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Abstract

Background: There is limited knowledge on the physiological and behavioral pathways that may affect the developmental
outcomes of preterm infants and particularly on the link between autonomic nervous system maturation and early social human
behavior. Thus, this study attempts to investigate the way heart rate variability (HRV) parameters are related to emotional
coordination in interactions of preterm and full-term infants with their parents in the first year of life and the possible correlation
with the developmental outcomes of infants at 18 months.

Objective: The first objective is to investigate the relationship between emotional coordination and HRV in dyadic full-term
infant–parent (group 1) and preterm infant–parent (group 2) interactions during the first postpartum year. The second objective
is to examine the relationship of emotional coordination and HRV in groups 1 and 2 in the first postpartum year with the
developmental outcomes of infants at 18 months. The third objective is to investigate the effect of maternal and paternal postnatal
depression on the relation between emotional coordination and HRV in the two groups and on developmental outcomes at 18
months. The fourth objective is to examine the effect of family cohesion and coping on the relation between emotional coordination
and HRV in the two groups and on developmental outcomes at 18 months.

Methods: This is an observational, naturalistic, and longitudinal study applying a mixed method design that includes the
following: (1) video recordings of mother-infant and father-infant interactions at the hospital, in the neonatal period, and at home
at 2, 4, 6, 9, and 12 months of the infants’ life; (2) self-report questionnaires of parents on depressive symptoms, family cohesion,
and dyadic coping of stress; (3) infants’ HRV parameters in the neonatal period and at each of the above age points during and
after infant-parent video recordings; and (4) assessment of toddlers’ social and cognitive development at 18 months through an
observational instrument.

Results: The study protocol has been approved by the Research Ethics Committee of the University of Crete (number/date:
170/September 18, 2020). This work is supported by the Special Account for Research Funds of the University of Crete (grant
number: 10792-668/08.02.2021). All mothers (with their partners) of full-term and preterm infants who give birth between March
2021 and January 2022 at the General University Hospital of Crete (northern Crete, Greece) will be invited to participate. The
researcher will invite the parents of infants to participate in the study 1 to 2 days after birth. Data collection is expected to be
completed by March 2023, and the first results will be published by the end of 2023.
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Conclusions: Investigating the regulatory role of HRV and social reciprocity in preterm infants may have implications for both
medicine and psychology.

International Registered Report Identifier (IRRID): PRR1-10.2196/28089

(JMIR Res Protoc 2021;10(4):e28089) doi: 10.2196/28089
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Introduction

Preterm infants are at increased risk of a range of developmental
outcomes at neurological, cognitive, social competence,
socioemotional, and behavioral levels [1-3]. Both behavioral
and physiological pathways may be connected with the adverse
developmental outcomes of preterm infants. At the behavioral
level, preterm birth disrupts the emergence of parent-infant
emotional synchrony [4-8]. At the physiological level, the early
disruption of autonomic nervous system (ANS) development
limits its capacity to respond to the environment [2]. Heartrate
variability (HRV), that is, the distribution of the time interval
between successive heartbeats (R-R intervals), constitutes a
measure of ANS functional maturation and sympathetic nervous
system (SNS)/parasympathetic nervous system (PNS) interplay,
and is an index of the PNS [2,9,10]. HRV is under the control
of the PNS branch of the ANS. The vagus nerve is the main
nerve of the PNS. Parasympathetic activity is referred to as
vagal tone and shows the contribution of the vagus nerve to
cardiac functioning [9]. Gestational age in preterm infants
greatly correlates with HRV parameters, with a lower gestational
age associated with lower HRV [11,12]. Further, the PNS is
part of the motor pathway that is connected to facial muscles
that support successful interpersonal engagement, such as facial
expressions [13]. Thus, higher vagal activity has been connected
with better social skills, and cardiac vagal tone monitoring in
young infants constitutes an index of their capacity to regulate
emotional states via facial expressivity [14,15].

In addition, ex utero third trimester development in a preterm
newborn is vulnerable to developmental disruption from a
variety of environmental influences [2]. This is important
because parents of preterm children experience higher levels of
depression and anxiety, and poorer family functioning in infancy
and early childhood when compared with parents of full-term
children [16,17].

The relation between a young infant’s facial expressions of
emotion and autonomic activity has been rarely investigated
[4,15,18]. To our knowledge, only two studies have focused on
the relationship between vagal activity and dyadic mother-infant
regulatory processes, and they showed that (1) the cardiac vagal
tone of 6-month-old infants was linked to more symmetrical
features versus disruptive patterns of communication in
mother-infant dyads [19] and (2) newborn vagal activity predicts
mother-infant synchrony at 3 months [20].

Infant ANS maturation along with maternal mental health
(depression and anxiety) seem to intervene in the relationship
between HRV/vagal activity and infant or maternal emotional
expressions. In a previous study [4], the vagal tone of preterm

infants was shown to be lower than that of full-term infants.
Maternal behavior (gaze, affect, touch, and talk) was more
frequent among preterm infants with high vagal tone than those
with low vagal tone, while preterm infants with low vagal tone
received the lowest amount of maternal behavior at 3 months.
In the same group, infant vagal tone along with maternal
depressive symptoms were predictive of mother-infant gaze
synchrony.

Newborns of mothers with high levels of depressive symptoms
and depressed mothers had lower vagal tone than newborns of
nondepressed mothers [21,22]. Further, in the course of
interactions of 3-month-old infants with their nondepressed and
low-depressed mothers, infant vagal tone was associated with
positive affective states. Infants with greater vagal activity
expressed more positive affective states. Relevant correlations
were not found in the depressed group, which implies
decoupling between vagal tone and facial expressivity in infants
of depressed mothers [23]. Lower vagal tone was evidenced in
6-month-old infants of depressed mothers compared with
nondepressed mothers, but it was not noted at 3 months. Higher
vagal tone at 6 months was related to more positive
vocalizations. Though a large increase in baseline vagal activity
occurred from 3 to 6 months in infants of nondepressed mothers,
this increase did not occur in infants of depressed mothers [24].
Further, newborns of high anxiety mothers (compared with low
anxiety mothers) had lower vagal tone [25].

To our knowledge, fathers were included in only two relevant
studies. First-time fathers’ heart rates increased during
interactions with their newborn infants in a controlled hospital
setting. Changes in fathers’cardiovascular physiology were not
related to paternal smiling [26]. Further, neonatal vagal tone
predicted gaze synchrony in interactions of 3-month-old
full-term and preterm infants with their mothers and fathers,
despite its marginal contribution to father-infant synchrony in
full-term infants. Maternal, but not paternal, postnatal depression
predicted parent-infant gaze synchrony at 3 months [4].

A limited number of studies has investigated the association
between interparental functioning with infant emotional and
physiological regulation. Six-month-old infants in families with
higher marital conflict showed lower baseline vagal tone and
poorer emotional regulation [27]. Further, 6-month-old infants
coming from families with higher levels of parent conflict
showed lower mean levels of baseline respiratory sinus
arrhythmia (RSA, ie, heart rate variation according to inspiration
[acceleration] and expiration [slowing down] [2,9]), a lesser
degree of RSA withdrawal in response to mothers’ still face,
and a lesser degree of RSA activation in contexts in which
infants were interacting with mothers. No relevant effects were
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found among parent conflict, infants’behavior, mothers’positive
affect, and dyadic synchrony [28].

The proposed research, which is the first of its kind in Greece,
is interdisciplinary between psychology and medicine in the
basic idea, in theoretical frameworks that drive it, in the
methodology, and in the implications of the results. In particular,
the proposed research is interdisciplinary in the basic idea
because it focuses on both expressive behaviors (facial
expressions of emotion and emotional coordination) and
physiological indexes of ANS (HRV). In addition, the features
of preterm infants invite the psychology-medicine collaboration
because (1) they possess behavioral characteristics and have
neurological immaturity that may contribute in making them
difficult interactive partners [29] and increase their health risks
[11] and (2) there is a steady increase in neonatal survival rates
as the advent of modern intensive care for preterm infants is
related to a growing concern for preterm infants’developmental
outcomes and quality of life [1]. Further, this research is
interdisciplinary in theoretical frameworks because it is
conceived in accordance with the psychobiological theory of
innate intersubjectivity developed by Trevarthen et al [30-32]
and the biobehavioral polyvagal theory developed by Porges et
al [13,33,34]. The psychobiological theory of innate
intersubjectivity posits that infants possess innate motives
expressed with qualities of emotion and adapted to perceive,
respond to, attract, and influence how other persons feel and
what they, in response, will perceive and do. Sensitivity for
regulation of both subjective and intersubjective impulses and
feelings undergoes age-related changes attributable to
developments in the body and in the motivating processes of
the brain. In connection to this, the polyvagal theory links the
maturational shifts in neural regulations of the ANS with infant
self-regulatory and social engagement skills [13]. In addition,
this study is interdisciplinary in the methodology. In particular,
this is a multimethod, observational, naturalistic, and
longitudinal study. The methodological strategy will include
(1) video recordings of the dyadic mother-infant and
father-infant face-to-face interaction in the neonatal period (at
hospital) and at 2, 4, 6, 9, and 12 months (at the family’s home);
(2) physiological measures, that is, HRV of infants at the
neonatal period and at each of the above age points; (3) one
observational instrument in order to assess the toddler’s social
and cognitive development at 18 months; and (4) self-report
questionnaires on postnatal depression, family cohesion, and
coping between partners. Finally, investigating the regulatory
role of HRV/social reciprocity in preterm infants may have
implications for both medicine and psychology. In particular,
different neonatal pathological states have been associated with
a reduction in HRV in preterm infants, and an improvement in
health conditions is followed by changes in HRV, which can
be used as a possible prognostic marker [11]. Further, the
findings of this study may extend our understanding on the early
onset of neuropsychiatric disorders given that this may be related
to factors that alter ANS maturation and limbic system functions.
In addition, the findings of this study may inform interventions
to promote the development of preterm infants given that
children at increased risk for neuropsychiatric disorders are
those with a history of prematurity [2].

We will use detailed measures of timing to analyze the way
emotional coordination in spontaneous interactions of preterm
and full-term infants with their parents at home in Greece (across
the first year of life) is related to HRV parameters and the
possible correlation with the developmental outcomes of infants
at 18 months. This study extends beyond the current
state-of-the-art knowledge in the following ways:

1. The inclusion of microanalysis of face-to-face
father-preterm infant interaction may help in the
understanding of the psychological aspects of fathers of
preterm infants given that fathers face different emotional
experiences than mothers after preterm birth [35,36].

2. When young infants are observed responding to sensitive
caregivers with mutual concern in a familiar environment,
the infants show active emotional initiative with a great
variety of facial expressions of emotions [37], and they
have a different motivation as compared with that in a
laboratory setting [38].

3. The longitudinal design of this study is important given
that regulation of intersubjective feelings undergoes
age-related changes attributable to developments in the
body and in the motivating processes of the brain in the
first postpartum year [31].

In the absence of relevant studies in Greece and given that
certain cultural elements may have the potential to promote
preterm infants’ development, investigating the factors that
affect the development of preterm infants is important because
preterm births constitute a major public health issue [39].The
main aim of this study is to investigate the way HRV parameters
are related to emotional coordination in interactions of preterm
and full-term infants with their parents in the first year of life
and the possible correlation with the developmental outcomes
of infants at 18 months.

Methods

Selection Criteria

Inclusion Criteria
Full-term infants (group 1) are eligible to be included in this
study if they have no medical complications. Preterm infants
(group 2) are eligible to be included in this study if they meet
the criterion of gestational age (32-37 weeks). We will focus
on preterm infants, rather than extremely preterm infants, given
variations between the two groups on communicative abilities
and perceived social support of mothers [40,41].

Mothers and fathers are eligible to be included in this study if
they meet the following criteria: (1) both are born and have
grown up in Greece; (2) they are married to each other; (3) both
have given their consent to participate in the study; (4) at least
one parent is employed; and (5) both are older than 20 years of
age. Greek nationality of participant parents is important given
the focus of this study on the way cultural elements of Greece
may intervene in infant development.

Exclusion Criteria
Infants will be excluded from the study if (1) they have perinatal
asphyxia; (2) they have neurological pathologies; (3) they
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experience malformation syndromes and major congenital
malformations; (4) they have sensory deficits; (5) they present
metabolic genetic disease; (6) they have central nervous system
infection; or (7) they have a birth weight less than 2500 g in
case of full-term birth [42].

Mothers and fathers will be excluded from the study if (1) they
are not of Greek nationality; (2) they have a psychiatric illness;
(3) they have issues with drug or substance abuse; (4) they are
not living together; (5) they are not biological parents; and (6)
they are a same-sex couple. Participation in this study will
presuppose that both infants and parents will meet the inclusion
and exclusion criteria.

Recruitment
All mothers (with their partners) of full-term and preterm infants
who will give birth between March 2021 and January 2022 at
the General University Hospital of Crete (northern Crete,
Greece) will be invited to participate in the study. The researcher
will invite the parents of infants to participate in the study 1-2
days after birth.

A minimum of 50 mothers, 50 fathers, and 50 infants (N=150)
will participate in the study in two groups. Group 1 will include
25 parents and their infants born at full term (≥37 weeks
gestational age) with no medical complications. Group 2 will
include 25 parents and their preterm infants (32-37 weeks
gestational age). The two groups will be matched for
demographic variables and infant gender. This sample size is
in line with previous relevant studies in Greece and in other
countries, and it is adequate to perform parametric statistical
tests [35,43].

Demographic and Socioeconomic Characteristics of
the Sample
Before hospital discharge, data will be collected from the
mothers on the parents’ demographic and socioeconomic
characteristics, mothers’ obstetric history, and infants’
characteristics (gestational age, weight, height, head
circumference, and Apgar score at 1 and 5 minutes). In the case
of preterm infants, information will also include the duration
and the conditions of infant hospitalization (in case of
hospitalization).

Objectives, Procedure, and Measures
The first objective is to compare the relationship between
emotional coordination and HRV in dyadic full-term
infant–parent (group 1) and preterm infant–parent (group 2)
interactions in the course of the first postpartum year.

For the first objective of this study, each full-term
neonate/infant–parent dyad will be video recorded at six age
points, that is, at the neonatal period (in the hospital) and at five
important age-related transitions in the development of
communication in the first postpartum year [31] (2, 4, 6, 9, and
12 months [chronological age]) at home. For preterm
neonates/infants, video recordings will be carried out around
36 weeks postmenstrual age at the hospital and at 2, 4, 6, 9, and
12 months (corrected age) at home [44].

In particular, before discharge, at the hospital, each
neonate-parent dyad will be video recorded for a 5-minute
period. Before, during, and after each infant-parent video
recording, the neonate’s HRV recording will be obtained by
measuring short-term variability, which provides important
information about the maturation of the ANS in newborns [11].
Before the video recording, the HRV evaluation will be
performed under resting conditions in the supine position for 5
minutes, and infants will be in this position at least 5 minutes
before the measurement (gold standard [9]). Similarly, after the
end of the video recording, we will evaluate HRV parameters
for 5 minutes. Whenever possible, we will control for the time
of the day of the assessment, and we will follow consistent
procedures for all participants [9].

A validated portable electrocardiography (ECG) device will be
used to collect ECG recordings. ECG is considered the gold
standard providing accurate measurements to perform the
appropriate HRV analysis offline [45].

The order of mother-infant and father-infant interactions will
be counterbalanced with a 5-minute rest for the neonates
between the two video recordings. Parents will be told “Play
with your baby.” Video recordings at the neonatal period will
be scheduled according to mothers’ and fathers’ availability
and the infants’ alertness. Parent-neonate free interactions will
be carried out on the third postpartum day for the full-term
group and the day prior to discharge for the preterm group.

For video recordings at home, parents will be told “Play as you
normally do with your baby.” The recording will take place in
a room and in a position chosen by the parent, prohibiting any
third-party intervention. Given that infant state and age
constitute factors that influence arousal, attention, and affect
[46], we will vary the duration of video recordings across the
age range of this study. Thus, for younger infants aged 2 and 4
months, each video recording will last 8 minutes in order to
respect their early signs of agitation after brief face-to-face
exchanges with their parents [32]. In the meanwhile, we will
video record interactions of parents with older infants (aged 6,
9, and 12 months) for 10 minutes in order to predict periods of
infant exploration of surroundings, which intensify after the
middle of the Period of Games I (3-6 months, characterized by
a transformation of the infant’s motivation, which results in
both increasing exploration of the environment and effective
manipulation of objects) [47], and to ensure an 8-minute
face-to-face interaction. The total duration for parent-infant
interactions will be 4600 minutes of video data, equally
distributed between periods with the mother and father and
between the two groups. HRV will be evaluated following the
same procedure as in the neonatal period.

The second objective is to examine the relationship of emotional
coordination and HRV in groups 1 and 2 in the first postpartum
year with the developmental outcomes of infants at 18 months.
At 18 months, the social and cognitive development of toddlers
will be assessed at home through the administration of Bayley
Scales of Infant and Toddler Development, 3rd edition [48].

The third objective is to investigate the effect of maternal and
paternal postnatal depression on the relation between emotional
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coordination and HRV in the two groups and on developmental
outcomes at 18 months.

According to a relevant literature review (mentioned in the
Introduction), limited information on the relation between mood
disorders and HRV is focused mainly on depression rather than
on other mood disorders (eg, anxiety). Considering this, parents
will be asked to complete (1) the Edinburgh Postnatal
Depression Scale (EPDS [49]) adapted for the Greek population
[50,51] (at 2 months), which is an instrument that screens
women/men for postnatal depression, and (2) the Beck
Depression Inventory-II (BDI-II [52]) adapted for the Greek
population [53] (at 18 months), which is a self-report scale
assessing symptoms of depression.

The fourth objective is to examine the effect of family cohesion
and coping on the relation between emotional coordination and
HRV in the two groups and on developmental outcomes at 18
months. At 2 and 18 months, parents will be asked to complete
(1) the Greek version of the Family Adaptability and Cohesion
Evaluation Scale (FACES-IV Package) [54-56] to measure
family functioning in terms of cohesion and flexibility and (2)
the Greek version of the Dyadic Coping Inventory (DCI) [57,58]
for the assessment of dyadic stress coping among the couple.

Data Analysis

Video Coding
Coding of parent-newborn interactions will be carried out using
the Mother-Newborn Coding System of the Coding Interactive
Behavior (CIB) Manual developed by Feldman in 1998 [59].
For each 30-second period, four maternal/paternal categories
and one newborn category will be coded. Categories for the
mother/father include gaze, affect, talk, and touch. Infant state
is coded as fussy, cry, drowsy, sleep, alert to mother/father, or
alert to the environment. Maternal/paternal affiliative behavior
will include the sum proportions of maternal/paternal gaze at
the infant’s face, positive affect, vocalization, and affectionate
touch. Emotional/social coordination will be examined according
to conditional probabilities that come from the time of
maternal/paternal affiliative behavior during moments when
the newborn is in an alert state to the mother/father or to the
environment, and the time the mother/father expresses affiliative
behavior when the infant is in another state.

Microanalysis of infant and parental facial expressions of
emotions at 2, 4, and 6 months will be carried out according to
a coding system that has been constructed by ΤΚ [60-62]. This
system adapted and extended certain parts of the categorization
system developed by previous authors [63-65]. In particular,
microanalysis and coding of infant-parent emotional
coordination at 2, 4, and 6 months will be carried out as follows.
First, parental infant-directed speech and infant
(vocalizations/nonspeech) sounds will be transcribed from the
video recording by the researcher. Thereafter, they will be
checked for accuracy by an assistant. Second, written verbatim
accounts of parental infant-directed speech will be classified
into “content categories” and then into “thematic sequences”
and “focus categories” (to an accuracy of 1/25th of a second).
Third, each focus category and within thematic sequence will
be segmented into units and subunits of analysis, according to

the duration of the pause preceding and following each thematic
sequence. If the pause between successive subunits/thematic
sequences is shorter than or equal to 2 seconds, these will be
grouped within one unit. Fourth, within each subunit of analysis,
infant and maternal/paternal facial expressions of emotions will
be coded according to the type of facial expressions of emotions,
the shifts in the frequency of facial expressions of emotions,
and the direction of intensity change. Thereafter, interpersonal
engagement categories according to the types of facial
expressions of emotions (happy, interest, neutral, and sad or
withdrawn) will be coded as matching, completion, and
nonmatching. Interpersonal engagement categories according
to the shifts in the frequency of facial expressions of emotions
will be coded as synchrony. Interpersonal engagement categories
according to the direction of intensity change will be coded as
attunement. In matching, one partner expresses the type of facial
expression of the emotion of the other partner. In completion,
one partner expresses a positive valence of facial expression of
emotion (“pleasure” or “interest”) in immediate response to the
other. In synchrony, the two partners match the timing of change
of emotional expressions with each other. In attunement, one
partner expresses the shifts in the direction of the emotional
intensity of the other partner. Emotional coordination is signified
by these aspects. Instances in which the two partners do not
match the type of facial expression of emotion or do not
synchronize their shifts of emotions, or one partner is not attune
to the direction of the emotional intensity of the other partner
will be termed as nonmatching. Each emotional coordination
category will be indexed by two conditional probabilities, for
example, for emotional matching, the infant expresses pleasure
given that the mother expresses pleasure and the infant expresses
pleasure given that the father expresses the same facial
expression of emotion (pleasure). These probabilities provide
evidence of the co-occurrence of the same facial expression of
emotion between the two partners and show the proportion of
time out of the entire interaction that both the parent and the
infant match their emotional expressions. For microanalysis of
parent-infant emotional coordination at 9 and 12 months, all
necessary adjustments will be made to the above coding scheme
according to changes in the infant’s motivation for
communication and exploration of the environment after 6
months.

Concurrent with the microanalysis of infant-parent emotional
coordination, HRV parameters will be measured according to
the analysis described in the subsection “HRV Analysis” below.

Interobserver Reliability
To measure interobserver reliability (Cohen κ), a second
observer who will be trained in the use of the coding system,
but will not be aware of the hypotheses under investigation,
will score a random sample of 33% of the video files.
Interobserver reliability will be assessed separately for the types
of facial expressions, the frequency of shifts of emotions, and
the categories of emotional intensity.
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Quantitative Data Analysis

HRV Analysis
Heart activity will be recorded concurrently with video
recordings (ie, 5 minutes, 8 minutes, and 10 minutes) with a
sampling frequency of 256 Hz. The recording length is selected
as it has been proven that normally HRV parameters need at
least 5 minutes in order to have sufficient statistical power [66].
However, enhanced spectral resolution using autoregressive
analysis will be performed. Thus, sliding temporal windows of
Δt=30 s will be investigated in order to track HRV temporal
dynamics. This temporal window length is sufficient for the
temporal evolution of HRV as referred in relevant studies
[67,68].

Artifacts (mainly due to body motion) will be automatically
suppressed. Time series with less than 10% of artifacts will be
included for analysis [69]. In addition, ectopic beats will be
identified and will be excluded from the analysis [70]. The HRV
parameters in the time domain and the frequency domain, as
well as nonlinear indices will be analyzed [9,45,66]. In
connection with the focus of this study on infant vagal tone,
certain relevant HRV indices will be of interest for analysis.
Thus, for the time domain, we will analyze mean heart rate,
SDNN (standard deviation of all RR intervals), rMSSD (root
mean square of successive differences), and pNN50 (percentage
of adjacent RR intervals with a duration difference greater than
50 ms). The rMSSD and pNN50 indices reflect vagal tone, and
SDNN reflects the SNS and PNS [9,69].

For the frequency domain, low frequency (LF, 0.04-0.15 Hz),
high frequency (HF, 0.15-0.40 Hz), and the LF/HF ratio will
be analyzed. HF reflects vagal tone, while LF and the LF/HF
ratio reflect a mix of sympathetic and vagal activity [9,69].
Autoregressive analysis will be preferred as it provides enhanced
spectral resolution compared with Fast Fourier Transform–based
spectrum analysis for the frequency domain of HRV parameters
[9,67,71]. Given that infants breathe faster, bands will be
adjusted accordingly, and thus, we will move the boundaries of
the bands to 0.24-1.04 Hz at rest [72].

For the nonlinear HRV analysis, the following parameters
derived from the Poincaré plots, which are assumed to be
indicators of vagal activity [9], will be estimated: SD1
(reflecting the PNS), SD2 (reflecting the SNS), and SD1/SD2
(the relationship of the balance between the PNS and SNS) [69].
Nonlinear indices are complementary HRV indicators to enhance
the estimation of the participants’ physiological status [9].

Statistical Analysis
The first objective of this study is to investigate differences in
emotional coordination and HRV parameters between the two
groups of infants (normal and preterm) over the first year of
life. For the assessment of preterm infants’ social interaction
capability, mother/father-infant dyads will be analyzed in order
to evaluate the “emotional coordination” and “nonmatching”
of facial expressions of emotions during spontaneous

interactions [62]. First, temporal statistical analysis (analysis
of variance [ANOVA]) will be used to evaluate parent-infant
synchrony (through HRV/emotional coordination measures)
for each group of infants across the first year [20,73]. Second,
trend analysis for HRV measurements at 2, 4, 6, 9, and 12
months will be performed in order to observe patterns of
developmental changes from the first month to the end of the
first year. Third, correlation analysis will be conducted to
examine the intercorrelations between the variables of the study
[20,74]. Lastly, we will explore whether synchrony of the
interaction is more prevalent among the group of infants
demonstrating higher HRV on dividing the data into high and
low HRV groups [20,74].

The second objective is the investigation of possible correlations
between emotional coordination/HRV and developmental
outcomes at 18 months of age. A correlation analysis will be
used to measure potential linear correlation between emotional
coordination/HRV and developmental outcomes [75]. In
addition, two-way ANOVA and multivariate analysis of
variance (MANOVA) will be utilized to examine the potential
effect of early mother/father-infant interactive patterns and HRV
measures on infant developmental outcomes at 18 months of
age [1,74].

The third objective focuses on the examination of the mediating
role of parental postpartum depression and family
functioning/stress coping in relation to emotional
coordination/HRV and developmental outcomes at 18 months.
The Wilcoxon test and bivariate correlations will be used to
detect potential different patterns of the study variables between
normal and high-risk groups under this condition [4,28,76,77].
Analysis of covariance (ANCOVA) will be used to compute
differences in the study variables between the term and preterm
infant groups [4,78]. To examine the moderating effect of
parental postpartum depressive symptoms, family functioning,
and stress coping on emotional coordination/HRV and the
developmental outcomes of toddlers, a hierarchical linear
regression analysis will be performed [4,20].

Results

The timeline of the study procedure is depicted in Figure 1.

The study protocol has been approved by the Research Ethics
Committee of the University of Crete (number and date of
decision: 170/September 18, 2020). This work is funded by the
Special Account for Research Funds of the University of Crete
(grant number: 10792-668/08.02.2021).

All mothers (with their partners) of full-term and preterm infants
who will give birth between March 2021 and January 2022 at
the General University Hospital of Crete (northern Crete,
Greece) will be invited to participate in the study. Data
collection is expected to be completed by March 2023, and the
first results will be published by the end of 2023.
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Figure 1. Timeline of the study procedure. BDI: Beck Depression Inventory; CA: Corrected Age; DCI: Dyadic Coping Inventory; ChA: Chronological
Age; EPDS: Edinburgh Postnatal Depression Scale; FACES: Family Adaptability and Cohesion Evaluation Scale; GA: Gestational Age; HRV: Heart
Rate Variability; PMA: Postmenstrual Age.

Discussion

There is evidence that higher vagal activity is connected with
better social skills, and cardiac vagal tone monitoring for young
infants constitutes an index of their capacity to regulate
emotional states via facial expressivity [14,15]. In the
meanwhile, a limited number of studies show that infant ANS
maturation along with maternal/paternal mental health
(depression) and interparental functioning seem to intervene in
the relationship between HRV/vagal activity and infant or
maternal/paternal emotional expressions [4,21-24,27]. This may
have long-term implications for infant cognitive and
socioemotional development. In order to fill this gap, the main
aim of this study is to investigate the way HRV parameters are
related to emotional coordination in interactions of preterm and
full-term infants with their parents in the first year of life and
the possible correlation with developmental outcomes at 18
months. Toward this direction, our study has four objectives.
The first objective is to investigate the relationship between
emotional coordination and HRV in dyadic full-term
infant–parent (group 1) and preterm infant–parent (group 2)
interactions in the course of the first postpartum year. The
second objective is to examine the relationship of emotional
coordination and HRV in groups 1 and 2 in the first postpartum

year with the developmental outcomes of infants at 18 months.
The third objective is to investigate the effect of maternal and
paternal postnatal depression on the relation between emotional
coordination and HRV in the two groups and on developmental
outcomes at 18 months. The fourth objective is to examine the
effect of family cohesion and coping on the relation between
emotional coordination and HRV in the two groups and on
developmental outcomes at 18 months.

The proposed research is interdisciplinary in the implications
of the results. In particular, investigating the regulatory role of
HRV and social reciprocity in preterm infants may have
implications for both medicine and psychology. With regard to
medicine, different neonatal pathological states have been
associated with a reduction in HRV in preterm infants, and an
improvement in health conditions is followed by changes in
HRV, which can be used as a possible prognostic marker. With
regard to psychology, the findings of this study may extend our
understanding on the early onset of neuropsychiatric disorders
given that this may be related to factors that alter ANS
maturation and limbic system functions. Further, the results of
this study may contribute to the development of neonatal
telemedicine services with the aim to educate new parents and
to improve the care of preterm and full-term neonates [79].
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ANCOVA: analysis of covariance
ANOVA: analysis of variance
ANS: autonomic nervous system
BDI: Beck Depression Inventory
CIB: Coding Interactive Behavior
DCI: Dyadic Coping Inventory
ECG: electrocardiography
EPDS: Edinburgh Postnatal Depression Scale
FACES: Family Adaptability and Cohesion Evaluation Scale
HF: high frequency
HRV: heart rate variability
LF: low frequency
MANOVA: Multivariate Analysis of Variance
PNN50: percentage of adjacent RR intervals with a duration difference greater than 50 ms
PNS: parasympathetic nervous system
rMSSD: root mean square of successive differences
RSA: respiratory sinus arrhythmia
SDNN: standard deviation of RR intervals
SNS: sympathetic nervous system
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