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From inner to dyadic connection: the role of mindfulness in mother–infant interaction during the first year of life
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Introduction: Mother–infant attunement is fundamental to supporting infant socio-emotional development. Based on the assumption that we connect better with others if we are aware of and connected with our own experience, mindfulness could affect the maternal ability to attune to the infant. However, little is known about this topic in the first year of life. Study 1 aimed to investigate the role of maternal dispositional mindfulness and mindful parenting in mother–infant physiological and behavioral attunement at 3 months of age. Study 2 aimed to explore the effect of a mindfulness-based intervention not specific to parenting experience on mother–infant behavioral and physiological attunement and on maternal wellbeing at 9 months of age.

Methods: In Study 1, mother–infant (n = 67) behavioral and physiological attunement (i.e., co-regulation and RSA) were collected simultaneously each 20 s during face-to-face interaction. Mothers completed questionnaires about their dispositional mindfulness and mindful parenting. In Study 2, mother–infant dyads were randomly divided into a control (n = 20) and an intervention group (n = 29). The intervention group attended a 5-week mindfulness-based intervention. At T1 and T2, the same procedure described in Study 1 was applied and mothers reported about their wellbeing.

Results: Results showed that maternal mindfulness was associated with high physiological and behavioral attunement at 3 months and with more positive maternal behaviors and less stress at 9 months. Analysis evidenced a slight improvement in the intervention group in maternal dispositional mindfulness and a reduction in parenting stress at T2.

Discussion: Findings from both studies suggested that maternal mindfulness could represent a protective factor that could support mothers in fostering better dyadic interactions with their infants. The implementation of mindfulness-based interventions for mothers could have preventive and clinical implications.
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1 Introduction

Mindfulness—defined as “the awareness that emerges through paying attention on purpose, in the present moment, and non-judgmentally to the unfolding of experience moment by moment” (Kabat-Zinn, 2003, p. 145)—has been widely studied as an intrapersonal phenomenon, indicating individual ability to connect with and regulate personal inner experience (Siegel, 2007). Indeed, mindfulness is generally associated with psychological wellbeing (Bränström et al., 2011; Harrington et al., 2014; Lundwall et al., 2019), good emotion regulation (Roemer et al., 2015; Guendelman et al., 2017; Iani et al., 2019), and low anxiety, depression, and stress (Medvedev et al., 2018). The beneficial effect of mindfulness has been demonstrated even from a physiological perspective. Previous research has shown the potential role of mindfulness in changing adults’ physiological functioning, i.e., reducing physiological stress and improving physiological regulation (see Grecucci et al., 2015; Skoranski et al., 2019 for reviews).

Mindfulness also affects interpersonal functioning and the quality of intimate interactions. Adults’ mindfulness is positively associated with marital satisfaction (Williams and Cano, 2014; Khaddouma et al., 2015), friendship quality (Pratscher et al., 2018), and dyadic synchrony expressed by both the synchronization of behaviors (Haas and Langer, 2014) and physiological arousal (Laurent et al., 2017) with the partner during dyadic interactions.

More recently, the literature has drawn attention to the role of mindfulness in the critical intimate interpersonal relationship between the mother and the child. Building on the premise that maternal mindfulness may enhance not only the maternal connection with her own emotional experiences but also with those of the infant, the limited studies investigating this topic have reported intriguing positive associations between maternal mindfulness and the quality of mother–infant interaction across various developmental stages (e.g., Coatsworth et al., 2010, 2018; Medeiros et al., 2016; Pickard et al., 2018; Potharst et al., 2021; Ben Uriel-Maoz et al., 2023). This led to the development of several mindful-based interventions directed to parents in order to improve their interaction with offspring (e.g., Fernandes et al., 2022; Anand et al., 2023). However, literature on this subject remains limited, with numerous gaps yet to be addressed. Results have shown inconsistency, and only a few studies, primarily relying on self-reports, have examined this topic during infancy, a critical period when infants develop the foundation of socio-emotional competencies primarily through the quality of mother–infant interaction. Understanding whether mindfulness could be deemed a potential protective factor is crucial. Moreover, most studies focused on only one member of the dyad (i.e., the mother or the infant) (e.g., Noroña-Zhou et al., 2022), and none considered both behavioral and physiological dyadic attunement.


1.1 The role of maternal mindfulness on mother–infant attunement

The importance of early mother–infant interactions in the first year of life has been well-established, pointing out the short- and long-term positive effects on several child’s developmental domains, such as emotional, social, and cognitive skills (e.g., Feldman and Eidelman, 2005; Feldman, 2012; Cooke et al., 2019; Rocha et al., 2020; Spinelli et al., 2022; Lionetti et al., 2023; Shah et al., 2023).

During infancy, mother–infant interactions are often described as mutually regulated and attuned. Attunement is a dyadic construct that refers to the dynamic and reciprocal adaptation of each partner to the internal and external states of the other interactive partner (Bornstein, 2022). Mother–infant dyadic attunement occurs at different levels of experience, involving not only their coordinated and contingent behaviors (i.e., emotional expressions, movements, and vocalizations) but also a coordinated and shared physiological functioning (i.e., breath, heart rate) (Feldman, 2006, 2007; Spinelli and Mesman, 2018). Given that infants’ communicative skills are still immature during the first months of life, mother–infant attunement is largely associated with the mother’s ability to attune, regulate, and respond appropriately to the infant’s signals (Stern et al., 1985). This ability could be influenced by many maternal individual factors, and mindfulness could be one of those.

When mothers are aware and connected with their own inner experience they might be more able to understand and attune to the infant’s needs, emotions, and communicative cues (Parent et al., 2016; Pickard et al., 2018; Potharst et al., 2021). According to Snyder et al. (2012), mindfulness may foster healthy interactions through a better connection with oneself for two main reasons. The first one is the “quality of presence” that describes the availability to receive whatever the other person brings to the interaction, to sense her own participation in the interaction, and to be aware of her own awareness. By being present the mother is able to perceive and embrace consciously what is happening internally and externally and to connect and attune to the infant’s cues. The second reason is the ability to respond with awareness of what is happening, instead of reacting without awareness. This enables the mindful mother to develop a “space” between perception and action where it is possible to notice her moments of frustration, to regulate her emotions, and to find more functional and adaptive ways to respond to the infant, rather than acting automatically.

This ability to bring non-judgmental, present-centered awareness to the child has been defined as mindful parenting (Pratscher et al., 2019), and its implications for the quality of parent–infant interaction have been examined mainly during childhood and adolescence using parent reports. More mindful parents showed more positive parent–child interactions (Duncan et al., 2015; Medeiros et al., 2016; Zhang et al., 2019), more positive and supportive conflict resolution (Kil and Grusec, 2020; Bird et al., 2021), and shared more positive emotions with their child (Turpyn and Chaplin, 2016) than less mindful parents. During post-partum high maternal mindful parenting facilitated the development of the bond with the infant (Fernandes et al., 2021). Observational studies are limited. Potharst et al. (2021) evidenced an association between some aspects of maternal mindful parenting and the quality of mothers’ behaviors during the interaction with their 0- to 48-month-old infants, such as more gaze to the infant, higher maternal sensitivity, and more positive affect. Furthermore, Laurent et al. (2017) suggested a positive effect of mindful parenting on the mother’s physiological regulation of interactive distress during the still-face procedure, evidenced by steeper cortisol recovery slopes.

Another area of study has explored the role of mindfulness as an individual trait—not specific to parenting experience—known as dispositional mindfulness, in the context of mother–infant interaction, to see whether the ability of the mother to generally focus on her inner experience is related to her attunement with the child. In this sense, maternal dispositional mindfulness assessed during pregnancy was associated with self-reported mother–child bonding during pregnancy (Cohen, 2010; Golmakani et al., 2021) and in the second year of life (Brassel et al., 2020). More mindful pregnant women had better cardiovascular adaptation during pregnancy (i.e., less decrease in cardiac parasympathetic activity) and less emotional distress, both during and after pregnancy, and at 4 months they reported their infants to be more adaptable (Braeken et al., 2017). Maternal dispositional mindfulness can serve as a protective factor in mitigating the adverse effects of depressive symptoms and maternal emotional dysregulation, respectively, on prenatal mother–infant bonding (Hicks et al., 2018) as well as on infant neurobehavioral development (Ostlund et al., 2021). A recent cross-sectional study evidenced how more mindful mothers of 1- to 5-year-old children reported a better capacity to regulate their own emotions during parenting consequently positively affecting their satisfaction, confidence, and pleasure in interacting with their child (Passaquindici et al., 2024).

Similar to what occurs with mindful parenting, very few studies explored the role of maternal dispositional mindfulness during observed mother–infant interaction, yielding mixed findings. Mothers high in dispositional mindfulness exhibited heightened neural perceptual and emotional processing when observing positive moments in video recordings of interactions with their 3-month-old infants, and less when observing negative moments. This suggests an inclination to allocate more attention and perceptual/emotional processing resources to moments of playfulness and joy with their infants as opposed to moments of frustration (Laurent et al., 2018). Maternal dispositional mindfulness during pregnancy, specifically the ability to non-react to inner experience, was associated with maternal-attuned responses to infant distress, but not with maternal sensitivity, at 7–10 weeks post-birth (Pickard et al., 2017) and at 6 months (Pickard et al., 2018).

While these findings suggest a potential relationship between mindful parenting, dispositional mindfulness, and certain maternal and children’s behaviors and physiological functioning, which are relevant indicators of mother–child attunement, the current limitations in the literature prevent definitive conclusions. Given the significance of mother–infant attunement, especially during infancy when the characteristics of dyadic interactions vary notably, further studies are required. Specifically, research investigating these associations during the early years of life, with narrower age ranges, and employing observational methods are necessary.



1.2 Mindfulness-based interventions and mother–infant attunement

Based on the positive associations that emerged between mindfulness and the quality of the mother–child relationship and maternal wellbeing, various types of interventions aimed at improving maternal mindfulness have been promoted in both clinical and non-clinical settings. Among those, several modalities were developed including both face-to-face (e.g., Gu et al., 2015; Goldberg et al., 2018) and online (Spijkerman et al., 2016) mindfulness-based interventions.

Interventions focused on mindful parenting have been positively associated with maternal wellbeing when attended during pregnancy and post-partum. Online mindfulness-based interventions, delivered through text messages or audio-recorded formal practices with mindful parenting-specific content, reduced anxiety and stress of pregnant women (Ciciolla et al., 2023; Hulsbosch et al., 2023). Mothers who participated in a face-to-face mindfulness intervention during pregnancy—including mixed contents, e.g., raisin meditation, breathing awareness, body scan, mindful yoga, labor pain cognitive education, and formal and informal meditation homework—reported lower depression and somatic anxiety, and increased mindfulness and life satisfaction (Wang et al., 2023). Face-to-face interventions with practices tailored for mothers—e.g., exercises where mothers learn to focus their mindful attention on the baby and adopt the baby’s perspective—showed benefits for maternal anxiety, stress, and depression when attended during the first year of the infant’s life (Potharst et al., 2017, 2022; Min et al., 2023).

The few studies examining the effects of mindfulness-based interventions during pregnancy on mother–infant interaction have shown positive outcomes. An intervention delivered via text messages, which included instructions on deep breathing, meditation, responding to fetal movements, planning activities, or reading a story to the baby, led to a reported stronger bond with the fetus (Shreffler et al., 2019). Mothers who participated in face-to-face sessions of mindfulness meditation focused on body scan, mindful eating, mindful communication, labor pain management in couples, breastfeeding, and mind/body connection reported better infant emotional regulation at 3 months (Lönnberg et al., 2021).

Observational studies reported mixed results. Zeegers et al. (2019) found an effect of mindful parenting face-to-face training (i.e., meditations in which mothers focus on their child, including joint sessions with the child) in reducing maternal non-attuned mind-mindedness comments and in improving their 0- to 48-month-old children’s responsiveness in vocalization turn-taking, but not on dyadic synchrony and maternal sensitivity. During school age, a face-to-face family-based mindfulness intervention (i.e., audio-recorded meditations based on notice and not judging physiological, emotional, and cognitive reactions in stressful moments of parenting) reduced children’s diurnal and parents’ evening cortisol levels, evidencing a potential benefit on neuroendocrine functioning (Ho et al., 2020).

A recent meta-analysis (Anand et al., 2023) along with a systematic review (Fernandes et al., 2022) has summarized findings that indicate a modestly positive impact of mindful-parenting interventions on the mother–child relationship. However, the authors underlined that the literature is limited to a few studies, with wide variability among participants, and included studies involved mainly mothers of school-aged children. Interestingly, while the reported effect of interventions on maternal wellbeing is medium to high, the meta-analyses did not find evidence of significant improvements in maternal mindful parenting. This suggests that the mechanisms through which some interventions work and others do not do not necessarily relate to mindfulness and need to be further explored.

With the aim of enhancing maternal wellbeing and the quality of mother–child interaction by fostering maternal intrapersonal connection with own moment-to-moment sensations, thoughts, and emotions, interventions also concentrated on improving dispositional mindfulness by engaging mothers in meditative practices or relaxing tasks (Snyder et al., 2012).

Mothers who attended a mindfulness-based intervention delivered on the WeChat app based on pre-recorded videos about the main general mindfulness topic (e.g., mindful breathing and body scan), and on formal and informal homework, have infants with easier temperament at 6 weeks of age (Zhang et al., 2023). An intervention including mindfulness practices not adapted for mothers (e.g., mindful breathing, body, scan, and mindful listening) through a smartphone app reduced symptoms of maternal depression, anxiety, and stress and increased maternal dispositional mindfulness during the post-partum (Bear et al., 2022). The pilot study conducted by Van Gordon and Cowling (2018) demonstrated how mothers of preschoolers who participated in an online 3-day mindfulness-based intervention, composed of a 15-min pre-recorded audio, including body-scan and breathing meditation, exhibited improved mindfulness, and decreased psychological distress and parenting stress.

To the best of our knowledge, only two studies examined the effect of a mindfulness-based intervention, both face to face and during pregnancy, on observed mother–infant interaction with inconsistent findings. Derakhshanpour et al. (2022) evidenced the effects of a mindfulness-based intervention—composed of general mindful practices such as mindful eating, sitting meditations, exercises of visualization, and homework—only on maternal emotional control and not on the mother–infant quality of attachment. Noroña-Zhou et al. (2022), instead, reported evidence of a face-to-face mindfulness-based intervention with both formal and informal exercises—e.g., awareness of breathing, body sensations, thoughts, and feelings—on the sympathetic nervous system activity and regulation after a stressor at 6 months—that are consistent with lower risk for psychopathology and health problems in mothers who participated in the intervention. No significant effects of the intervention were found for infants observed negative behavior and physiological functioning.

In conclusion, although mindfulness interventions for parents appear to be beneficial, the underlying mechanisms remain unclear. Furthermore, there is a lack of observational studies and research on mindfulness-based interventions that foster maternal intrapersonal connection with moment-to-moment sensations, thoughts, and emotions and their impact on mother–infant interaction.



1.3 The current study

During infancy, greater infant–mother behavioral and physiological attunement is crucial for supporting the infant’s emotional development (Feldman, 2012). Therefore, understanding whether mindfulness could serve as a protective factor for mother–infant attunement is particularly intriguing.

To address this, we conducted two exploratory observational studies aimed at examining the role of maternal mindfulness on the quality of behavioral and physiological mother–infant attunement during the interaction. Study 1 examined maternal and infant behavioral and physiological functioning during face-to-face interactions at 3 months of age, in relation to maternal dispositional mindfulness and mindful parenting. Study 2 investigated the impact of an online mindfulness-based intervention not specific to parenting experience on mother–infant behavioral and physiological attunement at 9 months of age.

We chose 3 and 9 months that represent two crucial developmental stages with different infant communicative needs (Trevarthen and Hubley, 1978; Trevarthen and Aitken, 2001). Behavioral attunement was assessed using two microanalytical coding systems aimed at evaluating the coordination of the mother’s and infant’s behaviors and affect during interaction. Physiological attunement was measured in both studies by computing the respiratory sinus arrhythmia index (RSA) of both partners. Changes in RSA reflect dynamic adjustments of the autonomic nervous system via the vagus nerve to maintain homeostasis and support growth and restoration (Porges, 2007; Porges and Furman, 2011). Suppression of RSA reflects adaptive regulatory efforts in response to emotionally challenging events, while maintaining or increasing RSA during interpersonal interaction indicates calm and social engagement (Porges, 2007). Simultaneous changes in parent and infant RSA may illuminate the degree to which they are mutually responsive to each other’s physiological functioning during interaction, potentially predicting beneficial effects for the infant (Depasquale, 2020; Miller et al., 2023).

Because the literature on the topic is scarce and not consistent, the nature of these studies was explorative. For Study 1, it was hypothesized that high maternal dispositional mindfulness/mindful parenting would be linked to (1) a strong association between the mother’s and infant’s RSA during interaction and (2) high dyadic symmetrical co-regulation. For Study 2, it was hypothesized that the mindfulness intervention would improve maternal mindfulness, reduce parenting stress, and improve mother–infant behavioral and physiological attunement. These a priori expectations were transformed into Bayesian priors as further detailed in the Supplementary material.




2 Study 1


2.1 Method


2.1.1 Participants

A total of 67 mother–child dyads participated in the study, recruited from the hospitals in urban areas in the center of Italy. All infants were Italian, 49.3% (n = 33) were men, and 22.4% (n = 15) had one or more siblings. Inclusion criteria were full-term born and healthy infants, with no developmental delays declared at 3 months, according to their family pediatrician. The average maternal age was 35.43 years (SD = 4.58; range = 24–43), and mothers had an average year of 16.52 education (SD = 2.77; range = 8–21), indicating high education level (i.e., bachelor’s degree or higher). All fathers and 83.6% of the mothers (n = 56) were employed with a stable job. Parents were informed that the aim of the study was to examine how infants develop the ability to cope with emotional situations, and their written consent was obtained. The families were compensated for their participation with 25 euros. The sample was treated in accordance with the ethical standards outlined by the American Psychological Association and the Italian Association of Academic Psychologists, and the study was approved by the Department Ethics Review Board of the University (name omitted for blind review).



2.1.2 Procedure

At 3 to 4 months of infant’s age (M = 3.30, SD = 0.37), mothers were invited to the laboratory and video-recorded during 3 min of face-to-face free-play interaction (M duration in seconds = 186.91, SD = 10.95). Mothers were instructed to play with their infants as they usually do without objects and were allowed to touch the infant and speak. Before the beginning of the procedure, the dyad was given time to adapt to the laboratory context and the experimental procedure was explained. The room was outfitted with a table and one chair for the mother. Infants were positioned in a highchair on the table in front of the mother and a mirror behind the infant allowed the recording of the behaviors and facial expressions of both partners. The interaction was stopped before the 3 min when the infant was too distressed.

During the interaction, the mother and infant’s physiological activity was recorded applying ECG sensors on the body of both the infant and the mother.

Additionally, mothers completed self-reports to measure maternal mindfulness.

Out of the 67 dyads, full data on dyadic behaviors, physiological functioning, and maternal mindfulness were completed for 45 dyads. No differences between the full sample and the final sample were present on socio-demographic characteristics.



2.1.3 Measures


2.1.3.1 Maternal dispositional mindfulness

Maternal dispositional mindfulness was measured using the Five Facet Mindfulness Questionnaire (FFMQ, Baer et al., 2006). The FFMQ is a 39-item self-report scored on a 5-Likert-type scale from never or very rarely true to very often or always true (e.g., “When I do things, my mind wanders off and I’m easily distracted,” “I watch my feelings without getting lost in them,” “I tell myself that I should not be thinking the way I’m thinking”). The questionnaire consists of 5 sub-scales outlining different aspects of mindfulness: (a) observing sensations, perceptions, thoughts, and feelings, (b) describing the experience with words, (c) non-reactivity to inner experience, (d) non-judging of experiences, and (e) acting with awareness. The total scale, used for the present study, consisted of the sum of the mean scores of each scale. Cronbach’s α of the total scale was 0.85, similar to the validation study with an α for each subscale ranging from 0.75 to 0.91 (Baer et al., 2006).



2.1.3.2 Maternal mindful parenting

Maternal mindful parenting was measured using the Interpersonal Mindfulness in Parenting scale (IMP; Duncan, 2007, 2023). The IMP is a 31-item self-report rated on a 5-point Likert scale from never true to always true, e.g., “I pay close attention to my baby when we are spending time together,” “I notice how changes in my baby’s mood affect my mood,” “When things I try to do as a parent do not work out, I can accept them and move on.” The questionnaire consists of five scales outlining different aspects of mindful parenting: (a) listening with full attention, (b) emotional awareness of self and child, (c) self-regulation in parenting, (d) non-judgmental acceptance in parenting, and (e) compassion for self and child. The total scale, used in the present study, consisted of the mean scores of all scales. Cronbach’s α of the total scale was 0.78, similar to α = 0.75 of the validation study (Duncan, 2007).



2.1.3.3 Mother–infant behavioral attunement

Mother–infant observed behaviors were coded with the Revised Relational Coding System (Fogel et al., 2003) to compute dyadic co-regulation. Every dyadic behavior that lasted almost 2 s was coded using Mangold INTERACT Software. Co-regulation can be described along a continuum from mutual adjustment of partners with shared experience via vocal and non-vocal behaviors (i.e., symmetrical) to the absence of orientation of one partner toward the other (i.e., unilateral). We applied the full coding system, but in the present study, we used the durations of symmetrical and unilateral dyadic co-regulation in the analyses. Symmetrical co-regulation included each moment during which both partners adjust their behaviors continuously and mutually based on behaviors of the other and, co-participating to the innovation of the topic with verbal or non-verbal contributions. Unilateral co-regulation was coded when one partner was paying attention or innovating to the other who was engaged in own activities and did not respond or did not pay attention to the partner. Coding was conducted by a trained coder, and an independently trained coder randomly coded 20% of the sessions to calculate inter-observer reliability. The mean Cohen’s kappa value was 0.80.

To account for the dynamical changes of dyadic co-regulation across the interaction, the relative durations of symmetrical and unilateral co-regulation every 20 s of the interaction were computed. A minimum of three values per dyad and a maximum of nine were computed (according to the total length of the interaction).



2.1.3.4 Mother–infant physiological functioning

Physiological data of both the mother and the infant were collected with “ENCEPHALAN-EEGR-19/26” (version E_1863_0M manufactured by Medicom MTD Ltd.). The mother’s and infant’s heart rates were recorded simultaneously using disposable electrocardiogram (ECG) electrodes. The negative recording electrode was placed on the mother’s and infant’s right collarbone (i.e., the right clavicle area) and the positive electrode was on the left. A ground electrode was placed on the right deltoid. All data were monitored online, and physiological signals were sampled at 508 Hz. A standard ECG filter of 0.5 to 30 Hz was used for the cardiac signals prior to data storage.

RSA magnitude estimation was obtained using the Porges and Bohrer (1990) technique that includes parsing the component signal into discrete epochs (10–120 s) and then calculating the natural log of the variance in each epoch. In order to explore dynamic changes in physiological regulation of infants and mothers, a critical information for understanding physiological attunement, we extracted a continuous estimate of RSA with a 20 s sliding window applying Abney et al. (2021) implemented MATLAB script.



2.1.3.5 Analytic plan

Analyses were conducted using the statistical software R (R Core Team, 2021), with rstanarm (Goodrich et al., 2020) and brms (Bürkner, 2017, 2018) packages, both integrated with STAN for Markov Chain Monte Carlo (MCMC) sampling (Stan Development Team, 2022). Graphics were created using the ggplot2 package (Wickham, 2016).

First, we explored univariate and bivariate distributions of target variables.

Afterward, we compared and explored a series of regression models adopting a Bayesian approach for estimating parameters and using a mixed-model approach, incorporating the subject random intercept.

The first series of linear regression models explored the additive and interactive effects of infant RSA, IMP total score (mindful parenting), and FFMQ total score (maternal dispositional mindfulness) on maternal RSA. Second, we explored the additive and interactive effects of infant RSA, IMP total score (mindful parenting), and FFMQ total score (maternal dispositional mindfulness) on symmetrical and unilateral co-regulation, applying a series of multivariate models. Models were compared using a series of comparative indexes (see Supplementary materials S1 and S2), and the best model for each dependent variable was retailed and commented. Further details about the analysis are reported in the Supplementary materials S1 and S2.





2.2 Results


2.2.1 Descriptives and correlations

Univariate and bivariate descriptives are presented in the Supplementary Table S1 and Supplementary Figure S1. Mother and infant RSA were highly associated. Both mother and infant RSA were positively associated with high maternal dispositional mindfulness (FFMQ total score) and high unilateral co-regulation proportional duration.



2.2.2 Outcome: mother RSA

For mother RSA, we fitted and compared a set of linear models (see Supplementary Table S2 and Supplementary Figures S2, S3). Two models, M09a and M10a (i.e., the model including, respectively, infant RSA × IMP total score and infant RSA × FFMQ total score as predictors), were equivalent and comparatively better than all other tested models, with an evidence ratio (ER) of 0.229/0.219 = 1.046. Comparing these models with their counterparts without interaction (M05a and M06a respectively) allows us to gauge the relative evidence of interaction: ER = 0.229/0.102 = 2.24 for model M09a and ER = 0.219/0.158 = 1.39 for model M10a. This indicates that interactions are not particularly substantial but still interaction models are better than main effect models.

As these two models exhibit similar evidence, we report the results for both.


2.2.2.1 Model 09a: infant RSA × IMP total score

Estimated parameters of posterior distributions for the model are shown in Table 1. The interaction parameter is small, and its 90% CI includes zero among the most likely (a posteriori) values. Nevertheless, approximately 88% of the posterior values are positive, indicating a posterior probability of 0.88 for a positive interaction. Figure 1 depicts the expected values of mother RSA as a function of infant RSA (on the x-axis) × IMP total score (in colors). The two lines represent values conditioned to the mean (3.79) ± the standard deviation of IMP total score. The RSA of mothers with higher mindful parenting (IMP scores) is strongly associated with infant RSA both when infant RSA is high and when it is low.



TABLE 1 Estimated parameters of posterior distributions for the Models M09a and M10a.
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FIGURE 1
 Model M09a. Expected values of the interaction between Infant RSA X IMP Total Score (in colors). The three lines represent values conditioned to the mean and the mean ± the standard deviation of IMP Total Score.




2.2.2.2 Model M10a: infant RSA × FFMQ total score

Estimated parameters of posterior distributions for the model are shown in Table 1. Similar to the interaction parameter of M09a, for this model as well, the interaction parameter is close to 0 and its 90% CI encompasses 0 among the most probable values (a posteriori). We observed approximately 89% positive posterior values and a posterior probability of approximately 0.89 indicating that the interaction is positive. Figure 2 depicts the expected values of Infant RSA interaction (on the x-axis) × FFMQ total score (in colors). The two lines represent values conditioned to the mean (3.59) ± the standard deviation of the FFMQ total score. The figure is very similar to those of model M09a, indicating that the RSA of mothers with higher dispositional mindfulness (FFMQ scores) is strongly associated with Infant RSA both when infant RSA is high and when it is low.

[image: Figure 2]

FIGURE 2
 Model M10a. Expected values of the interaction between Infant RSA X FFMQ Total Score (in colors). The three lines represent values conditioned to the mean and the mean ± the standard deviation of FFMQ Total Score.





2.2.3 Outcomes: symmetrical and unilateral co-regulation

For co-regulation variables, we considered a set of multivariate regression models that simultaneously included symmetrical and unilateral co-regulation as dependent variables. Supplementary Table S3 summarizes the model comparison (see Supplementary Figures S4–S7 for diagnostics). The best model (i.e., M08b with IMP total score + time as predictors) has a weight of 0.338 and an ER of 1.5 compared to the second model (i.e., M07b with FFMQ total score + time as predictors). This indicates that the two best models are very close in terms of evidence. Consequently, we reported results for both.


2.2.3.1 Model M08b: IMP total score + time

The estimated parameters of posterior distributions for the model for symmetrical co-regulation as the outcome are reported in Table 2. Figure 3 depicts the conditional predictions for symmetrical and unilateral co-regulation as a function of IMP total score and time. Panels (A) and (B) pertain to symmetrical co-regulation, while panels (C) and (D) relate to unilateral co-regulation, respectively. The symmetrical co-regulation increased as a function of IMP total score [panel (A)], indicating that dyads with mothers with high mindful parenting spent more time in symmetrical co-regulation during the interaction. Symmetrical co-regulation also decreased over time [panel (B)]. The unilateral co-regulation did not show any change either as a function of IMP total score [panel (C)] or over time [panel (D)].



TABLE 2 Estimated parameters of posterior distributions for the Models M08b and M07b.
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FIGURE 3
 Model M08b. Expected values of Symmetrical Co-regulation as a function of (A) IMP Total Score and (B) Time; Expected values of Unilateral Co-regulation as a function of (C) IMP Total Score and (D) Time.




2.2.3.2 Model M07b: FFMQ total score + time

Estimated parameters of posterior distributions for the model for symmetrical co-regulation and for the model for unilateral co-regulation as outcomes are reported in Table 2. Figure 4 depicts the conditional predictions for symmetrical and unilateral co-regulation as a function of FFMQ total score and time. Panels (A) and (B) pertain to symmetrical co-regulation, while panels (C) and (D) relate to unilateral co-regulation, respectively. In this case, we observed a decrease in symmetrical co-regulation as a function of both FFMQ total score and time. Specifically, dyads with mothers with high dispositional mindfulness spent less time in symmetrical co-regulation during the interaction [panel (A)]. Additionally, symmetrical co-regulation decreased over time [panel (B)], similar to what occurred in model M08b. The unilateral co-regulation did not show any changes over time [panel (D)] but exhibited a decrease as a function of FFMQ total score [panel (C)]. Dyads with mothers with high dispositional mindfulness spent less time in unilateral co-regulation during the interaction.

[image: Figure 4]

FIGURE 4
 Model M07b. Expected values of Symmetrical Co-regulation as a function of (A) FFMQ Total Score and (B) Time; Expected values of Unilateral Co-regulation as a function of (C) FFMQ Total Score and (D) Time.







3 Study 2


3.1 Methods


3.1.1 Participants

A total of 61 mother–child dyads recruited from social media and in urban areas in the center of Italy participated in this study. All infants, aged between 6 and 13 months (M = 9.14, SD = 1.42), were Italian: 44.3% (n = 27) were men; 27.9% (n = 17) had one or more siblings. Infants were considered for inclusion if they were healthy, with no developmental delays assessed at pre-test, according to their family pediatrician. The average maternal age was 34.86 years (SD = 4.89; range = 22–46), and mothers had an average of 16.32 years of education (SD = 2.98; range = 8–21), indicating high education level (i.e., bachelor’s degree or higher). All fathers and 80.3% of the mothers (n = 49) were employed with a stable job. After parents were informed about the detailed procedure and their right to withdraw at any time, their written consent was obtained. To minimize potential influence on mothers, we informed them that the study aimed to gather their feedback on the mindfulness intervention’s effectiveness in inducing relaxation. The families were compensated for their participation with 25 euros. Of the 61 initial samples, 12 mothers dropped out, mainly from the control group (n = 10). The final sample was composed of 49 mother–infant dyads. The sample was treated in accordance with the ethical standards outlined by the American Psychological Association and the Italian Association of Academic Psychologists, and the study was approved by the Department Ethics Review Board of the University.



3.1.2 Procedure

Participants were randomly assigned to the control group (n = 20) or to the intervention group (n = 29).

At pre-test (T1) and 5 weeks later (T2), the same procedure described in Study 1 was applied for both groups. Dyads were video-recorded for 3 min of free-play interaction (M duration in seconds = 173.37, SD = 25.5), both partners physiological functioning was recorded by applying ECG sensors, and mothers completed mindfulness and parenting stress questionnaires.

Between T1 and T2, the intervention group participated in a 5-week mindfulness-based intervention that started within a few days after the pre-test.


3.1.2.1 Mindfulness intervention

The intervention group participated in a 5-week duration mindfulness-based intervention, developed ad hoc for this study by a mindfulness trainer. The intervention consisted of listening to five audios focused on five main mindfulness topics (see Table 3 for details). Mothers received each audio two times on specific days (Monday and Wednesday) of each week of the intervention via WhatsApp, and they were asked to follow the meditation practice. Each audio was 7- to 19-min-long, and it was supplemented by instructions and an explanation of the practice. After the practice, they were asked to fill in a short questionnaire on their enjoyment of the experience to confirm that they completed the practice.



TABLE 3 Details of the 5-week mindfulness-based intervention applied in Study 2.
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3.1.3 Measures


3.1.3.1 Maternal dispositional mindfulness and maternal mindful parenting

Maternal dispositional mindfulness and maternal mindful parenting were measured, respectively, using the Five Facets Mindfulness Questionnaire (FFMQ; Baer et al., 2006) and the Interpersonal Mindfulness in Parenting scale (IMP; Duncan, 2007, 2023) as in Study 1. Cronbach’s α in the current study was 0.77 and 0.81 for the FFMQ total score, and 0.70 and 0.73 for the IMP total score, respectively, at T1 and T2.



3.1.3.2 Behavioral attunement

Infant and mother behaviors were coded using the Infant Caregiver Engagement Phases (ICEP; Weinberg and Tronick, 1999). The ICEP contains a set of mutually exclusive mother and infant codes and combines facial expressions, the direction of gaze, vocalizations, and behavior allowing to code the positive/neutral/negative affect of each member of the dyad (see Tronick et al., 2005 for further details). For the purpose of the present study, we focused on infant positive affect (infant positive), mother social monitor with positive vocalization (mother positive voc.), and mother positive affect (mother positive). Infant positive affect was coded when the infant was smiling at the caregiver and/or cooing, laughing, babbling, or squealing while looking at the caregiver. For mothers, social monitoring with positive vocalization was coded when the mother was focused on the infant’s face with occasional smiles and positive vocalizations (i.e., infant-directed speech, singing, and talking). The social positive engagement was coded if the mother expressed positive affect by smiling, laughing, or making playful faces. The combination of infant and maternal codes was applied to explore behavioral attunement. Specifically, we computed the total duration of the following combinations: mother positive–infant positive (M positive–I positive), mother social monitor with positive vocalization–infant positive (M positive voc.–I positive). The total duration of matched affective states (the infant and the mother sharing the same affect: affective match) and matched attention (the infant and the mother looking at each other, no matter what affect they express: attentive match) were also computed.

The proportional duration of each code on the total duration of the interaction was calculated and used for analyses. As in Study 1, intercoder reliability was assessed by having a second trained observer who independently coded a randomly selected 20% of the videos. Mean Cohen’s K across codes was 0.72.



3.1.3.3 Physiological attunement

Mother and infant RSA during the interaction were estimated each 20 s using the same procedure of Study 1. RSA attunement was based on infants’ and mothers’ RSA cross-correlation where the lag-0 cross-correlation was estimated. Each dyad with at least three RSA data (three 20-s intervals) resulted in a measure of physiological attunement (M = 0.54, SD = 0.45, range = −0.998–0.983). Positive correlations indicated a positive association between the mother’s and infant’s RSA; negative correlations indicated a negative association. RSA attunement was available for 37 dyads (19 of the control group and 18 of the intervention group) at T1 and 40 dyads (17 of the control group and 23 of the intervention group) at T2. The reason for the reduction of available data is due mainly to technical reasons (i.e., the ECG sensor moved during the interaction and failed to record data).



3.1.3.4 Parenting stress

Mothers were asked to complete the Parental Distress Scale (PSI PD, Abidin et al., 2006; Guarino et al., 2016) of the Parenting Stress Index—Short Form questionnaire. The questionnaire is commonly used to measure stress in the parent–child system and to identify those caregivers most in need of support and the PSI PD scale indicates the perceived stress related to the parental role. The scale includes 12 items rated from 1 to 5 on a Likert scale (1 = strongly disagree, 5 = strongly agree). High values indicate more parenting stress. Scores were expressed as means. The internal consistency of the current sample was satisfactory and equal to Cronbach’s α 0.86 for PSI PD as α = 0.80 of the Italian validation study (Guarino et al., 2016).



3.1.3.5 Analytic plan

Analyses were conducted using the same statistical software and packages detailed for Study 1 (see section 2.1.3.5).

First, we explored univariate and bivariate distributions of target variables. Afterward, we compared and explored a series of regression models adopting a Bayesian approach for estimating parameters and using a mixed-model approach, incorporating the subject random intercept for taking into account the pre- and post-intervention assessment.

For exploring the effectiveness of the intervention on outcome variables (mindful parenting, maternal dispositional mindfulness, parenting stress, physiological attunement, symmetrical and unilateral co-regulation), we computed the effect of the interaction between time (T1 and T2) and the intervention condition (control group and intervention group).





3.2 Results


3.2.1 Descriptives and correlations at T1

At T1, as expected (see Supplementary Table S4), high correlations evidenced that highly mindful mothers reported experiencing parenting as a less stressful experience.

Concerning individual maternal behaviors, mothers with highly mindful parenting and dispositional mindfulness showed more social monitoring with positive vocalizations.

Maternal mindfulness (mindful parenting and maternal dispositional mindfulness) was associated with high dyadic physiological attunement (measured with RSA cross-correlation), even if the association was low.

Concerning dyadic variables, only the stress perceived in the parenting role (PSI PD) was associated with less mother social monitoring with positive vocalization when the infant was positive and with less affective and attentive match. This indicated that dyads with less stressed mothers showed a better dyadic behavioral attunement.

Univariate statistics of both the intervention and control groups, at both T0 and T1, are presented in the Supplementary Table S5.



3.2.2 Effect of the intervention


3.2.2.1 Outcomes: mindfulness and parenting stress

Supplementary Table S6 displays the interaction parameter (intervention condition × session) estimates with a 90% credibility interval (CI) for mindfulness and parenting stress (IMP total score, FFMQ total score, and PSI PD). See Supplementary Figure S9 for expected values of the models, Supplementary Figure S10 for posterior distributions of interaction parameters (black lines) compared with priors (red lines), and Supplementary Figures S11–S13 for model diagnostics.

Posterior distributions show a trend of increase in the intervention group after the intervention of Maternal Dispositional Mindfulness (FFMQ total score) and a trend of decrease in parenting stress (PSI PD). For both variables, the CIs included zero, but the lower bound of the CI was very low in terms of absolute value and the upper bound of the CI was close to a relatively moderate effect size for FFMQ total score and the opposite situation is present for PSI PD. Almost no changes were identified for mindful parenting (IMP total score). As can we see from the CIs, for IMP total score the interaction value was cantered almost on 0, and the lower CI and upper CI were almost the same in terms of absolute values. Thus, the intervention increased maternal dispositional mindfulness and decreased parenting stress.



3.2.2.2 Outcomes: mother–infant interaction variables

Supplementary Table S7 displays the interaction parameter estimates (intervention condition × Session) for mother–infant interaction variables (see previous section for further details). See Supplementary Figure S14 for expected values of the models, Supplementary Figure S15 for posterior distributions of interaction parameters (black lines) compared with priors (red lines), and Supplementary Figures S16–S22 for model diagnostics.

None of the observed variables showed a trend to increase after the intervention as can be seen by posterior distribution parameters and related CIs.






4 General discussion

We conducted two exploratory studies with the main aim of exploring the role of maternal mindfulness in promoting mother–infant interpersonal functioning both physiologically and behaviorally, during spontaneous mother–infant face-to-face interactions at two crucial points of infant development (4 and 9 months). We hypothesized that dyads with high maternal mindfulness would be characterized by better behavioral and physiological attunement (Study 1) and that an intervention aimed at improving maternal mindfulness would improve the quality of dyadic attunement (Study 2).

Overall, the results marginally supported our hypothesis. With respect to Study 1, as expected, maternal mindfulness—dispositional and mindful parenting—was associated with stronger mother–infant physiological attunement during the interaction at 4 months. Even if the strength of the interactions was low, and a high physiological attunement was evidenced in the whole group of dyads, high maternal mindfulness was associated with a stronger association between infant and maternal RSA during the interaction indicating stronger physiological attunement. This association did not emerge in Study 2, with dyads with highly mindful mothers showing only a slight positive association with mother–infant RSA correlations.

In line with previous studies that reported how individual adult mindfulness was associated with physiological attunement during dyadic interactions (e.g., Haas and Langer, 2014; Lampinen et al., 2018), this study expands the emerging literature on the potential role of mindfulness on physiological interpersonal functioning also in mother–infant dyads. Mothers who pay more attention to their own present-moment internal images, thoughts, sensations, and emotions, accepting them without judgment and without getting taken over by them (Kabat-Zinn, 2003) and/or more aware of what happens moment-by-moment during the interaction with their own infants (Pratscher et al., 2019) were more connected with the physiological activation of their infants both when he/she was calm (high RSA), and when he/she was upset (low RSA). This stronger physiological attunement of more mindful mothers to the stressed infant, indicated by high maternal cortisol level, was also previously reported during the stressful condition of the still-face paradigm at 6 months (Laurent et al., 2017).

Because mother–infant interaction supports infant emotional self-regulation, our findings suggest that maternal mindfulness could help mothers to self-regulate their own physiological activation during the interaction in order to serve as an external regulator of their own baby’s affect (Porges, 2001, 2007; Porges and Furman, 2011). However, the high association between mother and infant RSA in our sample (see Study 1) hides the effect of mindfulness. It may be that mindfulness’ effects on physiological attunement are stronger during conditions of stress when the ability of the mother to physiologically regulate her activation is more involved. Future studies should explore this association in other mother–infant conditions to confirm our findings.

The exploration of individual and dyadic behaviors of mothers in association with their mindfulness ability evidenced interesting results at 4 and at 9 months. Individual maternal behaviors were explored only at 9 months, evidencing more time spent talking to the infant with positive vocalizations of more mindful mothers (both high in mindful parenting and in dispositional mindfulness). At 9 months, the infant enters the secondary intersubjectivity phase (Trevarthen and Hubley, 1978; Trevarthen and Aitken, 2001) showing an increasing interest in the exploration of the environment. The role of the mother is to support this exploration by commenting on actions and the focus of interest of the infant. At this stage maternal talking is also crucial to support infant language development. We might suppose that more mindful mothers are more able to adapt their interactive modality to the needs of the infant, spending less time in shared face-to-face positive affect and more in talking and communicating with a more interactive and communicative infant. Longitudinal studies could help understanding whether this interactive modality promotes a more adaptive development in infants of mindful mothers.

Dyadic attunement was explored with different microanalytical coding systems, both focused on the exploration of shared attention and affect. At 4 months, mindful parenting was directly associated with more behavioral attunement, thus more moments of shared attention and affect (i.e., symmetrical co-regulation), whereas maternal dispositional mindfulness was associated with fewer moments during which the mother leads the interaction leaving less space for the infant (i.e., unilateral co-regulation), showing in both cases a better quality of mother–infant co-regulation in dyads with more mindful mothers. Mothers more aware of what is happening here-and-now during the interaction with their infant and more aware of and connected their own here-and-now inner world may be more present and attuned to infant’s behavioral cues, non-reacting to them but responding with awareness, and supporting the baby to co-create a moment of mutual innovation in which each partner is active, anticipates the actions of the other, and adds something new—such as smiles and coos—that lets the interaction to proceed without interruptions (Fogel, 1993). At 9 months, this association was not confirmed, even if a strong association emerged among mindfulness scales and levels of maternal perceived stress experienced during the interaction with their infants. Maybe while mindfulness has an effect on face-to-face dyadic attunement at 4 months, during the second half of the first year of life when the infant increases his/her exploration of the environment, mother–infant attunement should be examined exploring different interactive dimensions. An example could be the analysis of the ability of the mother to follow the focus of interest of the infant such as how much the mother uses verbally appropriate comments.

Because previous studies explored mother–infant interactions including wide infant’s age ranges, comparisons with previous findings are difficult to accomplish. However, our results are consistent with studies reporting that mindful parenting was associated with more positive parent–child interactions, even if at different ages. Specifically, maternal mindful parenting was related to dyadic synchrony of positive facial expressions (Potharst et al., 2021) and more children’s responsiveness in turn-taking (Zeegers et al., 2019) in large age samples including infants, toddlers, and preschoolers up to 48 months. Moreover, mindful parenting was directly related to parental-reported parent–child attachment in preschoolers (Zhang et al., 2019) and to more positive mother–adolescent interactions, more positive parenting, maternal communication skills, and warmth (Duncan et al., 2015).

Altogether, our results suggest a role of mindful parenting and maternal dispositional mindfulness on mother–infant physiological and behavioral attunement, highlighting how mindfulness could promote maternal sensitivity and responsiveness and maternal ability to adapt her behaviors to what previous experiences have taught them about how the infant will respond (Evans and Porter, 2009). However, our findings highlight the need to consider infant age and developmental needs in interpreting findings.

With respect to Study 2, contrary to our hypothesis, dyads of mothers who participated in the mindfulness-based intervention did not improve the quality of mother–infant physiological and behavioral attunement compared to dyads of mothers who did not. However, in dyads of mothers who participated in the intervention there was a trend toward a reduction in parenting stress after participating to the intervention. Consistent with this result, a meta-analysis by Anand et al. (2023) evidenced that the impact of mindfulness-based interventions for parents may be more efficacious intrapersonally (i.e., reduced parental stress), rather than interpersonally, and especially when both parents and infants are engaged in the training. Moreover, a recent systematic review reported that mindfulness-based interventions promoted the quality of mother–child relationship by the promotion of positive parenting attitude toward the child (Fernandes et al., 2022). Considering this, it is possible that the intervention used in our study did not work directly on the mother–infant dyadic attunement but that the effect on dyadic functioning could be mediated by changes in other variables (e.g., maternal wellbeing and parenting styles) that we did not consider due to the limited sample size. Future studies with a larger sample should consider those variables and explore their moderating role on the intervention’s effect on the mother–infant physiological and behavioral attunement.

Moreover, previous research reporting the effectiveness of mindfulness-based interventions in improving the quality of the mother–infant relationship used mainly maternal-reports (e.g., Potharst et al., 2017; Shreffler et al., 2019). Those results, with our reported reduction in parenting stress, might be interpreted as an increased awareness fostered by mindfulness practice that leads mothers to be more aware of their parenting abilities, reporting a more accurate evaluation of the quality of the relationship with their own infants. More empirical findings are needed to confirm whether this increased awareness also corresponds to a better-observed quality of the interaction.

Furthermore, it is possible that the effect of the intervention is more evident during a stressful condition, a situation in which the effect of mindfulness may be stronger, than during face-to-face interactions as the condition explored in the present study. Future studies should take this into account.

Finally, mothers who attended the mindfulness-based intervention reported only a slight improvement in their dispositional mindfulness. The mindfulness literature underlined the limit of mindfulness self-reports that are often biased with mothers more aware of their present-moment internal experience also more aware of the moments in which they are not and often reporting lower mindfulness. This could contribute to the stability of the scores of mindful parenting (Per et al., 2020). Additionally, it must be considered that our sample consisted of low-risk mothers with high levels of mindfulness at baseline. Future observational research should investigate the effect of mindfulness-based interventions in clinical at-risk samples (e.g., depressed or anxious mothers).

The current exploratory findings should be interpreted in the context of several limitations. First, in both studies, our sample was relatively small and only composed by self-selected mothers limiting the generalizability of findings to fathers and to other mothers less interested in the topic. The effects suggested here should be explored in larger samples. Moreover, we assessed the self-reported number of audios listened by mothers, which makes it difficult to know the trustworthiness of this information. This aspect may have adversely influenced our findings. Finally, we explored the effects of mindfulness only on face-to-face free-play interactions. As evidenced by previous work (Laurent et al., 2017), the positive effect of maternal mindfulness could be stronger when mothers have to deal with a stressed infant, e.g., during the still-face paradigm. Additionally, at 9 months of age the effect of mindfulness could be more pronounced when considering other interactive dimensions (i.e., triadic interaction) or exploring the effects on infant socio-emotional development. Future longitudinal studies should explore the effects of mindful parenting and maternal dispositional mindfulness on the quality of mother–infant physiological and behavioral attunement comparing face-to-face, play with toys interactions, and stressful interactive conditions.

Despite these limits, our exploratory research has several strengths. Research studying the role of maternal mindfulness on observed mother–infant interaction is yet scarce. While previous studies have mainly focused on mindful parenting, large age samples, and on mother–infant physiological and behavioral functioning separately, this is the first study that highlights the protective role of mindfulness on both levels of mother–infant interaction simultaneously with observational measures at 4 and 9 months of infant age.

Even if our exploratory studies are composed by small and self-selected mothers’ samples, both suggested that maternal dispositional mindfulness and mindful parenting are important protective factor that could support mothers to better attune to infant physiological and behavioral cues, a crucial maternal ability to promote a positive mother–infant interaction and to support infant emotional development (Stern et al., 1985; Feldman, 2007). Thus, mindfulness could be applied in screenings aimed to identify more at-risk dyads. Available interventions developed with the aim to promote positive parenting (Juffer et al., 2018) should consider maternal mindfulness as an individual factor that could affect the ability of the parent to attune to infants’ signals and therefore to be sensitive to their needs. Furthermore, mindfulness-based interventions could be offered mainly to more at-risk mothers in order support them in managing stress, enhancing emotion regulation and wellbeing, and in developing more appropriate dyadic interactions with their own infants. Indeed, these interventions could equip parents with effective coping strategies and practical tools that could be integrated into daily routines to deal with the challenges of parenting (e.g., deep breathing to stay calm during stressful moments and/or fully engaging in activities with the child). Because interventions based on mindfulness practices, especially those as our conducted with audios, are cheap and simple to implement, they may be particularly suitable for mothers of young infants who are already overburdened and have little time.

Finally, considering that our sample included non-clinical mothers, future studies investigating the effect of mindfulness-based interventions in at-risk populations could contribute to interesting insights for applied settings. These interventions may be particularly effective for at-risk populations and may significantly prevent the effects of maternal psychological difficulties (e.g., depression or anxiety) on mother–infant attunement, with cascade consequences in socio-emotional infant developmental domains.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Department of Neuroscience, Imaging and Clinical Sciences, University G. d’Annunzio Chieti-Pescara. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

IP: Data curation, Methodology, Writing – original draft. MP: Formal analysis, Methodology, Writing – review & editing. ON: Writing – review & editing. FL: Writing – review & editing. GD’U: Writing – review & editing. RP: Writing – review & editing. MF: Writing – review & editing. MS: Conceptualization, Methodology, Supervision, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by a grant (number 131/20) from BIAL Foundation, Portugal.



Acknowledgments

The authors would like to thank Elena Cristalli for developing the mindfulness intervention. Special thanks to all the infants and mothers who have participated in the research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnbeh.2024.1398042/full#supplementary-material



References

 Abidin, R., Flens, J. R., and Austin, W. G. (2006). The parenting stress index. New Jersey: Lawrence Erlbaum Associates Publishers.


 Abney, D. H., da Silva, E. B., and Bertenthal, B. I. (2021). Associations between infant–mother physiological synchrony and 4‐ and 6‐month‐old infants’ emotion regulation. Dev. Psychobiol. 63:e22161. doi: 10.1002/dev.22161


 Anand, L., Sadowski, I., Per, M., and Khoury, B. (2023). Mindful parenting: a meta-analytic review of intrapersonal and interpersonal parental outcomes. Curr. Psychol. 42, 8367–8383. doi: 10.1007/s12144-021-02111-w


 Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., and Toney, L. (2006). Using self-report assessment methods to explore facets of mindfulness. Assessment 13, 27–45. doi: 10.1177/1073191105283504


 Bear, K. A., Barber, C. C., and Medvedev, O. N. (2022). The impact of a mindfulness app on postnatal distress. Mindfulness 13, 2765–2776. doi: 10.1007/s12671-022-01992-7


 Ben Uriel-Maoz, L., Lavy, S., and Berkovich-Ohana, A. (2023). The effects of mindfulness on mother–child relationships and maternal well-being during the first COVID-19 lockdown in Israel. Child Fam. Soc. Work 28, 932–948. doi: 10.1111/cfs.13013


 Bird, A. L., Russell, S., Pickard, J. A., Donovan, M., Madsen, M., and Herbert, J. S. (2021). Parents’ dispositional mindfulness, child conflict discussion, and childhood internalizing difficulties: a preliminary study. Mindfulness 12, 1624–1638. doi: 10.1007/s12671-021-01625-5


 Bornstein, M. H. (Ed.). (2022). Parenting: selected writings of Marc H. Bornstein (1st ed.). New York: Routledge.


 Braeken, M. A. K. A., Jones, A., Otte, R. A., Nyklíček, I., and Van den Bergh, B. R. H. (2017). Potential benefits of mindfulness during pregnancy on maternal autonomic nervous system function and infant development. Psychophysiology 54, 279–288. doi: 10.1111/psyp.12782 

 Bränström, R., Duncan, L. G., and Moskowitz, J. T. (2011). The association between dispositional mindfulness, psychological well‐being, and perceived health in a Swedish population‐based sample. Br. J. Health Psychol. 16, 300–316. doi: 10.1348/135910710X501683


 Brassel, A., Townsend, M. L., Pickard, J. A., and Grenyer, B. F. S. (2020). Maternal perinatal mental health: associations with bonding, mindfulness, and self-criticism at 18 months’ postpartum. Infant Ment. Health J. 41, 69–81. doi: 10.1002/imhj.21827 

 Bürkner, P. C. (2017). brms: an R package for Bayesian multilevel models using Stan. J. Stat. Softw. 80, 1–28. doi: 10.18637/jss.v080.i01


 Bürkner, P. (2018). Advanced Bayesian multilevel modeling with the R package brms. R J. 10, 395–411. doi: 10.32614/RJ-2018-017


 Ciciolla, L., Addante, S., Shreffler, K. M., and Croff, J. M. (2023). Effects of a mindfulness-based parental reflection intervention on pregnancy-related distress: a pilot study. Women’s Health Rep. 4, 78–83. doi: 10.1089/whr.2022.0090 

 Coatsworth, J. D., Duncan, L. G., Greenberg, M. T., and Nix, R. L. (2010). Changing parent’s mindfulness, child management skills and relationship quality with their youth: results from a randomized pilot intervention trial. J. Child Fam. Stud. 19, 203–217. doi: 10.1007/s10826-009-9304-8 

 Coatsworth, J. D., Timpe, Z., Nix, R. L., Duncan, L. G., and Greenberg, M. T. (2018). Changes in mindful parenting: associations with changes in parenting, parent–youth relationship quality, and youth behavior. J. Soc. Soc. Work Res. 9, 511–529. doi: 10.1086/701148 

 Cohen, J. S. (2010). Mindfulness and self-compassion in the transition to motherhood: a prospective study of postnatal mood and attachment. New York, NY: Columbia University.


 Cooke, J. E., Kochendorfer, L. B., Stuart-Parrigon, K. L., Koehn, A. J., and Kerns, K. A. (2019). Parent–child attachment and children’s experience and regulation of emotion: a meta-analytic review. Emotion 19, 1103–1126. doi: 10.1037/emo0000504 

 Cowling, C., and Van Gordon, W. (2018). Effects of a brief online mindfulness intervention on mindfulness, psychological distress and parenting stress in preschool parents. Mindfulness 3, 55–70. Available at: https://www.researchgate.net/publication/324058569


 Depasquale, C. E. (2020). A systematic review of caregiver-child physiological synchrony across systems: associations with behavior and child functioning. Dev. Psychopathol. 32, 1754–1777. doi: 10.1017/S0954579420001236 

 Derakhshanpour, V., Pasha Sharif, H., and Kadivar, P. (2022). The effects of mindfulness training on primiparous pregnant women’s emotion control and the formation of secure attachment style among their infants. Int. J. Pediatr. 10, 15389–15398. doi: 10.22038/ijp.2021.54732.4319


 Duncan, L. G. (2007). Assessment of mindful parenting among parents of early adolescents: development and validation of the Interpersonal Mindfulness in Parenting Scale. State College, PA: The Pennsylvania State University.


 Duncan, L. G. (2023). “Interpersonal Mindfulness in Parenting (IM-P) Scale” in Handbook of assessment in mindfulness research (Cham: Springer International Publishing), 1–25.


 Duncan, L. G., Coatsworth, J. D., Gayles, J. G., Geier, M. H., and Greenberg, M. T. (2015). Can mindful parenting be observed? Relations between observational ratings of mother–youth interactions and mothers’ self-report of mindful parenting. J. Fam. Psychol. 29, 276–282. doi: 10.1037/a0038857 

 Evans, C. A., and Porter, C. L. (2009). The emergence of mother–infant co-regulation during the first year: links to infants’ developmental status and attachment. Infant Behav. Dev. 32, 147–158. doi: 10.1016/j.infbeh.2008.12.005


 Feldman, R. (2006). From biological rhythms to social rhythms: physiological precursors of mother–infant synchrony. Dev. Psychol. 42, 175–188. doi: 10.1037/0012-1649.42.1.175 

 Feldman, R. (2007). Parent–infant synchrony: biological foundations and developmental outcomes. Curr. Dir. Psychol. Sci. 16, 340–345. doi: 10.1111/j.1467-8721.2007.00532.x


 Feldman, R. (2012). Bio-behavioral synchrony: a model for integrating biological and microsocial behavioral processes in the study of parenting. Parenting 12, 154–164. doi: 10.1080/15295192.2012.683342


 Feldman, R., and Eidelman, A. I. (2005). Does a triplet birth pose a special risk for infant development? Assessing cognitive development in relation to intrauterine growth and mother–infant interaction across the first 2 years. Pediatrics 115, 443–452. doi: 10.1542/peds.2004-1137


 Fernandes, D. V., Canavarro, M. C., and Moreira, H. (2021). Postpartum during COVID‐19 pandemic: Portuguese mothers’ mental health, mindful parenting, and mother–infant bonding. J. Clin. Psychol. 77, 1997–2010. doi: 10.1002/jclp.23130


 Fernandes, D. V., Martins, A. R., Canavarro, M. C., and Moreira, H. (2022). Mindfulness-and compassion-based parenting interventions applied to the postpartum period: a systematic review. J. Child Fam. Stud. 31, 563–587. doi: 10.1007/s10826-021-02175-z


 Fogel, A. (1993). Developing through relationships. Chicago, IL: University of Chicago Press.


 Fogel, A., De Koyer, I., Secrist, C., Sipherd, A., Hafen, T., and Fricke, M. (2003). The revised relational coding system. Unpublished manual. Salt Lake City: Department of Psychology, University of Utah.


 Goldberg, S. B., Tucker, R. P., Greene, P. A., Davidson, R. J., Wampold, B. E., Kearney, D. J., et al. (2018). Mindfulness-based interventions for psychiatric disorders: a systematic review and meta-analysis. Clin. Psychol. Rev. 59, 52–56. doi: 10.1016/j.cpr.2017.10.011


 Golmakani, N., Shaghaghi, F., Ahmadi, Z., Gholami, M., Kamali, Z., and Mohebbi-Dehnavi, Z. (2021). Investigating the relationship between the dimensions of mindfulness and maternal attachment to the fetus during pregnancy. J. Educ. Health Promot. 10:433. doi: 10.4103/jehp.jehp_1513_20 

 Goodrich, B., Gabry, J., Ali, I., and Brilleman, S. (2020). rstanarm: Bayesian applied regression modeling via Stan. R package version 2.21.1. Available at: https://mc-stan.org/rstanarm


 Grecucci, A., Pappaianni, E., Siugzdaite, R., Theuninck, A., and Job, R. (2015). Mindful emotion regulation: exploring the neurocognitive mechanisms behind mindfulness. Biomed. Res. Int. 2015:670724. doi: 10.1155/2015/670724 

 Gu, J., Strauss, C., Bond, R., and Cavanagh, K. (2015). How do mindfulness-based cognitive therapy and mindfulness-based stress reduction improve mental health and wellbeing? A systematic review and meta-analysis of mediation studies. Clin. Psychol. Rev. 37, 1–12. doi: 10.1016/j.cpr.2015.01.006


 Guarino, A., Laghi, F., Serantoni, G., Di Blasio, P., and Camisasca, E. (2016). Parenting Stress Index—fourth edition (PSI-4). Available at: http://hdl.handle.net/10807/96058


 Guendelman, S., Medeiros, S., and Rampes, H. (2017). Mindfulness and emotion regulation: Insights from neurobiological, psychological, and clinical studies. Fronti. Psychol. 8:220. doi: 10.3389/fpsyg.2017.00220


 Haas, A. S., and Langer, E. J. (2014). Mindful attraction and synchronization: mindfulness and regulation of interpersonal synchronicity. NeuroQuantology 12, 21–34. doi: 10.14704/nq.2014.12.1.728


 Harrington, R., Loffredo, D. A., and Perz, C. A. (2014). Dispositional mindfulness as a positive predictor of psychological well-being and the role of the private self-consciousness insight factor. Pers. Individ. Differ. 71, 15–18. doi: 10.1016/j.paid.2014.06.050


 Hicks, L. M., Dayton, C. J., Brown, S., Muzik, M., and Raveau, H. (2018). Mindfulness moderates depression and quality of prenatal attachment in expectant parents. Mindfulness 9, 1604–1614. doi: 10.1007/s12671-018-0907-2


 Ho, R. T., Lo, H. H., Fong, T. C., and Choi, C. W. (2020). Effects of a mindfulness-based intervention on diurnal cortisol pattern in disadvantaged families: a randomized controlled trial. Psychoneuroendocrinology 117, 1–7. doi: 10.1016/j.psyneuen.2020.104696 

 Hulsbosch, L. P., Potharst, E. S., Schwabe, I., Boekhorst, M. G. B. M., Pop, V. J. M., and Nyklíček, I. (2023). Online mindfulness-based intervention for women with pregnancy distress: a randomized controlled trial. J. Affect. Disord. 332, 262–272. doi: 10.1016/j.jad.2023.04.009


 Iani, L., Lauriola, M., Chiesa, A., and Cafaro, V. (2019). Associations between mindfulness and emotion regulation: the key role of describing and nonreactivity. Mindfulness 10, 366–375. doi: 10.1007/s12671-018-0981-5


 Juffer, F., Bakermans-Kranenburg, M. J., and Van Ijzendoorn, M. H. (2018). “Video-feedback intervention to promote positive parenting and sensitive discipline” in Handbook of attachment-based interventions (New York: Guilford).


 Kabat-Zinn, J. (2003). Mindfulness-based interventions in context: past, present, and future. Clin. Psychol.: Sci. Pract. 10, 144–156. doi: 10.1093/clipsy.bpg016


 Khaddouma, A., Gordon, K. C., and Bolden, J. (2015). Zen and the art of dating: mindfulness, differentiation of self, and satisfaction in dating relationships. Couple Fam. Psychol.: Res. Pract. 4, 1–13. doi: 10.1037/cfp0000035


 Kil, H., and Grusec, J. E. (2020). Links among mothers’ dispositional mindfulness, stress, perspective-taking, and mother–child interactions. Mindfulness 11, 1710–1722. doi: 10.1007/s12671-020-01387-6


 Lampinen, E., Karolaakso, T., Karvonen, A., Kaartinen, J., Kykyri, V. L., Seikkula, J., et al. (2018). Electrodermal activity, respiratory sinus arrhythmia, and heart rate variability in a relationship enrichment program. Mindfulness 9, 1076–1108. doi: 10.1007/s12671-017-0843-6


 Laurent, H. K., Duncan, L. G., Lightcap, A., and Khan, F. (2017). Mindful parenting predicts mothers’ and infants’ hypothalamic-pituitary-adrenal activity during a dyadic stressor. Dev. Psychol. 53, 417–424. doi: 10.1037/dev0000258 

 Laurent, H. K., Wright, D., and Finnegan, M. (2018). Mindfulness-related differences in neural response to own infant negative versus positive emotion contexts. Dev. Cogn. Neurosci. 30, 70–76. doi: 10.1016/j.dcn.2018.01.002 

 Lionetti, F., Spinelli, M., Moscardino, U., Ponzetti, S., Garito, M. C., Dellagiulia, A., et al. (2023). The interplay between parenting and environmental sensitivity in the prediction of children’s externalizing and internalizing behaviors during COVID-19. Dev. Psychopathol. 35, 1390–1403. doi: 10.1017/S0954579421001309


 Lönnberg, G., Niemi, M., Salomonsson, B., Bränström, R., Nissen, E., and Jonas, W. (2021). Exploring the effects of mindfulness-based childbirth and parenting on infant social-emotional development. Mindfulness 12, 2009–2020. doi: 10.1007/s12671-021-01658-w


 Lundwall, C., Fairborn, S., Quinones-Camacho, L., Estep, J., and Davis, E. (2019). Self-regulation mechanisms explain how dispositional mindfulness promotes well-being. J. Posit. Psychol. Wellbeing 3, 153–164.


 Medeiros, C., Gouveia, M. J., Canavarro, M. C., and Moreira, H. (2016). The indirect effect of the mindful parenting of mothers and fathers on the child’s perceived well-being through the child’s attachment to parents. Mindfulness 7, 916–927. doi: 10.1007/s12671-016-0530-z


 Medvedev, O. N., Norden, P. A., Krägeloh, C. U., and Siegert, R. J. (2018). Investigating unique contributions of dispositional mindfulness facets to depression, anxiety, and stress in general and student populations. Mindfulness 9, 1757–1767. doi: 10.1007/s12671-018-0917-0


 Miller, J. G., Armstrong-Carter, E., Balter, L., and Lorah, J. (2023). A meta-analysis of mother–child synchrony in respiratory sinus arrhythmia and contextual risk. Dev. Psychobiol. 65:e22355. doi: 10.1002/dev.22355 

 Min, W., Jiang, C., Li, Z., and Wang, Z. (2023). The effect of mindfulness-based interventions during pregnancy on postpartum mental health: a meta-analysis. J. Affect. Disord. 331, 452–460. doi: 10.1016/j.jad.2023.03.053 

 Noroña-Zhou, A. N., Coccia, M., Epel, E., Vieten, C., Adler, N. E., Laraia, B., et al. (2022). The effects of a prenatal mindfulness intervention on infant autonomic and behavioral reactivity and regulation. Psychosom. Med. 84, 525–535. doi: 10.1097/psy.0000000000001066 

 Ostlund, B. D., Olavson, K., Brown, M. A., Shakiba, N., Saenz, C., Crowell, S. E., et al. (2021). Maternal mindfulness during pregnancy predicts newborn neurobehavior. Dev. Psychobiol. 63, e22131–e22139. doi: 10.1002/dev.22131 

 Parent, J., McKee, L. G., Rough, J. N., and Forehand, R. (2016). The association of parent mindfulness with parenting and youth psychopathology across three developmental stages. J. Abnorm. Child Psychol. 44, 191–202. doi: 10.1007/s10802-015-9978-x 

 Passaquindici, I., Nardozza, O., Sperati, A., Lionetti, F., D’Urso, G., Fasolo, M., et al. (2024). Maternal dispositional mindfulness and mother–child relationship: the mediating role of emotional control during parenting. Child Care Health Dev. 50:e13264. doi: 10.1111/cch.13264


 Per, M., Spinelli, C., Sadowski, I., Schmelefske, E., Anand, L., and Khoury, B. (2020). Evaluating the effectiveness of mindfulness-based interventions in incarcerated populations: a meta-analysis. Crim. Justice Behav. 47, 310–330. doi: 10.1177/0093854819891457


 Pickard, J. A., Townsend, M., Caputi, P., and Grenyer, B. F. (2017). Observing the influence of mindfulness and attachment styles through mother and infant interaction: a longitudinal study. Infant Ment. Health J. 38, 343–350. doi: 10.1002/imhj.21645 

 Pickard, J. A., Townsend, M. L., Caputi, P., and Grenyer, B. F. (2018). Top-down and bottom-up: the role of social information processing and mindfulness as predictors in maternal–infant interaction. Infant Ment. Health J. 39, 44–54. doi: 10.1002/imhj.21687 

 Porges, S. W. (2001). The polyvagal theory: phylogenetic substrates of a social nervous system. Int. J. Psychophysiol. 42, 123–146. doi: 10.1016/S0167-8760(01)00162-3 

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

 Porges, S. W., and Bohrer, R. E. (1990). “Analyses of periodic processes in psycho-physiological research” in Principles of psychophysiology: physical, social, and inferential elements. eds. J. T. Cacioppo and L. G. Tassinary (New York: Cambridge University Press), 708–753.


 Porges, S. W., and Furman, S. A. (2011). The early development of the autonomic nervous system provides a neural platform for social behaviour: a polyvagal perspective. Infant Child Dev. 20, 106–118. doi: 10.1002/icd.688 

 Potharst, E. S., Aktar, E., Rexwinkel, M., Rigterink, M., and Bögels, S. M. (2017). Mindful with your baby: feasibility, acceptability, and effects of a mindful parenting group training for mothers and their babies in a mental health context. Mindfulness 8, 1236–1250. doi: 10.1007/s12671-017-0699-9 

 Potharst, E. S., Leyland, A., Colonnesi, C., Veringa, I. K., Salvadori, E. A., Jakschik, M., et al. (2021). Does mothers’ self-reported mindful parenting relate to the observed quality of parenting behavior and mother–child interaction? Mindfulness 12, 344–356. doi: 10.1007/S12671-020-01533-0 

 Potharst, E. S., Veringa-Skiba, I., van Broekhuizen, E., and Bögels, S. M. (2022). Mindful with your baby for mothers of infants with (parental) stress in a non-clinical setting: a wait-list controlled pilot trial. BMC Pregnancy Childbirth 22, 298–211. doi: 10.1186/S12884-022-04640-z 

 Pratscher, S. D., Rose, A. J., Markovitz, L., and Bettencourt, A. (2018). Interpersonal mindfulness: investigating mindfulness in interpersonal interactions, co-rumination, and friendship quality. Mindfulness 9, 1206–1215. doi: 10.1007/s12671-017-0859-y


 Pratscher, S. D., Wood, P. K., King, L. A., and Bettencourt, B. A. (2019). Interpersonal mindfulness: scale development and initial construct validation. Mindfulness 10, 1044–1061. doi: 10.1007/s12671-018-1057-2


 R Core Team (2021). R: a language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing Available at: https://www.R-project.org/.


 Rocha, N. A. C. F., dos Santos Silva, F. P., dos Santos, M. M., and Dusing, S. C. (2020). Impact of mother–infant interaction on development during the first year of life: a systematic review. J. Child Health Care 24, 365–385. doi: 10.1177/1367493519864742 

 Roemer, L., Williston, S. K., and Rollins, L. G. (2015). Mindfulness and emotion regulation. Curr. Opin. Psychol. 3, 52–57. doi: 10.1016/j.copsyc.2015.02.006


 Shah, P. E., Hirsh-Pasek, K., Spinelli, M., Ozor, J., Weeks, H. M., McCaffery, H., et al. (2023). Ecological contexts associated with early childhood curiosity: neighborhood safety, home and parenting quality, and socioeconomic status. Front. Psychol. 14:986221. doi: 10.3389/fpsyg.2023.986221 

 Shreffler, K. M., Tiemeyer, S., Ciciolla, L., and Croff, J. M. (2019). Effect of a mindfulness-based pilot intervention on maternal-fetal bonding. Int. J. Womens Health 377-380, 377–380. doi: 10.2147/IJWH.S203836


 Siegel, D. J. (2007). The mindful brain: reflection and attunement in the cultivation of well-being. New York, NY: Norton.


 Skoranski, A., Coatsworth, J. D., and Lunkenheimer, E. (2019). A dynamic systems approach to understanding mindfulness in interpersonal relationships. J. Child Fam. Stud. 28, 2659–2672. doi: 10.1007/s10826-019-01500-x


 Snyder, R., Shapiro, S., and Treleaven, D. (2012). Attachment theory and mindfulness. J. Child Fam. Stud. 21, 709–717. doi: 10.1007/s10826-011-9522-8


 Spijkerman, M. P. J., Pots, W. T. M., and Bohlmeijer, E. (2016). Effectiveness of online mindfulness-based interventions in improving mental health: a review and meta-analysis of randomised controlled trials. Clin. Psychol. Rev. 45, 102–114. doi: 10.1016/j.cpr.2016.03.009


 Spinelli, M., Lionetti, F., Garito, M. C., Shah, P. E., Logrieco, M. G., Ponzetti, S., et al. (2022). Infant-directed speech from a multidimensional perspective: the interplay of infant birth status, maternal parenting stress, and dyadic co-regulation on infant-directed speech linguistic and pragmatic features. Front. Psychol. 13:804792. doi: 10.3389/fpsyg.2022.804792 

 Spinelli, M., and Mesman, J. (2018). The regulation of infant negative emotions: the role of maternal sensitivity and infant-directed speech prosody. Infancy 23, 502–518. doi: 10.1111/infa.12237


 Stan Development Team. (2022). STAN for Markov chain Monte Carlo (MCMC). Available at: https://mc-stan.org/about/team/


 Stern, D. N., Hofer, L., Haft, W., and Dore, J. (1985). “Affect attunement: the sharing of feeling states between mother and infant by means of inter-modal fluency” in Social perception in infants. Eds. T. M. Field and N. A. Fox (Norwood, NJ: Abbex), 249–268.


 Trevarthen, C., and Aitken, K. J. (2001). Infant intersubjectivity: research, theory, and clinical applications. J. Child Psychol. Psychiatry Allied Discip. 42, 3–48. doi: 10.1017/S0021963001006552 

 Trevarthen, C., and Hubley, P. (1978) in Secondary intersubjectivity: confidence, confiding, and acts of meaning in the first year. Action, gesture and symbol. ed. J. Lock (London: Academic Press), 183–229.


 Tronick, E. Z., Messinger, D. S., Weinberg, M. K., Lester, B. M., LaGasse, L., Seifer, R., et al. (2005). Cocaine exposure is associated with subtle compromises of infants’ and mothers’ social-emotional behavior and dyadic features of their interaction in the face-to-face still-face paradigm. Dev. Psychol. 41:711. doi: 10.1037/0012-1649.41.5.711


 Turpyn, C. C., and Chaplin, T. M. (2016). Mindful parenting and parents’ emotion expression: effects on adolescent risk behaviors. Mindfulness 7, 246–254. doi: 10.1007/s12671-015-0440-5


 Wang, S. L., Sun, M. Y., Huang, X., Zhang, D. M., Li, Y., Tao, X. U., et al. (2023). Benefits of mindfulness training on the mental health of women during pregnancy and early motherhood: a randomized controlled trial. Biomed. Environ. Sci. 36, 353–366. doi: 10.3967/bes2023.041 

 Weinberg, M. K., and Tronick, E. Z. (1999). Infant and caregiver engagement phases, revised 7/99 (ICEP). Unpublished scoring manual. Boston, MA: Boston Children’s Hospital/Harvard Medical School.


 Wickham, H. (2016). ggplot2: elegant graphics for data analysis. New York: Springer-Verlag.


 Williams, A. M., and Cano, A. (2014). Spousal mindfulness and social support in couples with chronic pain. Clin. J. Pain 30, 528–535. doi: 10.1097/ajp.0000000000000009 

 Zeegers, M. A. J., Potharst, E. S., Veringa-Skiba, I. K., Aktar, E., Goris, M., Bögels, S. M., et al. (2019). Evaluating mindful with your baby/toddler: observational changes in maternal sensitivity, acceptance, mind-mindedness, and dyadic synchrony. Front. Psychol. 10:753. doi: 10.3389/fpsyg.2019.00753 

 Zhang, X., Li, Y., Wang, J., Mao, F., Wu, L., Huang, Y., et al. (2023). Effectiveness of digital guided self-help mindfulness training during pregnancy on maternal psychological distress and infant neuropsychological development: randomized controlled trial. J. Med. Internet Res. 25:e41298. doi: 10.2196/41298 

 Zhang, W., Wang, M., and Ying, L. (2019). Parental mindfulness and preschool children’s emotion regulation: the role of mindful parenting and secure parent–child attachment. Mindfulness 10, 2481–2491. doi: 10.1007/s12671-019-01120-y



Copyright
 © 2024 Passaquindici, Pastore, Nardozza, Lionetti, D’Urso, Palumbo, Fasolo and Spinelli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnbeh-18-1398042-t001.jpg
Model M09a Estimate (SD) Cl95%

Infant RSA 0.49 (0.23) 0.12-0.86
IMP total score —0.41 (038) ~1.0410020
Infant RSA x IMP total score 0.07 (0.06) —0.03 10 00.16
Model M10a Estimate (SD) Cl 95%
Infant RSA 054(0.17) 025-0.82
FEMQ total score. ~0.19(0.34) —0.75100.37

Infant RSA x FEMQ total score: 0.6 (0.05) ~0.02100.14





OPS/images/fnbeh-18-1398042-t002.jpg
Model M08b

Symmetrical co-regulation
IMP total score
Time

Unilateral co-regulation
IMP total score

Time

Model MO7b

Symmetrical co-regulation
FEMQ total score
Time

Unilateral co-regulation
FEMQ total score

Time

Estimate (SD)

0.4 (047)
~0.00(0.00)

~0.04(0.50)

~0.00 (0.00)

Estimate (SD)

~0.12(0.37)

~0.00 (0.00)

~0.26(0.38)
~0.00 (0.00)

Cl95%

~04810137

~0.011t01.00

~10310095

~0.00 10 0.00

C195%

~0.83100.60

~0.01100.00

~101100.49

~0.00 10 0.00





OPS/images/fnbeh-18-1398042-g003.jpg
<

L O ] R
o
F2 F2
< <
R S <« o =

Uo1yR[NSaI-0) [LOLIOUAS

uoryengaI-oy) [eIoYeIU
D

Time

IMP Total Score





OPS/images/fnbeh-18-1398042-g004.jpg
>

Symmetrical Co-regulation

Unilateral Co-regulation

0.6 0.6
0.5 0.5
0.4 0.4
0.3 0.34 \
0.2 0.2
0.1 T . T : : 0.1 : : ;
25 30 35 40 45 50 100 150
0.6 0.6
0.5 05
0.4 0.4
0.3 \ 0.34
0.2 0.2
0.1 : ; : : : 0.1 : : :
25 30 35 40 45 50 100 150
FFMQ Total Score Time






OPS/images/fnbeh-18-1398042-t003.jpg
Session  Practice

1 Mindful breathing
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3 Mindful walking

4 Expanded awareness
5 Loving kindness
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Descriptit

‘The practice consists of paying attention to the sensation of the breath coming in and out and
noticing where you feel it in the body without trying to change it

“The practice consists of paying attention to body parts and body sensations in a gradual
sequence from the feet to the head

‘The practice consists of paying attention to our feet and feeling the contact with the loor or

ground with each step, with the aim of being aware of our surroundings and body sensations

while walking
‘The practice aims to notice that the awareness can be “restricted” and “expanded” whenever
desired. From breath to body, from sounds to thoughts, everything can be observed and
received with awareness, and each phenomenon arrives, has a peak, an unfolding, and then
leaves us

‘The practice consists of directing positive flow of intentions and auspices toward oneself with

the consequence of amplifying states of joy and wellbeing
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