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Abstract

Biobehavioral frameworks of attachment posit that mother–child dyads engage in

physiological synchrony that is uniquely formative for children’s neurobiological,

social, and emotional development. Much of the work on mother–child physiological

synchrony has focused on respiratory sinus arrhythmia (RSA). However, the strength

of the existing evidence for mother–child RSA synchrony during interaction is unclear.

Using meta-analysis, we summarized results from 12 eligible studies comprising

14 samples and 1201 children ranging from infancy to adolescence (Mage = 5.68 years,

SD = 4.13, range = 0.4–17 years) and their mothers. We found that there was a sta-

tistically significant, albeit modest, positive within-dyad association between mother

and child fluctuations in RSA. There also was evidence for significant heterogeneity

across studies. Less mother–child RSA synchrony was observed in high-risk samples

characterized by clinical difficulties, history of maltreatment, or socioeconomic disad-

vantage. We did not find that mother–child RSA synchrony significantly differed by

task context, mean child age, or by epoch length for computing RSA. Collectively, these

findings suggest thatmother–child dyads show correspondence in their fluctuations in

RSA, and that RSA synchrony is disrupted in high-risk contexts. Future directions and

implications for the study of parent–child physiological synchrony are discussed.
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1 INTRODUCTION

Parent–child interactions are characterizedbyphysiological changes in

both partners. The extent that these physiological changes are coupled

may reflect dyadic processes ofmutual responsivity (Davis et al., 2018).

Bymeasuring child and parent physiology continuously and simultane-

ously, researchers can observe whether child and parent physiological

responses dynamically fluctuate together—that is, synchronize—over

time while they are interacting (Davis et al., 2018). Physiological syn-

chrony is the extent to which increases or decreases in the child’s

physiological activation correspond to changes in the parent’s phys-

iological activation, and vice versa. According to the biobehavioral

conceptual framework of attachment, parent–child physiological syn-

chrony is uniquely formative for children’s neurobiological, social,

and emotional development (Feldman, 2017). Specifically, physiologi-

cal synchrony is believed to influence children’s brain maturation and

ability to form interpersonal attachments, self-regulate, and engage

positively with their environment (Feldman, 2017), and therefore is of

increasing interest to developmental researchers.

In the past 25 years, several studies have investigated parent–child

synchrony of fluctuations in the parasympathetic nervous system, pri-

marily in mother–child dyads. The parasympathetic nervous system

offers unique insight as a marker of physiological synchrony, because

it responds dynamically to mild and moderate social and emotional

experiences from moment to moment (Porges, 2007). Activity in the

parasympathetic nervous system can be measured using respiratory
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sinus arrhythmia (RSA), reflecting the high-frequency heart rate varia-

tion controlled by efferent fibers of the vagus nerve during the respira-

tory cycle. To date, studies of parent–child RSA synchrony have yielded

mixed findings (Davis et al., 2018), potentially due to differences in

study samples and designs. A systematic meta-analysis is needed to

clarifywhethermother–child synchrony is consistently found in the lit-

erature thus far, and among which mother–child dyads and contexts

it emerges. This meta-analysis investigated whether mothers and chil-

dren show concurrent synchrony in RSA during dyadic interaction (i.e.,

simultaneous increases and decreases in RSA inmother and child), and

whether the degree of synchrony differs depending on demographic

and methodological factors, including high- versus low-risk samples,

challenging versus nonchallenging tasks, child age, and epoch length

used for computing RSA.

1.1 Synchrony of RSA

The biobehavioral conceptual framework of attachment posits that

parent–child physiological synchrony reflects, in part, the quality

of parent–child relationships and coordinated behavioral and emo-

tional responsivity (Feldman, 2007; Feldman et al., 1999). Posi-

tive parent–child relationships characterized by mutual responsiv-

ity, potentially rooted in physiological synchrony, help children to

internalize self-regulated behavior and adjust positively across devel-

opmental domains (MacPhee et al., 2015). One way to measure

physiological synchrony is through measures of the parasympa-

thetic nervous system—the “rest and digest” branch of the auto-

nomic nervous system. By measuring child and parent parasym-

pathetic activity simultaneously and continuously during parent–

child interaction, researchers can observe whether changes in child

physiological arousal correspond to changes in parent physiological

arousal over time (Davis et al., 2018). Polyvagal theory posits that

decreases in RSA during challenge reflect positive coping and engage-

ment in the moment, whereas maintaining or increasing RSA during

interpersonal interaction reflects calm, social engagement (Porges,

2007). Therefore, assessing simultaneous changes in parent and child

RSA may help illuminate the degree to which parent–child dyads

are mutually responsive to each other during interaction. In addition,

RSA responds dynamically to mild and moderate social and emotional

experiences from moment to moment (Porges, 2007), and therefore

offers insight into physiological synchrony during mild or moderately

challenging interactive tasks involving parents and children.

1.2 Variation among studies

Studies that investigated parent–child synchrony of the parasympa-

thetic nervous system have yielded mixed findings (Davis et al., 2018).

A meta-analysis of these mixed findings can determine the overall

evidence for the hypothesis that parent–child dyads engage in physio-

logical synchrony, and help to clarifywhat that physiological synchrony

might look like. Some studies have found positive synchrony (e.g.,

mother RSA increases are associated with child RSA increases; Li

et al., 2020), whereas others found negative synchrony (e.g., mother

RSA increases are associated with child RSA decreases; Ostlund et al.,

2017), and still others found no significant synchrony between child

and parent RSA (e.g., Creaven et al., 2014). These differences in find-

ingsmay be due to study characteristics, such as whether the sample is

low risk versus high risk,whether the parent–child interaction taskwas

challenging (e.g., a conflict discussion), the age range of the children in

the study (e.g., preschoolers vs. adolescents), and theepoch lengthused

for computing RSA.We now consider each of these in turn.

1.3 Differences in synchrony by low- versus
high-risk samples

One potential difference in empirical findings may be due to sam-

ple characteristics, in particular, whether studies investigated RSA

synchrony in a low-risk, community sample versus a high-risk sam-

ple characterized by clinical difficulties, history of maltreatment, or

socioeconomic disadvantage. In community samples, some studies

have shown positive RSA synchrony among parent–child dyads with

more positive relationships and emotional security. For example, in a

community sample of 110 preschool-aged children and their mothers,

only dyads that demonstrated high mutually responsive behavior dis-

played positive RSA synchrony during puzzle and pretend play tasks

(Hu et al., 2021). Similarly, in a community sample of 191 12-year-olds

and parents, only adolescentswith relatively higher levels of emotional

security displayed positive RSA synchrony with their mother during a

family conflict discussion (Li et al., 2020).

In contrast to these findings from community samples, several

studies of families considered at risk for emotional and behavioral

problems have found either negative RSA synchrony or statistically

nonsignificant RSA synchrony. One study of 105 mothers at risk for

parenting difficulties and their 5-month-old infants found negative

synchrony when parents and children were reunited after an emo-

tionally challenging “still face” task (Ostlund et al., 2017). Another

study of 82 3-year-olds at risk for externalizing problems found that

children with high levels of externalizing problems displayed negative

RSA synchrony during a parent-child challenge task (Lunkenheimer

et al., 2021). In one study of 146 3- to 5-year-olds and their moth-

ers, nonmaltreating dyads showed positive RSA synchrony during two

problem-solving tasks, while maltreating dyads did not show RSA

synchrony (Lunkenheimer, Busuito, et al., 2018). A study of 59mother–

adolescent dyads found that dyads with mothers who reported low

levels of depressive symptoms displayed positive RSA synchrony dur-

ing conflict and fun activity discussion tasks, whereas dyads with

mothers who reported more severe depressive symptoms showed sig-

nificantly weaker synchrony (McKillop & Connell, 2018). Notably, one

study of 104 3 to 5-year-olds found no evidence of significant RSA

synchrony among either maltreated or nonmaltreated dyads (Creaven

et al., 2014). Although the literature has produced some inconsistent

findings, overall, these studies may suggest that parents and chil-

dren from community samples show positive synchrony in RSA during
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interaction, whereas dyads at risk in relation to maltreatment, depres-

sion, or child behavioral problems either do not show synchrony or

showweaker synchrony. Conceptually, according to biobehavioral the-

ories of attachment, parent–child physiological synchrony may be

weaker among dyads who have more difficult relationships because

synchrony is a uniquely formative experience for children’s positive

neurobiological, social, and emotional development (Feldman, 2017).

Evaluating this qualitative interpretation of the literature requires

quantitative meta-analysis to determine whether synchrony is less

positive or weaker among at-risk dyads.

1.4 Differences in synchrony by task context

To investigate the contexts in which physiological synchrony occurs,

researchers have also measured physiological synchrony across sev-

eral different types of interactions. Specifically, prior studies have used

a variety of tasks ranging from those that are low in challenge and emo-

tionally neutral or positive (e.g., free play) to those that are emotionally

laden, challenging, or negative (e.g., a discussion about a potential con-

flict between parent and child or emotionally laden film). At age 15,

adolescents and parents showed concurrent RSA synchrony during

a discussion of pleasant events, but not during a conflict discussion

(Amole et al., 2017). In contrast, at age 10, concurrent RSA synchrony

was strongest during a conflict discussion, compared to a baseline sit-

ting task and a task in which the child performed a stressful speech

while the parent observed (Suveg et al., 2019). In a study of preschool-

ers, positive RSA synchrony was strongest during free play and clean

up, compared to a structured teaching task (Lunkenheimer, Busuito,

et al., 2018). However, in another study of 94 5-year-old children and

their parents, parent and child RSA synchronized positively on average

duringmore structured tasks (i.e., problem-solving and puzzle teaching

tasks) but not less-structured free play and clean up tasks (Armstrong-

Carter et al., 2021). A study of 158 3- to 4-year-old children and their

mothers who watched a short, emotional film clip together found pos-

itive synchrony only during seconds of the film when there was an

increase in negative emotional content (Ravindran et al., 2021). These

findings suggest that physiological synchrony may differ during tasks

that are more emotionally challenging or negative compared to more

neutral or positive, although the nature of these differences is unclear

(e.g., RSA synchrony could be more positive or more negative in chal-

lenging contexts). Considering RSA synchrony across different tasks

may reveal the social contexts in which RSA synchrony occurs or is

strongest, and thereby shed light on the environmental circumstances

in which RSA synchrony emerges.

1.5 Differences in synchrony by child age

There may be developmental differences in the extent to which par-

ent and child physiology are related. To shed light on developmental

change, it is important to investigate whether child and parent syn-

chrony differs across age ranges (Davis et al., 2018). Parent–child

synchrony may be stronger during younger (e.g., preschool age) than

older age periods given that young children are still closely attuned to

and reliant on their parents. In contrast, older children and adolescents

may show less synchrony as they transition toward increasing behav-

ioral independence. Although most studies have not investigated age

differences in RSA synchrony in the same sample, comparing studies

that focused on different ages may reveal developmental differences

in RSA synchrony between studies.

1.6 Differences in synchrony by epoch length
used to compute RSA

RSA has been computed using a range of epoch lengths. The major-

ity of studies have considered RSA based on 30-s epochs of data,

whereas some recent work has considered mother–child RSA syn-

chrony based on shorter durations, including second-by-second esti-

mates. The epoch length used represents an assumption about the

temporal resolution and number of within-dyad RSA estimates that

are necessary for uncovering synchrony. However, to our knowledge,

prior studies have not examinedwhethermother–child RSA synchrony

varies by epoch length.

1.7 Current study

This study was a meta-analysis of mother–child RSA synchrony. We

examined whether (1) mothers and children showed concurrent syn-

chrony during dyadic interaction across empirical studies and (2)

whether the degree of interaction varied depending on methodologi-

cal and sample characteristics of risk status, task context, child age, and

epoch length used to compute RSA. Our goals were to shed light on

the degree of existing evidence for mother–child RSA synchrony, and

to assess for whom is mother–child RSA synchrony strongest (either

positive or negative synchrony).

2 METHODS

2.1 Procedure

2.1.1 Literature review

We conducted a literature review of empirical research about parent–

child physiological synchronywith no publication date limits. Pertinent

articles were identified via PubMed, APAPsycNet, andGoogle Scholar.

The search terms concerned threemain categories: physiological mea-

sure, synchrony, and parent–child dyads. Physiology search terms

included physiology, respiratory sinus arrhythmia, RSA, heart rate vari-

ability, HRV, vagal tone, ECG, and physiological regulation. Synchrony

search terms included concordance, synchrony, coregulation, covariation,

and attunement. Dyad search terms includedmother–child, father–child,

parent–child, parent, adolescent, infant, child, and dyadic. In addition to

searching online databases, we examined references used in identified
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F IGURE 1 Identification of studies via databases and other sources

studies as well as existing systematic reviews of parent–child syn-

chrony (Davis et al., 2018;DePasquale, 2020). The initial search yielded

835 results, of which 242 were duplicates. We narrowed down these

results to 39 studies of interest through abstract reviews based on

inclusion and exclusion criteria (see Figure 1).

2.1.2 Inclusion and exclusion criteria

Our literature review identified 39 studies of interest. We completed

full text reviews of all 39 studies, which yielded 12 studies with 14

independent samples (N= 1201mother–child dyads) that satisfied our

inclusion criteria. This sample size of publications and participants is

comparable to what has been used in some prior meta-analyses of RSA

and heart rate variability more broadly (Di Bello et al., 2020; Faurholt-

Jepsen et al., 2017; Kemp et al., 2010; Shahrestani et al., 2014, 2015;

Thayer et al., 2012). In terms of our inclusion criteria, first, studies had

to measure RSA in both mothers and children. Second, studies had

to use within-dyad analyses of repeated RSA observations (e.g., mul-

tilevel modeling) to measure concurrent synchrony in mother–child

RSA. We excluded four studies that estimated a regression coeffi-

cient between average RSA values from parent and child, which does

not capture the association between fluctuations in parent and child

RSA within subjects over time. Third, studies had to report unstan-

dardized coefficients of mother–child synchrony that are comparable

across studies since all studies used physiological measurements in

RSA units. Unstandardized coefficients of mother–child synchrony are

typically reported in analyses that that take into account the dyadic

structure of the data (e.g., multilevel modeling analyses). Studies that

used standardized coefficients to represent mother–child synchrony

(e.g., cross-correlation coefficients that are Fisher transformed), which

are not directly comparable to unstandardized coefficients, were

not included in the current meta-analysis (e.g., Abney et al., 2021;

Motsan et al., 2021;Nguyen et al., 2021). Fourth, studies had to include
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standard errors of unstandardized coefficients, or include enough

information to compute standard errors. For example, for studies that

reported a specific p-value for mother–child RSA synchrony but not a

standard error, we computed a standard error by dividing the unstan-

dardized coefficient by the z-score corresponding to the reported

p-value. Six studies that did not report either standard errors or spe-

cific p-values (e.g., reporting p < .05) were excluded. Finally, when

multiple published studies focused on the same sample, we selected

one of them to include in our meta-analysis and excluded the rest.

Three studies were excluded because they used the same participant

sample and tasks as another study, but focused on different modera-

tors ofmother–child synchrony (Fuchs et al., 2021; Lunkenheimer et al.,

2015; Skoranski et al., 2017). If thereweremultiple studies on the same

sample, we chose the most recently published study for the analysis.

In instances where two studies were published the same year draw-

ing from the same sample, we chose the study with the larger sample

size (e.g., including Lunkenheimer et al. [2021] over Fuchs et al. [2021]).

The studies thatmetour inclusion criteriawerepublished from2014 to

2021. Children in the studies ranged from0.4 to 17 years old (M= 5.68

years, SD=4.13), and parents in the studies ranged from20 to 58 years

old (M= 34.76 years, SD= 6.49).

2.2 Measures

2.2.1 RSA synchrony

To obtain coefficients of synchrony, we extracted unstandardized coef-

ficients for each sample. These coefficients represented the sample-

specific overall effect ofmother RSAon child RSA in concurrent epochs

(i.e., fixed effect of concurrent synchrony). We also extracted the

standard errors and p-values corresponding to each unstandardized

coefficient. In studies that presented two models that assumed either

directionality of concurrent synchrony from mother RSA to child RSA

or from child RSA to mother RSA, we selected the findings from the

analysis modeling mother predicting child RSA. We chose to focus

on coefficients from mother RSA predicting child RSA because these

were included in all the studies of interest (Davis et al., 2018). For

studies that included multiple models that assessed RSA synchrony

in different tasks, we computed the average unstandardized coeffi-

cient and average standard error across models and included those

values in our meta-analysis. For two studies, we included two unstan-

dardized coefficients (Creaven et al., 2014; Lunkenheimer, Busuito,

et al., 2018) as a result of these studies including separate analyses on

two different subsamples (low- vs. high-risk samples). This yielded 14

unstandardized coefficients drawn from 12 published studies.

2.2.2 Moderators

We examined potential moderators of RSA synchrony, including sam-

ple risk status (0/1), task context (0/1), average child age, and epoch

length used to compute RSA. For sample risk status, we categorized

samples that targeted participants with clinical diagnosis or difficul-

ties (e.g., depression, conduct disorder), maltreatment history, or low

socioeconomic status as high risk (coded as 1); samples of participants

that were not targeted for these characteristics were categorized as

low risk (coded as 0). For task context, challenging or affectively neg-

ative task contexts (e.g., conflict discussion, fear film) were coded as

1; low-challenge, positive, or affectively neutral task contexts (e.g.,

calming video, storybook task) were coded as 0. For epoch length, we

coded 1-s RSA estimates as 0; 5-s epochs as 1; 15-s epochs as 2; 30-

s epochs as 3; and 60-s epochs as 4. Studies that conducted separate

analyses on subsamples were split by subsample (Creaven et al., 2014;

Lunkenheimer, Busuito, et al., 2018), with the corresponding data

extracted for eachmoderator variable.

2.3 Data analysis

We first conducted a random-effects meta-analysis with restricted

maximum likelihood estimation to test the overall association between

epoch-to-epoch (i.e., moment-to-moment) fluctuations in mother and

child RSA (i.e., mother–child concurrent RSA synchrony). We assessed

heterogeneity in RSA synchrony, or variation across studies, using

the I2 measure (Higgins & Thompson, 2002) and Cochran’s Q-test

statistic for heterogeneity (Cochran, 1954). Values for I2 of 0%, 25%,

50%, and 75% indicate no heterogeneity, low, moderate, and high

heterogeneity, respectively (Higgins, 2003). A significantQ-test statis-

tic suggests meaningful heterogeneity across studies in mother–child

RSA synchrony. We assessed publication bias, or the extent to which

the literature is characterized by statistically significant findings being

more likely to be published than nonsignificant findings, using Egger’s

regression test (Egger et al., 1997). We conducted outlier diagnos-

tics to assess whether there were outlier effects for RSA synchrony

(Viechtbauer & Cheung, 2010). In moderator analyses, we conducted

separate mixed-effects meta-analyses using restricted maximum like-

lihood estimation to test whether sample-level moderator variables

explain variability inmother–child RSA synchrony.We estimated these

effects in four separate models to retain statistical power due to our

relatively small sample size of studies. In addition, this approach is con-

sistent with our study aim to assess moderator effects independently,

without controlling for other variables. All analyses were conducted

using the “metafor” package (Viechtbauer, 2010) in R. Using the same

notation as Viechtbauer (2010), the random-effects model can be

described as

𝜃i = 𝜇 + ui,

where θi is the true effect (unknown) in the ith study of mother RSA

predicting child RSA (i.e., mother–child RSA synchrony), μ is the aver-
age true effect, and ui is the degree of heterogeneity among the true

effects ofmother–child RSA synchrony. Themixed-effectsmodelswith

sample-level moderator variables can be described as

𝜗i = 𝛽0 + 𝛽1𝜒i1 + ui,
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F IGURE 2 Estimatedmother–child synchrony in RSA in unstandardizedmetric. Positive and negative values indicate positive and negative
concurrent synchrony, respectively.

where χi1 is the value of the moderator variable for the ith study. Thus,

β1 represents how the average true effect of mother RSA predicting

child RSA changes for a 1-unit increase in the moderator variable, and

β0 represents the average true effect when the moderator variable is

equal to zero.

3 RESULTS

Table 1 presents information for each study.

3.1 Mother–child RSA synchrony

Figure 2 presents the associations between mother RSA and child

RSA for each study in the meta-analysis, as well as the summary

estimate. Overall, there was a statistically significant positive associ-

ation between mother and child fluctuations in RSA (see Figure 2 and

Table 2). That is, across studies, there is evidence thatmother and child

RSA fluctuate in concert, albeit to amodestdegree. Therewasevidence

for significant heterogeneity across studies (Q(13) = 27.63, p = .010;

I2 = 29.84). Based on the I2 measure, heterogeneity in estimates of

mother–child RSA synchrony was in the low to moderate range. We

did not find evidence for publication bias based on Egger’s regression

test (z= 1.10, p= .273). In addition, visual inspection of the funnel plot

does not suggest asymmetry thatwould be expected in the presence of

bias (see Figure S1; Sterne & Egger, 2001). Outlier diagnostics did not

identify outlier effects (see Figure S2).

3.2 Impact of moderators

We conducted a series of mixed-effects meta-analyses testing mod-

erators of heterogeneity. The parameter estimates for each of the

models are presented in Table 2. Given theory that physiological

synchrony may indicate or relate to risk for psychopathology and

exposure to adverse contexts (Feldman, 2012), we conducted a mod-

erator analysis to test whether mother–child RSA synchrony differed

in low- versus high-risk samples. Sample risk status was significantly

and negatively related to variation in mother–child RSA synchrony.

Thus, less mother–child RSA synchrony was observed in samples clas-

sified as high risk compared to those that were classified as low

risk. Given prior work suggesting that mother–child physiological syn-

chrony might vary across different task contexts, we also tested low-

versus high-challenge tasks as potential moderator. We did not find

that mother–child RSA synchrony significantly differed by task con-

text.We also did not find thatmother–child RSA synchrony differed by

mean child age or epoch length used to compute RSA.
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TABLE 2 Meta-analysis results

Child RSA

k

Unstandardized

coefficient SE 95%CI Z p I2

Testing overall synchrony

(random-effects model)

Concurrentmother RSA 14 .031 .0099 [.01, 05] 3.13 .002 30%

Moderator analyses

(mixed-effects models)

Low-risk versus high-risk

sample

36%

Intercept .045 .0126 [.02, .07] 3.56 <.001

Low-risk versus high-risk −.045 .0231 [−.09,−.00] 1.96 .0496

Task context 32%

Intercept .043 .0148 [.01, .07] 2.93 .003

Low versus high challenge −.023 .0206 [−.06, .02] 1.13 .258

Child age 46%

Intercept .012 .0222 [−.03, .06] 0.54 .592

Average child age .003 .0031 [−.00, .01] 1.08 .279

Epoch length 45%

Intercept −.012 .0282 [−.07, .04] 0.41 .679

Epoch length .019 .0110 [−.003, .04] 1.72 .085

Note: K = number of studies; I2 = total variability in random effects model and unaccounted variability in moderator models. Risk-status variable coded

0 = low-risk sample and 1 = high-risk sample. Task context variable coded 0 = low challenge task and 1 = high challenge task. RE Model = random-effects

model. Larger squares represent more precise estimates than smaller squares.

3.3 Sensitivity analyses

Although diagnostics did not indicate the presence of outlier effects

(see Figure S2), visual inspection of the effects in Figure 2 led us to con-

duct sensitivity analyses exploring whether the results changed after

removing either Lunkenheimer, Tiberio, et al. (2018) or Ostlund et al.

(2017); the strongest positive and negative effects were reported in

Lunkenheimer, Tiberio, et al. (2018) and Ostlund et al. (2017), respec-

tively. After individually removing either of these studies (k = 13), the

positive association between mother and child RSA remained statis-

tically significant (b = .027, SE = .0081, 95% confidence interval [CI]

[.0108, .0427], p= .001, and b= .033, SE= .0088, 95%CI [.0160, .0507],

p< .001 after removing Lunkenheimer, Tiberio, et al. [2018] orOstlund

et al. [2017], respectively). In contrast, removing either of these studies

resulted in heterogeneity in RSA synchrony that was not statistically

significant (Q(12) = 19.20, p = .084, I2 = 8.38, and Q(12) = 20.49,

p= .058; I2 = 17.31 after removing Lunkenheimer, Tiberio, et al. [2018]

or Ostlund et al. [2017], respectively). In addition, in mixed-effects

models, the previously observed negative effect of sample risk status

onRSA synchronywas no longer statistically significant after removing

either study (b = –.0348, SE = .0197, 95% CI [–.0733, .0037], p = .077,

and b = –.0298, SE = .0214, 95% CI [–.0717, .0121], p = .163 after

removing Lunkenheimer, Tiberio, et al. [2018] or Ostlund et al. [2017],

respectively).

4 DISCUSSION

Theoretical frameworks highlighting the importance of biobehavioral

synchrony for attachment (Feldman, 2017), combined with advances

in quantitativemethods (Helm et al., 2018), have contributed to rapidly

growing interest in studying physiological synchrony in parent–child

dyads (Davis et al., 2018; DePasquale, 2020). Despite this interest,

the literature contains mixed findings as to whether parent–child

dyads, on average, consistently demonstrate physiological synchrony

across different research samples, as well as the conditions under

which physiological synchrony may be stronger or weaker. Here, we

conducted a meta-analysis to examine whether mother–child dyads

showcorrespondence in theirmoment-to-moment fluctuations inRSA,

reflecting concurrent synchrony of mother and child parasympathetic

nervous system activation. We identified 14 independent samples

from 12 studies, consisting of 1201 mother–child dyads, that met our

study inclusion criteria. We found evidence for statistically significant

mother–child synchrony in RSA. Specifically, mothers and their chil-

dren showed positive correspondence of their moment-to-moment

RSA, such that increases and decreases in mother RSA corresponded

to simultaneous increases and decreases in child RSA. It is important to

note, however, that the degree of RSA synchrony in this meta-analysis

was modest, which may be due to inconsistencies across studies,

including in how RSA synchrony was measured. Further, moderator
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analyses revealed that RSA synchrony was significantly reduced in

samples ofmother–child dyadswhowere considered high risk because

they experienced clinical difficulties, socioeconomic disadvantage, or

maltreatment exposures. In contrast, we did not find that RSA syn-

chrony varied significantly by task context, child age, or epoch length

used to compute RSA.

It is important to note that this meta-analysis focused on prior stud-

ies of RSA synchrony at the within-dyad level. The meta-analysis does

not consider the question of whether mothers with high or low levels

of average RSA tend to have children with similarly high or low RSA

relative to other children, which reflects an average-level correlation

that could be confounded by underlying shared genetics or environ-

mental experiences between parent and child (Davis et al., 2018). We

found evidence for positivemother–child RSA synchrony at thewithin-

dyad level. That is, mothers and their children showed simultaneous

increases and decreases in their RSA over the course of time as they

engaged in various interaction tasks including free play, teaching tasks,

and conflict-resolution discussions. This finding alignswith the hypoth-

esis that mother–child interactions involve both partners coordinating

their physiological states, potentially as a function of responding to

each other’s emotional, behavioral, and verbal cues (Feldman, 2012).

Further, even after removing the studies that found the most extreme

levels of mother–child RSA synchrony, the overall positive effect of

mother RSA on child RSA remained statistically significant. Indeed,

consistent with this meta-analytical finding, we observed in Figure 2

that the majority of prior studies have reported positive, although not

statistically significant, mother–child RSA synchrony.

Strong affiliative bonds between parents and their children are

believed to be formed, in part, on the basis of coordinating physiolog-

ical states (Feldman, 2012, 2017). In contrast, social risk factors may

adversely affect parent–child relationships and child outcomes via dis-

rupted or discordant dyadic synchrony (Feldman, 2012). For example,

prior theoretical and empirical work suggests that mother–child phys-

iological synchrony is weakened in the context of maternal depression

(Feldman, 2012; Woody et al., 2016), lower family income and higher

household chaos (Hoyniak et al., 2021), and neglect (Lunkenheimer,

Busuito, et al., 2018). Our meta-analysis found evidence that is consis-

tent with the possibility that mother–child RSA synchrony is disrupted

in high-risk contexts. It is important to note, however, that our find-

ing of moderation by sample risk status was less robust to sensitivity

analyses than was our finding of overall mother–child RSA synchrony.

Specifically, the negative effect of sample risk status on mother–child

RSA synchrony was no longer statistically significant after removing

the most extreme effects from the meta-analysis. This reduction in

statistical significance may have been due to reduced heterogene-

ity across studies, or reduced power, after removing Lunkenheimer,

Tiberio, et al. (2018) or Ostlund et al. (2017) from the analysis. In addi-

tion, it is possible that some risk factors are stronger moderators of

mother–child RSA synchrony than are others. Given the limited num-

ber of past studies on distinct risk factors, we categorized high-risk

samples based on broad criteria, as specifying between different types

of risk would have yielded too small cell sizes and insufficient statisti-

cal power for the meta-analysis. However, developmental researchers

are increasingly emphasizing the importance of considering unique and

specific effects of different dimensions of risk or adversity (Ellis et al.,

2022). Interestingly, Lunkenheimer, Busuito, et al. (2018) found dif-

ferential effects of physical abuse and neglect on mother–child RSA

synchrony, but more research is needed in this area.

Although many different cardiac, hormonal, and neural measures

offer promise for studying dyadic synchrony (Borelli et al., 2019; Davis

et al., 2018; Endevelt-Shapira et al., 2021; Levy et al., 2021;Miller et al.,

2019), we focused our meta-analysis on mother–child synchrony in

RSA, ameasure of cardiac parasympathetic response that has garnered

significant attention (Davis et al., 2018). RSA iswidely considered to be

ameasure of parasympathetic influenceonheart ratewith implications

for social–emotional processes that are important for parent–child

interactions and relationships, suchasemotion regulationandempathy

(Beauchaine & Thayer, 2015; Miller, 2018; Porges, 2007). For example,

polyvagal theory posits that RSA response reflects active engage-

ment and coping with mild social and emotional challenges in the

moment (Porges, 2007). In addition to rich theoretical work pointing

to the importance of studying RSA synchrony, RSA data are relatively

inexpensive and easy to collect.

Despite the strengths of the RSA measure, one potential limitation

in the RSA synchrony literature is the reliance on low temporal reso-

lution estimates, at least relative to other physiological measures (e.g.,

skin conductance, interbeat intervals, neuroimaging measures); the

majority of RSA synchrony studies have considered 60- or 30-s epochs

for estimating RSAwithin dyads. This approach assumes thatmeaning-

ful mother–child synchrony can be observed at this timescale, but we

are not aware of theory supporting this assumption. Ourmeta-analysis

suggests a significant, albeit modest, degree of average mother–child

RSA synchrony. It is possible that mother–child RSA synchrony occurs,

or is strongest, at specific temporal scales and epoch lengths. We

did not find that epoch length significantly moderated synchrony, but

systematically testing this possibility may require more studies that

consider RSA estimates that are based on smaller time intervals. Some

developmental studies have used epochs as short as 10 or 15 s to com-

pute RSA (Calkins & Dedmon, 2000; Huffman et al., 1998; Kahle et al.,

2018;Miller et al., 2020). Recent analytic approaches can estimateRSA

at the second-by-second level, although it is worth noting that these

estimates are still based on a sliding window method that considers a

wider range of data (Gates et al., 2015). Nonetheless, this method may

be particularly useful for capturing dynamic changes and links between

mother and child RSA that more closely correspond to the dynamic

nature of social interaction and behavior.

We note three limitations of this meta-analysis, and one broader

limitation of the mother–child RSA synchrony literature that should

be addressed and that could improve future meta-analyses. First, we

focused on concurrent RSA synchrony, but researchers are increas-

ingly considering lead–lag associations between mother and child RSA

(Armstrong-Carter et al., 2021; Helm et al., 2018). As the field contin-

ues to grow, futuremeta-analytic work could evaluate the evidence for

directional or bidirectional relations in mother–child RSA synchrony.

Second, we focused our meta-analysis on studies that used multi-

level modeling to estimate mother–child RSA synchrony, because this
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approach ismost commonlyused in the literature and typically controls

for between-dyad correlations of parent and child RSA (Davis et al.,

2018). These studies used unstandardized betas to quantify synchrony

in RSA scale, but standardized effect size measures would increase

interpretability of the strength ofmother–child RSA synchrony. Future

studies that use multilevel models to quantify within-dyad synchrony

should consider including appropriate effect size measures (Lorah,

2018). As a related point, the current meta-analysis is not an exhaus-

tive representation of the literature, as it does not include studies that

used standardized metrics of mother–child RSA synchrony, such as

cross-correlations (e.g., Abney et al., 2021;Motsan et al., 2021;Nguyen

et al., 2021). Using standardized effect sizes that can be compared

across studies will improve the consistency and interpretability of the

overall literature. Third, it is important to emphasize that our findings

are specific to the literature on mother–child dyads. Recent work sug-

gests that parent-child RSA synchrony differs for mothers and fathers

(Fuchs et al., 2021; Lunkenheimer et al., 2021), but relatively few stud-

ies have included fathers. Lastly, an important limitation of the broader

RSA synchrony literature is the relatively limited use of permutation

approaches. These analyses involve randomly pairing mother and child

RSA signals to create shuffled synchrony values to compare with RSA

synchrony values obtained from real mother–child dyads. The extent

to which these RSA synchrony values differ provides evidence that

mother–child RSA synchrony is not due to chance or other factors such

as the natural frequency of RSA signals. Widely adopting permuta-

tion analyses would complement current standards in the field, such as

detrendingRSA signals, and contribute to an overall stronger literature

for futuremeta-analyses of parent–child RSA synchrony.

In conclusion, this is the firstmeta-analysis to examinemother–child

RSA synchrony, a rapidly growing area of interest in developmental

psychobiology. RSA synchrony is believed to partially reflect mother

and child reciprocal engagement and responsivity during interactions

(Feldman, 2012). We found support for the idea that RSA fluctuations

inmothers and their children are positively associatedwith each other,

but RSA synchrony may be reduced in high-risk samples characterized

by clinical difficulties, maltreatment, or socioeconomic disadvantage.

Collectively, these findings suggest that mother–child dyads synchro-

nize their parasympathetic activity, and that the strength of synchrony

is potentially moderated by contextual risk factors. Nevertheless, this

field is still at a nascent stage. Methodological innovations in estimat-

ing RSA, assessment of multiple time scales and lagged associations,

increased attention to father–child synchrony, and fuller consideration

of moderators and mechanisms of RSA synchrony will be important

for advancing further understanding of the contexts in which RSA syn-

chronyoccurs, and the significanceof synchrony for child development.

Further, gaining this understanding could provide important informa-

tion for designing new, targeted interventions, and for determining the

promise of RSA synchrony as amarker of intervention effectiveness.
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