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Abstract

Preterm births constitute a major public health issue and a chronic, cross-generational con-
dition globally. Psychological and biological factors interact in a way that women from low
socio-economic status (SES) are disproportionally affected by preterm delivery and at
increased risk for the development of perinatal mental health problems. Low SES consti-
tutes one of the most evident contributors to poor neurodevelopment of preterm infants.
Maternal perinatal mental health disorders have persistent effects on behavioral and physio-
logical functioning throughout the lifespan and may even be evident across generations.
The overall objective of the proposed longitudinal, multi-disciplinary and multi-method study
is to compare the association of psychosocial (maternal mental health, intersubjectivity,
attachment, family functioning, dyadic coping and perceived social support), and biological
factors (melatonin and heart rate variability) with preterm infants’ development at 9 months
(corrected age), between low and high SES families. We will collect data from preterm neo-
nates (<37 weeks gestational age) hospitalized in the Department of Neonatology/Neonatal
Intensive Care Unit of the University General Hospital of Heraklion, Greece, and their moth-
ers. Data collection of psychosocial and biological factors will be carried out at birth, and at
the corrected age of 6 and 9 months, while preterm infants’ cognitive and social develop-
ment will be assessed at 9 months corrected age. The findings of this study may highlight
the need for early interventions for new mothers coming from low SES in order to promote
their preterm infants’ optimal early neurodevelopment and for community-evidence-based
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prevention efforts to restrict the cycle of health inequities and intergenerational mental
disorders.

Introduction

Women from low SES and in low-income countries are disproportionally affected by preterm
delivery, perinatal depression/anxiety, and lack access to mental health care. This results in
economic and social hardships that affect individuals, families and society as a whole, further-
ing the cycle of poverty and health inequities [1]. The implications of this study may highlight
the need to advance the debate about the responsibility of society to counteract health inequali-
ties [2] and to interrupt the pattern of intergenerational mental illness and suffering [1]. This
is important because the perinatal mental health literature has focused on individual women
as the main agent for change while social determinants of mental health, such as poverty, are
of critical importance for women in the perinatal period [3]. At the economic level, identifica-
tion of early risk factors for the development of preterm infants may has implications for pol-
icymakers since preterm infants incur higher early intervention costs [4].

The theoretical background of the study

The developmental origins of emotional and behavioral development. The foetal pro-
gramming hypothesis and the Developmental Origins of Health and Disease paradigm
(DOHaD) postulates that the environmental influences during critical periods of development,
such as the period from conception to early childhood, may alter the trajectory of develop-
ment, with significant consequences for an individual’s short and long-term health, and may
explain neuropsychiatric diseases [5-9]. Critical perinatal factors influencing organogenesis
and predisposition to disease include genetic factors, the interaction between genes and envi-
ronment, duration of gestation and maternal-fetal interactions [9]. In particular, prenatal
stress provokes adaptive changes in endocrine and metabolic processes that become perma-
nently programmed and impact later adult health [10]. What is more, the Developmental Ori-
gins Theory was proposed to explain the observations linking early life events, such as
prematurity, with later adult pathology [11, 12]. A “preterm behavioral phenotype’ is character-
ized by increased risk for symptoms and disorders associated with anxiety, social difficulties,
behavioral and developmental delays and an increased prevalence of autism spectrum disor-
ders [13].

The developmental context of preterm infants from low SES families. Biological, psy-
chological and sociological risks interact in a way that threatens the family’s ability of low SES
to respond to the physical, social, and emotional needs of its members [14]. Socioeconomic
disadvantage and risk factors are associated with preterm birth, low gestation age and a birth-
weight below the 10 percentile [15]. Higher prevalence of biological risks of preterm children
in socio-economically disadvantaged environments puts them at ‘double jeopardy’ for poor
developmental outcome [16, 17]. Although developmental delays of premature infants and
those from low SES are well-recognized, there is limited evidence on the very early postpartum
development of infants exposed to both biological and environmental risk factors [18]. It is
likely that poverty begins to impact outcome at the earliest stages of development, even prena-
tally [14, 19-21]. Premature infants of low SES have greater long-term developmental morbid-
ity than do premature infants of higher SES [22]. In the course of the first 24 months,
socioeconomic status is responsible for the variance in the cognitive development of preterm
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infants: the higher the SES, the higher the cognitive development of preterm infants [16]. Pre-
term infants from low SES are at increased risk of behavioral and emotional problems at age 4
years compared to those with high SES [23].

The rationale of this study

Psychosocial factors related to the development of preterm infants from low SES fami-
lies. Maternal mental health. Both anxiety and depression during pregnancy has been associ-
ated with preterm birth and they interact with aspects of low SES [24]. Stress of parents of
preterm infants is high and families of low SES may face additional challenges [25]. Antenatal
anxiety is more prevalent in women of low compared to high SES [26]. Low-income women
are at increased risk for the development of postpartum depression symptoms in the perinatal
period and they are less likely to receive appropriate treatment for depression during the post-
partum period [27, 28]. This possibly contributes to a prolonged experience of symptoms [29]
with long-term negative physical and psychological health outcomes for both the mother and
the infant [30].

Family functioning. Low-income status has been associated with less satisfaction related to
several areas of family functioning [31] and with stressful family life situations and may exacer-
bate emotional distress for both partners in the relationship with adverse effects for adult psy-
chological well-being [32, 33]. Low-income families of preterm infants are disproportionately
burdened by stress and mothers experience significant anxiety in the perinatal period [25].
Family sense of coherence, that is the emotional bond that family members have towards
another, can potentially affect how couples adapt to the transition to parenthood. Couples
with a strong family sense of coherence probably share a common goal in bringing up a child
and are motivated to mobilize all available resources to deal with the parental demands [34].
Concurrent and longitudinal relationship between cohesiveness and child adjustment show
that children in families with high levels of cohesiveness are less likely to have emotional and
behavioral adjustment problems [35-37].

Support resources. During the transition to parenthood, dyadic coping reduces partner’s
distress, it improves his/her psychological well-being and enhances couple functioning [38,
39]. Social support to parents of preterm infants may function as a protective factor for the
family unit [40, 41]. Lack of social relations constitutes one of the stressors faced by low SES
families compared to high SES families [40, 42]. The risk of postpartum mental disorders is
higher among low SES women who had insufficient social support [43]. Social support in the
postpartum period has a direct positive correlation with family function and an indirect nega-
tive correlation with depression [44]. Social support networks significantly influence a child’s
socioecological context and infant development may be associated with maternal social sup-
port. However, this relationship has not been well-examined under poverty conditions espe-
cially in the first 9 months of life [45].

Intersubjectivity and parent-to-infant attachment. Human intersubjectivity is ‘a process that
makes it possible for subjects to detect and change each other’s mind and behaviour, by pur-
poseful, narrative expressions of emotion, intention and interest’ [46, p.18]. Maternal percep-
tion of the infant’s participation in the mother-infant relationship is a relevant contribute to
the development of this important experience. Due to preterm birth, early mother-infant
intersubjective interactions may be compromised [47]. The absence of intersubjective commu-
nication in spontaneous mother-infant interaction interferes with the development of socio-
emotional competences associated to neuro-developmental disorders [48]. Preterm infants are
a high-risk group regarding the formation of attachment [40, 49]. Family cohesion is closely
related to attachment [50]. Within the first year post discharge from Neonatal Intensive Care
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Unit (NICU), a higher level of maternal depressive symptoms is associated with preterm birth,
poor attachment and poor social support. Surprisingly, in the first year postcharge from
NICU, there is evidence of high mother-to-infant attachment for mothers with preterm infants
[40]. However, some mothers of preterm infants describe mixed emotional experiences and an
inner struggle with their bonding process to their children [51]. The combination of prema-
ture birth and low SES may affect the quality of attachment and may hinder parental bonding
with poor possible developmental difficulties [52, 53].

Biological factors related to the development of preterm infants from low SES fami-
lies. Melatonin. Besides regulating the circadian rhythm, melatonin has a wide range of bio-
logical functions, including antioxidation, anti-inflammatory, anti-apoptosis,
immunomodulatory, and gut microbiota formation, making it a potent bioactive molecule
with long-term cardiovascular health effects, especially in infants [54-56]. Melatonin detected
in the fetus originates from the mother (trans-placental tranfer) and the levels rise beginning
at 24 weeks gestation, reaching a peak in the third trimester. During the first 3 months approx-
imately the infant will experience a transient deficiency in melatonin, due to suboptimal mela-
tonin production and immature circadian rhythmicity [57] and an impaired antioxidant
system [58]. This property has special importance in preterm newborns, since preterm birth
leads to sudden interruption of transplacental transfer of melatonin that normally takes place
during the last part of the pregnancy, prematurity itself poses a greater risk for oxidative stress
and premature neonates exhibit a delay in the rhythmic expression of melatonin with respect
to full-term infants. Few studies showed that preterm newborns have an absent, lower or
delayed melatonin production, precisely in the period they would have a great need for its anti-
oxidant activity, for the maturation of their central nervous system. Breastmilk is therefore the
only source of melatonin for the infant, and especially the preterm neonate, during the first
few months of life [56, 58]. Melatonin in human milk is important for normal neurodevelop-
ment, it plays an important role in newborn synchronization with the mother’s rhythm, it
entrains rhythms in the cardiovascular system that are essential to neonatal homeostasis and
may contribute to better growth and long-term neurodevelopment [56].

Though it is unclear to what extent socioeconomic status influences breast milk composi-
tion and circadian rhythm variation [59, 60], lower socioeconomic status may exacerbate the
risk of poor nutritional and health status in pregnant women [61] and nutritional deficiencies
can impact circadian rhythmicity in human milk composition [59].

Maternal postpartum stress and negative mood have been associated with higher melatonin
in milk samples [62] although laughter increased the levels of breast-milk melatonin in healthy
mothers [63]. However, preterm breast milk has a higher concentration of melatonin than
term breast milk [55], suggesting that breast milk may provide a protective tool to compensate
for the lack of melatonin due to premature birth [56]. An indirect effect between melatonin
and family environment is implied only by limited evidence showing that interventions to
improve sleep of ASD children had also a benefit on family functioning [64]. The role of mela-
tonin for preterm infant development is unclear [65] and under-investigated. To our knowl-
edge, only one study showed that improved autonomic function at 2 weeks of age was
associated with higher Mental Developmental Index scores at 9 months when related to the
amount of melatonin at 4, 6, and 9 months of age [66]. It is important to study the way mater-
nally-derived melatonin is involved in early development because melatonin disturbances
have been reported in child and adult psychiatric disorders, such as major depressive disorder,
bipolar disorder, schizophrenia and autism spectrum disorder [67].

Autonomic nervous system maturation and heart rate variability. In infants born at term,
the normal increase in parasympathetic tone is evidenced in the increased high-frequency
heart rate variability (HRV) [68]. Gestational age in preterm infants significantly correlates
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with heart rate (HR) and HRV parameters, the lower the gestational age, the higher is mean HR
for longer time and lower HRV. A decrease in HRV is linked to vulnerability to stress whereas
an increase represents physical and mental adaptability [69, 70]. There is an association between
maturation of the autonomic nervous system (ANS) of preterm infants with short- and long-
term implications for social and emotional development, the manifestation of externalizing,
internalizing and cognitive/academic problems and neuropsychiatric disorders in children [68,
71-75]. A decrease in the high-frequency domain of HRV during breastfeeding of preterm
infants may imply an adaptive response to stimulation [76] (Brown, 2007). Limited evidence
shows that vagally mediated HRV of 6-11 and 17-24-month-old infants (including premature
infants from low SES background) was not associated with measures of development [77]. Fur-
ther, newborns of depressive mothers had lower vagal tone than those of nonsymptomatic
mothers [78]. Lower vagal tone was noted in 6-month old infants of depressed versus non-
depressed mothers [79]. Postnatal maternal depression is associated with 14-month-old infant
ANS functioning, that is a higher mean HR level and a trend toward lower vagal modulation
[80]. Only a limited number of studies has provided contradictory findings regarding the associ-
ation between inter-parental functioning with measures of ANS maturation early in life. Six-
month-old infants in families with higher marital conflict showed lower’ baseline vagal tone,
suggesting a decreased capacity for effective regulation [81]. In the meanwhile, high parent con-
flict was associated with a lesser degree of RSA withdrawal [82]. Further, interparental conflict
avoidance demonstrated an association with 5-month-old infant’s baseline vagal tone [83].

The relationship between autonomic nervous system and melatonin. An internal circadian
clock, which allows adaptation of physiological and behavioral functions to the light-dark cycle,
is coordinated by the paired suprachiasmatic nuclei (SCN), the central pacemaker. The pineal
gland—which synthesizes and secretes melatonin—and SCN, interact with each other and con-
stitute the key elements of the bio-clock. SCN relays photoperiodic information to the pineal
gland via sympathetic nervous system. In connection to this information provided by the SCN,
the pineal gland either up- or down-regulates the melatonin production. In addition to the
SCN, there are peripheral clocks present in almost all other organs of the body, including the
uterus and placenta. From the SCN, temporal information is transferred to peripheral circadian
clocks via the autonomic nervous system and endocrine signals. The changing melatonin signal
in turn impacts the function of the SCN given that melatonin receptors are expressed and
densely populated in the SCN [for extended discussion see 84,85]. Though the timing of the
appearance of endogenous SCN rhythmicity in humans is still lacking, there is evidence that by
midgestation, the SCN neurogenesis and innervation by the hypothalamic tract is complete.
Fetal circadian rhythms, coupled to the maternal rhythm, can be observed in utero from 30
weeks gestation but synchronization to the external environment occurs only after birth [86].
Melatonin in breast milk constitutes one important cue for this synchronization. In the mean-
while, in the event of preterm birth, the central autonomic nervous system is immature [87], the
infant loses the temporal signals received by the mother prematurely and the SCN has not
completely matured as SCN development continues throughout gestation and in the neonatal
period after term birth [85].What is more, exposure to unpredictable patterns, chaotic and con-
flicting temporal cues in the NICU environment (such as noise, care-giving, medical interven-
tions, orogastric feeding and mechanical ventilation) can impair the development of circadian
rhythms with a potential to impact health and well-being throughout adult life [86].

New knowledge to be acquired by this study

The proposed study is novel in the following ways: (1) The role of melatonin for preterm infant
development is unclear [65]. Towards this direction, we aim to investigate the role of
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melatonin on infant development through a suspected multifactorial early developmental
pathway combining psychosocial and biological factors; (2) The proposed study on determi-
nants of premature infant development is longitudinal. Appropriate longitudinal studies for
premature infants are scarce while the most prevalent studies on melatonin in human milk are
cross-sectional. In order to fully recognize the difficulties of children born preterm, it is impor-
tant to follow them individually, through several developmental stages [88, 89]. Longitudinal
studies should be pursued in forthcoming years to deepen our understanding of the pathways
leading to heightened risk for adverse developmental outcomes in preterm infants [90]; (3)
This is an inter-disciplinary study. Focusing on psychosocial and physiological factors related
to prematurity invites the Psychology—Medicine interdisciplinary collaboration because: a)
premature infants possess behavioral characteristics and have neurological immaturity that
may contribute in making them difficult interactive partners [91] and increase their health
risks [69]; and b) a steady increase in the neonatal survival rates since the advent of modern
intensive care for the preterm infant has been related to a growing concern for preterm infants’
developmental outcome and quality of life [92]. What is more, the dynamic nature of melato-
nin in human milk calls for continued interdisciplinary research [89]; (4) This is a multi-
method study including physiological and hormone measures, one observational instrument
and self-report validated questionnaires. Using multiple outcome measures in infant research
is one way to increase rigor, and at the same time, enable us to more accurately interpret our
data [93]; (5) Evidence on premature infant development is limited in Greece [94]. Melatonin
in human milk has not been studied in Greece though there is relevant research in various
other European countries [89]. To the best of our knowledge, the proposed study will be the
first of this kind in Crete, Greece at a time after the financial crisis and in the course of the pan-
demic. This is important because the financial crisis of the last decade has increased the num-
ber of people living in extreme poverty in Greece and led to partial operation of mental health
services [95-97]. What is more, the pandemic increased income inequalities [98] and affected
adversely the mental health of Greeks [99, 100]. In Crete, poverty and mental health problems,
especially for women, are prevalent and interconnected issues. Multiproblem families have
been said to be on the rise [95]. Further, preterm births constitute a major public health issue
in Greece [101]. Preterm birth rate has increased fourfold in the past two decades. These find-
ings pose dramatic challenges for public health and emphasize the need for preventive inter-
ventions to be implemented [101].

Scientific, social impact and implications on clinical practice

ANS activity, as an index of health risk in Medicine, has a critical role for maintaining cardio-
vascular and respiratory homeostasis, but is also intrinsically connected to higher brain sys-
tems involved in the emotional and psychological aspects of human life within Psychology
[68, 75]. Also, for Medicine, melatonin appears a promising molecule to prevent brain insults
associated with prematurity [102]. At the same time, for Psychology, melatonin is important
for normal neurodevelopment. In the meanwhile, disruption to this cue may occur during
admission of preterm neonates to the NICU [55, 86, 103]. Last, prematurity within DOHaD
paradigm has been discussed mainly according to cortisol and HPA dysregulation [10] but
this may be extended by investigating other hormonal and physiological factors, such as the
combination of autonomic nervous system maturation and maternally-derived melatonin.
Perinatal mental health problems are a major public health concern globally [104]. Mater-
nal perinatal mental health disorders have persistent effects on behavioural, physiological and
immunological functioning throughout the lifespan and may even be evident across genera-
tions [105]. Prevention goals requires effective interventions that reach women at risk for, but
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prior to, the development of a depressive disorder. Early interventions improve sub-clinical
symptomatology for at risk dyads at a crucial time of early postpartum period [106]. In addi-
tion, prematurity is considered a chronic and multigenerational condition [107]. In connec-
tion to this, potential deficits in infants born preterm may be amenable to early intervention.
Early detection of developmental delays is a process of ongoing assessment and consideration
of key perinatal events known to affect long-term outcomes [108]. Taken together, the findings
of this study may highlight the need for future community-based prevention efforts and may
convince policy makers and government to increase evidence-based interventions and family-
focused care targeted on the promotion of perinatal mental health-care of mothers and pre-
term infants’ development from low SES. Designing evidence-based e-Health screening appli-
cations with the aim to improve universal access to developmental screening by bringing
services into the homes of vulnerable populations [109] may take the form of targeted inter-
ventions for significant public health benefit.

Further, this study may extend our understanding about melatonin in human milk and
may support the promotion of exclusive breastfeeding of premature neonates in the initial 6
months of infant’s life and maternal-child health by nurse professionals [89]. Fetal circadian
rhythm synchronise to the external environment only after birth. One of the important cues
for synchronization is exposure to melatonin in breast milk. This study may add knowledge to
the important role of nighttime human milk which is featured by elevated melatonin concen-
trations with the aim to contribute in the strong rationale to evaluate strategies to protect the
postnatal entrainment of circadian rhythms of premature neonates in the NICU [86] and to
promote synchronization of composition and provision of expressed milk in the NICU setting
(using circadian-matched human milk) [85, 89]. Recognizing and adding these considerations
into breastfeeding recommendations may promote both infant and maternal well-being with
optimal health outcomes [89]. This is important given: a) the impaired maturation of preterm
infants’ circadian system and the tremendous mismatch with the uterine chronobiological
environment that arises in the event of preterm birth [85]; and b) the disruption of circadian
rhythm of melatonin secretion faced by women with threatened preterm labor [110].

Materials and methods
Aim, design and setting of the study

The main aim of this study is to investigate the association of certain psychosocial and biologi-
cal factors across the first year of life of preterm infants’ development, with focus on low socio-
economic status families. Thus, we plan to accomplish the following two objectives:

Objective 1: To explore the way psychosocial factors, such as maternal mental health,
maternal perception of infant’s intersubjectivity and attachment, across the first year of pre-
term birth are related with infants’ emotional and cognitive development at 9 months (cor-
rected age). Further, we will explore whether this association varies between infants from low
and high SES. In addition, we will investigate whether other characteristics (family function-
ing, perceived social support and dyadic coping) may be related to these associations and if
these characteristics can moderate for the risks posed by low socio-economic status,

Objective 2: To assess the way physiological factors, such as autonomic nervous system mat-
uration, measured according to heart rate variability, is associated with premature infants’
emotional and cognitive development at 9 months (corrected age) and whether this association
varies between low and high SES. Further, we will explore whether maternal derived-melato-
nin through breastfeeding intervenes this association.

Preterm neonates (<37 weeks) hospitalized in the Neonatology Department/NICU of the
University Hospital of Heraklion and their mothers will participate in this longitudinal study.
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According to the timeline of the study, participant recruitment and data collection, which
started on the 10™ November 2023, are still in progress. It is difficult to estimate the period of
completion of participant recruitment and data collection given that it is much dependent on:
a) the number of preterm births, which are unpredictable events; b) the admission rate at the
referent Hospital during the study period which cannot be predicted since in certain months
10-12 preterm neonates were born while in others there were no preterm births; c) the accep-
tance rate of new mothers, which at the moment ranges from 70-80% of approached mothers;
and d) the percentage of new mothers who meet the inclusion criteria (see below). At the
moment, participant recruitment is estimated to be completed not before the next two months
and data collection is estimated to be completed by July or August 2025. The first results of the
study are expected around March—April 2025.

Sample size, inclusion and exclusion criteria

We aim to obtain a sample size of at least N = 100 mother-child pairs, to detect a 10-point dif-
ference on continuous outcomes with mean 100 and SD 15 (such as typical IQ index). Power
calculations will be examined assuming a level of statistical significance of 5% and an 80%
power. As mentioned above, the final number of subjects is much dependent on the admission
rate at the referent Hospital during the study period.

Inclusion criteria. Inclusion criteria for mothers include the following: (1) parents are
not divorced; (2) both parents are older than 20 years of age; (3) mother intends to breastfeed
at least the first 28 days of neonate’s life. Inclusion criteria for neonates include prematurity
(gestation age < 37weeks).

Exclusion criteria. Mothers will be excluded from the study if: (1) they suffer from a psy-
chiatric illness; (2) they have issues with drug or substance abuse; (3) they are not biological
parent or they are surrogate mother; and (4) they belong to a same-sex couple; (5) they do not
intend to breastfeed; and (6) refusal of the parents to be included in the study. Infants will be
excluded from the study if: (1) they have perinatal asphyxia; (2) they have neurological pathol-
ogies; (3) they experience malformation syndromes and major congenital malformations; (4)
they have sensory deficits; (5) they present metabolic genetic disease; (6) they suffer from CNS
infection. Participation in this study presupposes that both infants and mothers meet the inclu-
sion and exclusion criteria.

Measures

Fig 1 presents the conceptual framework of the study.

a. Socio-economic factors. At birth, we aim to assess various early-life stressors during
pregnancy and early childhood. We will identify socio-demographic stressors with major
consequences for health and development. These data will be used to evaluate how early-life
stressors cluster or co-exist and how can be linked to infants’ developmental outcomes. We
plan to collect many variables related to socio-economic status, including parental educa-
tion, occupation, type of employment contract, family income, family size, child care, house
property and size, and utilities. These data will be used to conduct a probabilistic linkage
with the European Union Statistics on Income and Living Conditions (EUSILC) to obtain
information for socio-economic status and social disadvantage in early life. Once internal
and external data are linked, information will be used to derive a socio-economic position
(SEP) index [111].

Furthermore, while the ethnic composition is changing, especially among younger genera-
tions, not much is known about the direct and indirect roles of ethnicity, migration and inte-
gration on health and disease from early life onwards. We plan to use data of birth of parents
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Conceptual Framework of the Study
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and children (ISO3 country codes), migrant history and status to create measures, such as
“migration generation status” and “parents’ educational selectivity” [112].

b. Psychosocial factors. Maternal depression. At birth, the well-validated Edinburgh Post-
natal Depression Scale [113] (EPDS) will be used to screen possible depressive symptoms in
new mothers. EPDS is a 10-item self-rating scale designed to particularly target populations
during both the antenatal and post-natal period. Each item is scored from 0 to 3. The EPDS
has been validated in a variety settings and community samples with the majority of studies
focusing on the 6-8 week postpartum period [114]. The EPDS has been validated in Greek
[115]. At 6 and at 9 months after birth, the Beck Depression Inventory-1I (BDI-II) [116] will be
used to screen maternal symptoms of depression experienced in the past week. The BDI-II is a
revised 21-item self-report test with 4 response options per item. The BDI-II has been vali-

dated in Greek [117].

Maternal anxiety. At birth and at 6 and 9 months, the Spielberger State-Trait Anxiety Inven-
tory for Adults [118] (STAI) will be used to measure maternal anxiety. The STAI is a 40-item
self-report measure with a 4-point Likert-type scale for each item. It has two scales: State anxi-
ety (how one feels at the moment, 20 items) and Trait anxiety (how one generally feels, 20

items). The STAI has been validated in Greek [119].

Family functioning. At birth and at 6 and 9 months, the Family Adaptability and Cohesion
Evaluation Scales IV Package [120, 121] (FACES IV) will be used to assess perceived family
functioning. The FACES IV Package contains the six scales from FACES IV (42 items) [two
balanced scales (balanced cohesion, balanced flexibility) and the four unbalanced scales (Dis-
engaged and Enmeshed for cohesion and Rigid and Chaotic for flexibility)], the Family Com-
munication Scale (FCS) and the Family Satisfaction Scale (FSS) (62 items in total). The FACES

has been validated in Greek [122].

Perceived social support. At birth and at 6 and 9 months, the Multidimensional Scale of Per-
ceived Social Support [123] (MSPSS) will be used to assess the perception of social support
mothers receive from three sources, each corresponding to a subscale: family, friends, and sig-
nificant other. The MSPP is a 12-item reliable and valid self-rating scale as each of the three
subscales consists of four items, rated on a seven-point Likert type scale. The MSPSS has been

validated in Greek [124].
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Dyadic coping. At birth and at 6 and 9 months, the Dyadic Coping Inventory [125] (DCI)
will be used to measure dyadic coping behaviors. The DCI is a 37-item reliable and valid
instrument with 10 subscales. Items are rated on a 5-point scale. The DCI has been validated
in Greek [126].

Intersubjectivity. At 6 months after birth, the Maternal Perception of Infant’s Intersubjectiv-
ity Questionnaire [47] (MPIIQ) will be used to assess maternal perception of the infant’s inter-
subjectivity. The MPIIQ is a 22-item self-report questionnaire with good psychometric
properties. Items are grouped in three factors: Factor 1 is related to maternal perception about
the infant’s competence at the interaction with the mother, Factor 2 refers to maternal percep-
tion of infants’ behaviors that express emotional states and Factor 3 is related to maternal per-
ceptions about the infants’ competence to express their own initiatives.

Attachment. At 9 months after birth, the Maternal Postnatal Attachment Scale [127]
(MPAS) will be used to assess mother’s subjective feelings of attachment to her infant via
maternal self-reported feelings, cognitions and behaviours in relation to their infant. The
MPAS is a 19-item self-report questionnaire and each item has a 2-, 4- or 5-point response
option. The MPAS includes three subscales: quality of attachment (9 items), absence of hostil-
ity toward the infant (5 items) and pleasure in the interaction (5 items).

c. Biological measurements. Melatonin. Breastmilk melatonin concentrations: Mothers
of preterm neonates will be asked to collect 5-10ml of nighttime breastmilk with the use of an
electrical pump between 01:00-05:00 a.m. at three specific time points: 3"-5" day (colostrum),
10™-14™ day (transitional milk) and 20™-28" day (mature milk). The milk will be collected in
a sterile container, transported to the hospital at 4°C, and frozen immediately at -80°C until
analysis. Melatonin concentrations of nighttime milk are elevated across all milk phases and
they are approximately ten times compared to that in the daytime. In preterm breastmilk, the
melatonin concentration presents a circadian rhythm with the acrophase at around 03:00 a.m.
though peak melatonin production differs among individuals [55, 89]. The concentration of
melatonin is significantly higher in colostrum [128]. Melatonin has been found in colostrum
with the comparable concentration as it in plasma [129]. Most studies did not identify associa-
tions between melatonin in human milk and gestational age [54].

Blood sample melatonin concentrations: An umbilical cord blood sample of 1-2ml will be
collected at every preterm delivery or caesarean section, in order to measure the melatonin
level at the time of birth. Blood samples from the preterm neonate will be collected as follows:
a. for premature neonates > 33 weeks, 3 samples will be collected 1) the first neonate blood
sample (scheduled blood test examination) when the neonates enters the NICU (taking into
account practical difficulties in relation to the presence of a research team member in the
delivery room), or the first blood sample will be that of the umbilical cord, irrespectively of ges-
tation age, 2) 4™-7™ day of life and 3) 10™-14™ day; b.for premature neonates <33 weeks, 4
samples will be collected (the first three same as for premature >33 weeks and the fourth sam-
ple at a date that will coincide with a gestational age of 35-36 weeks).The blood will be col-
lected from the clinic’s medical staff, along other scheduled blood tests, so that no extra
interventions are performed on the neonates for the purpose of this study. The time of blood
sampling will be between 8:00-10:00 am and the amount of plasma needed is estimated at
500uL. Umbilical cord blood and neonate blood samples will be centrifuged at 3000 g for 5
min, and then the plasma will be separated and frozen at —80°C until analysis.

The melatonin levels in breast milk and in blood samples will be determined by Enzyme-
linked Immunoassay (ELISA) according to the manufacturer’s instructions.

Melatonin is present in quite high levels in the umbilical cord blood, which may be at least
in part, of maternal origin [130]. Clear differences have been reported between day and night
values in melatonin concentration in the umbilical artery and vein as measured through blood
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sample at birth. Further, some authors have described changes in the production and rhythmic
secretion of melatonin during the fetal and neonatal period [131]. Over the course of develop-
ment, extrapineal melatonin production in the placenta rises until birth. Melatonin levels in
the mother increase from 32 weeks of gestation. The circadian rhythm of the fetal heart rate is
evident by 30 weeks of gestation, and by 32 weeks, different types of sleep can be distinguished
[56]. Taken together, these may imply variations of amounts of melatonin in the umbilical
cord blood according to gestational age.

Preterm infants have no or minimal circulating plasma melatonin [132]. In particular,
plasma melatonin concentrations, measured at birth and on Day 3 were below detectable levels
(7 pg/mL) in 78% and 81%, respectively, of infants born before 34 GW compared to 57% and
34%, respectively, of infants born after 34 GW. The distribution of plasma melatonin concen-
trations was found to be correlated with gestational age at both time-points [102].

On this ground, careful consideration will be taken for the sensitivity and specificity of
assays used for melatonin analysis. In a different case, it may not be possible to measure
aMTé6s (melatonin primary metabolite 6-sulfatoxymelatonin) in the premature neonates’
blood due to limitations in the amount of blood that can ethically be collected for this vulnera-
ble population group according to international guidelines [132]. Additionally, the production
and secretion of colostrum are not abundant making sample collection more difficult [133].

Heart rate variability. Neonates’ / infants’ and maternal HRV measurements will be
obtained at 2 successive time intervals (neonatal period and at a corrected age of 9 months
after the birth). HRV measurements of short-term variability may provide important informa-
tion about the maturation of the ANS in newborns [134, 135]. HRV parameters in the time-
domain (SDNN, HRm, HRstd, RMSSD, NN50, pNN50, HRV triangular index), the fre-
quency-domain (Total power, LF, HF, LF/HF, LF, o/, HF 1orm) as well as non-linear indices
(ApEn, DFA o, 0,,) will be analyzed [136, 137] in order to identify the cardiac activity and
SNS/PNS activation patterns. HRV measurements will be carried out through SEER 1000,
ECG Recorder, General Electric (Version 1.0, 2067634-077 Revision F).

Timeline and conditions of neonates’ HRV measurements: Postnatal age at the time of
HRYV testing may contribute to differences in early autonomic tone since there is evidence for
a postnatal transitional period of maturation of the ANS, cardiovascular, and respiratory sys-
tems. This transitional period extends for a few days beyond delivery resulting in a matura-
tional increase in HRV metrics when ANS tone is evaluated both within a few hours of birth
and at three to four days of age. Thus, it is possible that there may be immediate, but limited
effects on infant HRV according to both the circumstances of birth and the timing of testing
[68].

For preterm neonates with a low level of medical morbidity, the duration of extrauterine
development does not significantly impact ANS developmental trajectory from birth to NICU
discharge [138]. No increase in the parasympathetic measures were evidenced for premature
neonates born from 28 to 32 weeks when measured throughout a follow up period 32-35
weeks postmenstrual age (PMA) [139]. Meanwhile, a significant effect of postnatal age [com-
paring 3" to 4™ postnatal day vs early after birth (152" hour after birth)] revealed that the
mean RR interval was significantly longer (increases in HRV) on the third to fourth postnatal
day of term neonates, regardless the mode of delivery. This indicates cardiac autonomic matu-
ration within the third to fourth postnatal day in spontaneously delivered and surgically deliv-
ered neonates [140]. In connection to this, within 14 h after birth of term (male) neonates
(comparison between 2h and 14h after birth, that is 12h after the first measurement) born of
elective cesarean delivery, the mean of the iRRs increased as well as parasympathetic indices.
Previous studies using short recording methods had documented that in a few days after birth
(from the 2nd to the 4th day after birth), there is an increase in the HRV indices in healthy
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term infants. During the first three days of life, different authors verified a gradual increase of
the parasympathetic portion and a simultaneous reduction of sympathetic activity. Thus, stud-
ies suggest that HRV increases gradually during the first three days of life [141].

Based on the above mentioned recent evident, three measurements for neonates’ HRV mea-
surements will be carried out:

o The first measurement will be performed within 24 hours after birth (in the supine position
in the incubator),

o The second measurement will be performed on the third to fourth postnatal day after birth,

o Only for premature neonates born before 35 gestation weeks, a third measurement will be
carried out at around 35-36 weeks PMA.

Ten-minute time length HRV measurements, which provide a good compromise with min-
imal error for all features estimations, will be obtained 30 minutes to 1 hour after a morning-
time feeding period (between 8.00 and 12.00 a.m.) to minimize its effect on HRV [140], with-
out painful or stressful procedures for at least 6 hours. All of the neonates will be in supine
position during the recordings. Recordings will be delayed by 48 hours in cases of unstable/
unpredicted acute pathology, or administration of drugs with cardiac effects in the 7 days pre-
ceding the recording [142].

Timeline and conditions of maternal HRV measurements: Sympathetic nervous system
activity increases while parasympathetic activity normatively decreases across pregnancy
[143]. However, the extent and the timing of cardiac recovery have been a subject of debate. At
49 days prior to birth there is a reversal of HRV indices with a steady increase in daily HRV
that continued in the postpartum period [144]. Meanwhile, heart rate (HR) was reported to
return slowly to baseline levels by 2-6 weeks postpartum in some studies. Pulse rate declined
shortly after delivery and reached a relatively low level but it did not return to normal within 6
weeks [145]. Conversely, it increased from the 7th week to the 11th week postpartum. Mean-
while, there is some evidence to suggest that vagally-mediated HRV returns to pre-pregnant
levels within three months [146]. This is consistent with evidence showing that HRV parame-
ters return to normal within three months after delivery [147]. In one report, the recovery
period was around 20 weeks. In other studies, a continued decrease in cardiac output was
observed to last over the next 24 weeks [145]. Further, vagally-mediated HRV increased
between 3" trimester and 4-6 weeks postpartum [143]. Other studies indicated that cardiac
activities might not return to original levels even after one year. However, there has also been
concern that the changes in cardiac function associated with pregnancy might not ultimately
return to pre-pregnancy levels [145].

What is more, labor is associated with significant physiological changes. In the course of
labor, there are continuous adjustments of cardiac autonomic reflexes by alternate activations
of the sympathetic and parasympathetic nervous systems [148]. A relationship between auto-
nomic nervous system indexed by HRV and the pain response has been confirmed [149]. Fur-
ther, labor pain intensity is known to predict persistent postpartum pain. After the delivery,
uterine contraction pain is common within 48 hours of delivery and postpartum pain may last
between four weeks to three months [84]. Taken together, maternal postpartum pain experi-
ence may persist for days or weeks after birth and may affect maternal HRV measurements in
the course of the first days after delivery.

The above literature review provides evidence that possibly maternal HRV values do not
recover before the 2" week postpartum and maternal postpartum pain experience may persist
for days or weeks after birth and may affect maternal HRV measurements in the course of the
first days after delivery. On this ground:
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a) Assessment of maternal postpartum pain according to a numeric rating scale will precede
maternal HRV measurements,

b) Maternal HRV measurements will be carried out between the 3™ and 6™ day postpar-
tum. Maternal HRV measurements will be continuously measured for 5 minutes noninva-
sively at each time period. All participants will be in a sitting position [141]. Maternal HRV
will be measured in the morning between 11.00 a.m. and 2.00 p.m. and 1-2 hours after a
morning time-feeding hour.

Nutritional intake. Foods containing melatonin or promoting the synthesis of it by impact-
ing the availability of tryptophan (an essential dietary amino acid for melatonin synthesis) as
well as those containing vitamins and minerals (co-factors and activators in the synthesis of
melatonin) may affect the levels of maternal melatonin [150]. On this ground, some nutritional
factors that may affect maternal levels of melatonin concentrations will be assessed.

d. Assessment of premature infants’ developmen. At 9 months corrected age, the devel-
opment of infants will be assessed at hospital by the administration of the Bayley Scales of
Infant and Toddler Development, 3" Edition [151] which is a standardized, diagnostic develop-
mental assessment instrument for infants and young children between one and 42 months.
Bayley-I1II is comprised of 3 scales: cognitive scale, language scale (receptive and expressive
communication) and motor scale (fine and gross motor).

Ethical considerations and declarations

Data will be collected via electronic questionnaires to be directly aggregated to databases and
subjected to quality control procedures, including point of entry and logical validation. All
data will be de-identified and no individual’s name or other personal information will be asso-
ciated with any published or unpublished report of this study. Data will be stored on a secure
server in UOC facilities. All data confidentiality and security provisions will be strictly main-
tained to guarantee that all personal data collection and processing will be carried out in accor-
dance with the GDPR (EU 2016/679) and national legislation. Project personnel will be
trained in the importance of confidentiality of individual records and required to sign a confi-
dentiality agreement. All participants will also sign a written-consent form. Given that this
study includes minors, we will obtain written consent for their participation from their moth-
ers. The study subjects may always change their opinion in the course of the study for any rea-
son at any time.

The protocol of this study has been approved by the Research Ethics Committee of the Uni-
versity of Crete (numbers and dates of decision: 103/22.09.2023, 158/15.12.2023 and 38/
15.02.2024) and by the Scientific Council, according to the positive reccommendation of the
Working Group of the Ethics Committee, and the Board of Directors of the General University
Hospital of Heraklion (reference number: 26636/2.10.2023 and 35546/23.10.2023).

Statistical analysis plan

Initial exploratory analysis will be used to understand variable distributions and to identify
transformations that satisfy modeling assumptions (e.g., log-transformation of right skewed
variables), to understand correlations, and to identify extreme observations. Throughout the
modeling process, we will evaluate and modify models to ensure that inferences are not unduly
influenced by erroneous modeling assumptions and/or influential observations. Generalized
Additive Models (GAMs) will be employed in order to determine the shape of the associations.

By applying robust linear regression modeling techniques on continuous outcomes and
generalized linear modeling techniques for binary outcomes, adjusting for potential confound-
ing factors, we aim to identify the psychosocial and physiological risk factors associated to
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adverse preterm infants” development at 9 months corrected age, between low and high socio-
economic status (SES) families.

We shall also leverage our data to deploy statistical models testing the factors that mediate
(medical history, anthropometry and biomarker data) and moderate (lifestyle and social fac-
tors) the associations we may observe. We plan to evaluate the synergistic role of combined
exposures to these factors through supervised shrinkage methods. We will also use pathway
approaches (Structural Equation Modeling-SEM) to study the pathways connecting exposures
under study to psychosocial phenotypes.

In order to improve the statistical power of the study, most outcomes will be analysed con-
tinuously rather than categorically.

Discussion
Limitations

Longitudinal studies with larger sample size and longer follow up comparing relevant psy-
chosocial and biological factors and the development of both preterm and full-term neo-
nates are necessary. Melatonin in human milk needs to be measured according to
breastfeeding duration given the reduction of melatonin concentration at the end of feeding
compared to the pre-breastfeeding period [152]. Future research needs to address respective
issues in relation to women’s way of birth (vaginal delivery vs cesarean section) given the
relevant contradictory evidence [89]. Given the disruption of normal entrainment cues in
the NICU (86), the way unpredictable patterns and the chaotic ad conflicting temporal cues
in the environment of NICU-especially lighting conditions—may mediate the relationship
between melatonin concentration in breast milk and infant development needs further
investigation. Longitudinal studies that follow women from the beginning of pregnancy are
needed since rhythms in the prenatal stage are influenced by maternal signals and prenatal
development likely sets the stage for healthy post-natal development. Further, cortisol mea-
surements need to be added since the fetal circadian rhythm is synchronized to maternal
cortisol and melatonin levels, rather than to the external light/dark cycle per se. Pregnant
women experience changes in circadian regulated plasma cortisol and melatonin concentra-
tion [153].

Dissemination plans

Dissemination activities will target scientific audiences, health care stakeholders and commu-
nity audiences. Dissemination plans include: a) Construction and maintenance of project web-
site which will be maintained for at least 5 years after completion of the project; b) Preparation
and submission of two manuscripts for international peer-review journals; c) Preparation and
submission of two presentations for national and international conferences; and d) Prepara-
tion of two presentations for community audiences.

Risks and contingency plan

In the course of this study, a number of risks may be needed to be dealt with. In particular, in
order to:

1. avoid delay of study protocol approvals by Ethics Committees, we applied and received
approvals immediately upon notification of acceptance of the project by the Hellenic Foun-
dation of Research and Innovation,
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2. avoid difficulties in subject recruitment, research assistants have been trained to approach
new mothers and to develop a personal communication with them,

3. ensure representativity of the sample, an initial sampling plan has defined desired sample
characteristics (distribution per SES, sex etc). Recruited sample characteristics are moni-
tored and recruitment procedure are informed accordingly,

4. deal with mother’s negligence to complete the entire battery of psychological assessment,
research assistants monitor the completeness of answers in the battery of assessments and
inform mothers accordingly,

5. avoid drop out of participants, personal invitations are sent to participants before the follow
up. At follow up: a) mothers constantly will receive feedback concerning measurements of
their infants, or their own biological samples; b) researchers will discuss with new mothers
issues related to their infant development and will receive informative brochures. Research
assistants, are trained to develop a personal communication with the mothers and to
respond promptly to their questions, or to issues of concern for their infant development.

Supporting information

S1 File. Initial detailed study protocol submitted to Ethics Committee of the University of
Crete in Greek.
(PDF)

S2 File. Initial detailed study protocol submitted to Ethics Committee of the University of
Crete in English.
(PDF)

S3 File. Updated measurements of biological samples with certain modifications submit-
ted to Ethics Committee of the University of Crete in Greek.
(PDF)

$4 File. Updated measurements of biological samples with certain modifications submit-
ted to Ethics Committee of the University of Crete in English.
(PDF)

Author Contributions
Conceptualization: Theano Kokkinaki, Eleftheria Hatzidaki.

Data curation: Theano Kokkinaki, Nicole Anagnostatou, Maria Markodimitraki, Theano
Roumeliotaki, Manolis Tzatzarakis, Elena Vakonaki, Giorgos Giannakakis, Aristidis Tsatsa-
kis, Eleftheria Hatzidaki.

Formal analysis: Theano Roumeliotaki, Manolis Tzatzarakis, Elena Vakonaki, Giorgos
Giannakakis.

Funding acquisition: Theano Kokkinaki, Nicole Anagnostatou, Theano Roumeliotaki, Mano-
lis Tzatzarakis, Elena Vakonaki, Giorgos Giannakakis, Aristidis Tsatsakis, Eleftheria
Hatzidaki.

Methodology: Theano Kokkinaki, Nicole Anagnostatou, Maria Markodimitraki, Theano Rou-
meliotaki, Manolis Tzatzarakis, Elena Vakonaki, Giorgos Giannakakis, Aristidis Tsatsakis,
Eleftheria Hatzidaki.

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 15/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316520.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316520.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316520.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316520.s004
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

Project administration: Theano Kokkinaki.

Supervision: Theano Kokkinaki, Manolis Tzatzarakis, Aristidis Tsatsakis, Eleftheria
Hatzidaki.

Visualization: Theano Kokkinaki.

Writing - original draft: Theano Kokkinaki, Eleftheria Hatzidaki.

Writing - review & editing: Theano Kokkinaki, Theano Roumeliotaki, Manolis Tzatzarakis,
Elena Vakonaki, Giorgos Giannakakis, Aristidis Tsatsakis, Eleftheria Hatzidaki.

References

1.

10.

11.

12.

13.

14.

15.

16.

Prom MC, Denduluri A, Philpotts LL, Rondon MB, Borba CPC, Gelaye B, et al. A Systematic Review
of Interventions That Integrate Perinatal Mental Health Care Into Routine Maternal Care in Low- and
Middle-Income Countries. Front Psychiatry. 2022; 13:859341. https://doi.org/10.3389/fpsyt.2022.
859341 PMID: 35360136

Ismaili M’hamdi H, de Beaufort |, Jack B, Steegers E a. P. Responsibility in the age of Developmental
Origins of Health and Disease (DOHaD) and epigenetics. J Dev Orig Health Dis. 2018 Feb; 9(1):58—
62. https://doi.org/10.1017/S2040174417000654 PMID: 28829006

Howard LM, Khalifeh H. Perinatal mental health: a review of progress and challenges. World Psychia-
try. 2020 Oct; 19(3):313-27. https://doi.org/10.1002/wps.20769 PMID: 32931106

Clements KM, Barfield WD, Ayadi MF, Wilber N. Preterm birth-associated cost of early intervention
services: an analysis by gestational age. Pediatrics. 2007 Apr; 119(4):e866—874. https://doi.org/10.
1542/peds.2006-1729 PMID: 17339387

Barker DJ. In utero programming of chronic disease. Clin Sci (Lond). 1998 Aug; 95(2):115-28. PMID:
9680492

Eriksson JG. Developmental Origins of Health and Disease—from a small body size at birth to epige-
netics. Ann Med. 2016 Sep; 48(6):456—67. https://doi.org/10.1080/07853890.2016.1193786 PMID:
27268105

Gluckman PD, Hanson MA. The Developmental Origins of Health and Disease. In: Wintour EM,
Owens JA, editors. Early Life Origins of Health and Disease [Internet]. Boston, MA: Springer US;
2006 [cited 2024 Oct 1]. p. 1-7. Available from: https://doi.org/10.1007/0-387-32632-4_1

Mandy M, Nyirenda M. Developmental Origins of Health and Disease: the relevance to developing
nations. Int Health. 2018 Mar 1; 10(2):66—70. https://doi.org/10.1093/inthealth/ihy006 PMID:
29528398

Nobile S, Di Sipio Morgia C, Vento G. Perinatal Origins of Adult Disease and Opportunities for Health
Promotion: A Narrative Review. J Pers Med. 2022 Jan 25; 12(2):157. https://doi.org/10.3390/
jpm12020157 PMID: 35207646

Sullivan MC, Winchester SB, Bryce Cl, Granger DA. Prematurity and Perinatal Adversity Effects
Hypothalamic-Pituitary-Adrenal Axis Reactivity to Social Evaluative Threat in Adulthood. Dev Psycho-
biol. 2017 Dec; 59(8):976-83. https://doi.org/10.1002/dev.21570 PMID: 29080326

Barker DJP. The origins of the developmental origins theory. J Intern Med. 2007 Dec; 261(5):412-7.
https://doi.org/10.1111/j.1365-2796.2007.01809.x PMID: 17444880

Barker DJP. Fetal programming of coronary heart disease. Trends Endocrinol Metab. 2002 Nov; 13
(9):364-8. https://doi.org/10.1016/s1043-2760(02)00689-6 PMID: 12367816

Johnson S, Marlow N. Preterm birth and childhood psychiatric disorders. Pediatr Res. 2011 Dec; 69(5
Pt 2):11R-8R. https://doi.org/10.1203/PDR.0b013e318212faa0 PMID: 21289534

Community/Public Health Nursing Practice, 5th Edition—9781455707621 [Internet]. [cited 2024 Oct
1]. Available from: https://evolve.elsevier.com/cs/product/9781455707621?role=student

van der Hulst M, Polinder S, Kok R, Prinzie P, de Groot MW, Burdorf A, et al. Socio-economic determi-
nants of healthcare costs in early life: a register-based study in the Netherlands. International Journal
for Equity in Health. 2022 Jan 12; 21(1):5. https://doi.org/10.1186/s12939-021-01589-x PMID:
35022032

Panceri C, Valentini NC, Silveira RC, Smith BA, Procianoy RS. Neonatal Adverse Outcomes, Neona-
tal Birth Risks, and Socioeconomic Status: Combined Influence on Preterm Infants’ Cognitive, Lan-
guage, and Motor Development in Brazil. J Child Neurol. 2020 Dec; 35(14):989-98. https://doi.org/10.
1177/0883073820946206 PMID: 32787744

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 16/23


https://doi.org/10.3389/fpsyt.2022.859341
https://doi.org/10.3389/fpsyt.2022.859341
http://www.ncbi.nlm.nih.gov/pubmed/35360136
https://doi.org/10.1017/S2040174417000654
http://www.ncbi.nlm.nih.gov/pubmed/28829006
https://doi.org/10.1002/wps.20769
http://www.ncbi.nlm.nih.gov/pubmed/32931106
https://doi.org/10.1542/peds.2006-1729
https://doi.org/10.1542/peds.2006-1729
http://www.ncbi.nlm.nih.gov/pubmed/17339387
http://www.ncbi.nlm.nih.gov/pubmed/9680492
https://doi.org/10.1080/07853890.2016.1193786
http://www.ncbi.nlm.nih.gov/pubmed/27268105
https://doi.org/10.1007/0-387-32632-4_1
https://doi.org/10.1093/inthealth/ihy006
http://www.ncbi.nlm.nih.gov/pubmed/29528398
https://doi.org/10.3390/jpm12020157
https://doi.org/10.3390/jpm12020157
http://www.ncbi.nlm.nih.gov/pubmed/35207646
https://doi.org/10.1002/dev.21570
http://www.ncbi.nlm.nih.gov/pubmed/29080326
https://doi.org/10.1111/j.1365-2796.2007.01809.x
http://www.ncbi.nlm.nih.gov/pubmed/17444880
https://doi.org/10.1016/s1043-2760%2802%2900689-6
http://www.ncbi.nlm.nih.gov/pubmed/12367816
https://doi.org/10.1203/PDR.0b013e318212faa0
http://www.ncbi.nlm.nih.gov/pubmed/21289534
https://evolve.elsevier.com/cs/product/9781455707621?role=student
https://doi.org/10.1186/s12939-021-01589-x
http://www.ncbi.nlm.nih.gov/pubmed/35022032
https://doi.org/10.1177/0883073820946206
https://doi.org/10.1177/0883073820946206
http://www.ncbi.nlm.nih.gov/pubmed/32787744
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wong HS, Edwards P. Nature or nurture: a systematic review of the effect of socio-economic status on
the developmental and cognitive outcomes of children born preterm. Matern Child Health J. 2013 Nov;
17(9):1689-700. https://doi.org/10.1007/s10995-012-1183-8 PMID: 23135625

Gonzalez-Gomez NO’Brien F, Harris M. The effects of prematurity and socioeconomic deprivation on
early speech perception: A story of two different delays. Dev Sci. 2021 Mar; 24(2):e13020. https://doi.
org/10.1111/desc.13020 PMID: 32687657

Blount AJ, Adams CR, Anderson-Berry AL, Hanson C, Schneider K, Pendyala G. Biopsychosocial
Factors during the Perinatal Period: Risks, Preventative Factors, and Implications for Healthcare Pro-
fessionals. IJERPH. 2021 Aug 3; 18(15):8206. https://doi.org/10.3390/ijerph18158206 PMID:
34360498

Hurt H, Betancourt LM. Turning 1 Year of Age in a Low Socioeconomic Environment: A Portrait of Dis-
advantage. J Dev Behav Pediatr. 2017 Sep; 38(7):493-500. https://doi.org/10.1097/DBP.
0000000000000469 PMID: 28692578

Hosokawa R, Katsura T. Role of Parenting Style in Children’s Behavioral Problems through the Transi-
tion from Preschool to Elementary School According to Gender in Japan. Int J Environ Res Public
Health. 2019 Jan; 16(1):21.

Parker SJ, Zahr LK, Cole JG, Brecht ML. Outcome after developmental intervention in the neonatal
intensive care unit for mothers of preterm infants with low socioeconomic status. J Pediatr. 1992 Dec;
120(5):780-5. https://doi.org/10.1016/s0022-3476(05)80248-3 PMID: 1578316

Potijk MR, de Winter AF, Bos AF, Kerstjens JM, Reijneveld SA. Higher rates of behavioural and emo-
tional problems at preschool age in children born moderately preterm. Arch Dis Child. 2012 Feb; 97
(2):112—7. https://doi.org/10.1136/adc.2011.300131 PMID: 22147746

Adhikari K, Patten SB, Williamson T, Patel AB, Premji S, Tough S, et al. Neighbourhood socioeco-
nomic status modifies the association between anxiety and depression during pregnancy and preterm
birth: a Community-based Canadian cohort study. BMJ Open. 2020 Feb 10; 10(2):e031035. https://
doi.org/10.1136/bmjopen-2019-031035 PMID: 32047008

Enlow E, Faherty LJ, Wallace-Keeshen S, Martin AE, Shea JA, Lorch SA. Perspectives of Low Socio-
economic Status Mothers of Premature Infants. Pediatrics. 2017 Mar; 139(3):€20162310. https:/doi.
org/10.1542/peds.2016-2310 PMID: 28223372

Cenal, Mirabella F, Palumbo G, Gigantesco A, Trainini A, Stefana A. Prevalence of maternal antena-
tal and postnatal depression and their association with sociodemographic and socioeconomic factors:
A multicentre study in Italy. J Affect Disord. 2021 Jan 15; 279:217-21. https://doi.org/10.1016/}.jad.
2020.09.136 PMID: 33069119

Goyal D, Gay C, Lee KA. How much does low socioeconomic status increase the risk of prenatal and
postpartum depressive symptoms in first-time mothers? Womens Health Issues. 2010; 20(2):96—104.
https://doi.org/10.1016/j.whi.2009.11.003 PMID: 20133153

Kozhimannil KB, Trinacty CM, Busch AB, Huskamp HA, Adams AS. Racial and Ethnic Disparities in
Postpartum Depression Care Among Low-Income Women. Psychiatr Serv. 2011 Jun; 62(6):619-25.
https://doi.org/10.1176/ps.62.6.pss6206_0619 PMID: 21632730

Winstone LK, Luecken LJ, Crnic KA, Gonzales NA. Patterns of family negativity in the perinatal period:
Implications for mental health among Mexican-origin women. J Fam Psychol. 2020 Aug; 34(5):642—
51. https://doi.org/10.1037/fam0000648 PMID: 32162941

Van Haeken S, Braeken MAKA, Nuyts T, Franck E, Timmermans O, Bogaerts A. Perinatal Resilience
for the First 1,000 Days of Life. Concept Analysis and Delphi Survey. Front Psychol [Internet]. 2020
Nov 3 [cited 2024 Oct 2];11. Available from: https://www.frontiersin.org/journals/psychology/articles/
10.3389/fpsyg.2020.563432/full PMID: 33224056

Mansfield A, Dealy J, Keitner G. Family Functioning and Income Does Low-Income Status Impact
Family Functioning? The Family Journal. 2013 Jul 1; 21:297-305.

Conger RD, Conger KJ, Martin MJ. Socioeconomic Status, Family Processes, and Individual Develop-
ment. J Marriage Fam. 2010 Jun; 72(3):685—-704. https://doi.org/10.1111/j.1741-3737.2010.00725.x
PMID: 20676350

Reiss F, Meyrose AK, Otto C, Lampert T, Klasen F, Ravens-Sieberer U. Socioeconomic status,
stressful life situations and mental health problems in children and adolescents: Results of the German
BELLA cohort-study. PLoS One. 2019; 14(3):e0213700. https://doi.org/10.1371/journal.pone.
0213700 PMID: 30865713

Ngai FW, Ngu SF. Family sense of coherence and family adaptation among childbearing couples. J
Nurs Scholarsh. 2014 Mar; 46(2):82—90. https://doi.org/10.1111/jnu.12045 PMID: 24024740

Coe JL, Davies PT, Sturge-Apple ML. Family Cohesion and Enmeshment Moderate Associations
between Maternal Relationship Instability and Children’s Externalizing Problems. J Fam Psychol.
2018 Apr; 32(3):289-98. https://doi.org/10.1037/fam0000346 PMID: 29698005

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 17/23


https://doi.org/10.1007/s10995-012-1183-8
http://www.ncbi.nlm.nih.gov/pubmed/23135625
https://doi.org/10.1111/desc.13020
https://doi.org/10.1111/desc.13020
http://www.ncbi.nlm.nih.gov/pubmed/32687657
https://doi.org/10.3390/ijerph18158206
http://www.ncbi.nlm.nih.gov/pubmed/34360498
https://doi.org/10.1097/DBP.0000000000000469
https://doi.org/10.1097/DBP.0000000000000469
http://www.ncbi.nlm.nih.gov/pubmed/28692578
https://doi.org/10.1016/s0022-3476%2805%2980248-3
http://www.ncbi.nlm.nih.gov/pubmed/1578316
https://doi.org/10.1136/adc.2011.300131
http://www.ncbi.nlm.nih.gov/pubmed/22147746
https://doi.org/10.1136/bmjopen-2019-031035
https://doi.org/10.1136/bmjopen-2019-031035
http://www.ncbi.nlm.nih.gov/pubmed/32047008
https://doi.org/10.1542/peds.2016-2310
https://doi.org/10.1542/peds.2016-2310
http://www.ncbi.nlm.nih.gov/pubmed/28223372
https://doi.org/10.1016/j.jad.2020.09.136
https://doi.org/10.1016/j.jad.2020.09.136
http://www.ncbi.nlm.nih.gov/pubmed/33069119
https://doi.org/10.1016/j.whi.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/20133153
https://doi.org/10.1176/ps.62.6.pss6206%5F0619
http://www.ncbi.nlm.nih.gov/pubmed/21632730
https://doi.org/10.1037/fam0000648
http://www.ncbi.nlm.nih.gov/pubmed/32162941
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.563432/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.563432/full
http://www.ncbi.nlm.nih.gov/pubmed/33224056
https://doi.org/10.1111/j.1741-3737.2010.00725.x
http://www.ncbi.nlm.nih.gov/pubmed/20676350
https://doi.org/10.1371/journal.pone.0213700
https://doi.org/10.1371/journal.pone.0213700
http://www.ncbi.nlm.nih.gov/pubmed/30865713
https://doi.org/10.1111/jnu.12045
http://www.ncbi.nlm.nih.gov/pubmed/24024740
https://doi.org/10.1037/fam0000346
http://www.ncbi.nlm.nih.gov/pubmed/29698005
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Shigeto A, Mangelsdorf S, Brown G. Roles of family cohesiveness, marital adjustment, and child tem-
perament in predicting child behavior with mothers and fathers. Journal of Social and Personal Rela-
tionships. 2013 Feb 11; 31:200-20.

Tissot H, Lapalus N, Frascarolo F, Despland JN, Favez N. Family Alliance in Infancy and Toddlerhood
Predicts Social Cognition in Adolescence. J Child Fam Stud. 2022 May 1; 31(5):1338-49.

Bodenmann G. A systemic-transactional conceptualization of stress and coping in couples. Swiss
Journal of Psychology/Schweizerische Zeitschrift fiir Psychologie/Revue Suisse de Psychologie.
1995 Jan 1; 54:34-49.

Falconier MK, Jackson JB, Hilpert P, Bodenmann G. Dyadic coping and relationship satisfaction: A
meta-analysis. Clin Psychol Rev. 2015 Dec; 42:28—-46. https://doi.org/10.1016/j.cpr.2015.07.002
PMID: 26295276

Leahy-Warren P, Coleman C, Bradley R, Mulcahy H. The experiences of mothers with preterm infants
within the first-year post discharge from NICU: social support, attachment and level of depressive
symptoms. BMC Pregnancy and Childbirth. 2020 Apr 29; 20(1):260. https://doi.org/10.1186/s12884-
020-02956-2 PMID: 32349685

Lutkiewicz K. Social Support, Perceived Stress, Socio-Demographic Factors and Relationship Quality
among Polish Mothers of Prematurely Born Children. Int J Environ Res Public Health. 2020 Dec 30; 17
(11):3876. https://doi.org/10.3390/ijerph17113876 PMID: 32486170

Weyers S, Dragano N, Mébus S, Beck EM, Stang A, Méhlenkamp S, et al. Low socio-economic posi-
tion is associated with poor social networks and social support: results from the Heinz Nixdorf Recall
Study. International Journal for Equity in Health. 2008 May 5; 7(1):13. https://doi.org/10.1186/1475-
9276-7-13 PMID: 18457583

Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence and determinants
of common perinatal mental disorders in women in low- and lower-middle-income countries: a system-
atic review. Bull World Health Organ. 2012 Feb 1; 90(2):139—149H. https://doi.org/10.2471/BLT.11.
091850 PMID: 22423165

Huang Y, Liu Y, WangY, Liu D. Family function fully mediates the relationship between social support
and perinatal depression in rural Southwest China. BMC Psychiatry. 2021 Mar 12; 21(1):151. https:/
doi.org/10.1186/s12888-021-03155-9 PMID: 33711987

Singletary B, Bates R, Justice L. Evaluating associations between maternal social support and cogni-
tive development for infants in poverty. Infant Behav Dev. 2021 Dec; 63:101546. https://doi.org/10.
1016/j.infbeh.2021.101546 PMID: 33636474

Trevarthen C. Intrinsic motives for companionship in understanding: Their origin, development, and
significance for infant mental health. Tradition-a Journal of Orthodox Jewish Thought. 2001 Jan 1;
22:95-131.

Carrulo J, Justo JMRM, Figueiredo B. Maternal perception of infant’s intersubjectivity: a questionnaire.
J Reprod Infant Psychol. 2024 Mar; 42(2):327-37. https://doi.org/10.1080/02646838.2022.2088709
PMID: 35706394

Trevarthen C, Aitken KJ. Infant intersubjectivity: research, theory, and clinical applications. J Child
Psychol Psychiatry. 2001 Jan; 42(1):3—-48. PMID: 11205623

Korja R, Latva R, Lehtonen L. The effects of preterm birth on mother-infant interaction and attachment
during the infant’s first two years. Acta Obstet Gynecol Scand. 2012 Feb; 91(2):164—73. https://doi.
org/10.1111/j.1600-0412.2011.01304.x PMID: 22007730

Youngblut JM, Loveland-Cherry CJ, Horan M. Maternal employment effects on families and preterm
infants at 18 months. Nurs Res. 1994; 43(6):331—7. PMID: 7971296

Widding U, Farooqi A. “I thought he was ugly”: mothers of extremely premature children narrate their
experiences as troubled subjects. Feminism and Psychology. 2016; 26(2):153—-69.

Hoffenkamp HN, Tooten A, Hall RAS, Croon MA, Braeken J, Winkel FW, et al. The impact of prema-
ture childbirth on parental bonding. Evol Psychol. 2012 Aug 17; 10(3):542—61. https://doi.org/10.1177/
147470491201000311 PMID: 22947677

Wille DE. Relation of preterm birth with quality of infant—mother attachment at one year. Infant Behav-
ior and Development. 1991 Apr 1; 14(2):227—40.

Katzer D, Pauli L, Mueller A, Reutter H, Reinsberg J, Fimmers R, et al. Melatonin Concentrations and
Antioxidative Capacity of Human Breast Milk According to Gestational Age and the Time of Day. J
Hum Lact. 2016 Nov; 32(4):NP105-10. https://doi.org/10.1177/0890334415625217 PMID: 27121237

Qin'Y, ShiW, Zhuang J, Liu Y, Tang L, Bu J, et al. Variations in melatonin levels in preterm and term
human breast milk during the first month after delivery. Sci Rep. 2019 Nov 29; 9(1):17984. https://doi.
org/10.1038/s41598-019-54530-2 PMID: 31784629

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 18/23


https://doi.org/10.1016/j.cpr.2015.07.002
http://www.ncbi.nlm.nih.gov/pubmed/26295276
https://doi.org/10.1186/s12884-020-02956-2
https://doi.org/10.1186/s12884-020-02956-2
http://www.ncbi.nlm.nih.gov/pubmed/32349685
https://doi.org/10.3390/ijerph17113876
http://www.ncbi.nlm.nih.gov/pubmed/32486170
https://doi.org/10.1186/1475-9276-7-13
https://doi.org/10.1186/1475-9276-7-13
http://www.ncbi.nlm.nih.gov/pubmed/18457583
https://doi.org/10.2471/BLT.11.091850
https://doi.org/10.2471/BLT.11.091850
http://www.ncbi.nlm.nih.gov/pubmed/22423165
https://doi.org/10.1186/s12888-021-03155-9
https://doi.org/10.1186/s12888-021-03155-9
http://www.ncbi.nlm.nih.gov/pubmed/33711987
https://doi.org/10.1016/j.infbeh.2021.101546
https://doi.org/10.1016/j.infbeh.2021.101546
http://www.ncbi.nlm.nih.gov/pubmed/33636474
https://doi.org/10.1080/02646838.2022.2088709
http://www.ncbi.nlm.nih.gov/pubmed/35706394
http://www.ncbi.nlm.nih.gov/pubmed/11205623
https://doi.org/10.1111/j.1600-0412.2011.01304.x
https://doi.org/10.1111/j.1600-0412.2011.01304.x
http://www.ncbi.nlm.nih.gov/pubmed/22007730
http://www.ncbi.nlm.nih.gov/pubmed/7971296
https://doi.org/10.1177/147470491201000311
https://doi.org/10.1177/147470491201000311
http://www.ncbi.nlm.nih.gov/pubmed/22947677
https://doi.org/10.1177/0890334415625217
http://www.ncbi.nlm.nih.gov/pubmed/27121237
https://doi.org/10.1038/s41598-019-54530-2
https://doi.org/10.1038/s41598-019-54530-2
http://www.ncbi.nlm.nih.gov/pubmed/31784629
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Gombert M, Codofier-Franch P. Melatonin in Early Nutrition: Long-Term Effects on Cardiovascular
System. Int J Mol Sci. 2021 Jun 24; 22(13):6809. https://doi.org/10.3390/ijms22136809 PMID:
34202781

D’Angelo G, Chimenz R, Reiter RJ, Gitto E. Use of Melatonin in Oxidative Stress Related Neonatal
Diseases. Antioxidants (Basel). 2020 Jun 2; 9(6):477. https://doi.org/10.3390/antiox9060477 PMID:
32498356

Garofoli F, Franco V, Accorsi P, Albertini R, Angelini M, Asteggiano C, et al. Fate of melatonin orally
administered in preterm newborns: Antioxidant performance and basis for neuroprotection. J Pineal
Res. 2024 Jan; 76(1):e12932. https://doi.org/10.1111/jpi. 12932 PMID: 38111174

Italianer MF, Naninck EFG, Roelants JA, van der Horst GTJ, Reiss IKM, van Goudoever JB, et al. Cir-
cadian Variation in Human Milk Composition, a Systematic Review. Nutrients. 2020 Aug 4; 12
(8):2328. https://doi.org/10.3390/nu12082328 PMID: 32759654

Samuel TM, Zhou Q, Giuffrida F, Munblit D, Verhasselt V, Thakkar SK. Nutritional and Non-nutritional
Composition of Human Milk Is Modulated by Maternal, Infant, and Methodological Factors. Front Nutr.
2020 Sep 16; 7:576133. https://doi.org/10.3389/fnut.2020.576133 PMID: 33117843

Freisling H, EImadfa I, Gall I. The effect of socioeconomic status on dietary intake, physical activity
and Body Mass Index in Austrian pregnant women. J Hum Nutr Diet. 2006 Dec; 19(6):437—45. https:/
doi.org/10.1111/j.1365-277X.2006.00723.x PMID: 17105541

Groér M, Davis M, Casey K, Short B, Smith K, Groér S. Neuroendocrine and immune relationships in
postpartum fatigue. MCN Am J Matern Child Nurs. 2005; 30(2):133-8. https://doi.org/10.1097/
00005721-200503000-00012 PMID: 15775810

Kimata H. Laughter elevates the levels of breast-milk melatonin. J Psychosom Res. 2007 Jun; 62
(6):699-702. https://doi.org/10.1016/j.jpsychores.2006.12.007 PMID: 17540228

Malow BA, Adkins KW, Reynolds A, Weiss SK, Loh A, Fawkes D, et al. Parent-based sleep education
for children with autism spectrum disorders. J Autism Dev Disord. 2014 Jan; 44(1):216-28. https://doi.
0rg/10.1007/s10803-013-1866-z PMID: 23754339

Tauman R, Zisapel N, Laudon M, Nehama H, Sivan Y. Melatonin production in infants. Pediatr Neurol.
2002 Dec; 26(5):379-82. https://doi.org/10.1016/s0887-8994(01)00417-9 PMID: 12057799

Ferber SG, Als H, McAnulty G, Peretz H, Zisapel N. Melatonin and mental capacities in newborn
infants. J Pediatr. 2011 Jul; 159(1):99-103.e1. https://doi.org/10.1016/j.jpeds.2010.12.032 PMID:
21315375

Tordjman S, Chokron S, Delorme R, Charrier A, Bellissant E, Jaafari N, et al. Melatonin: Pharmacol-
ogy, Functions and Therapeutic Benefits. Curr Neuropharmacol. 2017 Apr; 15(3):434—43. https://doi.
0rg/10.2174/1570159X14666161228122115 PMID: 28503116

Mulkey SB, du Plessis AJ. Autonomic nervous system development and its impact on neuropsychiatric
outcome. Pediatr Res. 2019 Jan; 85(2):120-6. https://doi.org/10.1038/s41390-018-0155-0 PMID:
30166644

Javorka K, Lehotska Z, Kozar M, Uhrikova Z, Kolarovszki B, Javorka M, et al. Heart rate variability in
newborns. Physiol Res. 2017 Sep 22; 66(Suppl 2):S203-14. https://doi.org/10.33549/physiolres.
933676 PMID: 28937235

Suga A, Uraguchi M, Tange A, Ishikawa H, Ohira H. Cardiac interaction between mother and infant:
enhancement of heart rate variability. Sci Rep. 2019 Dec 27; 9(1):20019. https://doi.org/10.1038/
s41598-019-56204-5 PMID: 31882635

Doussard-Roosevelt JA, McClenny BD, Porges SW. Neonatal cardiac vagal tone and school-age
developmental outcome in very low birth weight infants. Dev Psychobiol. 2001 Jan; 38(1):56—66.
PMID: 11150061

Doussard-Roosevelt JA, Porges SW, Scanlon JW, Alemi B, Scanlon KB. Vagal regulation of heart
rate in the prediction of developmental outcome for very low birth weight preterm infants. Child Dev.
1997 Apr; 68(2):173-86. PMID: 9179997

Field T, Diego M. Vagal activity, early growth and emotional development. Infant Behav Dev. 2008
Sep; 31(3):361-73. https://doi.org/10.1016/j.infbeh.2007.12.008 PMID: 18295898

Graziano P, Derefinko K. Cardiac vagal control and children’s adaptive functioning: a meta-analysis.
Biol Psychol. 2013 Sep; 94(1):22-37. https://doi.org/10.1016/j.biopsycho.2013.04.011 PMID:
23648264

Porges SW, Furman SA. The Early Development of the Autonomic Nervous System Provides a Neural
Platform for Social Behavior: A Polyvagal Perspective. Infant Child Dev. 2011 Feb; 20(1):106—18.
https://doi.org/10.1002/icd.688 PMID: 21516219

Brown L. Heart rate variability in premature infants during feeding. Biol Res Nurs. 2007 Apr; 8(4):283—
93. https://doi.org/10.1177/1099800406298542 PMID: 17456589

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 19/23


https://doi.org/10.3390/ijms22136809
http://www.ncbi.nlm.nih.gov/pubmed/34202781
https://doi.org/10.3390/antiox9060477
http://www.ncbi.nlm.nih.gov/pubmed/32498356
https://doi.org/10.1111/jpi.12932
http://www.ncbi.nlm.nih.gov/pubmed/38111174
https://doi.org/10.3390/nu12082328
http://www.ncbi.nlm.nih.gov/pubmed/32759654
https://doi.org/10.3389/fnut.2020.576133
http://www.ncbi.nlm.nih.gov/pubmed/33117843
https://doi.org/10.1111/j.1365-277X.2006.00723.x
https://doi.org/10.1111/j.1365-277X.2006.00723.x
http://www.ncbi.nlm.nih.gov/pubmed/17105541
https://doi.org/10.1097/00005721-200503000-00012
https://doi.org/10.1097/00005721-200503000-00012
http://www.ncbi.nlm.nih.gov/pubmed/15775810
https://doi.org/10.1016/j.jpsychores.2006.12.007
http://www.ncbi.nlm.nih.gov/pubmed/17540228
https://doi.org/10.1007/s10803-013-1866-z
https://doi.org/10.1007/s10803-013-1866-z
http://www.ncbi.nlm.nih.gov/pubmed/23754339
https://doi.org/10.1016/s0887-8994%2801%2900417-9
http://www.ncbi.nlm.nih.gov/pubmed/12057799
https://doi.org/10.1016/j.jpeds.2010.12.032
http://www.ncbi.nlm.nih.gov/pubmed/21315375
https://doi.org/10.2174/1570159X14666161228122115
https://doi.org/10.2174/1570159X14666161228122115
http://www.ncbi.nlm.nih.gov/pubmed/28503116
https://doi.org/10.1038/s41390-018-0155-0
http://www.ncbi.nlm.nih.gov/pubmed/30166644
https://doi.org/10.33549/physiolres.933676
https://doi.org/10.33549/physiolres.933676
http://www.ncbi.nlm.nih.gov/pubmed/28937235
https://doi.org/10.1038/s41598-019-56204-5
https://doi.org/10.1038/s41598-019-56204-5
http://www.ncbi.nlm.nih.gov/pubmed/31882635
http://www.ncbi.nlm.nih.gov/pubmed/11150061
http://www.ncbi.nlm.nih.gov/pubmed/9179997
https://doi.org/10.1016/j.infbeh.2007.12.008
http://www.ncbi.nlm.nih.gov/pubmed/18295898
https://doi.org/10.1016/j.biopsycho.2013.04.011
http://www.ncbi.nlm.nih.gov/pubmed/23648264
https://doi.org/10.1002/icd.688
http://www.ncbi.nlm.nih.gov/pubmed/21516219
https://doi.org/10.1177/1099800406298542
http://www.ncbi.nlm.nih.gov/pubmed/17456589
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

Ask TF, Ranjitkar S, Ulak M, Chandyo RK, Hysing M, Strand TA, et al. The Association Between Heart
Rate Variability and Neurocognitive and Socio-Emotional Development in Nepalese Infants. Front
Neurosci. 2019; 13:411. https://doi.org/10.3389/fnins.2019.00411 PMID: 31105521

Jones NA, Field T, Fox NA, Davalos M, Lundy B, Hart S. Newborns of mothers with depressive symp-
toms are physiologically less developed. Infant Behav Dev. 1998 21 (3): 537-541.

Field T, Pickens J, Fox AN, Nawrocki T, Gonzalez J. Vagal tone in infants of depressed mothers. Dev.
Psychopathol. 1995; 7(2): 227-231

Dierckx B, Tulen JHM, van den Berg MP, Tharner A, Jaddoe VW, Moll HA, et al. Maternal psychopa-
thology influences infant heart rate variability: Generation R Study. Psychosom Med. 2009 Apr; 71
(8):313-21. https://doi.org/10.1097/PSY.0b013e318198a82c PMID: 19251873

Porter CL, Wouden-Miller M, Silva SS, Porter AE. Marital Harmony and Conflict: Links to Infants’ Emo-
tional Regulation and Cardiac Vagal Tone. Infancy. 2003; 4(2):297-307.

Moore GA. Parent Conflict Predicts Infants’ Vagal Regulation in Social Interaction. Dev Psychopathol.
2010; 22(1):23-33. https://doi.org/10.1017/5095457940999023X PMID: 20102644

Graham AM, Ablow JC, Measelle JR. Interparental relationship dynamics and cardiac vagal function-
ing in infancy. Infant Behav Dev. 2010 Dec; 33(4):530—44. https://doi.org/10.1016/j.infbeh.2010.07.
005 PMID: 20727595

Tan CW, Tan NYK, Sultana R, Tan HS, Sng BL. Investigating the association factors of acute postpar-
tum pain: a cohort study. BMC Anesthesiol. 2023 Jul 25; 23(1):252. https://doi.org/10.1186/s12871-
023-02214-w PMID: 37491196

Van Gilst D, Puchkina AV, Roelants JA, Kervezee L, Dudink J, Reiss IKM, et al. Effects of the neonatal
intensive care environment on circadian health and development of preterm infants. Front Physiol.
2023; 14:1243162. https://doi.org/10.3389/fphys.2023.1243162 PMID: 37719464

McKenna H, Reiss IKM. The case for a chronobiological approach to neonatal care. Early Hum Dev.
2018 Nov; 126:1-5. https://doi.org/10.1016/j.earlhumdev.2018.08.012 PMID: 30206009

Mulkey SB, Kota S, Swisher CB, Hitchings L, Metzler M, Wang Y, et al. Autonomic nervous system
depression at term in neurologically normal premature infants. Early Hum Dev. 2018 Aug; 123:11-6.
https://doi.org/10.1016/j.earlhumdev.2018.07.003 PMID: 30025221

Jansen L, Peeters-Scholte CMPCD, van den Berg-Huysmans AA, van Klink JMM, Rijken M, van
Egmond-van Dam JC, et al. Longitudinal Follow-Up of Children Born Preterm: Neurodevelopment
From 2 to 10 Years of Age. Front Pediatr. 2021; 9:674221. https://doi.org/10.3389/fped.2021.674221
PMID: 34235124

Oliveira FS, Dieckman K, Mota D, Zenner AJ, Schleusner MA, Cecilio JO, et al. Melatonin in Human
Milk: A Scoping Review. Biol Res Nurs. 2024 Jul 23; 10998004241263100.

ProvenziL, Borgatti R, Montirosso R. Why Are Prospective Longitudinal Studies Needed in Preterm
Behavioral Epigenetic Research? JAMA Pediatrics. 2017 Jan 1; 171(1):92. https://doi.org/10.1001/
jamapediatrics.2016.2464 PMID: 27893869

Singer LT, Fulton S, Davillier M, Koshy D, Salvator A, Baley JE. Effects of infant risk status and mater-
nal psychological distress on maternal-infant interactions during the first year of life. J Dev Behav
Pediatr. 2003 Aug; 24(4):233—41. https://doi.org/10.1097/00004703-200308000-00003 PMID:
12915795

Forcada-Guex M, Pierrehumbert B, Borghini A, Moessinger A, Muller-Nix C. Early dyadic patterns of
mother-infant interactions and outcomes of prematurity at 18 months. Pediatrics. 2006 Jul; 118(1):
e107—-114. https://doi.org/10.1542/peds.2005-1145 PMID: 16818525

LoBue V, Reider LB, Kim E, Burris JL, Oleas DS, Buss KA, et al. The importance of using multiple out-
come measures in infant research. Infancy. 2020 Jul; 25(4):420-37. https://doi.org/10.1111/infa.
12339 PMID: 32744788

Koutra K, Chatzi L, Roumeliotaki T, Vassilaki M, Giannakopoulou E, Batsos C, et al. Socio-demo-
graphic determinants of infant neurodevelopment at 18 months of age: Mother-Child Cohort (Rhea
Study) in Crete, Greece. Infant Behav Dev. 2012 Feb; 35(1):48-59. https://doi.org/10.1016/j.infbeh.
2011.09.005 PMID: 22018719

Exploring the Psychosocial Needs of People Living in Extreme Poverty and Introducing Brief Interven-
tions: The Case of Crete Region in Greece—Maria Papadakaki, Maria-Aggeliki Stamouli, Pagona
Maragkaki, Stavroula Lioliou, Sophia Diamanti, Kleanthi Kasotaki, Joannes Chliaoutakis, 2021 [Inter-
net]. [cited 2024 Oct 1]. Available from: https://journals.sagepub.com/doi/abs/10.1177/
10497315211004742

The debt crisis in the Eurozone: social impacts / edited by Nicholas P. Petropoulos and George O.
Tsobanoglou. Cambridge Scholars Publishing,; 2014.

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 20/23


https://doi.org/10.3389/fnins.2019.00411
http://www.ncbi.nlm.nih.gov/pubmed/31105521
https://doi.org/10.1097/PSY.0b013e318198a82c
http://www.ncbi.nlm.nih.gov/pubmed/19251873
https://doi.org/10.1017/S095457940999023X
http://www.ncbi.nlm.nih.gov/pubmed/20102644
https://doi.org/10.1016/j.infbeh.2010.07.005
https://doi.org/10.1016/j.infbeh.2010.07.005
http://www.ncbi.nlm.nih.gov/pubmed/20727595
https://doi.org/10.1186/s12871-023-02214-w
https://doi.org/10.1186/s12871-023-02214-w
http://www.ncbi.nlm.nih.gov/pubmed/37491196
https://doi.org/10.3389/fphys.2023.1243162
http://www.ncbi.nlm.nih.gov/pubmed/37719464
https://doi.org/10.1016/j.earlhumdev.2018.08.012
http://www.ncbi.nlm.nih.gov/pubmed/30206009
https://doi.org/10.1016/j.earlhumdev.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30025221
https://doi.org/10.3389/fped.2021.674221
http://www.ncbi.nlm.nih.gov/pubmed/34235124
https://doi.org/10.1001/jamapediatrics.2016.2464
https://doi.org/10.1001/jamapediatrics.2016.2464
http://www.ncbi.nlm.nih.gov/pubmed/27893869
https://doi.org/10.1097/00004703-200308000-00003
http://www.ncbi.nlm.nih.gov/pubmed/12915795
https://doi.org/10.1542/peds.2005-1145
http://www.ncbi.nlm.nih.gov/pubmed/16818525
https://doi.org/10.1111/infa.12339
https://doi.org/10.1111/infa.12339
http://www.ncbi.nlm.nih.gov/pubmed/32744788
https://doi.org/10.1016/j.infbeh.2011.09.005
https://doi.org/10.1016/j.infbeh.2011.09.005
http://www.ncbi.nlm.nih.gov/pubmed/22018719
https://journals.sagepub.com/doi/abs/10.1177/10497315211004742
https://journals.sagepub.com/doi/abs/10.1177/10497315211004742
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

Giannopoulou I, Tsobanoglou GO. COVID-19 pandemic: challenges and opportunities for the Greek
health care system. Ir J Psychol Med. 2020 Sep; 37(3):226—30. https://doi.org/10.1017/ipm.2020.35
PMID: 32406360

Vavoura C, Vavouras |. Income inequality and poverty in Greece during the recent economic, fiscal
and Covid-19 crises. Social Cohesion and Development. 2022; 17(1):5-21.

Parlapani E, Holeva V, Voitsidis P, Blekas A, Gliatas |, Porfyri GN, et al. Psychological and Behavioral
Responses to the COVID-19 Pandemic in Greece. Front Psychiatry. 2020; 11:821. https://doi.org/10.
3389/fpsyt.2020.00821 PMID: 32973575

Vatavali F, Gareiou Z, Kehagia F, Zervas E. Impact of COVID-19 on Urban Everyday Life in Greece.
Perceptions, Experiences and Practices of the Active Population. Sustainability. 2020 Jan; 12
(22):9410.

Vlachadis N, Kornarou E, Ktenas E. The preterm births epidemic in Greece. Acta Obstet Gynecol
Scand. 2013 Oct; 92(10):1231. https://doi.org/10.1111/a0gs.12163 PMID: 23656491

Biran V, Decobert F, Bednarek N, Boizeau P, Benoist JF, Claustrat B, et al. Melatonin Levels in Pre-
term and Term Infants and Their Mothers. Int J Mol Sci. 2019 Apr 27; 20(9):2077. https://doi.org/10.
3390/ijms20092077 PMID: 31035572

Braam W, Ehrhart F, Maas APHM, Smits MG, Curfs L. Low maternal melatonin level increases autism
spectrum disorder risk in children. Res Dev Disabil. 2018 Nov; 82:79-89. https://doi.org/10.1016/j.ridd.
2018.02.017 PMID: 29501372

Tripathy P. A public health approach to perinatal mental health: Improving health and wellbeing of
mothers and babies. J Gynecol Obstet Hum Reprod. 2020 Jun; 49(6):101747. https://doi.org/10.1016/
j.jogoh.2020.101747 PMID: 32275997

Coussons-Read ME. Effects of prenatal stress on pregnancy and human development: mechanisms
and pathways. Obstet Med. 2013 Jun; 6(2):52—7. https://doi.org/10.1177/1753495X12473751 PMID:
27757157

Scorza P, Monk C, Lee S, Feng T, Berry OO, Werner E. Preventing maternal mental health disorders
in the context of poverty: pilot efficacy of a dyadic intervention. Am J Obstet Gynecol MFM. 2020 Nov;
2(4):100230. https:/doi.org/10.1016/j.ajogmf.2020.100230 PMID: 33345933

Pravia Cl, Benny M. Long-term consequences of prematurity. Cleve Clin J Med. 2020 Nov 23; 87
(12):759-67. https://doi.org/10.3949/ccjm.87a.19108 PMID: 33229393

Kwong AKL, Boyd RN, Chatfield MD, Ware RS, Colditz PB, George JM. Early Motor Repertoire of
Very Preterm Infants and Relationships with 2-Year Neurodevelopment. J Clin Med. 2022 Mar 25; 11
(7):1833. https://doi.org/10.3390/jcm11071833 PMID: 35407440

Van der Merwe SE, Biggs R, Preiser R, Cunningham C, Snowden DJ, O’Brien K, et al. Making Sense
of Complexity: Using SenseMaker as a Research Tool. Systems. 2019 Jun; 7(2):25.

Wang XJ, Li XT, Chen N, Huang L, Huang SX, Chen TT, et al. Mental health, sleep quality, and hor-
monal circadian rhythms in pregnant women with threatened preterm labor: a prospective observa-
tional study. BMC Pregnancy Childbirth. 2023 Jul 7; 23(1):501 https://doi.org/10.1186/s12884-023-
05801-4 PMID: 37420176

Pizzi C, Richiardi M, Charles MA, Heude B, Lanoe JL, Lioret S, et al. Measuring Child Socio-Economic
Position in Birth Cohort Research: The Development of a Novel Standardized Household Income Indi-
cator. Int J Environ Res Public Health. 2020 Mar; 17(5):1700. https://doi.org/10.3390/ijerph17051700
PMID: 32150940

Florian S, Ichou M, Panico L. Parental migrant status and health inequalities at birth: The role of immi-
grant educational selectivity. Soc Sci Med. 2021 Jun; 278:113915. hitps://doi.org/10.1016/j.
socscimed.2021.113915 PMID: 33905985

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edin-
burgh Postnatal Depression Scale. Br J Psychiatry. 1987 Jun; 150:782-6. https://doi.org/10.1192/bjp.
150.6.782 PMID: 3651732

Chaudron LH, Szilagyi PG, Tang W, Anson E, Talbot NL, Wadkins HIM, et al. Accuracy of depression
screening tools for identifying postpartum depression among urban mothers. Pediatrics. 2010 Mar;
125(3):e609-617. https://doi.org/10.1542/peds.2008-3261 PMID: 20156899

Vivilaki VG, Dafermos V, Kogevinas M, Bitsios P, Lionis C. The Edinburgh Postnatal Depression
Scale: translation and validation for a Greek sample. BMC Public Health. 2009 Sep 9; 9:329. https://
doi.org/10.1186/1471-2458-9-329 PMID: 19740443

Beck AT, Steer RA, Ball R, Ranieri W. Comparison of Beck Depression Inventories -IA and -1l in psy-
chiatric outpatients. J Pers Assess. 1996 Dec; 67(3):588-97. https://doi.org/10.1207/
$15327752jpa6703_13 PMID: 8991972

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 21/23


https://doi.org/10.1017/ipm.2020.35
http://www.ncbi.nlm.nih.gov/pubmed/32406360
https://doi.org/10.3389/fpsyt.2020.00821
https://doi.org/10.3389/fpsyt.2020.00821
http://www.ncbi.nlm.nih.gov/pubmed/32973575
https://doi.org/10.1111/aogs.12163
http://www.ncbi.nlm.nih.gov/pubmed/23656491
https://doi.org/10.3390/ijms20092077
https://doi.org/10.3390/ijms20092077
http://www.ncbi.nlm.nih.gov/pubmed/31035572
https://doi.org/10.1016/j.ridd.2018.02.017
https://doi.org/10.1016/j.ridd.2018.02.017
http://www.ncbi.nlm.nih.gov/pubmed/29501372
https://doi.org/10.1016/j.jogoh.2020.101747
https://doi.org/10.1016/j.jogoh.2020.101747
http://www.ncbi.nlm.nih.gov/pubmed/32275997
https://doi.org/10.1177/1753495X12473751
http://www.ncbi.nlm.nih.gov/pubmed/27757157
https://doi.org/10.1016/j.ajogmf.2020.100230
http://www.ncbi.nlm.nih.gov/pubmed/33345933
https://doi.org/10.3949/ccjm.87a.19108
http://www.ncbi.nlm.nih.gov/pubmed/33229393
https://doi.org/10.3390/jcm11071833
http://www.ncbi.nlm.nih.gov/pubmed/35407440
https://doi.org/10.1186/s12884-023-05801-4
https://doi.org/10.1186/s12884-023-05801-4
http://www.ncbi.nlm.nih.gov/pubmed/37420176
https://doi.org/10.3390/ijerph17051700
http://www.ncbi.nlm.nih.gov/pubmed/32150940
https://doi.org/10.1016/j.socscimed.2021.113915
https://doi.org/10.1016/j.socscimed.2021.113915
http://www.ncbi.nlm.nih.gov/pubmed/33905985
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/pubmed/3651732
https://doi.org/10.1542/peds.2008-3261
http://www.ncbi.nlm.nih.gov/pubmed/20156899
https://doi.org/10.1186/1471-2458-9-329
https://doi.org/10.1186/1471-2458-9-329
http://www.ncbi.nlm.nih.gov/pubmed/19740443
https://doi.org/10.1207/s15327752jpa6703%5F13
https://doi.org/10.1207/s15327752jpa6703%5F13
http://www.ncbi.nlm.nih.gov/pubmed/8991972
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

117.

118.

119.

120.

121.

122,

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Giannakou M, Roussi P, Kosmides ME, Kiosseoglou G, Adamopoulou A, Garyfallos G. Adaptation of
the beck depression inventory-II to greek population. Hellenic Journal of Psychology. 2013 Jan 1;
10:120-46.

Spielberger C, Gorsuch R, Lushene R, Vagg P, Jacobs G. Manual for the State-Trait Anxiety Inventory
(Form Y1-Y2). Vol. IV, Palo Alto, CA: Consulting Psychologists Press; 1983.

Liakos A., & Giannitsi S. (1984). The Reliability and Validity of the Greek Version of Spielberger’s,
State and Trait Anxiety Inventory. Encephalos, 21, 71-76.—References—Scientific Research Pub-
lishing [Internet]. [cited 2024 Oct 1]. Available from: https://www.scirp.org/reference/
referencespapers?referenceid=2510456

Olson DH, Sprenkle DH, Russell CS. Circumplex model of marital and family system: I. Cohesion and
adaptability dimensions, family types, and clinical applications. Fam Process. 1979 Mar; 18(1):3-28.
https://doi.org/10.1111/j.1545-5300.1979.00003.x PMID: 437067

Olson D, Waldvogel L, Schlieff M. Circumplex Model of Marital and Family Systems: An Update. Jour-
nal of Family Theory & Review. 2019 May 13; 11.

Koutra K, Triliva S, Roumeliotaki T, Lionis C, Vgontzas AN. Cross-Cultural Adaptation and Validation
of the Greek Version of the Family Adaptability and Cohesion Evaluation Scales IV Package (FACES
IV Package). Journal of Family Issues. 2013 Dec 1; 34(12):1647-72.

Zimet G, Dahlem N, Zimet S, Farley G. The Multidimensional Scale of Perceived Social Support. Jour-
nal of Personality Assessment—J PERSONAL ASSESS. 1988 Mar 1; 52:30—41.

Theofilou P. Translation and Cultural Adaptation of the Multidimensional Scale of Perceived Social
Support for Greece. Health Psychol Res. 2015 Apr 13; 3(1):1061. https://doi.org/10.4081/hpr.2015.
1061 PMID: 26973954

Bodenmann G. Dyadic Coping and Its Significance for Marital Functioning. Couples Coping with
Stress: Emerging Perspectives on Dyadic Coping. 2005 Jan 1;

Roussi P, Karademas E. Greek couples coping with stress. In: Couples Coping with Stress: A Cross-
Cultural Perspective. Taylor & Francis; 2016.

Condon JT, Corkindale CJ. The assessment of parent-to-infant attachment: Development of a self-
report questionnaire instrument. Journal of Reproductive and Infant Psychology. 1998 Feb; 16(1):57—
76.

Silva NA, Honorio-Franca AC, Giachini FR, Mores L, Souza EGD, Franca EL. Bioactive factors of
colostrum and human milk exhibits a day-night variation. Am. J. Immunol. 2013; 9(2): 68-74.

Meng X, LiY, Li S, Zhou Y, Gan RY, Xu DP, et al. Dietary Sources and Bioactivities of Melatonin. Nutri-
ents. 2017 Apr 7; 9(4):367 https://doi.org/10.3390/nu9040367 PMID: 28387721

Vicente P, Garcia A, Alvarez E, Clemente S, Blazquez E. Presence of melatonin in the umbilical cord
blood of full-term human newborns. J Pineal Res. 1989; 6(2):135—40. https://doi.org/10.1111/j.1600-
079x.1989.tb00410.x PMID: 2915323

Mufoz-Hoyos A, Rodriguez-Cabezas T, Molina-Carballo A, Martinez-Sempere JJ, Ruiz-Cosano C,
Acuia-Castroviejo D. Melatonin concentration in the umbilical artery and vein in human preterm and
term neonates and neonates with acute fetal distress. J Pineal Res. 1992 Nov; 13(4):184-91. https:/
doi.org/10.1111/j.1600-079x.1992.tb00074.x PMID: 1287194

Merchant NM, Azzopardi DV, Hawwa AF, McElnay JC, Middleton B, Arendt J, et al. Pharmacokinetics
of melatonin in preterm infants. Br J Clin Pharmacol. 2013 Nov; 76(5):725-33. https://doi.org/10.1111/
bcp.12092 PMID: 23432339

Sriraman NK. The Nuts and Bolts of Breastfeeding: Anatomy and Physiology of Lactation. Curr Probl
Pediatr Adolesc Health Care. 2017 Dec; 47(12):305-310. https://doi.org/10.1016/j.cppeds.2017.10.
001 PMID: 29246381

Lavanga M, Heremans E, Moeyersons J, Bollen B, Jansen K, Ortibus E, et al. Maturation of the Auto-
nomic Nervous System in Premature Infants: Estimating Development Based on Heart-Rate Variabil-
ity Analysis. Front Physiol. 2021 Jan 12; 11:581250. https://doi.org/10.3389/fphys.2020.581250
PMID: 33584326

Longin E, Gerstner T, Schaible T, Lenz T, Kénig S. Maturation of the autonomic nervous system: dif-
ferences in heart rate variability in premature vs. term infants. J Perinat Med. 2006; 34(4):303-8.
https://doi.org/10.1515/JPM.2006.058 PMID: 16856820

Giannakakis G, Marias K, Tsiknakis M. A stress recognition system using HRV parameters and
machine learning techniques. 2019 8th International Conference on Affective Computing and Intelli-
gent Interaction Workshops and Demos (ACIIW). 2019 Sep;269-72.

Giannakakis G, Tsiknakis M, Vorgia P. Focal epileptic seizures anticipation based on patterns of heart
rate variability parameters. Comput Methods Programs Biomed. 2019 Sep; 178:123-33. https://doi.
org/10.1016/j.cmpb.2019.05.032 PMID: 31416541

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 22/23


https://www.scirp.org/reference/referencespapers?referenceid=2510456
https://www.scirp.org/reference/referencespapers?referenceid=2510456
https://doi.org/10.1111/j.1545-5300.1979.00003.x
http://www.ncbi.nlm.nih.gov/pubmed/437067
https://doi.org/10.4081/hpr.2015.1061
https://doi.org/10.4081/hpr.2015.1061
http://www.ncbi.nlm.nih.gov/pubmed/26973954
https://doi.org/10.3390/nu9040367
http://www.ncbi.nlm.nih.gov/pubmed/28387721
https://doi.org/10.1111/j.1600-079x.1989.tb00410.x
https://doi.org/10.1111/j.1600-079x.1989.tb00410.x
http://www.ncbi.nlm.nih.gov/pubmed/2915323
https://doi.org/10.1111/j.1600-079x.1992.tb00074.x
https://doi.org/10.1111/j.1600-079x.1992.tb00074.x
http://www.ncbi.nlm.nih.gov/pubmed/1287194
https://doi.org/10.1111/bcp.12092
https://doi.org/10.1111/bcp.12092
http://www.ncbi.nlm.nih.gov/pubmed/23432339
https://doi.org/10.1016/j.cppeds.2017.10.001
https://doi.org/10.1016/j.cppeds.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29246381
https://doi.org/10.3389/fphys.2020.581250
http://www.ncbi.nlm.nih.gov/pubmed/33584326
https://doi.org/10.1515/JPM.2006.058
http://www.ncbi.nlm.nih.gov/pubmed/16856820
https://doi.org/10.1016/j.cmpb.2019.05.032
https://doi.org/10.1016/j.cmpb.2019.05.032
http://www.ncbi.nlm.nih.gov/pubmed/31416541
https://doi.org/10.1371/journal.pone.0316520

PLOS ONE Preterm infants development: Melatonin, autonomic nervous system maturation and psychosocial factors (ProMote)

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Mulkey SB, Govindan RB, Hitchings L, Al-Shargabi T, Herrera N, Swisher CB, et al. Autonomic ner-
vous system maturation in the premature extrauterine milieu. Pediatr Res. 2021 Mar; 89(4):863—-868
https://doi.org/10.1038/s41390-020-0952-0 PMID: 32396923

Hadas IM, Joseph M, Luba Z, Michal KL. Assessing parasympathetic measures of heart rate variability
shortly after birth to predict motor repertoire at four months in low risk preterm infants born between 28
and 32 weeks of gestation. Early Hum Dev. 2021 Oct; 161:105438.

Kozar M, Tonhajzerova I, Mestanik M, Matasova K, Zibolen M, Calkovska A, et al. Heart rate variability
in healthy term newborns is related to delivery mode: a prospective observational study. BMC Preg-
nancy Childbirth. 2018 Jun 27; 18:264. https://doi.org/10.1186/s12884-018-1900-4 PMID: 29945544

Shayani LA, da Cruz CJ, Porto LGG, Molina GE. Cardiac Autonomic Function in the First Hours of
Postnatal Life: An Observational Cross-Sectional Study in Term Neonates. Pediatr Cardiol. 2019 Dec;
40(8):1703-8. https://doi.org/10.1007/s00246-019-02207-y PMID: 31529226

Nguyen Phuc Thu T, Hernandez Al, Costet N, Patural H, Pichot V, Carrault G, et al. Improving method-
ology in heart rate variability analysis for the premature infants: Impact of the time length. PLoS One.
2019 Aug 9; 14(8):e0220692. https://doi.org/10.1371/journal.pone.0220692 PMID: 31398196

Brown RL, Fagundes CP, Thayer JF, Christian LM. Longitudinal changes in HRV across pregnancy
and postpartum: Effect of negative partner relationship qualities. Psychoneuroendocrinology. 2021
Jul; 129:105216 https://doi.org/10.1016/j.psyneuen.2021.105216 PMID: 33964738

Rowan SP, Lilly CL, Claydon EA, Wallace J, Merryman K. Monitoring one heart to help two: heart rate
variability and resting heart rate using wearable technology in active women across the perinatal
period. BMC Pregnancy Childbirth. 2022 Nov 30; 22(1):887. https://doi.org/10.1186/s12884-022-
05183-z PMID: 36451120

Chen'Y, Chen W, Kitamura K-ichiro, Nemoto T. Long-Term Measurement of Maternal Pulse Rate
Dynamics Using a Home-Based Sleep Monitoring System. Journal of Sensors. 2016; 2016
(1):5730142.

Chen G.Y.,Kuo C.D., Yang M.J., Lo H.M,, Tsai Y.S. Return of autonomic nervous activity after deliv-
ery: role of aortocaval compression. Br. J. Anaesth. 1999; 82: 932-934. https://doi.org/10.1093/bja/
82.6.932 PMID: 10562793

Sarhaddi F, Azimi |, Axelin A, Niela-Vilen H, Lilieberg P, Rahmani AM. Trends in Heart Rate and Heart
Rate Variability During Pregnancy and the 3-Month Postpartum Period: Continuous Monitoring in a
Free-living Context. JMIR Mhealth Uhealth. 2022 Jun 3; 10(6):e33458. https://doi.org/10.2196/33458
PMID: 35657667

Musa SM, Adam |, Hassan NG, Rayis DA, Lutfi MF. Maternal Heart Rate Variability during the First
Stage of Labor. Front Physiol. 2017 Oct 9; 8:774. https://doi.org/10.3389/fphys.2017.00774 PMID:
29062281

Forte G, Troisi G, Pazzaglia M, Pascalis VD, Casagrande M. Heart Rate Variability and Pain: A Sys-
tematic Review. Brain Sci. 2022 Jan 24; 12(2):153. https://doi.org/10.3390/brainsci12020153 PMID:
35203917

Peuhkuri K, Sihvola N, Korpela R. Dietary factors and fluctuating levels of melatonin. Food Nutr Res.
2012;56. https://doi.org/10.3402/fnr.v56i0.17252 PMID: 22826693

Bayley N. Bayley Scales of Infant and Toddler Development, Third Edition [Internet]. 2012 [cited 2024
Oct 1]. Available from: https://doi.apa.org/doi/10.1037/t14978-000

llinerova H, Buresova M, Presl| J. Melatonin rhythm in human milk. J Clin Endocrinol Metab. 1993 Sep;
77(3):838—41. https://doi.org/10.1210/jcem.77.3.8370707 PMID: 8370707

Wong SD, Wright KP, Spencer RL, Vetter C, Hicks LM, Jenni OG, et al. Development of the circadian
system in early life: maternal and environmental factors. J Physiol Anthropol. 2022 Dec 16; 41(1):22.
https://doi.org/10.1186/s40101-022-00294-0 PMID: 35578354

PLOS ONE | https://doi.org/10.1371/journal.pone.0316520 January 10, 2025 23/23


https://doi.org/10.1038/s41390-020-0952-0
http://www.ncbi.nlm.nih.gov/pubmed/32396923
https://doi.org/10.1186/s12884-018-1900-4
http://www.ncbi.nlm.nih.gov/pubmed/29945544
https://doi.org/10.1007/s00246-019-02207-y
http://www.ncbi.nlm.nih.gov/pubmed/31529226
https://doi.org/10.1371/journal.pone.0220692
http://www.ncbi.nlm.nih.gov/pubmed/31398196
https://doi.org/10.1016/j.psyneuen.2021.105216
http://www.ncbi.nlm.nih.gov/pubmed/33964738
https://doi.org/10.1186/s12884-022-05183-z
https://doi.org/10.1186/s12884-022-05183-z
http://www.ncbi.nlm.nih.gov/pubmed/36451120
https://doi.org/10.1093/bja/82.6.932
https://doi.org/10.1093/bja/82.6.932
http://www.ncbi.nlm.nih.gov/pubmed/10562793
https://doi.org/10.2196/33458
http://www.ncbi.nlm.nih.gov/pubmed/35657667
https://doi.org/10.3389/fphys.2017.00774
http://www.ncbi.nlm.nih.gov/pubmed/29062281
https://doi.org/10.3390/brainsci12020153
http://www.ncbi.nlm.nih.gov/pubmed/35203917
https://doi.org/10.3402/fnr.v56i0.17252
http://www.ncbi.nlm.nih.gov/pubmed/22826693
https://doi.apa.org/doi/10.1037/t14978-000
https://doi.org/10.1210/jcem.77.3.8370707
http://www.ncbi.nlm.nih.gov/pubmed/8370707
https://doi.org/10.1186/s40101-022-00294-0
http://www.ncbi.nlm.nih.gov/pubmed/35578354
https://doi.org/10.1371/journal.pone.0316520

