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Abstract

We investigated the influence of family alliance on infants’

vagal tone. Physiological studies have shown that the qual-

ity ofmother–infant interactions can influence infants’ vagal

tone, which is an important indicator of emotion regulation.

Although research has shown that family-level relation-

ships have a unique impact on child development, little

is known about the association between the quality of

mother–father–infant interactions and infants’ physiological

regulation during a family interaction task.We hypothesized

that infants in families with a greater family alliance, that

is, degree of coordination reached by parents when com-

pleting a task, will have higher vagal tone than will infants

in families with a lower family alliance. We also hypothe-

sized that this associationwould bemediated by the amount

of intrusive and withdrawn parental behaviors and by the

impact of these behaviors on the infant during mother–

father–infant interactions. This study included 82 parents

with their 3-month-old infants. Results showed that family

alliance was associated with infants’ vagal tone during tri-

adic interactions and that the impact of intrusive/withdrawn
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parental behaviors on the interaction partially mediated this

association.

KEYWORDS

family alliance, infant, mother–father–infant interactions, parental
behavior, physiological regulation

1 INTRODUCTION

Relationships within the family have been shown to be a strong predictor of children’s socioemotional functioning.

This has been shown at the level of dyadic relationships, in mother–infant relationships (e.g., Brumariu, 2015; Calkins

& Hill, 2007; Field et al., 2007), in father–infant relationships (Anderson et al., 2013; Braungart-Rieker et al., 2014;

Bureau et al., 2020), and at the triadic level of mother–father–infant relationships (Favez et al., 2006, 2012; Kolak

& Vernon Feagans, 2008). At the triadic level, the way that parents coordinate and support each other in their rela-

tionship with the child influences the child’s psychological adjustment (Teubert & Pinquart, 2010) and socioemotional

functioning beyond individual parental behaviors (Belsky et al., 1996; Caldera& Lindsey, 2006; Karreman et al., 2008).

To obtain a better understanding of the processes underlying the association between the quality of triadic interac-

tions and infant’s socioemotional outcomes, we investigated the influence of mother–father–infant interactions on

infants’ vagal tone, an indicator of physiological emotion regulation, as well as the interactional process that might

explain this influence.

Emotion regulation is one of the key processes in individual functioning, and poor abilities to regulate emotion

might explain psychological difficulties (Cole & Deater-Deckard, 2009; Cole & Hall, 2008; Halligan et al., 2013). Emo-

tion regulation is defined as “the process responsible for monitoring, evaluating, and modifying emotional reactions,

especially their intensity and temporal features, in order to accomplish one’s goal” (Thompson, 1994, p. 27–28). At

birth, infants have immatureemotion regulationabilities. Although theyhavean innate repertoireof regulatorybehav-

iors, such as falling asleep, closing their eyes, turning their head away or nonnutritive sucking (Calkins et al., 2016;

Kopp, 1989) theymostly need the adult tohelp themregulate. Emotiondisplays from infants areusedasmessages sent

to the adultswho, in response, adapt their behavior directed to the child so that the environment and the internal state

of the infant is modified (Cole et al., 2004; Field, 1994; Tronick, 1989). Through the repetition of this process, infants

learn to understand their internal states and how to regulate emotions. After an initial stage during which emotions

are entirely regulated by caregivers, a process of coregulation takes place as infants grow up. Finally, infants become

capable of self-regulation (Sameroff, 2004). Thus, the development of emotion regulation in infants is an interpersonal

process. As a consequence, the quality of the early relational context, especially the interactionswith caregivers, has a

major influence on the development of emotion regulation abilities (Cole et al., 2004;Morris et al., 2007).

The influence of the quality of parent–infant interactions on the ability of the infant to regulate emotion has been

studied widely in mother–infant interactions (e.g., Brumariu, 2015; Calkins & Hill, 2007; Field et al., 2007) and, to

a lesser extent, in father–infant interactions (Rodrigues et al., 2021). However, most studies have used behavioral

indicators to investigate infants’ emotion regulation. In order to have a comprehensive understanding of infants’

emotional experience during parent–infant interactions and to understand how interactions are involved in infants’

emotional regulation, studies also have used measurements of physiological indicators, such as vagal tone (Feldman

et al., 2010; Ham & Tronick, 2009; Moore & Calkins, 2004; Pratt et al., 2015; Provenzi et al., 2015). Vagal tone is a

measure of the modulating activity of the peripheral nervous system on the organs via the vagus nerve that can be

indexed by heart rate variability (Laborde et al., 2017). There is an association between regulation of the parasym-

pathetic branch of the autonomic nervous system and emotional regulation abilities (Santucci et al., 2008; Stifter

et al., 2011). The polyvagal theory (Porges, 1995, 2001) postulates that when the environment is safe, the autonomic
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nervous system, through activation of the vagus nerve, exerts a parasympathetic influence on the heart (Porges,

1995, 2007). Through elevated vagal tone, the heart rate is slowed down, allowing for a state of calm that promotes

social engagement (Porges, 1991). In the face of an increase in environmental demand, vagal tone decreases, resulting

in a decrease in parasympathetic influence that allows for engagement of metabolic resources required to cope

with the situation and adoption of appropriate behavior. When the demand decreases, vagal tone quickly resets to

inhibit the influence of the sympathetic nervous system. The study of vagal tone provides information about the

possibility and the ability to modulate the influence of the parasympathetic nervous system. According to Porges

(1995), vagal tone at rest or during nonchallenging tasks is an indicator of the individual’s vulnerability to stress,

whereas the vagal response under challenging conditions is an indicator of adaptative functioning. Therefore, vagal

tone has been proposed as an indicator of emotion regulation (Gentzler et al., 2009; Gottman & Katz, 2002; Porges

et al., 1994; Zisner & Beauchaine, 2016) and was shown to be associated with behavioral measures of reactivity,

emotional expression, and self-regulatory abilities, such as the ability to self-soothe or to use regulatory behaviors

(Rattaz et al., 2022).

During parent–infant dyadic interactions, physiological variations have been observed in 3-month-old infants

according to the quality of the interaction (Moore &Calkins, 2004). The quality of parent–infant interactions depends

in part on theway parents adjust their behavior to the infant. Adjusted parental behaviors are alignedwith the infant’s

emotional signals and state, whereas unadjusted parental behaviors are not. Adjusted parental behaviors and posi-

tive interactions are associated with high vagal tone (Feldman et al., 2010; Pratt et al., 2015; Provenzi et al., 2015),

whereas unadjusted parental behaviors are related to low vagal tone or unusual patterns of vagal regulation (Bazhen-

ova et al., 2001; Feldman et al., 2010;Hamet Tronick, 2009). These unadjusted interactions often are characterized by

intrusive orwithdrawn behaviors from the parent (DePasquale &Gunnar, 2020) andmay constitute a disruptive expe-

rience for the infant. Intrusive behaviors include aspects of overstimulation, such as too much physical proximity, or

unpredicted behaviors, whereas withdrawal behaviors include aspects of understimulation, physical distance, or lack

of vocalization. These behaviors are considered stressful, as intrusive behaviors tend to go beyond infants’ regulatory

abilities, and withdrawn behaviors lead to the withdrawal of the parent from the interpersonal regulatory process,

leaving the infant to regulate on his or her own, of which the infant is not yet capable. Therefore, intrusive and with-

drawn parental behaviors have in common that they do not allow the infant to regulate because in both cases, the

parent is not fulfilling his regulatory role with the infant. Consequently, these types of behaviors are associated with

behavioral and physiological stress responses in the infant (Bugental et al., 2003; Feldman et al., 2010; Field, 2010;Wu

& Feng, 2020) and do not permit the infant to maintain an accurate level of arousal and attention in the interaction

(Wimbarti, 2006). In the face of an intrusive or withdrawn parental behavior, it therefore is likely that the infant with-

draws from the interaction (Dollberg et al., 2006; Guedeney et al., 2011) which also will have an impact on the infant

and the course of the interaction. An IWPB may be well tolerated by the infant, which will not cause any disruption

of the interaction, with the infant remaining socially engaged with the parent. However, the infant may also show a

reaction to the parental behavior, such as closing the eyes, turning the head away, or crying, whichwill affect the ongo-

ing interaction and cause a disruption, which will also disrupt the interpersonal emotion regulation process the infant

needs.

Physiological studies have focused mainly on mother–infant dyadic interactions, and only very recently in father–

infant interactions (Puglisi et al., 2023). However, infants’ social experiences are not limited to interactions with one

parent only.Many infants experience complex social interactions such as triadic interactions on a daily basis, for exam-

ple, when they experience interactions when both parents are present. The presence of both mother and father can

give rise to relational family dynamics that cannot be observed in the presence of one parent only. For example,

parents do not behave the samewaywhen they are alonewith the infant thanwhen the other parent is present (Udry-

Jorgensen et al., 2016). Therefore, the mother–father–infant triad is not limited to the addition of the mother–infant

and the father–infant dyads. A few studies have investigated the influence of family-level relational processes and

infants’ physiological regulation by focusing on the consequences of marital conflict on the child. Higher levels of mar-

ital conflict have been associated with lower vagal tone and poorer vagal regulation in 6-month-old infants (Moore,

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 16 RATTAZ ET AL.

2010; Porter & Dyer, 2017; Porter et al., 2003), suggesting that exposure to conflict may influence physiological pro-

cesses involved in emotion regulation. However, these studies only assessed the conflict in the marital relationship,

and even if it may be indicative of a negative emotional climate in the family, they did not observe directly the way

the family interacted together, in mother–father–infant triadic interactions. Studies have shown that the relational

processes in triadic interactions have unique qualities and a unique influence on infants’ socioemotional development

that cannot be inferred from the study of dyadic interactions only (McHale & Lindahl, 2011). Indeed, whereas dyadic

interactions allow one to study how parents are with their infant, triadic interactions allow one to study how parents

are together with the infant. Therefore, the observation of triadic interactions gives access to specific interactional

processes that are not available when observing a dyadic interaction.

The quality of the triadic relationship involving two parents and a child can be captured through the construct of

family alliance. The family alliance is defined as the degree of coordination reached by the two parents and the child

when they complete a task (Fivaz-Depeursinge & Corboz-Warnery, 1999). In the family alliance model, the quality of

the family alliance depends on the achievement of four interactive functions (participation, organization, focus, and

affective sharing) that are imbricated hierarchically. The Lausanne Trilogue Play (LTP; Fivaz-Depeursinge & Corboz-

Warnery, 1999) is the observational paradigm that was specifically designed to assess family alliance. In the LTP, the

family is asked to interact in aparticular setting. Theparents and the infant are seated in anequilateral triangle. Parents

sit on regular chairs, whereas the child sits in a swivel and reclining chair, which allows parents to adjust its position

according to the child’s motor development. The position of the seat also can be adjusted according to the scenario of

the play, as the chair can be oriented toward one parent, toward the other, or between them. Another characteristic

of the LTP is that the family is asked to interact following a four-part scenario. In the first part, one parent is asked to

interact with the child while the other parent simply remains present. In the second part, they switch roles, and then

move on to the third part in which the triad interacts together. Finally, the parents are asked to have a conversation

with each other and it is the child’s turn to simply remain present. Analyzing the LTP according to the four interactive

functions mentioned allows for an assessment of the family alliance, that can be categorized as being “cooperative,”

“conflicted,” or “disordered.” Cooperative families are characterized by cooperation, support, and cohesion. Conflicted

families are characterized by competition and conflict. Finally, disordered families are characterized by exclusion and

disengagement. Conflicted and disordered families are considered to have problematic alliances (Favez et al., 2011).

They are indicative of difficulties in creating an optimal context for triadic interactions and are characterized bymore

unadjusted parental behavior such as overstimulation, intrusive behaviors, competition, withdrawals, or understimu-

lation. Longitudinal studies have shown that a better quality of the family alliance, assessed in the LTP at several time

points (prenatally and at 3, 9, and 18 months postpartum), is predictive of children socioemotional outcomes in the

long term, such as a better theory of mind at 5 years (Favez et al., 2012) and better social cognition in adolescence

(Tissot et al., 2022).

Until recently, studies about the influence of triadic interactions on infants socioemotional functioning have been

conducted only with questionnaires or observable behaviors in the child. We recently investigated the influence of

family alliance on infants’ vagal tone during triadic interactions (Rattaz et al., 2023), and results showed that a higher

quality of family alliance was associated with higher vagal tone in infants and that this effect was no moderated by

the sensitivity of the parents. Two important contributions can be drawn from these results: first, the addition of

physiological measures in this study of emotion regulation gives more information regarding the process underlying

the association between triadic interactions and infants’ socioemotional functioning; and second, the influence of the

family alliance exerts on infants’ vagal tone is over and above parental sensitivity. As mentioned above, families with

problematic alliances tend to present more unadjusted parental behavior, and these behaviors and their influence on

children only have been studied dyadic interactions, and never during triadic interactions. The amount of intrusive and

withdrawn parental behaviors that are observed in problematic family alliance could be the interactional process at

work in the association between family alliance and infants’ vagal tone.

In summary, previous studies have shown that the quality of parent–infant interactions is associated with infants’

behavioral and physiological emotion regulation. Some parental behaviors, such as intrusive or withdrawn behaviors,
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are associated with infants’ physiological regulation. Recently, the quality of the triadic interactions has been shown

to be associated with infants’ vagal tone. However, to date, no study has investigated the interactional process, such

as intrusions or withdrawals from the parents during triadic interactions, to explain the association between triadic

interactions and physiological indicator of emotion regulation in infants.

The aim of this study was to investigate further the association between family alliance and infants’ physiology,

by looking at the mediating role of IWPBs during triadic interactions. We expected family alliance to be associated

with infant’s vagal tone during triadic interactions and for infants of families with a greater family alliance to show a

higher vagal tone than that for infants of families with a lower family alliance. We also expected family alliance to be

associated with the number of IWPBs during triadic interactions, with fewer IWPBs in families with a higher family

alliance than in families with a lower family alliance, and with a smaller impact of these behaviors on the infant and

the ongoing interaction in families with a higher family alliance than in families with a lower family alliance. Finally,

we expected the association between family alliance and infants’ vagal tone to be mediated by the number of IWPBs

during triadic interactions.

2 METHOD

2.1 Participants

The participants were a convenience sample of 82 dual-parent families. The mean age of parents was 34 years for the

mothers (M= 33.78, SD= 4.04) and 36 years for fathers (n= 74 due tomissing data,M= 35.93, SD= 5.76). The infants

were 43 boys and 39 girls (M = 15.4 weeks, SD = 1.25). Mothers (n = 70 due to missing data) had mostly completed a

college degree (65%) and 80% were employed prior to maternity leave, 57% full time. Among the fathers (n = 65 due

tomissing data), 43% had completed a college degree and 95%were employed, 85% full time.

2.2 Procedure

The parents were recruited during pregnancy at the maternity department of the Geneva University Hospitals by a

midwife around the 37thweek of pregnancy. The only inclusion criterionwas to ensure that the parents spoke French

fluently enough to fill in documents and questionnaires. The research was presented to the mothers and fathers

and a consent form signed. They were then asked to fill an online questionnaire with their sociodemographic infor-

mation. Families were invited to a laboratory session when the infant was between 3 and 4 months old. This age

range was selected because infants are highly interested in face-to-face interactions and are capable of some self-

distracting/self-soothing behaviors (turning head away, bring their hand to their mouth, etc.) but still highly depend

on the parent to help them regulate (Kopp, 1989). At their arrival, the infant was placed on a changing table and the

experimenter installed three pediatric electrodes on the infant’s chest in order to record an electrocardiogram (ECG).

Parents were then asked to play with their infant by following a paradigm in four parts, inspired by the LTP (Fivaz-

Depeursinge & Corboz-Warnery, 1999). In the first part, one parent played with the infant for 2 min, while the other

parent was outside the room. In the second part, the parents switched roles. During the third part, the two parents

played together with the infant for 2 min. Finally, parents had a discussion together with the infant next to them for

2 min. At the end of the interaction, the electrodes were removed from the infant and parents had to fill in a form to

receive online self-report questionnaires. The original LTP paradigm was modified in this study for two reasons. The

first was for the collection of physiological data. In the LTP, the infant is seated in a pediatric chair designed to hold a

3-month-old infant in a sitting position.However, in this position,wewerenot able to get a clear ECGsignal. Therefore,

we decided to lay the infant down on a changing table, which is also a validated setting to assess family alliance (Rime

et al., 2018). The second reasonwas that we decided tomodify the first and the second parts of the LTP in order to get
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separate dyadic and triadic interactions. The present study focuses on the triadic mother–father–infant interaction

(third and fourth parts).

2.3 Measures

2.3.1 Family alliance assessment scales

We assessed the family alliance through observation during the third and fourth parts of the modified LTP. The family

alliance assessment scales (FAAS; Favez et al., 2011) are an observation tool for mother–father–infant interactions

that aims to assess family alliance. The first part of the assessment consists of the classification of the interactive pat-

terns observed in the triadic interaction into three different alliance categories (cooperative, conflicted, or disordered

alliance). The second part of the assessment consists in rating specific behaviors shown by families during the mod-

ified LTP on 3-point scales: gazes, postures, implication of each partner, coconstruction, parental scaffolding, family

warmth, validation of the child’s emotional experience, authenticity of the expressed affects, and communicationmis-

takes during shared activities. A total score is computed by summing the scores on these scales (range 0 to 18, α= .82).

A higher score indicates a high family alliance. Both the family alliance category and the family alliance score can be

used as an index of the quality of the family alliance. In the present study, we chose to use the family alliance score, as

it is considered a continuous variable andwas thereforemore suitable for the statistical analyses planned. The sample

was coded by a senior coder, and a second coder double-coded 47% of the sample (41 videos of a total sample of 88).

Both coders (first and third author) followed a 2-day training and have been certified in the use of the coding scale. The

intraclass correlation coefficient (ICC) (two-way random, absolute agreement) on the family alliance score was good,

with a coefficient of .79 (Koo & Li, 2016).

2.3.2 Intrusive/withdrawn parental behaviors

IWPBswere coded by using a grid designed to identify parental behaviors of intrusion (overstimulation, physical intru-

sion, loud vocalizations, control, exaggerated expressions/affects) and withdrawal (understimulation, body distance,

lack of vocalizations, averted gazes, facial expressions) in dyadic and/or triadic settings. The coding was done in slots

of 5 s. For every intrusive orwithdrawnparental behavior, an “impact” scorewas rated from1 (weak impact) to 4 (strong

impact) on the basis of the infant behavioral response (blinking, frowning, closing eyes, turning head, pushing parent

away, screaming, crying, etc.) and the perturbation of the ongoing interaction following the IWPB. For example, an

impact score of 1 was attributed if the infant flinches slightly in response to a parent’s intrusive behavior but did

not show sign of distress or disengage from the interaction. On the contrary, if the infant showed signs of distress

in response to a parent’s behavior, disengaged from the interaction and failed to return to the interaction, a score of

4 was attributed. For each family, we computed two variables: the frequency of the IWPBs on the overall interaction

and themean impact of these IWPBs in the sequence. One trained coder coded all videos, while another trained coder

double-coded one third of the sample (30 videos of a total sample of 90). The coders (first and third author) prac-

ticed coding on 30 videos from another sample, to ensure that they had mastered the coding system before coding

the families in this sample. Concerning the presence or absence of IWPBs in each time slot of 5 s, the interrater agree-

ment was considered moderate, with a Kappa of .613 (McHugh, 2012). Concerning the impact of these behaviors on

the infant and the interaction, we computed the interrater reliability for each time slot in which the occurrence of an

IWPB had been coded commonly by both raters. An ICC computed on these data (two-way random, absolute agree-

ment) yielded satisfactory results, with an ICC of .71. The present study focused on the IWPB observed during the

2-minmother–father–infant interaction.
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2.3.3 Vagal tone

The infant’s cardiac activity was recorded during all parts of the paradigm by using an ECG. Datawere collectedwith a

BiopacMP160 system (Biopac Systems, Inc.) and recordedonAcqKnowledge5.0 software (Biopac Systems, Inc.). Dur-

ing data collection, triggers were placed at the beginning and end of each of the 2-min parts of the interaction. Each of

these segmentswas then extracted from the software. The ECG signal was processed onKubiosHRV v2.2 software to

obtain the cardiac variability indicators, which reflect vagal tone. The software provides an automatic beat detection

that can be corrected manually when the number of misdetections is limited. When the correction could not be done

manually, a threshold-based beat correction algorithm was used to correct the signal. The correction aims to replace

the artefacts with interpolated values. The corrections always were made using the lowest possible correction level.

Analyses allowed us to derive the root mean square of successive differences (RMSSD), which represents the activity

of the parasympathetic system and therefore is considered widely to be a valid measure of vagal activity (Laborde

et al., 2017). The present study focused on the mean RMSSD calculated during the 2-min mother–father–infant

interaction.

2.4 Statistical analyses

First, we conducted descriptive statistics and correlational analyses. As there were missing data in sociodemographic

information for both mothers and fathers, we conducted a missing data analysis. The Little’s Missing Completely at

Random (MCAR; Little, 1988) test was not significant, χ2 = 8.563, df = 13, p = .805, indicating that data were miss-

ing completely at random. Second, we used structural equation modeling techniques to estimate a model that tested

whether the family alliance scorewas associatedwith the infants’ RMSSD, andwhether this associationwasmediated

by both the number and the impact of IWPBs. The nature of our data, in particular the variable related to the impact

of IWPBs, was called for specific analyses. Indeed, the fact that the “impact” variable was calculated for each triad as

the mean impact of IWPBs on the overall sequence resulted in a very specific distribution of scores. Triads in which

no IWPB was observed (i.e., scoring 0 on the frequency of IWPBs) obtained a score of 0 on this variable. In turn, fam-

ilies for which the frequency of IWBPs was 1 or more obtained a score ranging from 1 to 4. This specific distribution

required the use of a hurdle model (Mullahy, 1986). A hurdle model separates the distribution of a variable into two

parts: The first variable is the probability of a value of zero, and the second is the probability of the nonzero values.

These two parts are modeled in two separate variables, one being binary and the other continuous. In the context of

our data, the binary variable, named IWPB presence, determined the absence or presence of IWPBs during the interac-

tions. The second variable created, named IWPB impact, represented themean impact of IWPBs (ranging from 1 to 4).

Of note, the third variable, that is, the number of IWPBs, is labeled IWPB frequency in the rest of themanuscript.

We tested amediation model, which included a direct effect of family alliance scores on RMSSD and three indirect

mediation pathways through IWPB presence, IWPB impact, and IWPB frequency. Of the sociodemographic variables

available (infant’s age, parents’ education, parents’ employment status, infant’s gender), only the infant’s gender was

correlatedwith the variables of interest. Therefore,we included the infants’ gender as exogenous variable in themodel

to control for its potential influence. The presence of mediation effects was established by comparing the significance

of direct, indirect, and total effects.

We computed descriptive statistics and correlational analyses by using SPSS 25.0, and we estimated mediation

models within a structural equation modeling framework by using Mplus 8.3 (Muthén &Muthén, 2017). Of note, the

IWPB frequency was treated as a count variable that followed a negative binomial distribution. We tested mediation

models using maximum likelihood estimator and computed bias-corrected bootstrap 95% confidence intervals (CI)

based on n= 5000 samples, which is suitable to estimatemodels with nonnormally distributed data (MacKinnon et al.,

2004). We relied to the bias-corrected CIs to determine the significance of the parameters in the model (the effect is
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8 of 16 RATTAZ ET AL.

TABLE 1 Descriptive statistics.

Variable n Min. Max M SD Skewness Kurtosis

FA score 82 3 18 12.30 3.89 −.552 −.750

RMSSD 82 2.80 16.97 10.44 3.29 −.092 −.675

IWPB 82 0 21 5.09 5.63 1.344 .895

IWPB impact 82 0 4 1.38 .96 .712 −.739

Abbreviations: FA, family alliance; IWPB, intrusive/withdrawn parental behaviors; RMSSD, root mean square of successive

differences.

TABLE 2 Correlations between study variables.

Variable 1. 2. 3. 4. 5.

1. Infant’s gender 1 −.013 −.044 .234* −.060

2. FA score 1 .387** −.378** −.338**

3. RMSSD 1 −.163 −.304**

4. IWPB 1 .569**

5. IWPB impact 1

Abbreviations: FA, family alliance; IWPB, intrusive/withdrawn parental behaviors; RMSSD, root mean square of successive

differences.

considered as significant CIs do not contain). Mplus does not provide absolute indices of fit for models that contain

count variables, and so nomodel fit statistics could be reported.

3 RESULTS

3.1 Descriptive statistics

The descriptive statistics for the study variables can be found in Table 1. Normative values of RMSSDduring infancy in

studiesmostly are basedon24-hECGrecordings (Massin&vonBernuth, 1997; Patural et al., 2019),making these nor-

mative values difficult to compare with the 2-min segments in the present study. However, studies for small segments

of 10- or 2-min ECG recordings when infants are at rest, RMSSD mean values ofM = 12.12 (SD = 4.07; Arce-Alvarez

et al., 2019) orM= 16.57 (SD= 9.85; Zeegers et al., 2017) were found, which is similar or a little higher than the values

in the present sample. Correlations between the study variables can be found in Table 2.

3.2 Mediation analysis

The results of the estimation of themediationmodel can be found in Figure 1 and Table 3. The results showed a signif-

icant direct effect of family alliance scores on infants’ RMMSD. This confirmed our first hypothesis, that higher family

alliance score is associated with higher RMSSD in infants. Of note, infants’ gender showed no significant effect on

family alliance scores or infants’ RMSSD. Concerning the links between the independent variables (family alliance

score, as well as gender as control variable) and the mediators, results showed an effect of family alliance scores

on the IWPB frequency and IWPB impact, as higher family alliance scores predicted lower IWPB frequency and a
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RATTAZ ET AL. 9 of 16

F IGURE 1 Results of themediationmodel.Note: IWPB, intrusive/withdrawn parental behaviors; RMSSD, root
mean square of successive differences. **p< .01. ***p< .001.

TABLE 3 Standardized estimates of direct, indirect, and total effects of FA scores on infants’ RMSSD.

95%CI

Type of path Effect Estimate SE Lower Upper

Indirect FA score⇒ IWPB frequency⇒RMSSD −.008 .008 −.028 .004

FA score⇒ IWPB presence⇒RMSSD −.020 .213 −.461 .391

FA score⇒ IWPB impact⇒RMSSD .087 .047 .020 .216

Component FA score⇒ IWPB frequency −.110 .027 −.165 −.064

IWPB frequency⇒RMSSD .075 .064 −.044 .209

FA score⇒ IWPB presence −.159 .135 −.448 .010

IWPB presence⇒RMSSD .128 .929 −1.782 1.912

FA score⇒ IWPB impact −.034 .014 −.062 −.009

IWPB impact⇒RMSSD -2.570 .967 −4.441 −.651

Direct FA score⇒RMSSD .283 .076 .141 .442

Total FA score⇒RMSSD .341 .216 −.078 .761

Note: For the sake of readability, mediation paths involving infants’ age and gender are not reported.

Abbreviations: CI, confidence intervals; FA, family alliance; IWPB, intrusive/withdrawnparental behaviors; RMSSD, rootmean

square of successive differences; SE, standard error.

lower mean impact of these behaviors. However, family alliance scores did not predict IWPB presence significantly.

This confirmed our second hypothesis. Results also showed an effect of infants’ gender on IWPB frequency, with a

higher frequency for boys. Concerning the links between themediators and the outcome variable, results showed that

only the IWPB impact had a direct effect on RMSSD, whereas neither IWPB presence nor IWPB frequency showed a

significant association with RMSSD.

Concerning the significance of the three indirect effects of interest, results showed that the indirect path from fam-

ily alliance scores to RMSSD via IWPB impact was significant. As both the direct effect of the family alliance score

on RMSSD and the indirect effect via IWPB impact were significant, our results suggest the presence of a partial

mediation effect, partially confirming ourmediation hypothesis.
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4 DISCUSSION

Our first aim in this studywas to investigate the influence of the quality ofmother–father–infant triadic interaction on

physiological regulation. Results showed that family alliance is associated with infants’ vagal tone, as triadic coopera-

tionwas associatedwith higher RMSSD in infants. Two conclusions can be drawn from this result. First, this study goes

one step further in the investigation of family-level relationships and their associationwith infants’ physiology. Results

demonstrate that, in addition towhat is already known in relation to themother–infant and father–infant dyads, vagal

tone is associatedwith interactive processes in the family triad. Second, this result is in linewith the idea that the qual-

ity of triadic interactions influences children’s outcomes. The present study shows its association with physiological

processes. Studies on infants’ vagal tone have shown an association between vagal functioning, either during a resting

state or in response to a task, and outcomes such as emotional reactivity (Feldman, 2006;Ham&Tronick, 2009;Moore

et al., 2009; Provenzi et al., 2015), regulatory behaviors (Calkins et al., 1998; Ham& Tronick, 2009; Perry et al., 2016),

problematic behaviors (Calkins et al., 2007), and emotion regulation (Eiden et al., 2018; Feldman, 2015; Skibo et al.,

2020). Thus, vagal functioning seems to be a key physiological process underlying socioemotional outcomes. There-

fore, further studies should investigate its potential mediating role in the association between the quality of triadic

interactions and infants’ outcomes. Moreover, longitudinal studies are required to understand how these observed

differences in vagal tone could influence the infants’ socioemotional functioning in the long term.

The second aim of our study was to investigate whether the association between family alliance and infants’ vagal

tonewasmediated by the frequency of IWPBs and their impact on triadic interactions.We had three variables related

to IWPB: IWPB presence, IWPB frequency, and IWPB impact. Results showed that IWPB impact, but not IWPB fre-

quency, seemed to mediate the link between family alliance and infants’ RMSSD. Lower family alliance scores were

associated with more IWPB frequency and with a higher impact of these behaviors on the interaction, which under-

lined thedifficulties that these families had in coordinating in the interaction.However, although infants facing ahigher

IWPB impact on average showed a lower RMSSD, IWPB frequency was not associated directly with infants’ RMSSD.

These results thus suggested that the quantity of triadicmiscoordinationsmight be of lesser importance than themag-

nitude of themiscoordinations. Although the nonsignificant link between IWPB frequency and infants’ vagal tonewas

rather surprising, our findings are in line with the idea that interactive mistakes are likely to happen in parent–infant

interactions and can be considered normative processes, as human interactions are rarely free from communicative

mistakes. Studies in mother–infant dyads have shown consistently that interactions are mostly imperfect and misco-

ordinated (e.g., McFarland et al., 2020; Watson, 1985). However, when miscoordinations happen, it is the ability to

repair and reengage in the interaction that permits the interaction to continue (Beeghly et al., 2011; Tronick & Cohn,

1989). This explanation also allows us to account for the result showing that the presence of IWPBs was associated

with neither the family alliance score nor the infants’ vagal activity, suggesting that these behaviors are likely to occur

regardless of the quality of the family alliance, and that their simple presence is not necessarily a risk factor for the

infant. As the IWPB impact was coded on the basis of infants’ responses to each intrusion or withdrawal and how this

responsedisrupted the interaction (e.g., turning head away, closing the eyes, pushing parents away, crying), the interac-

tive process that explains the association between family alliance and infants’ vagal tone lies in the perturbation of the

ongoing interaction caused by parental behaviors, rather than in the parental behaviors themselves. Triadic interac-

tionsmay contain intrusive orwithdrawn behaviors, as long as they do not affect the quality of the ongoing interaction

too much. The fact that family alliance was associated with a stronger IWPB impact on the infant and the interaction,

whichwere in turn associatedwith lowerRMSSD,might suggest thatmoments ofmismatch that arisewith intrusionor

withdrawal in families with low family alliance scores might not be repaired quickly enough, leaving the infant unable

to regulate. This explanation is consistent with the theoretical background of the family alliance concerning the idea

that it is more difficult for families with a low alliance to set a positive interactive context for the infant.

This result also could be interpreted in light of the polyvagal theory (Porges, 1995). When vagal tone is high,

the social affiliation system is available and individuals can use social communication to regulate their emotions
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(Porges & Carter, 2017). If this affiliation system is not available, defensive strategies such as fight-or-flight behaviors

are deployed. Infants in problematic families might not have the possibility to use their affiliation system to regulate,

as the triadic interactions are not optimal. Thus, they might disengage from the interaction to regulate. Nevertheless,

the result showing no association between IWPB frequency and infants’ RMSSD was still surprising, as the polyvagal

theory states that a stressful event in the environment will cause a decrease in vagal tone in order for the individual

to cope with the event. It was expected to find lower mean level of vagal tone in infants confronted with more IWPB,

which was not the case. This result could be explained by the fact that the families participating in this study were

nonreferred families. There were few families whose observed functioning appeared to be totally maladaptive or

close to pathological functioning. In a sample of higher risk families, we might have observed more variance in the

frequency of intrusive or withdrawn parental behaviors, which might have led to different conclusions. However,

these conclusions on infants’ vagal functioning in this study should be takenwith caution, as only amean level of vagal

tonewas considered in the analyses, rather than an indicator of the vagal reactivity between a baseline and the triadic

interaction. Indeed, the measurement of physiological indicators of emotion regulation is complex and the context in

which it is measured has a major influence (Obradović & Boyce, 2012). Further studies should therefore investigate

changes in vagal tone from a baseline to the interaction because this would provide a more complete indication of

infants’ emotional regulation during a triadic interaction (compared to a baseline) and could allow to draw more

precise conclusions about the influence of the triadic context.

Finally, results showed only a partial mediation effect. Besides the IWPB impact, another explanation could be

put forward to understand the association between family alliance and infants’ vagal tone. First, in triadic interac-

tions, infants can use triangular regulatory strategies to regulate; for example, when a parent is too intrusive, the

infant might look at the other parent in order to share his or her affective state (Fivaz-Depeursinge & Favez, 2006;

Fivaz-Depeursinge et al., 2005). This regulatory strategy might be more developed in infants of families with a better

alliance than in infants of families with a lower alliance, where the parents are not able to coordinate in a way that

permits the infant to regulate. Further studies therefore should examine the regulatory behaviors of infants in triadic

interactions. In addition, the infants’ initial physiological regulation competencies also should be investigatedwith lon-

gitudinal studies, as it has been shown that higher vagal tone at birth is a predictor of mother–infant synchrony at 3

months (Feldman, 2006). Infants’ initial physiological regulation competencies could perhaps also play a role in the

development of harmonious triadic interactions, with fewer unadjusted parental behaviors.

This study has strengths and limitations. Among the strengths, the use of physiological measurement is of particu-

lar interest for abetter understandingof infants’ socioemotional functioningwhen interactingwithparents.Moreover,

such a measurement provides a lead about the physiological process that might underlie the association between the

quality of triadic interactions and socioemotional outcomes in infancy that has been shown in the literature. Several

limitations also need to be mentioned. First, the study paradigm does not compare vagal tone during triadic inter-

action to a baseline. Even though interindividual differences in mean level of vagal tone during nonchallenging tasks

are indicative of the infants’ competencies to regulate physiologically (Porges, 1995; Porges et al., 1994), it does not

provide information on vagal regulation per se. Therefore, the results of the present study encourage more precise

investigation of dynamic regulatory processes in family interactions, by exploring changes in vagal tone from base-

line to triadic interaction. Second, we only had one measurement time, which is not ideal for mediation analyses.

However, this analysis provides a first step and interesting results for the investigation of the interactional process

that could underlie the influence of the family alliance on the child’s physiological regulation. Further studies should

therefore test these associations longitudinally. Third, although the recruitment targeted a general population, most

of the participants were highly educated, which might reduce the generalizability of the results. Additionally, we lack

information on the parity of the families, which did not allow to control for differences between primiparous andmul-

tiparous families. Fourth, the context of the study (i.e., in a laboratory, with a given paradigm, filmed) might have been

stressful for the families, making the parent–infant interactions less natural. Fifth, the relatively small sample size

could lead toa lackof statistical power.Adecrease in statistical power ismainlyproblematic because it can increase the

risk of type II error (Nayak, 2010),which is not the case in this study, probably because the effect sizeswere sufficiently
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12 of 16 RATTAZ ET AL.

large. However, further studies should replicate these results with a larger sample size. Finally, the interrater reliabil-

ity for the IWPB was moderate, suggesting that there were some inconsistencies in the detection of IWPB between

the coders, potentially stemming from the complexity of behavioral coding, especially within short time frames. The

coding scale for the IWPB was developed for the present study, and the moderate interrater reliability suggests that

some refinement should be made to enable the validation of the coding scale. The results should be considered in the

light of these limitations, and further investigations should bemade to improve the coding scale or the coding process.

Despite these limitations, this study is one of the first to investigate an association between triadic interactions and

infants’ vagal tone. Infants of families with a greater family alliance have higher vagal tone than do infants of families

with a lower family alliance. This result stresses the importance of early mother–father–infant interactions, not only

mother–infant interactions, in thedevelopment of emotion regulationprocesses thatmight be involved in later socioe-

motional outcomes. It also underlines the necessity to study triadic interactive processes that combine parents’ and

infants’ behaviors rather than parental behaviors alone. Therefore, it is of particular interest for professionals work-

ing with families in perinatal care, as helping families to establish cooperative functioning might be crucial for infant

development.

ACKNOWLEDGMENTS

This research has received the support of the Swiss National Science Foundation, grant number 10531C_179442.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available and can be accessed in Yareta at: https://doi.org/10.

26037/yareta:5v53qtn3wjhglhnaef2xnpczqe.

ETHICAL APPROVAL

The study and its protocol were approved by the Ethical Committee of the State of Geneva.

INFORMED CONSENT

Weobtainedwritten informed consent from all the parents included in the study.

ORCID

ValentineRattaz https://orcid.org/0000-0002-6530-1758

REFERENCES

Anderson, S., Roggman, L. A., Innocenti, M. S., & Cook, G. A. (2013). Dads’ parenting interactions with children: Checklist of

observations linked to outcomes (PICCOLO-D). InfantMental Health Journal,34(4), 339–351. https://doi.org/10.1002/imhj.

21390

Arce-Alvarez, A., Melipillán, C., Andrade, D. C., Toledo, C., Marcus, N. J., & Del Rio, R. (2019). Heart rate variability alterations

in infants with spontaneous hypertonia. Pediatric Research, 86, 77–84. https://doi.org/10.1038/s41390-019-0318-7
Bazhenova, O. V., Plonskaia, O., & Porges, S. W. (2001). Vagal reactivity and affective adjustment in infants during interaction

challenges. Child Development, 72, 1314–1326. https://doi.org/10.1111/1467–8624.00350
Beeghly,M., Fuertes,M., Liu,C.H.,Delonis,M. S., &Tronick, E. (2011).Maternal sensitivity indyadic context:Mutual regulation,

meaning-making, and reparation. InD.W.Davis &M.C. Logsdon (Eds.),Maternal sensitivity: A scientific foundation for practice
(pp. 45–69). Nova Science Publisher.

Belsky, J., Putnam, S., &Crnic, K. (1996). Coparenting, parenting, and early emotional development.NewDirections for Child and
Adolescent Development, 74, 45–55. https://doi.org/10.1002/cd.23219967405

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.26037/yareta:5v53qtn3wjhglhnaef2xnpczqe
https://doi.org/10.26037/yareta:5v53qtn3wjhglhnaef2xnpczqe
https://orcid.org/0000-0002-6530-1758
https://orcid.org/0000-0002-6530-1758
https://doi.org/10.1002/imhj.21390
https://doi.org/10.1002/imhj.21390
https://doi.org/10.1038/s41390-019-0318-7
https://doi.org/10.1111/1467-8624.00350
https://doi.org/10.1002/cd.23219967405


RATTAZ ET AL. 13 of 16

Braungart-Rieker, J. M., Zentall, S., Lickenbrock, D. M., Ekas, N. V., Oshio, T., & Planalp, E. (2014). Attachment in the making:

Mother and father sensitivity and infants’ responses during the still-face paradigm. Journal of Experimental Child Psychology,
125, 63–84. https://doi.org/10.1016/j.jecp.2014.02.007

Brumariu, L. E. (2015). Parent–child attachment and emotion regulation. New Directions for Child and Adolescent Development,
2015(148), 31–45. https://doi.org/10.1002/cad.20098

Bugental, D. B.,Martorell, G. A., &Barraza, V. (2003). The hormonal costs of subtle forms of infantmaltreatment.Hormones and
Behavior, 43, 237–244. https://doi.org/10.1016/S0018–506X(02)00008–9

Bureau, J. F., Deneault, A. A., & Yurkowski, K. (2020). Preschool father-child attachment and its relation to self-reported child

socioemotional adaptation inmiddle childhood.Attachment &HumanDevelopment,22(1), 90–104. https://doi.org/10.1080/
14616734.2019.1589065

Caldera, Y. M., & Lindsey, E.W. (2006). Coparenting, mother-infant interaction, and parent-infant attachment relationships in

two-parent families. Journal of Family Psychology, 20(2), 275–283. https://doi.org/10.1037/0893-3200.20.2.275
Calkins, S. D., Graziano, P. A., & Keane, S. P. (2007). Cardiac vagal regulation differentiates among children at risk for behavior

problems. Biological Psychology, 74(2), 144–153. https://doi.org/10.1016/j.biopsycho.2006.09.005
Calkins, S. D., & Hill, A. (2007). Caregiver influences on emerging emotion regulation: Biological and environmental

transactions in early development. In J. J. Gross (Ed.),Handbook of emotion regulation (pp. 229–248). The Guilford Press.
Calkins, S. D., Perry, N. B., & Dollar, J. M. (2016). A biopsychosocial model of self-regulation in infancy. In L. Balter & C. S.

Tamis-LeMonda (Eds.), Child psychology: A handbook of contemporary issues (Vol. 1, pp. 3–20). Psychology Press.
Calkins, S. D., Smith, C. L., Gill, K. L., & Johnson,M.C. (1998).Maternal interactive style across contexts: Relations to emotional,

behavioral and physiological regulation during toddlerhood. Social Development, 7(3), 350–369. https://doi.org/10.1111/
1467-9507.00072

Cole, P. M., & Deater–Deckard, K. (2009). Emotion regulation, risk and psychopathology. Journal of Child Psychology and
Psychiatry, 50(11), 1327–1330. https://doi.org/10.1111/j.1469-7610.2009.02180.x

Cole, P. M., & Hall, S. E. (2008). Emotion dysregulation as a risk factor for psychopathology. In T. P. Beauchaine & S. P. Hinshaw

(Eds.), Child and adolescent psychopathology (pp. 265–298).Wiley.

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scientific construct: Methodological challenges and

directions for child development research.Child Development,75(2), 317–333. https://doi.org/10.1111/j.1467-8624.2004.
00673.x

DePasquale, C. E., & Gunnar, M. R. (2020). Parental sensitivity and nurturance parental sensitivity and nurturance. The Future
of Children, 30(2), 53–70. https://doi.org/10.1353/foc.2020.a807761

Dollberg, D., Feldman, R., Keren,M., & Guedeney, A. (2006). Sustainedwithdrawal behavior in clinic-referred and nonreferred

infants. Infant Mental Health Journal, 27(3), 292–309. https://doi.org/10.1002/imhj.20093

Eiden, R. D., Schuetze, P., Shisler, S., & Huestis, M. A. (2018). Prenatal exposure to tobacco and cannabis: Effects on autonomic

and emotion regulation.Neurotoxicology and Teratology, 68, 47–56. https://doi.org/10.1016/j.ntt.2018.04.007
Favez, N., Frascarolo, F., Carneiro, C., Montfort, V., Corboz-Warnery, A., & Fivaz-Depeursinge, E. (2006). The development of

the family alliance from pregnancy to toddlerhood and children outcomes at 18 months. Infant and Child Development, 15,
59–73. https://doi.org/10.1002/icd.430

Favez, N., Lavanchy Scaiola, C., Tissot, H., Darwiche, J., & Frascarolo, F. (2011). The family alliance assessment scales: Steps

toward validity and reliability of an observational assessment tool for early family interactions. Journal of Child and Family
Studies, 20, 23–37. https://doi.org/10.1007/s10826-010-9374-7

Favez, N., Lopes, F., Bernard, M., Frascarolo, F., Lavanchy Scaiola, C., Corboz-Warnery, A., & Fivaz, E. (2012). The development

of family alliance from pregnancy to toddlerhood and child outcomes at 5 years. Family Process, 51, 542–556. https://doi.
org/10.1111/j.1545-5300.2012.01419.x

Feldman, R. (2006). From biological rhythms to social rhythms: Physiological precursors of mother–infant synchrony.

Developmental Psychology, 42(1), 175–188. https://doi.org/10.1037/0012-1649.42.1.175
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. Development and Psychopathology, 27,
1007–1023. https://doi.org/10.1017/S0954579415000656

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

Field, T. (1994). The effects of mother’s physical and emotional unavailability on emotion regulation.Monographs of the Society
for Research in Child Development, 59, 208–227.

Field, T. (2010). Postpartum depression effects on early interactions, parenting and safety practice: A review. Infant Behavior
and Development, 33(1), 1–6. https://doi.org/10.1016/j.infbeh.2009.10.005

Field, T., Hernandez-Reif, M., Diego, M., Feijo, L., Vera, Y., Gil, K., & Sanders, C. (2007). Still-face and separation effects

on depressed mother-infant interactions. Infant Mental Health Journal, 28(3), 314–323. https://doi.org/10.1002/imhj.20

138

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jecp.2014.02.007
https://doi.org/10.1002/cad.20098
https://doi.org/10.1016/S0018-506X(02)00008-9
https://doi.org/10.1080/14616734.2019.1589065
https://doi.org/10.1080/14616734.2019.1589065
https://doi.org/10.1037/0893-3200.20.2.275
https://doi.org/10.1016/j.biopsycho.2006.09.005
https://doi.org/10.1111/1467-9507.00072
https://doi.org/10.1111/1467-9507.00072
https://doi.org/10.1111/j.1469-7610.2009.02180.x
https://doi.org/10.1111/j.1467-8624.2004.00673.x
https://doi.org/10.1111/j.1467-8624.2004.00673.x
https://doi.org/10.1353/foc.2020.a807761
https://doi.org/10.1002/imhj.20093
https://doi.org/10.1016/j.ntt.2018.04.007
https://doi.org/10.1002/icd.430
https://doi.org/10.1007/s10826-010-9374-7
https://doi.org/10.1111/j.1545-5300.2012.01419.x
https://doi.org/10.1111/j.1545-5300.2012.01419.x
https://doi.org/10.1037/0012-1649.42.1.175
https://doi.org/10.1017/S0954579415000656
https://doi.org/10.1111/j.1467-7687.2009.00890.x
https://doi.org/10.1016/j.infbeh.2009.10.005
https://doi.org/10.1002/imhj.20138
https://doi.org/10.1002/imhj.20138


14 of 16 RATTAZ ET AL.

Fivaz-Depeursinge, E., & Corboz-Warnery, A. (1999). The primary triangle: A developmental systems view of mothers, fathers, and
infants. Basic Books.

Fivaz-Depeursinge, E., & Favez, N. (2006). Exploring triangulation in infancy: Two contrasted cases. Family Process,45(1), 3–18.
https://doi.org/10.1111/j.1545-5300.2006.00077.x

Fivaz-Depeursinge, E., Favez, N., Lavanchy, C., de Noni, S., & Frascarolo, F. (2005). Four-month-olds make triangular bids to

father andmother during trilogue play with still-face. Social Development, 14(2), 361–378. https://doi.org/10.1111/j.1467-
9507.2005.00306.x

Gentzler, A. L., Santucci, A. K., Kovacs, M., & Fox, N. A. (2009). Respiratory sinus arrhythmia reactivity predicts emotion reg-

ulation and depressive symptoms in at-risk and control children. Biological Psychology, 82(2), 156–163. https://doi.org/10.
1016/j.biopsycho.2009.07.002

Gottman, J. M., & Katz, L. F. (2002). Children’s emotional reactions to stressful parent-child interactions: The link between

emotion regulation and vagal tone.Marriage & Family Review, 34(3–4), 265–283. https://doi.org/10.1300/J002v34n03_04
Guedeney, A., Guedeney, N., Tereno, S., Dugravier, R., Greacen, T., Welniarz, B., Saias, T., Tubach, F., & CAPEDP Study Group.

(2011). Infant rhythms versus parental time: Promoting parent–infant synchrony. Journal of Physiology-Paris, 105(4–6),
195–200. https://doi.org/10.1016/j.jphysparis.2011.07.005

Halligan, S. L., Cooper, P. J., Fearon, P.,Wheeler, S. L., Crosby,M., &Murray, L. (2013). The longitudinal development of emotion

regulation capacities in children at risk for externalizing disorders.Development and Psychopathology, 25, 391–406. https://
doi.org/10.1017/S0954579412001137

Ham, J., & Tronick, E. (2009). Relational psychophysiology: Lessons from mother–infant physiology research on

dyadically expanded states of consciousness. Psychotherapy Research, 19(6), 619–632. https://doi.org/10.1080/

10503300802609672

Karreman, A., van Tuijl, C., van Aken, M. A. G., & Deković, M. (2008). Parenting, coparenting, and effortful control in

preschoolers. Journal of Family Psychology, 22(1), 30–40. https://doi.org/10.1037/0893-3200.22.1.30
Kolak, A.M., & Vernon-Feagans, L. (2008). Family-level coparenting processes and child gender asmoderators of family stress

and toddler adjustment. Infant Child Development, 17(6), 617–638. https://doi.org/10.1002/icd.577
Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation coefficients for reliability research.

Journal of Chiropractic Medicine, 15(2), 155–163. https://doi.org/10.1016/j.jcm.2016.02.012

Kopp, C. B. (1989). Regulation of distress and negative emotions: A developmental view.Developmental Psychology, 25(3), 343.
https://doi.org/10.1037/0012-1649.25.3.343

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. Frontiers in Psychology, 8, 1–18. https://doi.
org/10.3389/fpsyg.2017.00213

Little, R. J. A. (1988). A test of missing completely at random for multivariate data with missing values. Journal of the American
Statistical Association, 83(404), 1198–1202. https://doi.org/10.1080/01621459.1988.10478722

MacKinnon, D. P., Lockwood, C. M., &Williams, J. (2004). Confidence limits for the indirect effect: Distribution of the product

and resamplingmethods.Multivariate Behavioral Research, 39(1), 99–128. https://doi.org/10.1207/s15327906mbr3901_4

Massin,M., & vonBernuth, G. (1997). Normal ranges of heart rate variability during infancy and childhood.Pediatric Cardiology,
18, 297–302. https://doi.org/10.1007/s003469900178

McFarland, D. H., Fortin, A. J., & Polka, L. (2020). Physiological measures of mother–infant interactional synchrony.

Developmental Psychobiology, 62(1), 50–61. https://doi.org/10.1002/dev.21913
McHale, J. P., & Lindahl, K.M. (2011).Coparenting: A conceptual and clinical examination of family systems. AmericanPsychological

Association. https://doi.org/10.1037/12328-000

McHugh,M. L. (2012). Interrater reliability: The kappa statistics.BiochemiaMedica,22(3), 276–282. https://doi.org/10.11613/
BM.2012.031

Moore, G. A. (2010). Parent conflict predicts infants’ vagal regulation in social interaction. Development and Psychopathology,
22(1), 23–33. https://doi.org/10.1017/S095457940999023X

Moore, G. A., & Calkins, S. D. (2004). Infants’ vagal regulation in the still-face paradigm is related to dyadic coordination of

mother-infant interaction.Developmental Psychology, 40, 1068–1080. https://doi.org/10.1037/0012-1649.40.6.1068
Moore, G. A., Hill–Soderlund, A. L., Propper, C. B., Calkins, S. D., Mills–Koonce,W. R., & Cox, M. J. (2009). Mother–infant vagal

regulation in the face-to-face still-face paradigm is moderated by maternal sensitivity. Child Development, 80(1), 209–223.
https://doi.org/10.1111/j.1467–8624.2008.01255.x

Morris, A. S., Steinberg, L., Silk, J. S., Myers, S. S., & Robinson, R. (2007). The role of the family context in the development of

emotion regulation. Social Development, 16(2), 361–388. https://doi.org/10.1111/j.1467–9507.2007.00389.x
Mullahy, J. (1986). Specification and testing of somemodified count datamodels. Journal of Econometrics,33, 341–365. https://

doi.org/10.1016/0304-4076(86)90002-3

Muthén, B., &Muthén, L. (2017).Mplus. InW. J. van der Linden (Ed.),Handbook of item response theory (pp. 507–518). Chapman

andHall/CRC.

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1545-5300.2006.00077.x
https://doi.org/10.1111/j.1467-9507.2005.00306.x
https://doi.org/10.1111/j.1467-9507.2005.00306.x
https://doi.org/10.1016/j.biopsycho.2009.07.002
https://doi.org/10.1016/j.biopsycho.2009.07.002
https://doi.org/10.1300/J002v34n03_04
https://doi.org/10.1016/j.jphysparis.2011.07.005
https://doi.org/10.1017/S0954579412001137
https://doi.org/10.1017/S0954579412001137
https://doi.org/10.1080/10503300802609672
https://doi.org/10.1080/10503300802609672
https://doi.org/10.1037/0893-3200.22.1.30
https://doi.org/10.1002/icd.577
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1037/0012-1649.25.3.343
https://doi.org/10.3389/fpsyg.2017.00213
https://doi.org/10.3389/fpsyg.2017.00213
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1207/s15327906mbr3901_4
https://doi.org/10.1007/s003469900178
https://doi.org/10.1002/dev.21913
https://doi.org/10.1037/12328-000
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1017/S095457940999023X
https://doi.org/10.1037/0012-1649.40.6.1068
https://doi.org/10.1111/j.1467-8624.2008.01255.x
https://doi.org/10.1111/j.1467-9507.2007.00389.x
https://doi.org/10.1016/0304-4076(86)90002-3
https://doi.org/10.1016/0304-4076(86)90002-3


RATTAZ ET AL. 15 of 16

Nayak, B. K. (2010). Understanding the relevance of sample size calculation. Indian Journal of Ophthalmology, 58(6), 469–470.
https://doi.org/10.4103/0301-4738.71673

Obradović, J., & Boyce, W. T. (2012). Developmental psychophysiology of emotion processes. Monographs of the Society for
Research in Child Development, 77(2), 120–128. https://doi.org/10.1111/j.1540-5834.2011.00670.x

Patural, H., Pichot, V., Flori, S., Giraud, A., Franco, P., Pladys, P., Beuchée, A., Roche, F., & Barthelemy, J.-C. (2019). Autonomic

maturation from birth to 2 years: Normative values.Heliyon, 5, 1–48. https://doi.org/10.1016/j.heliyon.2019.e01300
Perry, N. B., Calkins, S. D., &Bell,M. A. (2016). Indirect effects ofmaternal sensitivity on infant emotional regulation behaviors:

The role of vagal withdrawal. Infancy, 21(2), 128–153. https://doi.org/10.1111/infa.12101
Porges, S.W. (1991). Vagal tone: An autonomicmediator of affect. In J. Garber &K. A. Dodge (Eds.), The development of emotion

regulation and dysregulation (pp. 111–128). Cambridge University Press.

Porges, S. W. (1995). Orienting in a defensive world: Mammalian modifications of our evolutionary heritage. A polyvagal

theory. Psychophysiology, 32, 301–318. https://doi.org/10.1111/j.1469–8986.1995.tb01213.x
Porges, S. W. (2001). The polyvagal theory: Phylogenetic substrates of a social nervous system. International Journal of

Psychophysiology, 42(2), 123–146. https://doi.org/10.1016/S0167–8760(01)00162–3
Porges, S.W. (2007). The polyvagal perspective.Biological Psychology,74, 116–143. https://doi.org/10.1016/j.biopsycho.2006.

06.009

Porges, S. W., & Carter, C. S. (2017). Polyvagal theory and the social engagement system. In P. L. Gerbarg, P. R. Muskin, &

R. P. Brown (Eds.), Complementary and integrative treatments in psychiatric practice (pp. 221–241). American Psychiatric

Association Publishing.

Porges, S. W., Doussard-Roosevelt, J. A., & Maiti, A. K. (1994). Vagal tone and the physiological regulation of emotion.

Monographs of the Society for Research in Child Development, 59(3), 167–186.
Porter, C. L., & Dyer, W. J. (2017). Does marital conflict predict infants’ physiological regulation? A short-term prospective

study. Journal of Family Psychology, 31(4), 475–484. https://doi.org/10.1037/fam0000295

Porter, C. L., Wouden-Miller, M., Silva, S. S., & Porter, A. E. (2003). Marital harmony and conflict: Links to infants emotional

regulation and cardiac vagal tone. Infancy, 4, 297–307. https://doi.org/10.1207/S15327078IN0402_09
Pratt, M., Singer, M., Kanat–Maymon, Y., & Feldman, R. (2015). Infant negative reactivity defines the effects of parent–child

synchrony on physiological and behavioral regulation of social stress. Development and Psychopathology, 27, 1191–1204.
https://doi.org/10.1017/S0954579415000760

Provenzi, L., Casini, E., de Simone, P., Reni, G., Borgatti, R., &Montirosso, R. (2015). Mother–infant dyadic reparation and indi-

vidual differences in vagal tone affect 4–month–old infants’ social stress regulation. Journal of Experimental Child Psychology,
140, 158–170. https://doi.org/10.1016/j.jecp.2015.07.003

Puglisi, N., Tissot, H., Rattaz, V., Epiney, M., Razurel, C., & Favez, N. (2023). Father-infant synchrony and infant vagal tone as

an index of emotion regulation: father-infant shared times in Switzerland as moderators. Early Child Development and Care,
193(15-16), 1714–1727. https://doi.org/10.1080/03004430.2023.2274287

Rattaz, V., Puglisi, N., Tissot, H., & Favez, N. (2022). Associations between parent-infant interactions, cortisol and vagal regu-

lation in infants, and socioemotional outcomes: A systematic review. Infant Behavior and Development, 67, Article 101687.
https://doi.org/10.1016/j.infbeh.2022.101687

Rattaz, V., Tissot, H., Puglisi, N., Razurel, C., Epiney, M., & Favez, N. (2023). Parental sensitivity, family alliance and infants’

vagal tone: Influences of early family interactions on physiological emotion regulation. Infant Mental Health Journal, 44(6),
741–751. https://doi.org/10.1002/imhj.22085

Rime, J., Tissot, H., Favez, N., Watson, M., & Stadlmayr, W. (2018). The diaper change play: Validation of a new observational

assessment tool for early triadic family interactions in the first month postpartum. Frontiers in Psychology, 9, 497. https://
doi.org/10.3389/fpsyg.2018.00497

Rodrigues, M., Sokolovic, N., Madigan, S., Luo, Y., Silva, V., Misra, S., & Jenkins, J. (2021). Paternal sensitivity and children’s

cognitive and socioemotional outcomes: A meta-analytic review. Child Development, 92(2), 554–577. https://doi.org/10.
1111/cdev.13545

Sameroff, A. J. (2004). Ports of entry and the dynamics of mother–infant interventions. In A. J. Sameroff, S. C. McDonough, &

K. L. Rosenblum (Eds.), Treating parent–infant relationship problems: Strategies for intervention (pp. 3–28). The Guilford Press.
Santucci, A. K., Silk, J. S., Shaw, D. S., Gentzler, A., Fox, N. A., & Kovacs, M. (2008). Vagal tone and temperament as predictors of

emotion regulation strategies in young children. Developmental Psychobiology, 50, 205–216. https://doi.org/10.1002/dev.
20283

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. Development and Psychopathology, 32, 1460–1472. https://doi.org/10.
1017/S0954579419001408

Stifter, C. A., Dollar, J. M., & Cipriano, E. A. (2011). Temperament and emotion regulation: The role of autonomic nervous

system reactivity.Developmental Psychobiology, 53, 266–279. https://doi.org/10.1002/dev.20519

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.4103/0301-4738.71673
https://doi.org/10.1111/j.1540-5834.2011.00670.x
https://doi.org/10.1016/j.heliyon.2019.e01300
https://doi.org/10.1111/infa.12101
https://doi.org/10.1111/j.1469-8986.1995.tb01213.x
https://doi.org/10.1016/S0167-8760(01)00162-3
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.1037/fam0000295
https://doi.org/10.1207/S15327078IN0402_09
https://doi.org/10.1017/S0954579415000760
https://doi.org/10.1016/j.jecp.2015.07.003
https://doi.org/10.1080/03004430.2023.2274287
https://doi.org/10.1016/j.infbeh.2022.101687
https://doi.org/10.1002/imhj.22085
https://doi.org/10.3389/fpsyg.2018.00497
https://doi.org/10.3389/fpsyg.2018.00497
https://doi.org/10.1111/cdev.13545
https://doi.org/10.1111/cdev.13545
https://doi.org/10.1002/dev.20283
https://doi.org/10.1002/dev.20283
https://doi.org/10.1017/S0954579419001408
https://doi.org/10.1017/S0954579419001408
https://doi.org/10.1002/dev.20519


16 of 16 RATTAZ ET AL.

Teubert, D., & Pinquart, M. (2010). The association between coparenting and child adjustment: Ameta-analysis. Parenting, 10,
286–307. https://doi.org/10.1080/15295192.2010.492040

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. Monographs of the Society for Research in Child
Development, 59, 25–52.

Tissot, H., Lapalus, N., Frascarolo, F., Despland, J. N., & Favez, N. (2022). Family alliance in infancy and toddlerhood predicts

social cognition in adolescence. Journal of Child and Family Studies, 31, 1338–1349.
Tronick, E. (1989). Emotions and emotional communication in infants. American Psychologist, 44(2), 112–119. http://doi.org/

10.1037/0003–066X.44.2.112

Tronick, E., & Cohn, J. F. (1989). Infant-mother face-to-face interaction: Age and gender differences in coordination and the

occurrence of miscoordination. Child Development, 60(1), 85–92. https://doi.org/10.2307/1131074
Udry-Jørgensen, L., Tissot, H., Frascarolo, F., Despland, J. N., & Favez, N. (2016). Are parents doing better when they are

together? A study on the association between parental sensitivity and family-level processes. Early Child Development and
Care, 186(6), 915–926. https://doi.org/10.1080/03004430.2015.1068768

Watson, J. S. (1985). Contingency perception in early social development. In T. M. Field, & N. A. Fox (Eds.), Social perception in
infants (pp. 157–176). Ablex.

Wimbarti, S. (2006). Maternal stimulation upon mother-infant face-to-face interaction. Buletin Psikologi, 14(2), 136–148.
https://doi.org/10.22146/bpsi.7491

Wu, Q., & Feng, X. (2020). Infant emotion regulation and cortisol response during the first 2 years of life: Association with

maternal parenting profiles.Developmental Psychobiology, 62, 1076–1091. https://doi.org/10.1002/dev.21965
Zeegers, M. A. J., de Vente, W., Nikolić, M., Manjdandz̃ić, M., Bögels, S. M., & Colonnesi, C. (2017). Mothers’ and fathers’ mind-

mindedness influences physiological emotion regulation of infants across the first year of life. Developmental Science, 21,
1–18. https://doi.org/10.1111/desc.12689

Zisner, A. R., & Beauchaine, T. P. (2016). Psychophysiological methods and developmental psychopathology. In D. Cicchetti

(Ed.),Developmental psychopathology: Developmental neuroscience (pp. 832–884). JohnWiley & Sons, Inc.

How to cite this article: Rattaz, V., Tissot, H., Puglisi, N., Epiney, M., Razurel, C., & Favez, N. (2024). Family

alliance and infants’ vagal tone: Themediating role of infants’ reactions to unadjusted parental behaviors.

Social Development, e12761. https://doi.org/10.1111/sode.12761

 14679507, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.12761 by B

cu L
ausanne, W

iley O
nline L

ibrary on [11/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/15295192.2010.492040
http://doi.org/10.1037/0003-066X.44.2.112
http://doi.org/10.1037/0003-066X.44.2.112
https://doi.org/10.2307/1131074
https://doi.org/10.1080/03004430.2015.1068768
https://doi.org/10.22146/bpsi.7491
https://doi.org/10.1002/dev.21965
https://doi.org/10.1111/desc.12689
https://doi.org/10.1111/sode.12761

	Family alliance and infants’ vagal tone: The mediating role of infants’ reactions to unadjusted parental behaviors
	Abstract
	1 | INTRODUCTION
	2 | METHOD
	2.1 | Participants
	2.2 | Procedure
	2.3 | Measures
	2.3.1 | Family alliance assessment scales
	2.3.2 | Intrusive/withdrawn parental behaviors
	2.3.3 | Vagal tone

	2.4 | Statistical analyses

	3 | RESULTS
	3.1 | Descriptive statistics
	3.2 | Mediation analysis

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	INFORMED CONSENT
	ORCID
	REFERENCES


