10802-019-00579-6.

Duprey, E.B., Oshri, A,, Liu, S., Kogan, S.M., Caughy, M.O., 2021. Physiological stress
response reactivity mediates the link between emotional abuse and youth
internalizing problems. Child Psychiatry Hum. Dev. 52 (3), 450-463. https://doi.
org/10.1007/s10578-020-01033-1.

Egger, M., Davey Smith, G., Schneider, M., Minder, C., 1997. Bias in meta-analysis
detected by a simple, graphical test. BMJ (Clin. Res. Ed. ) 315 (7109), 629-634.
https://doi.org/10.1136,/bmj.315.7109.629.

Eiden, R.D., Schuetze, P., Shisler, S., Huestis, M.A., 2018. Prenatal exposure to tobacco
and cannabis: effects on autonomic and emotion regulation. Neurotoxicology
Teratol. 68, 47-56. https://doi.org/10.1016/j.ntt.2018.04.007.

Eisenberg, N., Cumberland, A., Spinrad, T.L., 1998. Parental socialization of emotion.
Psychol. Inq. 9 (4), 241-273. https://doi.org/10.1207/s15327965pli0904 1.

Erath, S.A., El-Sheikh, M., Mark Cummings, E., 2009. Harsh parenting and child
externalizing behavior: skin conductance level reactivity as a moderator: harsh
parenting and child externalizing behavior. Child Dev. 80 (2), 578-592. https://doi.
org/10.1111/j.1467-8624.2009.01280.x.

Esposito, E.A., Koss, K.J., Donzella, B., Gunnar, M.R., 2016. Early deprivation and
autonomic nervous system functioning in post-institutionalized children. Dev.
Psychobiol. 58 (3), 328-340. https://doi.org/10.1002/dev.21373.

Fagundes, C.P., Diamond, L.M., Allen, K.P., 2012. Adolescent attachment insecurity and
parasympathetic functioning predict future loss adjustment. Personal. Soc. Psychol.
Bull. 38 (6), 821-832. https://doi.org/10.1177/0146167212437429.

Feldman, R., 2012. Parent-infant synchrony: a biobehavioral model of mutual influences
in the formation of affiliative bonds. Monogr. Soc. Res. Child Dev. 77 (2), 42-51.
https://doi.org/10.1111/j.1540-5834.2011.00660.x.

Feldman, R., 2015. Mutual influences between child emotion regulation and
parent—child reciprocity support development across the first 10 years of life:
implications for developmental psychopathology. Dev. Psychopathol. 27 (4pt1),
1007-1023. https://doi.org/10.1017/50954579415000656.

Feldman, R., Eidelman, A.I., 2007. Maternal postpartum behavior and the emergence of
infant-mother and infant-father synchrony in preterm and full-term infants: the role
of neonatal vagal tone. Dev. Psychobiol. 49 (3), 290-302. https://doi.org/10.1002/
dev.20220.

Feldman, R., Singer, M., Zagoory, O., 2010. Touch attenuates infants’ physiological
reactivity to stress. Dev. Sci. 13 (2), 271-278. https://doi.org/10.1111/j.1467-
7687.2009.00890.x.

Feldman, R., Vengrober, A., Eidelman-Rothman, M., Zagoory-Sharon, O., 2013. Stress
reactivity in war-exposed young children with and without posttraumatic stress
disorder: relations to maternal stress hormones, parenting, and child emotionality
and regulation. Dev. Psychopathol. 25 (4pt1), 943-955. https://doi.org/10.1017/
S50954579413000291.

Feldman, R., Rosenthal, Z., Eidelman, A.L., 2014. Maternal-preterm skin-to-skin contact
enhances child physiologic organization and cognitive control across the first 10
years of life. Biol. Psychiatry 75 (1), 56-64. https://doi.org/10.1016/j.
biopsych.2013.08.012.

Fisher, Z.F., Tipton, E., & Zhipeng, H. (2017). robumeta: Robust variance meta-regression. R
package version 2.0. (https://CRAN.R-project.org/package=robumeta).

Flannery, J.E., Beauchamp, K.G., Fisher, P.A., 2017. The role of social buffering on
chronic disruptions in quality of care: evidence from caregiver-based interventions
in foster children. Soc. Neurosci. 12 (1), 86-91. https://doi.org/10.1080/
17470919.2016.1170725.

Fletcher, A.C., Buehler, C., Buchanan, C.M., Weymouth, B.B., 2017. Parenting stressors
and young adolescents’ depressive symptoms: does high vagal suppression offer
protection? Physiol. Behav. 170, 78-87. https://doi.org/10.1016/j.
physbeh.2016.11.036.

Fox, A.R., Aldrich, J.T., Ahles, J.J., Mezulis, A.H., 2019. Stress and parenting predict
changes in adolescent respiratory sinus arrhythmia. Dev. Psychobiol. 61 (8),
1214-1224. https://doi.org/10.1002/dev.21863.

Gao, M.M., Speck, B., Ostlund, B., Neff, D., Shakiba, N., Vlisides-Henry, R.D., Kaliush, P.
R., Molina, N.C., Thomas, L., Raby, K.L., Crowell, S.E., Conradt, E., 2022.
Developmental foundations of physiological dynamics among mother-infant dyads:


http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref20
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref20
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref20
https://doi.org/10.1016/j.earlhumdev.2014.04.007
https://doi.org/10.1016/j.earlhumdev.2014.04.007
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref22
https://doi.org/10.1111/j.1469-8986.2011.01230.x
https://doi.org/10.1111/j.1469-8986.2011.01230.x
https://doi.org/10.1177/1099800406298542
https://doi.org/10.1037/a0015555
https://doi.org/10.1111/1469-7610.00167
https://doi.org/10.1111/1469-7610.00167
https://doi.org/10.1016/j.dr.2012.10.002
https://doi.org/10.1016/j.dr.2012.10.002
https://doi.org/10.1007/s10802-020-00631-w
https://doi.org/10.1007/s10802-020-00631-w
https://doi.org/10.1002/dev.20020
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1017/S0954579413000680
https://doi.org/10.2307/1166148
https://doi.org/10.1037/amp0000067
https://doi.org/10.1016/j.biopsycho.2014.11.005
https://doi.org/10.1016/j.biopsycho.2014.11.005
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref35
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref35
https://doi.org/10.3758/s13428-013-0361-y
https://doi.org/10.3758/s13428-013-0361-y
https://doi.org/10.1002/dev.21329
https://doi.org/10.1002/dev.21329
https://doi.org/10.1002/dev.21481
https://doi.org/10.1002/dev.21481
https://doi.org/10.1016/j.drugalcdep.2016.01.033
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref40
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref40
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref40
https://doi.org/10.1016/j.infbeh.2010.01.001
https://doi.org/10.1002/dev.21098
https://doi.org/10.1007/s10826-017-0913-3
https://doi.org/10.1080/15374416.2013.785360
https://doi.org/10.1080/15374416.2013.785360
https://doi.org/10.1002/dev.21835
https://doi.org/10.1016/S0008-6363(01)00508-9
https://doi.org/10.1016/S0008-6363(01)00508-9
https://doi.org/10.1016/j.jecp.2015.09.020
https://doi.org/10.1017/S0954579420001352
https://doi.org/10.1002/9780470712184.ch9
https://doi.org/10.1016/j.neubiorev.2010.11.007
https://doi.org/10.1016/j.neubiorev.2010.11.007
https://doi.org/10.1037/a0026519
https://doi.org/10.1037/a0026519
https://doi.org/10.1037/a0026901
https://doi.org/10.1007/s10802-019-00579-6
https://doi.org/10.1007/s10802-019-00579-6
https://doi.org/10.1007/s10578-020-01033-1
https://doi.org/10.1007/s10578-020-01033-1
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.ntt.2018.04.007
https://doi.org/10.1207/s15327965pli0904_1
https://doi.org/10.1111/j.1467-8624.2009.01280.x
https://doi.org/10.1111/j.1467-8624.2009.01280.x
https://doi.org/10.1002/dev.21373
https://doi.org/10.1177/0146167212437429
https://doi.org/10.1111/j.1540-5834.2011.00660.x
https://doi.org/10.1017/S0954579415000656
https://doi.org/10.1002/dev.20220
https://doi.org/10.1002/dev.20220
https://doi.org/10.1111/j.1467-7687.2009.00890.x
https://doi.org/10.1111/j.1467-7687.2009.00890.x
https://doi.org/10.1017/S0954579413000291
https://doi.org/10.1017/S0954579413000291
https://doi.org/10.1016/j.biopsych.2013.08.012
https://doi.org/10.1016/j.biopsych.2013.08.012
https://CRAN.R-project.org/package=robumeta
https://doi.org/10.1080/17470919.2016.1170725
https://doi.org/10.1080/17470919.2016.1170725
https://doi.org/10.1016/j.physbeh.2016.11.036
https://doi.org/10.1016/j.physbeh.2016.11.036
https://doi.org/10.1002/dev.21863

N.V. Alen et al.

the role of newborn neurobehavior. Child Dev. https://doi.org/10.1111/
cdev.13769, 10.1111/cdev.13769. Advance online publication.

Gilissen, R., Koolstra, C.M., van IJzendoorn, M.H., Bakermans-Kranenburg, M.J., van der
Veer, R., 2007. Physiological reactions of preschoolers to fear-inducing film clips:
effects of temperamental fearfulness and quality of the parent—child relationship.
Dev. Psychobiol. 49 (2), 187-195. https://doi.org/10.1002/dev.20188.

Gilissen, R., Bakermans-Kranenburg, M.J., van IJzendoorn, M.H., van der Veer, R., 2008.
Parent—child relationship, temperament, and physiological reactions to fear-
inducing film clips: further evidence for differential susceptibility. J. Exp. Child
Psychol. 99 (3), 182-195. https://doi.org/10.1016/].jecp.2007.06.004.

Gillie, B.L., Vasey, M.W., Thayer, J.F., 2015. Individual differences in resting heart rate
variability moderate thought suppression success. Psychophysiology 52 (9),
1149-1160. https://doi.org/10.1111/psyp.12443.

Giuliano, R.J., Skowron, E.A., Berkman, E.T., 2015. Growth models of dyadic synchrony
and mother—child vagal tone in the context of parenting at-risk. Biol. Psychol. 105,
29-36. https://doi.org/10.1016/j.biopsycho.2014.12.009.

Grady, J.S., Callan, D., 2019. Shy toddlers act bold: the roles of respiratory sinus
arrhythmia and parent emotion language. Infant Behav. Dev. 55, 32-37. https://doi.
org/10.1016/j.infbeh.2019.02.005.

Graham, A.M., Ablow, J.C., Measelle, J.R., 2010. Interparental relationship dynamics
and cardiac vagal functioning in infancy. Infant Behav. Dev. 33 (4), 530-544.
https://doi.org/10.1016/j.infbeh.2010.07.005.

Graham, R.A,, Scott, B.G., Weems, C.F., 2017. Parenting behaviors, parent heart rate
variability, and their associations with adolescent heart rate variability. J. Youth
Adolesc. 46 (5), 1089-1103. https://doi.org/10.1007/510964-016-0616-x.

Grossman, P., Taylor, E.W., 2007. Toward understanding respiratory sinus arrhythmia:
relations to cardiac vagal tone, evolution and biobehavioral functions. Biol. Psychol.
74 (2), 263-285. https://doi.org/10.1016/j.biopsycho.2005.11.014.

Grossman, P., Beek, J. van, C, W., 1990. A comparison of three quantification methods
for estimation of respiratory sinus arrhythmia. Psychophysiology 27 (6), 702-714.

Grusec, J.E., 2011. Socialization processes in the family: social and emotional
development. Annu. Rev. Psychol. 62, 243-269. https://doi.org/10.1146/annurev.
psych.121208.131650.

Grusec, J.E., Davidov, M., 2010. Integrating different perspectives on socialization
theory and research: a domain-specific approach. Child Dev. 81 (3), 687-709.
https://doi.org/10.1111/j.1467-8624.2010.01426.x.

Gunnar, M.R., Cheatham, C.L., 2003. Brain and behavior interface: stress and the
developing brain. Infant Ment. Health J. 24 (3), 195-211. https://doi.org/10.1002/
imhj.10052.

Gunnar, M.R., DePasquale, C.E., Reid, B.M., Donzella, B., 2019. Pubertal stress
recalibration reverses the effects of early life stress in postinstitutionalized children.
Proc. Natl. Acad. Sci. USA 116 (48), 23984-23988. https://doi.org/10.1073/
pnas.1922473117.

Hagan, M.J., Roubinov, D.S., Adler, N.E., Boyce, W.T., Bush, N.R., 2016. Socioeconomic
adversity, negativity in the parent child-relationship, and physiological reactivity: an
examination of pathways and interactive processes affecting young children’s
physical health. Psychosom. Med. 78 (9), 998-1007. https://doi.org/10.1097/
PSY.0000000000000379.

Ham, J., Tronick, E., 2009. Relational psychophysiology: lessons from mother-infant
physiology research on dyadically expanded states of consciousness. Psychother.
Res. 19 (6), 619-632. https://doi.org/10.1080/10503300802609672.

Han, Z.R., Zhang, X., Davis, M., Suveg, C., 2020. The role of children’s
neurophysiological functioning in the links between emotion-parenting behaviors
and child anxiety symptoms: a biological sensitivity to context framework. Fam.
Process 59 (2), 618-635. https://doi.org/10.1111/famp.12438.

Hastings, P.D., Nuselovici, J.N., Utendale, W.T., Coutya, J., McShane, K.E., Sullivan, C.,
2008. Applying the polyvagal theory to children’s emotion regulation: Social
context, socialization, and adjustment. Biol. Psychol. 79 (3), 299-306. https://doi.
org/10.1016/j.biopsycho.2008.07.005.

Hastings, P.D., Sullivan, C., McShane, K.E., Coplan, R.J., Utendale, W.T., Vyncke, J.D.,
2008. Parental socialization, vagal regulation, and preschoolers’ anxious difficulties:
direct mothers and moderated fathers. Child Dev. 79 (1), 45-64. https://doi.org/
10.1111/j.1467-8624.2007.01110.x.

Hastings, P.D., Kahle, S., Han, G.H.-P., 2014. Developmental affective psychophysiology:
using physiology to inform our understanding of emotional development. In:
Lagattuta, K.H. (Ed.), Children and Emotion: New Insights Into Developmental
Affective Science. Karger, Basel, Switzerland, pp. 13-28.

Hastings, P.D., Klimes-Dougan, B., Kendziora, K.T., Brand, A., Zahn-Waxler, C., 2014.
Regulating sadness and fear from outside and within: Mothers’ emotion socialization
and adolescents’ parasympathetic regulation predict the development of
internalizing difficulties. Dev. Psychopathol. 26 (4pt2), 1369-1384. https://doi.org/
10.1017/50954579414001084.

Hastings, P.D., Kahle, S., Fleming, C., Lohr, M.J., Katz, L.F., Oxford, M.L., 2019. An
intervention that increases parental sensitivity in families referred to Child
Protective Services also changes toddlers’ parasympathetic regulation. Dev. Sci. 22
(1), €12725 https://doi.org/10.1111/desc.12725.

Hastings, P.D., Grady, J.S., Barrieau, L.E., 2019. Children’s anxious characteristics
predict how their parents socialize emotions. J. Abnorm. Child Psychol. 47 (7),
1225-1238. https://doi.org/10.1007/s10802-018-0481-z.

Hedges, L.V., Vevea, J.L., 1998. Fixed- and random-effects models in meta-analysis.
Psychol. Methods 3 (4), 486-504. https://doi.org/10.1037/1082-989X.3.4.486.

Hedges, L.V., Tipton, E., Johnson, M.C., 2010. Robust variance estimation in meta-
regression with dependent effect size estimates. Res. Synth. Methods 1 (1), 39-65.
https://doi.org/10.1002/jrsm.5.

17

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Hendriks, A.M., Van der Giessen, D., Stams, G.J.J.M., Overbeek, G., 2018. The
association between parent-reported and observed parenting: a multi-level meta-
analysis. Psychol. Assess. 30 (5), 621-633. https://doi.org/10.1037/pas0000500.

Higgins, J.P., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency
in meta-analyses. BMJ (Clin. Res. Ed. ) 327 (7414), 557-560. https://doi.org/
10.1136/bmj.327.7414.557.

Hinnant, J.B., Elmore-Staton, L., El-Sheikh, M., 2011. Developmental trajectories of
respiratory sinus arrythmia and preejection period in middle childhood. Dev.
Psychobiol. 53 (1), 59-68. https://doi.org/10.1002/dev.20487.

Hinnant, J.B., Erath, S.A., El-Sheikh, M., 2015. Harsh parenting, parasympathetic
activity, and development of delinquency and substance use. J. Abnorm. Psychol.
124 (1), 137-151. https://doi.org/10.1037/abn0000026.

Hinnant, J.B., Erath, S.A., Tu, K.M., El-Sheikh, M., 2016. Permissive parenting, deviant
peer affiliations, and delinquent behavior in adolescence: the moderating role of
sympathetic nervous system reactivity. J. Abnorm. Child Psychol. 44 (6),
1071-1081. https://doi.org/10.1007/5s10802-015-0114-8.

Hoeve, M., Dubas, J.S., Eichelsheim, V.I., Van Der Laan, P.H., Smeenk, W., Gerris, J.R.M.,
2009. The relationship between parenting and delinquency: a meta-analysis.

J. Abnorm. Child Psychol. 37 (6), 749-775. https://doi.org/10.1007/s10802-009-
9310-8.

Holochwost, S.J., Gariépy, J.-L., Propper, C.B., Mills-Koonce, W.R., Moore, G.A., 2014.
Parenting behaviors and vagal tone at six months predict attachment disorganization
at twelve months: parenting and vagal tone predict disorganization. Dev. Psychobiol.
56 (6), 1423-1430. https://doi.org/10.1002/dev.21221.

Holochwost, S.J., Volpe, V.V., Gueron-Sela, N., Propper, C.B., Mills-Koonce, W.R., 2018.
Sociodemographic risk, parenting, and inhibitory control in early childhood: the role
of respiratory sinus arrhythmia. J. Child Psychol. Psychiatry 59 (9), 973-981.
https://doi.org/10.1111/jcpp.12889.

Hostinar, C.E., 2015. Recent developments in the study of social relationships, stress
responses, and physical health. Curr. Opin. Psychol. 5, 90-95. https://doi.org/
10.1016/j.copsyc.2015.05.004.

Hostinar, C.E., Sullivan, R.M., Gunnar, M.R., 2014. Psychobiological mechanisms
underlying the social buffering of the hypothalamic-pituitary-adrenocortical axis: a
review of animal models and human studies across development. Psychol. Bull. 140
(1), 256-282. https://doi.org/10.1037/a0032671.

Huffman, L.G., Oshri, A., Caughy, M., 2020. An autonomic nervous system context of
harsh parenting and youth aggression versus delinquency. Biol. Psychol. 156,
107966 https://doi.org/10.1016/j.biopsycho.2020.107966.

Izard, C.E., Porges, S.W., Simons, R.E., Haynes, Q.M., Hyde, C., Parisi, M., Cohen, B.,
1991. Infant cardiac activity: developmental changes and relations with attachment.
Dev. Psychol. 27 (3), 432-439.

James, K.M., Woody, M.L., Feurer, C., Kudinova, A.Y., Gibb, B.E., 2017. Disrupted
physiological reactivity among children with a history of suicidal ideation:
Moderation by parental expressed emotion-criticism. Biol. Psychol. 130, 22-29.
https://doi.org/10.1016/j.biopsycho.2017.10.003.

Jamieson, J., 1995. Measurement of change and the law of initial values: a computer
simulation study. Educ. Psychol. Meas. 55 (1), 38-46. https://doi.org/10.1177/
0013164495055001004.

Johnson, A.M., Hawes, D.J., Eisenberg, N., Kohlhoff, J., Dudeney, J., 2017. Emotion
socialization and child conduct problems: a comprehensive review and meta-
analysis. Clin. Psychol. Rev. 54 (April), 65-80. https://doi.org/10.1016/j.
cpr.2017.04.001.

Kaplan, L.A., Evans, L., Monk, C., 2008. Effects of mothers’ prenatal psychiatric status
and postnatal caregiving on infant biobehavioral regulation: Can prenatal
programming be modified. Early Hum. Dev. 84 (4), 249-256. https://doi.org/
10.1016/j.earlhumdev.2007.06.004.

Katz, L.F., Gottman, J.M., 1997. Buffering children from marital conflict and dissolution.
J. Clin. Child Psychol. 26 (2), 157-171. https://doi.org/10.1207/
$15374424jccp2602_4.

Katz, L.F., Gurtovenko, K., Maliken, A., Stettler, N., Kawamura, J., Fladeboe, K., 2020. An
emotion coaching parenting intervention for families exposed to intimate partner
violence. Dev. Psychol. 56 (3), 638-651. https://doi.org/10.1037/dev0000800.

Kennedy, A.E., Rubin, K.H., D. Hastings, P., Maisel, B., 2004. Longitudinal relations
between child vagal tone and parenting behavior: 2 to 4 years. Dev. Psychobiol. 45
(1), 10-21. https://doi.org/10.1002/dev.20013.

Klimes-Dougan, B., Brand, A.E., Zahn-Waxler, C., Usher, B., Hastings, P.D., Kendziora, K.,
Garside, R.B., 2007. Parental emotion socialization in adolescence: Differences in
sex, age and problem status. Soc. Dev. 16 (2), 326-342. https://doi.org/10.1111/
j.1467-9507.2007.00387 ..

Kluttig, A., Kuss, O., Greiser, K.H., 2010. Ignoring lack of association of heart rate
variability with cardiovascular disease and risk factors: response to the manuscript
“The relationship of autonomic imbalance, heart rate variability cardiovascular
disease risk factors” by Julian F. Thayer, Shelby S. Yamamoto, Jos F. Brosschot. Int.
J. Cardiol. 145 (2), 375-376. https://doi.org/10.1016/j.ijcard.2010.02.048.

Kochanska, G., Brock, R.L., Boldt, L.J., 2017. A cascade from disregard for rules of
conduct at preschool age to parental power assertion at early school age to antisocial
behavior in early preadolescence: Interplay with the child’s skin conductance level.
Dev. Psychopathol. 29 (3), 1131. https://doi.org/10.1017/5095457941600095X.

Koenig, J., Thayer, J.F., 2016. Sex differences in healthy human heart rate variability: a
meta-analysis. Neurosci. Biobehav. Rev. 64, 288-310. https://doi.org/10.1016/j.
neubiorev.2016.03.007.

Laborde, S., Mosley, E., Thayer, J.F., 2017. Heart rate variability and cardiac vagal tone
in psychophysiological research - recommendations for experiment planning, data
analysis, and data reporting. Front. Psychol. 8 (FEB), 1-18. https://doi.org/
10.3389/fpsyg.2017.00213.


https://doi.org/10.1111/cdev.13769
https://doi.org/10.1111/cdev.13769
https://doi.org/10.1002/dev.20188
https://doi.org/10.1016/j.jecp.2007.06.004
https://doi.org/10.1111/psyp.12443
https://doi.org/10.1016/j.biopsycho.2014.12.009
https://doi.org/10.1016/j.infbeh.2019.02.005
https://doi.org/10.1016/j.infbeh.2019.02.005
https://doi.org/10.1016/j.infbeh.2010.07.005
https://doi.org/10.1007/s10964-016-0616-x
https://doi.org/10.1016/j.biopsycho.2005.11.014
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref78
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref78
https://doi.org/10.1146/annurev.psych.121208.131650
https://doi.org/10.1146/annurev.psych.121208.131650
https://doi.org/10.1111/j.1467-8624.2010.01426.x
https://doi.org/10.1002/imhj.10052
https://doi.org/10.1002/imhj.10052
https://doi.org/10.1073/pnas.1922473117
https://doi.org/10.1073/pnas.1922473117
https://doi.org/10.1097/PSY.0000000000000379
https://doi.org/10.1097/PSY.0000000000000379
https://doi.org/10.1080/10503300802609672
https://doi.org/10.1111/famp.12438
https://doi.org/10.1016/j.biopsycho.2008.07.005
https://doi.org/10.1016/j.biopsycho.2008.07.005
https://doi.org/10.1111/j.1467-8624.2007.01110.x
https://doi.org/10.1111/j.1467-8624.2007.01110.x
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref88
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref88
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref88
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref88
https://doi.org/10.1017/S0954579414001084
https://doi.org/10.1017/S0954579414001084
https://doi.org/10.1111/desc.12725
https://doi.org/10.1007/s10802-018-0481-z
https://doi.org/10.1037/1082-989X.3.4.486
https://doi.org/10.1002/jrsm.5
https://doi.org/10.1037/pas0000500
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/dev.20487
https://doi.org/10.1037/abn0000026
https://doi.org/10.1007/s10802-015-0114-8
https://doi.org/10.1007/s10802-009-9310-8
https://doi.org/10.1007/s10802-009-9310-8
https://doi.org/10.1002/dev.21221
https://doi.org/10.1111/jcpp.12889
https://doi.org/10.1016/j.copsyc.2015.05.004
https://doi.org/10.1016/j.copsyc.2015.05.004
https://doi.org/10.1037/a0032671
https://doi.org/10.1016/j.biopsycho.2020.107966
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref105
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref105
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref105
https://doi.org/10.1016/j.biopsycho.2017.10.003
https://doi.org/10.1177/0013164495055001004
https://doi.org/10.1177/0013164495055001004
https://doi.org/10.1016/j.cpr.2017.04.001
https://doi.org/10.1016/j.cpr.2017.04.001
https://doi.org/10.1016/j.earlhumdev.2007.06.004
https://doi.org/10.1016/j.earlhumdev.2007.06.004
https://doi.org/10.1207/s15374424jccp2602_4
https://doi.org/10.1207/s15374424jccp2602_4
https://doi.org/10.1037/dev0000800
https://doi.org/10.1002/dev.20013
https://doi.org/10.1111/j.1467-9507.2007.00387.x
https://doi.org/10.1111/j.1467-9507.2007.00387.x
https://doi.org/10.1016/j.ijcard.2010.02.048
https://doi.org/10.1017/S095457941600095X
https://doi.org/10.1016/j.neubiorev.2016.03.007
https://doi.org/10.1016/j.neubiorev.2016.03.007
https://doi.org/10.3389/fpsyg.2017.00213
https://doi.org/10.3389/fpsyg.2017.00213

N.V. Alen et al.

Laurent, H.K., Ablow, J.C., Measelle, J., 2012. Taking stress response out of the box:
stability, discontinuity, and temperament effects on HPA and SNS across social
stressors in mother—infant dyads. Dev. Psychol. 48 (1), 35-45. https://doi.org/
10.1037/a0025518.

Li, Z., Sturge-Apple, M.L., Martin, M.J., Davies, P.T., 2019. Interactive effects of family
instability and adolescent stress reactivity on socioemotional functioning. Dev.
Psychol. 55 (10), 2193-2202. https://doi.org/10.1037/dev0000784.

Mancia, G., Grassi, G., 2013. The central sympathetic nervous system in hypertension.
Handb. Clin. Neurol. 117, 329-335. https://doi.org/10.1016/B978-0-444-53491-
0.00026-2.

Matthews, K.A., Salomon, K., Kenyon, K., Allen, M.T., 2002. Stability of children’s and
adolescents’ hemodynamic responses to psychological challenge: a three-year
longitudinal study of a multiethnic cohort of boys and girls. Psychophysiology 39
(6), 826-834. https://doi.org/10.1111/1469-8986.3960826.

McQuade, J.D., Dixon-Gordon, K.L., Breaux, R., Babinski, D.E., 2021. Interactive effects
of parent emotion socialization and child physiological reactivity in predicting
adolescent borderline personality disorder features. Res. Child Adolesc.
Psychopathol. https://doi.org/10.1007/510802-020-00717-5.

Mezulis, A.H., Crystal, S.I., Ahles, J.J., Crowell, S.E., 2015. Examining biological
vulnerability in environmental context: Parenting moderates effects of low resting
respiratory sinus arrhythmia on adolescent depressive symptoms: RSA, parenting,
and depressive symptoms among adolescents. Dev. Psychobiol. 57 (8), 974-983.
https://doi.org/10.1002/dev.21347.

Miller, G.E., Chen, E., Zhou, E.S., 2007. If it goes up, must it come down? chronic stress
and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol. Bull. 133
(1), 25-45. https://doi.org/10.1037,/0033-2909.133.1.25.

Miller, G.E., Chen, E., Parker, K.J., 2011. Psychological stress in childhood and
susceptibility to the chronic diseases of aging: moving towards a model of behavioral
and biological mechanisms. Psychol. Bull. 137 (6), 959-997. https://doi.org/
10.1037/a0024768.Psychological.

Miller, J.G., 2018. Physiological mechanisms of prosociality. Curr. Opin. Psychol. 20,
50-54. https://doi.org/10.1016/j.copsyc.2017.08.018.

Miller, J.G., Hastings, P.D., 2019. Parenting, neurobiology, and prosocial development.
In: Laible, D.J., Carlo, G., Padilla-Walker, L.M. (Eds.), The Oxford Handbook of
Parenting and Moral Development. Oxford University Press, pp. 129-144.

Miller, J.G., Chocol, C., Nuselovici, J.N., Utendale, W.T., Simard, M., Hastings, P.D.,
2013. Children’s dynamic RSA change during anger and its relations with parenting,
temperament, and control of aggression. Biol. Psychol. 92 (2), 417-425. https://doi.
org/10.1016/j.biopsycho.2012.12.005.

Miller, J.G., Kahle, S., Hastings, P.D., 2015. Roots and benefits of costly giving: children
who are more altruistic have greater autonomic flexibility and less family wealth.
Psychol. Sci. 26 (7), 1038-1045. https://doi.org/10.1177/0956797615578476.

Miller-Slough, R.L., Dunsmore, J.C., 2020. Emotion socialization by parents and friends:
links with adolescent emotional adjustment. J. Appl. Dev. Psychol. 71, 101197
https://doi.org/10.1016/j.appdev.2020.101197.

Miskovic, V., Schmidt, L.A., Georgiades, K., Boyle, M., MacMillan, H.L., 2009. Stability of
resting frontal electroencephalogram (EEG) asymmetry and cardiac vagal tone in
adolescent females exposed to child maltreatment. Dev. Psychobiol. 51 (6),
474-487. https://doi.org/10.1002/dev.20387.

Monti, J.D., Abaied, J.L., Rudolph, K.D., 2014. Contributions of socialisation of coping to
physiological responses to stress. Aust. J. Psychol. 66 (2), 102-109. https://doi.org/
10.1111/ajpy.12044.

Morris, A.S., Silk, J.S., Steinberg, L., Myers, S.S., Robinson, L.R., 2007. The role of the
family context in the development of emotion regulation. Soc. Dev. 16 (2), 361-388.
https://doi.org/10.1111/j.1467-9507.2007.00389.x.

Nater, U.M., Rohleder, N., Schlotz, W., Ehlert, U., Kirschbaum, C., 2007. Determinants of
the diurnal course of salivary alpha-amylase. Psychoneuroendocrinology 32 (4),
392-401. https://doi.org/10.1016/j.psyneuen.2007.02.007.

Nelson, B.W., Byrne, M.L., Simmons, J.G., Whittle, S., Schwartz, O.S., Reynolds, E.C.,
O’Brien-Simpson, N.M., Sheeber, L., Allen, N.B., 2017. Adolescent sympathetic
activity and salivary C-reactive protein: the effects of parental behavior. Health
Psychol. 36 (10), 955-965. https://doi.org/10.1037/hea0000516.

Nelson, B.W., Sheeber, L., Pfeifer, J., Allen, N.B., 2021. Psychobiological markers of
allostatic load in depressed and nondepressed mothers and their adolescent
offspring. J. Child Psychol. Psychiatry Allied Discip. 62 (2), 199-211. https://doi.
org/10.1111/jcpp.13264.

Noll, L.K., Clark, C.A.C., Skowron, E.A., 2015. Multigenerational links between mothers’
experiences of autonomy in childhood and preschoolers’ respiratory sinus
arrhythmia: Variations by maltreatment status. Dev. Psychopathol. 27 (4pt2),
1443-1460. https://doi.org/10.1017/50954579415000863.

Oshri, A., Duprey, E.B., Liu, S., Ehrlich, K.B., 2020. Harsh parenting and youth systemic
inflammation: modulation by the autonomic nervous system. Health Psychol. 39 (6),
482-496. https://doi.org/10.1037/hea0000852.

Oshri, A., Liu, S., Huffman, L.G., Koss, K.J., 2021. Firm parenting and youth adjustment:
stress reactivity and dyadic synchrony of respiratory sinus arrhythmia. Dev.
Psychobiol. 63, 470-480. https://doi.org/10.1002/dev.22019.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, 1., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J.,
Grimshaw, J.M., Hrébjartsson, A., Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E.,
McDonald, S., McGuinness, L.A., Moher, D., 2021. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ (Clin. Res. Ed. ) 372, n71.
https://doi.org/10.1136/bmj.n71.

Parent, J., Forehand, R., Pomerantz, H., Peisch, V., Seehuus, M., 2017. Father
participation in child psychopathology research. J. Abnorm. Child Psychol. 45 (7),
1259-1270. https://doi.org/10.1007/5s10802-016-0254-5.

18

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Paret, L., Bailey, H.N., Roche, J., Bureau, J.-F., Moran, G., 2015. Preschool ambivalent
attachment associated with a lack of vagal withdrawal in response to stress. Attach.
Hum. Dev. 17 (1), 65-82. https://doi.org/10.1080/14616734.2014.967786.

Parra, A., Oliva, A., Reina, M. del C., 2015. Family relationships from adolescence to
emerging adulthood: a longitudinal study. J. Fam. Issues 36 (14), 2002-2020.
https://doi.org/10.1177,/0192513X13507570.

Partington, L.C., Borelli, J.L., Smiley, P., Jarvik, E., Rasmussen, H.F., Seaman, L.C.,
Nurmi, E.L., 2018. Parental overcontrol x OPRM1 genotype interaction predicts
school-aged children’s sympathetic nervous system activation in response to
performance challenge. Res. Dev. Disabil. 82, 39-52. https://doi.org/10.1016/j.
ridd.2018.04.011.

Perlman, S.B., Camras, L.A., Pelphrey, K.A., 2008. Physiology and functioning: parents’
vagal tone, emotion socialization, and children’s emotion knowledge. J. Exp. Child
Psychol. 100 (4), 308-315. https://doi.org/10.1016/j.jecp.2008.03.007.

Perrone, L., Borelli, J.L., Smiley, P., Rasmussen, H.F., Hilt, L.M., 2016. Do children’s
attributions mediate the link between parental conditional regard and child
depression and emotion? J. Child Fam. Stud. 25 (11), 3387-3402. https://doi.org/
10.1007/510826-016-0495-5.

Perry, N.B., Calkins, S.D., Nelson, J.A., Leerkes, E.M., Marcovitch, S., 2012. Mothers’
responses to children’s negative emotions and child emotion regulation: The
moderating role of vagal suppression. Dev. Psychobiol. 54 (5), 503-513. https://doi.
0rg/10.1002/dev.20608.

Perry, N.B., Nelson, J.A., Swingler, M.M., Leerkes, E.M., Calkins, S.D., Marcovitch, S.,
O’Brien, M., 2013. The relation between maternal emotional support and child
physiological regulation across the preschool years. Dev. Psychobiol. 55 (4),
382-394. https://doi.org/10.1002/dev.21042.

Perry, N.B., Mackler, J.S., Calkins, S.D., Keane, S.P., 2014. A transactional analysis of the
relation between maternal sensitivity and child vagal regulation. Dev. Psychol. 50
(3), 784-793. https://doi.org/10.1037/a0033819.

Perry, N.B., Dollar, J.M., Calkins, S.D., Bell, M.A., 2018. Developmental cascade and
transactional associations among biological and behavioral indicators of
temperament and maternal behavior. Child Dev. 89 (5), 1735-1751. https://doi.
org/10.1111/cdev.12842.

Planalp, E.M., Hulle, C.A. Van, Goldsmith, H.H., 2016. Parenting in context: martial
adjustment, parent affect, and child temperament in complex families. Physiol.
Behav. 176 (1), 139-148. https://doi.org/10.1037/fam0000511.Parenting.

Pollak, S.D., Vardi, S., Putzer Bechner, A.M., Curtin, J.J., 2005. Physically abused
children’s regulation of attention in response to hostility. Child Dev. 76 (5),
968-977. https://doi.org/10.1111/j.1467-8624.2005.00890.x.

Porges, S.W., 2007. The polyvagal perspective. Biol. Psychol. 74 (2), 116-143. https://
doi.org/10.1016/j.biopsycho.2006.06.009.

Porges, S.W., Davila, M.I., Lewis, G.F., Kolacz, J., Okonmah-Obazee, S., Hane, A.A.,
Kwon, K.Y., Ludwig, R.J., Myers, M.M., Welch, M.G., 2019. Autonomic regulation of
preterm infants is enhanced by family nurture intervention. Dev. Psychobiol. 61 (6),
942-952. https://doi.org/10.1002/dev.21841.

Posthumus, J.A., Bocker, K.B., Raaijmakers, M.A., Van Engeland, H., Matthys, W., 2009.
Heart rate and skin conductance in four-year-old children with aggressive behavior.
Biol. Psychol. 82 (2), 164-168. https://doi.org/10.1016/j.biopsycho.2009.07.003.

Propper, C.B., Holochwost, S.J., 2013. The influence of proximal risk on the early
development of the autonomic nervous system. Dev. Rev. 33 (3), 151-167. https://
doi.org/10.1016/j.dr.2013.05.001.

Propper, C.B., Moore, G.A., 2006. The influence of parenting on infant emotionality: a
multi-level psychobiological perspective. Dev. Rev. 26 (4), 427-460. https://doi.
0rg/10.1016/j.dr.2006.06.003.

Pustejovsky, J. (2021). clubSandwich: Cluster-Robust (Sandwich) Variance Estimators with
Small-Sample Corrections. R package version 0.5.3. (https://CRAN.R-project.org/
package=clubSandwich).

Quigley, K.M., Moore, G.A., 2018. Development of cardiac autonomic balance in infancy
and early childhood: a possible pathway to mental and physical health outcomes.
Dev. Rev. 49 (February), 41-61. https://doi.org/10.1016/1.dr.2018.06.004.

Quigley, K.M., Moore, G.A., Propper, C.B., Goldman, B.D., Cox, M.J., 2017. Vagal
regulation in breastfeeding infants and their mothers. Child Dev. 88 (3), 919-933.
https://doi.org/10.1111/cdev.12641.

Quigley, K.S., Stifter, C.A., 2006. A comparative validation of sympathetic reactivity in
children and adults. Psychophysiology 43 (4), 357-365. https://doi.org/10.1111/
j-1469-8986.2006.00405.x.

R Studio Team (2020a). RStudio: Integrated Development for R. RStudio, PBC, Boston, MA
URL (http://www.rstudio.com/).

R Core Team, 2020. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. (https://www.R-project.
org/).

Repetti, R.L., Taylor, S.E., Seeman, T.E., 2002. Risky families: family social environments
and the mental and physical health of offspring. Psychol. Bull. 128 (2), 330-366.
https://doi.org/10.1037//0033-2909.128.2.330.

Richardson, P.A., Bocknek, E.L., McGoron, L., Trentacosta, C.J., 2019. Fathering across
contexts: the moderating role of respiratory sinus arrhythmia in predicting toddler
emotion regulation. Dev. Psychobiol. 61 (6), 903-919. https://doi.org/10.1002/
dev.21836.

Rigterink, T., Katz, L.F., Hessler, D.M., 2010. Domestic violence and longitudinal
associations with children’s physiological regulation abilities. J. Interpers. Violence
25 (9), 1669-1683. https://doi.org/10.1177/0886260509354589.

Rohleder, N., Nater, U.M., 2009. Determinants of salivary a-amylase in humans and
methodological considerations. Psychoneuroendocrinology 34 (4), 469-485.
https://doi.org/10.1016/j.psyneuen.2008.12.004.

Rousseau, S., Grietens, H., Vanderfaeillie, J., Hoppenbrouwers, K., Wiersema, J.R.,
Baetens, I., Vos, P., Van Leeuwen, K., 2014. The association between parenting


https://doi.org/10.1037/a0025518
https://doi.org/10.1037/a0025518
https://doi.org/10.1037/dev0000784
https://doi.org/10.1016/B978-0-444-53491-0.00026-2
https://doi.org/10.1016/B978-0-444-53491-0.00026-2
https://doi.org/10.1111/1469-8986.3960826
https://doi.org/10.1007/s10802-020-00717-5
https://doi.org/10.1002/dev.21347
https://doi.org/10.1037/0033-2909.133.1.25
https://doi.org/10.1037/a0024768.Psychological
https://doi.org/10.1037/a0024768.Psychological
https://doi.org/10.1016/j.copsyc.2017.08.018
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref127
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref127
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref127
https://doi.org/10.1016/j.biopsycho.2012.12.005
https://doi.org/10.1016/j.biopsycho.2012.12.005
https://doi.org/10.1177/0956797615578476
https://doi.org/10.1016/j.appdev.2020.101197
https://doi.org/10.1002/dev.20387
https://doi.org/10.1111/ajpy.12044
https://doi.org/10.1111/ajpy.12044
https://doi.org/10.1111/j.1467-9507.2007.00389.x
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.1037/hea0000516
https://doi.org/10.1111/jcpp.13264
https://doi.org/10.1111/jcpp.13264
https://doi.org/10.1017/S0954579415000863
https://doi.org/10.1037/hea0000852
https://doi.org/10.1002/dev.22019
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10802-016-0254-5
https://doi.org/10.1080/14616734.2014.967786
https://doi.org/10.1177/0192513X13507570
https://doi.org/10.1016/j.ridd.2018.04.011
https://doi.org/10.1016/j.ridd.2018.04.011
https://doi.org/10.1016/j.jecp.2008.03.007
https://doi.org/10.1007/s10826-016-0495-5
https://doi.org/10.1007/s10826-016-0495-5
https://doi.org/10.1002/dev.20608
https://doi.org/10.1002/dev.20608
https://doi.org/10.1002/dev.21042
https://doi.org/10.1037/a0033819
https://doi.org/10.1111/cdev.12842
https://doi.org/10.1111/cdev.12842
https://doi.org/10.1037/fam0000511.Parenting
https://doi.org/10.1111/j.1467-8624.2005.00890.x
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.1002/dev.21841
https://doi.org/10.1016/j.biopsycho.2009.07.003
https://doi.org/10.1016/j.dr.2013.05.001
https://doi.org/10.1016/j.dr.2013.05.001
https://doi.org/10.1016/j.dr.2006.06.003
https://doi.org/10.1016/j.dr.2006.06.003
https://CRAN.R-project.org/package=clubSandwich
https://CRAN.R-project.org/package=clubSandwich
https://doi.org/10.1016/j.dr.2018.06.004
https://doi.org/10.1111/cdev.12641
https://doi.org/10.1111/j.1469-8986.2006.00405.x
https://doi.org/10.1111/j.1469-8986.2006.00405.x
http://www.rstudio.com/
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1037//0033-2909.128.2.330
https://doi.org/10.1002/dev.21836
https://doi.org/10.1002/dev.21836
https://doi.org/10.1177/0886260509354589
https://doi.org/10.1016/j.psyneuen.2008.12.004

N.V. Alen et al.

behavior and somatization in adolescents explained by physiological responses in
adolescents. Int. J. Psychophysiol. 93 (2), 261-266. https://doi.org/10.1016/].
ijpsycho.2014.05.008.

RStudio Team, 2010. RStudio: Integrated Development for R. RStudio. PBC, Boston, MA.
URL. http://www.rstudio.com/.

Rubin, K.H., Burgess, K.B., Hastings, P.D., 2002. Stability and social-behavioral
consequences of toddlers’ inhibited temperament and parenting behaviors. Child
Dev. 73 (2), 483-495. https://doi.org/10.1111/1467-8624.00419.

Rudd, K.L., Alkon, A., Yates, T.M., 2017. Prospective relations between intrusive
parenting and child behavior problems: Differential moderation by parasympathetic
nervous system regulation and child sex. Physiol. Behav. 180, 120-130. https://doi.
org/10.1016/j.physbeh.2017.08.014.

Rueth, J.E., Otterpohl, N., Wild, E., 2017. Influence of parenting behavior on
psychosocial adjustment in early adolescence: mediated by anger regulation and
moderated by gender. Soc. Dev. 26 (1), 40-58. https://doi.org/10.1111/
sode.12180.

Salomon, K., 2005. Respiratory sinus arrhythmia during stress predicts resting
respiratory sinus arrhythmia 3 years later in a pediatric sample. Health Psychol. 24
(1), 68-76. https://doi.org/10.1037/0278-6133.24.1.68.

Schachinger, H., Weinbacher, M., Kiss, A., Ritz, R., Langewitz, W., 2001. Cardiovascular
indices of peripheral and central sympathetic activation. Psychosom. Med. 63 (5),
788-796. https://doi.org/10.1097,/00006842-200109000-00012.

Scrimgeour, M.B., Davis, E.L., Buss, K.A., 2016. You get what you get and you don’t
throw a fit!: emotion socialization and child physiology jointly predict early
prosocial development. Dev. Psychol. 52 (1), 102-116. https://doi.org/10.1037/
dev0000071.

Shader, T.M., Gatzke-Kopp, L.M., Crowell, S.E., Jamila Reid, M., Thayer, J.F., Vasey, M.
W., Webster-Stratton, C., Bell, Z., Beauchaine, T.P., 2018. Quantifying respiratory
sinus arrhythmia: effects of misspecifying breathing frequencies across development.
Dev. Psychopathol. 30 (1), 351-366. https://doi.org/10.1017/
S0954579417000669.

Shakiba, N., Ellis, B.J., Bush, N.R., Boyce, W.T., 2020. Biological sensitivity to context: a
test of the hypothesized U-shaped relation between early adversity and stress
responsivity. Dev. Psychopathol. 32 (2), 641-660. https://doi.org/10.1017/
S0954579419000518.

Sharp, H., Pickles, A., Meaney, M., Marshall, K., Tibu, F., Hill, J., 2012. Frequency of
infant stroking reported by mothers moderates the effect of prenatal depression on
infant behavioural and physiological outcomes. PLoS ONE 7 (10), e45446. https://
doi.org/10.1371/journal.pone.0045446.

Sherwood, A., Allen, M.T., Fahrenberg, J., Kelsey, R.M., Lovallo, W.R., van Doornen, L.J.
P., 1990. Methodological guidelines for impedance cardiography. Psychophysiology
27 (1), 1-23.

Sichko, S., Borelli, J.L., Smiley, P.A., Goldstein, A., Rasmussen, H.F., 2018. Child and
maternal attachment predict school-aged children’s psychobiological convergence.
Dev. Psychobiol. 60 (8), 913-926. https://doi.org/10.1002/dev.21748.

Sigrist, C., Miirner-Lavanchy, I., Peschel, S.K.V., Schmidt, S.J., Kaess, M., Koenig, J.,
2021. Early life maltreatment and resting-state heart rate variability: a systematic
review and meta-analysis. Neurosci. Biobehav. Rev. 120 (November 2020),
307-334. https://doi.org/10.1016/j.neubiorev.2020.10.026.

Skibo, M.A., Sturge-Apple, M.L., Suor, J.H., 2020. Early experiences of insensitive
caregiving and children’s self-regulation: vagal tone as a differential susceptibility
factor. Dev. Psychopathol. 32 (4), 1460-1472. https://doi.org/10.1017/
S0954579419001408.

Skowron, E.A., Loken, E., Gatzke-Kopp, L.M., Cipriano-Essel, E.A., Woehrle, P.L., Van
Epps, J.J., Gowda, A., Ammerman, R.T., 2011. Mapping cardiac physiology and
parenting processes in maltreating mother—child dyads. J. Fam. Psychol. 25 (5),
663-674. https://doi.org/10.1037/a0024528.

Skowron, E.A., Cipriano-Essel, E., Gatzke-Kopp, L.M., Teti, D.M., Ammerman, R.T., 2014.
Early adversity, RSA, and inhibitory control: evidence of children’s neurobiological
sensitivity to social context: early adversity, RSA, and inhibitory control. Dev.
Psychobiol. 56 (5), 964-978. https://doi.org/10.1002/dev.21175.

Sloan, R.P., Schwarz, E., McKinley, P.S., Weinstein, M., Love, G., Ryff, C., Mroczek, D.,
Choo, T.H., Lee, S., Seeman, T., 2017. Vagally-mediated heart rate variability and
indices of well-being: Results of a nationally representative study. Health Psychol. 36
(1), 73-81. https://doi.org/10.1037/hea0000397.

Smiley, P.A., Partington, L.C., Cochran, C.R., Borelli, J.L., 2020. Autonomy-restrictive
socialization of anger: associations with school-aged children’s physiology, trait
anxiety, state distress, and relationship closeness. Dev. Psychobiol. 62 (8),
1134-1149. https://doi.org/10.1002/dev.21975.

Stanger, S., Abaied, J., Wagner, C., Sanders, W., 2018. Contributions of observed parent
socialization of coping and skin conductance level reactivity to childhood
adjustment. Fam. Process 57 (1), 181-194. https://doi.org/10.1111/famp.12272.

Stifter, C.A., Dollar, J., Cipriano, E., 2011. Temperament and emotion regulation: the
role of autonomic nervous system reactivity. Dev. Psychobiol. 53 (3), 266-279.
https://doi.org/10.1038/jid.2014.371.

Sturge-Apple, M.L., Davies, P.T., Martin, M.J., Cicchetti, D., Hentges, R.F., 2012. An
examination of the impact of harsh parenting contexts on children’s adaptation
within an evolutionary framework. Dev. Psychol. 48 (3), 791-805. https://doi.org/
10.1037/a20026908.

Sweet, S.D., McGrath, P.J., Symons, D., 1999. The roles of child reactivity and parenting
context in infant pain response. Pain 80 (3), 655-661. https://doi.org/10.1016/
$0304-3959(98)00262-0.

Tabachnick, A.R., Raby, K.L., Goldstein, A., Zajac, L., Dozier, M., 2019. Effects of an
attachment-based intervention in infancy on children’s autonomic regulation during
middle childhood. Biol. Psychol. 143, 22-31. https://doi.org/10.1016/j.
biopsycho.2019.01.006.

19

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

Tabachnick, A.R., Raby, K.L., Goldstein, A., Zajac, L., Dozier, M., 2021. Attachment
security in infancy predicts reduced parasympathetic reactivity in middle childhood.
Attach. Hum. Dev. 23 (5), 608-623. https://doi.org/10.1080/
14616734.2020.1741656.

Tanner-Smith, E. (2012, May). Assessing publication bias in meta- analyses. Paper presented
at the Campbell Collaboration Colloquium, Copenhagen, Denmark.

Task Force of the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology, 1996. Heart rate variability: standards of
measurement, physiological interpretation and clinical use. Circulation 93 (5),
1043-1065.

Taylor, Z.E., Spinrad, T.L., VanSchyndel, S.K., Eisenberg, N., Huynh, J., Sulik, M.J.,
Granger, D.A., 2013. Sociodemographic risk, parenting, and effortful control:
Relations to salivary alpha-amylase and cortisol in early childhood: risk, parenting,
and child physiological responses. Dev. Psychobiol. 55 (8), 869-880. https://doi.
org/10.1002/dev.21079.

Taylor, Z.E., Eisenberg, N., Spinrad, T.L., 2015. Respiratory sinus arrhythmia, effortful
control, and parenting as predictors of children’s sympathy across early childhood.
Dev. Psychol. 51 (1), 17-25. https://doi.org/10.1037/a0038189.

Tharner, A., Dierckx, B., Luijk, M.P.C.M., van Ijzendoorn, M.H., Bakermans-
Kranenburg, M.J., van Ginkel, J.R., Moll, H.A., Jaddoe, V.W.V., Hofman, A.,
Hudziak, J.J., Verhulst, F.C., Tiemeier, H., 2013. Attachment disorganization
moderates the effect of maternal postnatal depressive symptoms on infant autonomic
functioning: attachment, depression, and autonomic functioning. Psychophysiology
50 (2), 195-203. https://doi.org/10.1111/psyp.12003.

Tharner, A., Dierckx, B., Luijk, M.P., van Ijzendoorn, M.H., Bakermans-Kranenburg, M.J.,
van Ginkel, J.R., Moll, H.A., Jaddoe, V.W., Hofman, A., Hudziak, J.J., Verhulst, F.C.,
Tiemeier, H., 2013. Attachment disorganization moderates the effect of maternal
postnatal depressive symptoms on infant autonomic functioning. Psychophysiology
50 (2), 195-203. https://doi.org/10.1111/psyp.12003.

Thayer, J.F., 2006. On the importance of inhibition: central and peripheral
manifestations of nonlinear inhibitory processes in neural systems. Dose-Response 4
(1). https://doi.org/10.2203/dose-response.004.01.002.thayer.

Thayer, J.F., Lane, R.D., 2000. A model of neurovisceral integration in emotion
regulation and dysregulation. J. Affect. Disord. 61, 201-216.

Thayer, J.F., Yamamoto, S.S., Brosschot, J.F., 2010. The relationship of autonomic
imbalance, heart rate variability and cardiovascular disease risk factors. Int. J.
Cardiol. 141 (2), 122-131. https://doi.org/10.1016/j.ijcard.2009.09.543.

Thompson, R.A., 1994. Emotion regulation: a theme in search of definition. Monogr. Soc.
Res. Child Dev. 59 (2-3), 25-52. https://doi.org/10.1111/j.1540-5834.1994.
tb01276.x.

Thompson, R.A., 2008a. Attachment-related mental representations: introduction to the
special issue. Attach. Hum. Dev. 10 (4), 347-358. https://doi.org/10.1080/
14616730802461334.

Thompson, R.A., 2008b. Early attachment and later development: familiar questions,
new answers. In: Cassidy, J., Shaver, P.R. (Eds.), Handbook of Attachment: Theory,
Research, and Clinical Applications. The Guilford Press, pp. 348-365.

Thompson, R.A., 2014a. Socialization of emotion and emotion regulation in the family.
In: Gross, J.J. (Ed.), Handbook of Emotion Regulation. The Guilford Press,
pp. 173-186.

Thompson, R.A., 2014b. Stress and child development. Future Child. 24 (1), 41-59.
https://doi.org/10.1353/foc.2014.0004.

Thompson, R.A., 2015. Relationships, regulation, and early development. In: Lamb, M.E.,
Lerner, R.M. (Eds.), Handbook of Child Psychology and Developmental Science:
Socioemotional Processes. John Wiley & Sons, Inc., pp. 201-246. https://doi.org/
10.1002/9781118963418.childpsy306

Thompson, R.A., Meyer, S., 2007. Socialization of emotion regulation in the family. In:
Gross, J.J. (Ed.), Handbook of Emotion Regulation. The Guilford Press, pp. 249-268.

Thompson, R.A., Lewis, M.D., Calkins, S.D., 2008. Reassessing emotion regulation. Child
Dev. Perspect. 2 (3), 124-131. https://doi.org/10.1111/j.1750-8606.2008.00054.x.

Tipton, E., 2015. Small sample adjustments for robust variance estimation with meta-
regression. Psychol. Methods 20 (3), 375-393. https://doi.org/10.1037/
met0000011.

Toichi, M., Sugiura, T., Murai, T., Sengoku, A., 1997. A new method of assessing cardiac
autonomic function and its comparison with spectral analysis and coefficient of
variation of R-R interval. J. Auton. Nerv. Syst. 62, 79-84. https://doi.org/10.1016/
S0165-1838(96)00112-9.

Treadwell, M.J., Alkon, A., Quirolo, K.C., Boyce, W.T., 2010. Stress reactivity as a
moderator of family stress, physical and mental health, and functional impairment
for children with sickle cell disease. J. Dev. Behav. Pediatr.: JDBP 31 (6), 491-497.
https://doi.org/10.1097/DBP.0b013e3181e2830f.

Treiber, F.A., Kamarck, T., Schneiderman, N., Sheffield, D., Kapuku, G., Taylor, T., 2003.
Cardiovascular reactivity and development of preclinical and clinical disease states.
Psychosom. Med. 65 (1), 46-62. https://doi.org/10.1097/00006842-200301000-
00007.

Tu, K.M., Erath, S.A., Pettit, G.S., El-Sheikh, M., 2014. Physiological reactivity moderates
the association between parental directing and young adolescent friendship
adjustment. Dev. Psychol. 50 (12), 2644-2653. https://doi.org/10.1037/a0038263.

Tu, K.M., Erath, S.A., El-Sheikh, M., 2017. Parental management of peers and autonomic
nervous system reactivity in predicting adolescent peer relationships. Dev. Psychol.
53 (3), 540-551. https://doi.org/10.1037/dev0000248.

Van der Graaff, J., Meeus, W., de Wied, M., van Boxtel, A., van Lier, P., Branje, S., 2016.
Respiratory sinus arrhythmia moderates the relation between parent-adolescent
relationship quality and adolescents’ social adjustment. J. Abnorm. Child Psychol.
44 (2), 269-281. https://doi.org/10.1007/510802-015-9989-7.

Van Lissa, C.J., Keizer, R., Van Lier, P.A.C., Meeus, W.H.J., Branje, S., 2019. The role of
fathers’ versus mothers’ parenting in emotion-regulation development from mid-late


https://doi.org/10.1016/j.ijpsycho.2014.05.008
https://doi.org/10.1016/j.ijpsycho.2014.05.008
http://www.rstudio.com/
https://doi.org/10.1111/1467-8624.00419
https://doi.org/10.1016/j.physbeh.2017.08.014
https://doi.org/10.1016/j.physbeh.2017.08.014
https://doi.org/10.1111/sode.12180
https://doi.org/10.1111/sode.12180
https://doi.org/10.1037/0278-6133.24.1.68
https://doi.org/10.1097/00006842-200109000-00012
https://doi.org/10.1037/dev0000071
https://doi.org/10.1037/dev0000071
https://doi.org/10.1017/S0954579417000669
https://doi.org/10.1017/S0954579417000669
https://doi.org/10.1017/S0954579419000518
https://doi.org/10.1017/S0954579419000518
https://doi.org/10.1371/journal.pone.0045446
https://doi.org/10.1371/journal.pone.0045446
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref177
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref177
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref177
https://doi.org/10.1002/dev.21748
https://doi.org/10.1016/j.neubiorev.2020.10.026
https://doi.org/10.1017/S0954579419001408
https://doi.org/10.1017/S0954579419001408
https://doi.org/10.1037/a0024528
https://doi.org/10.1002/dev.21175
https://doi.org/10.1037/hea0000397
https://doi.org/10.1002/dev.21975
https://doi.org/10.1111/famp.12272
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1037/a0026908
https://doi.org/10.1037/a0026908
https://doi.org/10.1016/S0304-3959(98)00262-0
https://doi.org/10.1016/S0304-3959(98)00262-0
https://doi.org/10.1016/j.biopsycho.2019.01.006
https://doi.org/10.1016/j.biopsycho.2019.01.006
https://doi.org/10.1080/14616734.2020.1741656
https://doi.org/10.1080/14616734.2020.1741656
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref191
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref191
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref191
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref191
https://doi.org/10.1002/dev.21079
https://doi.org/10.1002/dev.21079
https://doi.org/10.1037/a0038189
https://doi.org/10.1111/psyp.12003
https://doi.org/10.1111/psyp.12003
https://doi.org/10.2203/dose-response.004.01.002.thayer
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref197
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref197
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1111/j.1540-5834.1994.tb01276.x
https://doi.org/10.1111/j.1540-5834.1994.tb01276.x
https://doi.org/10.1080/14616730802461334
https://doi.org/10.1080/14616730802461334
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref201
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref201
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref201
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref202
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref202
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref202
https://doi.org/10.1353/foc.2014.0004
https://doi.org/10.1002/9781118963418.childpsy306
https://doi.org/10.1002/9781118963418.childpsy306
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref205
http://refhub.elsevier.com/S0149-7634(22)00223-8/sbref205
https://doi.org/10.1111/j.1750-8606.2008.00054.x
https://doi.org/10.1037/met0000011
https://doi.org/10.1037/met0000011
https://doi.org/10.1016/S0165-1838(96)00112-9
https://doi.org/10.1016/S0165-1838(96)00112-9
https://doi.org/10.1097/DBP.0b013e3181e2830f
https://doi.org/10.1097/00006842-200301000-00007
https://doi.org/10.1097/00006842-200301000-00007
https://doi.org/10.1037/a0038263
https://doi.org/10.1037/dev0000248
https://doi.org/10.1007/s10802-015-9989-7

N.V. Alen et al.

adolescence: disentangling between-family differences from within-family effects.
Dev. Psychol. 55 (2), 377-389. https://doi.org/10.1037/dev0000612.

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J. Stat.
Softw. 36 (3), 1-48. https://doi.org/10.18637/jss.v036.103.

Wagner, N.J., Hastings, P.D., Rubin, K.H., 2018. Children’s autonomic functioning
moderates links between maternal rejecting attitudes and preschool aggressive
behaviors. Dev. Psychobiol. 60 (6), 739-747. https://doi.org/10.1002/dev.21747.

Wagner, N.J., Holochwost, S.J., Lynch, S.F., Mills-Koonce, R., Propper, C., 2021.
Characterizing change in vagal tone during the first three years of life: A systematic
review and empirical examination across two longitudinal samples. Neurosci.
Biobehav. Rev. 129, 282-295. https://doi.org/10.1016/j.neubiorev.2021.07.025.

Waters, S.F., Virmani, E.A., Thompson, R.A., Meyer, S., Raikes, H.A., Jochem, R., 2010.
Emotion regulation and attachment: Unpacking two constructs and their association.
J. Psychopathol. Behav. Assess. 32 (1), 37-47. https://doi.org/10.1007/510862-009-
9163-z.

Welch, M.G., Barone, J.L., Porges, S.W., Hane, A.A., Kwon, K.Y., Ludwig, R.J., Stark, R.I,
Surman, A.L., Kolacz, J., Myers, M.M., 2020. Family nurture intervention in the
NICU increases autonomic regulation in mothers and children at 4-5 years of age:
follow-up results from a randomized controlled trial. PLOS ONE 15 (8), €0236930.
https://doi.org/10.1371/journal.pone.0236930.

20

Neuroscience and Biobehavioral Reviews 139 (2022) 104734

West, K.B., Shaffer, A., Wickrama, Kandauda, A.S., Han, Z.R., Suveg, C., 2021.
Preschoolers’ dynamic respiratory sinus arrhythmia (RSA) change during a
challenging parent-child interactive task: relations with preschoolers’
socioemotional health. Dev. Psychobiol. 63 (5), 1132-1145. https://doi.org/
10.1002/dev.22054.

Willemen, A.M., Goossens, F.A., Koot, H.M., Schuengel, C., 2008. Physiological reactivity
to stress and parental support: comparison of clinical and non-clinical adolescents.
Clin. Psychol. Psychother. 15 (5), 340-351. https://doi.org/10.1002/cpp.578.

Willemen, A.M., Schuengel, C., Koot, H.M., 2009. Physiological regulation of stress in
referred adolescents: the role of the parent-adolescent relationship. J. Child Psychol.
Psychiatry 50 (4), 482-490. https://doi.org/10.1111/j.1469-7610.2008.01982.x.

Zeegers, M.A.J., de Vente, W., Nikoli¢, M., Majdandzi¢, M., Bogels, S.M., Colonnesi, C.,
2018. Mothers’ and fathers” mind-mindedness influences physiological emotion
regulation of infants across the first year of life. Dev. Sci. 21 (6), €12689 https://doi.
org/10.1111/desc.12689.

Zhang, X., Gatzke-Kopp, L.M., Fosco, G.M., Bierman, K.L., 2020. Parental support of self-
regulation among children at risk for externalizing symptoms: developmental
trajectories of physiological regulation and behavioral adjustment. Dev. Psychol. 56
(3), 528-540. https://doi.org/10.1037/dev0000794.


https://doi.org/10.1037/dev0000612
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1002/dev.21747
https://doi.org/10.1016/j.neubiorev.2021.07.025
https://doi.org/10.1007/s10862-009-9163-z
https://doi.org/10.1007/s10862-009-9163-z
https://doi.org/10.1371/journal.pone.0236930
https://doi.org/10.1002/dev.22054
https://doi.org/10.1002/dev.22054
https://doi.org/10.1002/cpp.578
https://doi.org/10.1111/j.1469-7610.2008.01982.x
https://doi.org/10.1111/desc.12689
https://doi.org/10.1111/desc.12689
https://doi.org/10.1037/dev0000794

	A systematic review and meta-analysis of the association between parenting and child autonomic nervous system activity
	1 Introduction
	1.1 The autonomic nervous system
	1.1.1 Measures of the parasympathetic nervous system
	1.1.2 Measures of the sympathetic nervous system

	1.2 Parental socialization and the autonomic nervous system
	1.3 Moderators
	1.4 Current study

	2 Methods
	2.1 Literature search and study screening
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Coding of moderators
	2.4.1 Type of ANS measure
	2.4.2 Parenting measure valence
	2.4.3 Type of reactivity measure
	2.4.4 Study design
	2.4.5 Clinical vs. non-clinical
	2.4.6 Parenting measure type
	2.4.7 Country of sample and percent minority
	2.4.8 Reactivity task type

	2.5 Computation and coding of effect sizes
	2.6 Missing moderator data
	2.7 Statistical analysis

	3 Results
	3.1 Study characteristics
	3.2 Publication bias and outliers
	3.3 Pooled estimates
	3.4 Moderation analysis
	3.4.1 Resting PNS
	3.4.2 PNS reactivity
	3.4.3 Resting SNS
	3.4.4 SNS reactivity

	3.5 Exploratory moderator analyses
	3.5.1 Relationship measures
	3.5.2 Parenting measure type
	3.5.3 Type of report
	3.5.4 Country of sample and percent minority
	3.5.5 Non-challenging task

	3.6 Sensitivity analysis

	4 Discussion
	4.1 Study limitations and future directions
	4.2 Conclusion

	Data Availability
	Acknowledgements
	Appendix A Supporting information
	References




