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Does early skin-to-skin contact
have a long-term e�ect on the
emotional and behavioral
development of very preterm
infants?

Patricia Trautmann-Villalba1, Eva Heine2, Angela Kribs2 and

Katrin Mehler2*

1Institute of Peripartal Interventions, Frankfurt, Germany, 2Department of Paediatrics, Faculty of

Medicine and University Hospital Cologne, Cologne, Germany

Introduction: Premature birth may impair a sensitive, responsive, enjoyable,

and regulating parenting style, potentially leading to behavioral, cognitive, and

emotional deficits in children. Additionally, the emotional bond between the

parent and infant may be disturbed due to the restrictions and di�culties

at the neonatal intensive care unit (NICU), further negatively impacting

child development. Skin-to-skin contact (SSC) directly after birth is strongly

recommended also for preterm or low birth weight infants since there is high-

certainty evidence that SSC has positive e�ects on neonatal and maternal health

as well as on the quality of the parent–child relationship. The aim of this study

was to examine the e�ect of skin-to-skin contact immediately after childbirth on

the development of emotional and behavioral problems in children born preterm

entering school.

Methods: This study is part of a randomized controlled delivery room skin-to-

skin study (Deisy Study). A total of 33 children (aged 6–8 years) were assessed at

school start. The German version of the CBCL/6-18R was used to evaluate the

presence of behavior problems.

Results: The perceived parental stress 6 months after discharge was the

variable that most contributed to the variance explanation. SSC immediately

after childbirth was not significant in the prediction of emotional and behavioral

problems at school start.

Limitations: The study was conducted in a small study group. Partners’

variables were not included. Information regarding sociodemographic variables

and bonding quality was collected 6 months (corrected age) after birth. The

measurement of children’s behavioral problems is not objective and corresponds

to the parents’ perception.

Clinical Trial Registration: https://clinicaltrials.gov, deisy study NCT01959737,

deisy follow up NCT03366285.

KEYWORDS

premature infant, preterm infant, skin-to-skin contact, behavior problems, school-age,

parental stress, bonding, depressive symptoms

1 Introduction

The idea that the birth of a child is one of the most fulfilling and satisfying experiences

in life is widespread. However, reality shows that this assumption is not always true for all

parents. The time during pregnancy and after birth is a very intense, stressful phase for

all parents, and it is associated with a number of challenges, regardless of whether or not

particular difficulties arise.
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In the case of a preterm birth, that is, the birth that occurs before

the 37th week of gestation (World Health Organization, 2023a,b),

parents face a very critical period due to a double burden. They

must manage the expected crisis of welcoming a new child while

also dealing with the trauma of potential danger and separation

due to the high-risk state of the newborn and potential admission

to a neonatal intensive care unit (NICU) (Arizu et al., 2024).

Prematurity is a well-known risk factor for long-term medical

and developmental deficits such as sensory, motor, cognitive, and

behavioral impairments and delays (Shaw et al., 2023; Twilhaar

et al., 2018) but could also have a negative impact on parental

mental health (Ionio et al., 2024; Roque et al., 2017) and on

the parent–child relationship, including bonding, interaction, and

attachment (Mira et al., 2024; Shaw et al., 2023).

These circumstances have an important effect on parents’

emotional state that can lead to feelings of sadness, grief and

loss, insecurity, a high level of stress, and depressive or anxiety

symptoms regardless of the baby’s clinical severity. Pisoni et al.

(2019) found that mothers at the NICU reported elevated postnatal

depressive symptoms and high stress levels, even when their

preterm infants had low perinatal risk and normal neurological

examinations. A recent systematic review of parental mental health

studies following preterm birth (Sandnes et al., 2024) found that

∼20% of the mothers of extreme or very low birth weight infants

showed depression, anxiety, post-traumatic symptoms, and a high

level of parenting stress in the first 2 years after birth. In this

context, depressive symptoms appear to be the most common

symptoms with rates as high as 40% in the early postpartum period

among women with premature infants (Vigod et al., 2010). Parents

of preterm babies are likely to experience up to 18 times higher

mood disorders compared to parents of full-term babies (Carson

et al., 2015; Helle et al., 2015). Even though most studies included

only mothers, partners also experienced symptoms of depression

and anxiety during the 12 first months and decreasing symptoms of

post-traumatic stress disorder (PTSD) between 12- and 24-months

corrected age (CA). However, the occurrence of these symptoms is

lower in partners (Sandnes et al., 2024).

The very special emotional state that parents experience in the

NICU, associated with the routines and conditions there, makes it

difficult to establish and develop a parent–baby relationship. In a

recent study, Ionio et al. (2024) found that feelings of tension, anger,

and confusion experienced by the mother tend to negatively affect

the quality of the bond with her child. With respect to interactive

maternal behaviors, studies have shown that the experience in

the NICU has a negative effect on these and the quality of the

bond. This effect was mediated by the presence of depressive

symptoms, the level of perceived stress (Gerstein et al., 2019), and

not having had SSC immediately after childbirth (Mira et al., 2024).

Even though there is no universally recognized description of the

procedure, continuous and prolonged SSC initiated immediately

after birth has been strongly recommended by the World Health

Organization as routine care for all preterm and low birth weight

infants after delivery since there is high-certainty evidence of its

benefits (World Health Organization, 2022, 2023b). A number of

positive effects on the baby’s health, for example, the reduction of

risk of neonatal death and the prevention of infections (Conde-

Agudelo andDíaz-Rossello, 2016), the improvement of infants’ vital

signs (Zengin et al., 2023), or the reduction of pain (Campbell-Yeo

et al., 2019), as well as onmaternal health (Scime et al., 2019; Pathak

et al., 2023) and on the quality of the parent–child relationship,

have been described in the literature (Lilliesköld et al., 2023).

Recently, an expert panel who developed a “Skin-to-Skin Pragmatic

Implementation Guide” also highlighted the positive influence

of SSC on an infant’s sucking behavior, maternal breastfeeding

self-efficacy and self-confidence, as well as the positive maternal

perception of the breastfeeding birth parent (Brimdyr et al., 2023).

In previous studies conducted in a German level III NICU, we have

reported that a group of premature children who maintained SSC

for 1 h immediately after birth showed a higher quality of mother–

child interaction at 6 months (CA) compared to a group of children

with similar characteristics who only maintained visual contact

(VC) with their mothers for 5min after birth. In addition, SSC

mothers scored lower in depression scores and presented a better

quality of bonding than those who only had VC (Mehler et al., 2020,

2024). Comparing the SSC group to a group of full-term infants and

their mothers, SSC dyads showed similar interactional behaviors as

term dyads. In contrast, the interactional behaviors in the VC group

were significantly reduced (Heine et al., 2023).

Children born preterm are up to three times more likely to

receive a psychiatric diagnosis at school age than those born full

term. The most common diagnoses include emotional disorders,

conduct disorders, attention-deficit/hyperactivity disorder, and

autism spectrum disorder (Bhutta et al., 2002; Larsen et al., 2024;

Treyvaud et al., 2014). In this context, temperament can play an

important role: the meta-analysis conducted by Cassiano et al.

(2020) supports the affirmation that preterm children present

less regulated temperament than full-term children, which, in

turn, could lead to a higher activity level and lower attentional

focusing and persistence. In the same direction, Martins et al.

(2021) reported that 18- to 36-month-old toddlers, who were

born preterm and showed more negative affectivity, presented

more behavior problems on the CBCL scores (total, externalizing,

and internalizing) compared to full-term toddlers. This aspect is

relevant since infant temperament is an independent risk factor

for higher levels of parental stress (Gray et al., 2013). Parental

stress, depression, and anxiety were found to be a significant

and independent predictor of child cognitive and behavioral

development of preterm infants, although most studies have

focused on short-term rather than long-term effects (Greene et al.,

2018; Mughal et al., 2017; Neri et al., 2017; Zelkowitz et al., 2011).

Due to the demonstrated benefits of SSC on the development

of preterm infants and maternal mental health, we hypothesized

that children who were born between the 25th and 32nd week

of gestation and receive SSC in the delivery room (DR-SSC) may

present lower levels of behavioral and emotional problems at the

start of school, which may be irrespective of maternal depressive

symptoms, bonding quality, and parental stress.

2 Materials and methods

2.1 Participants

This study is part of a randomized controlled delivery room

skin-to-skin study (Deisy Study, Mehler et al., 2020) conducted at

a level III NICU at the University Children’s Hospital of Cologne
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with the purpose of evaluating a standardized SSC intervention to

improve the quality of the mother–child interaction and bonding.

To enhance the neurodevelopment of these preterm infants and

to reduce possible behavior problems, firstborn singletons between

25 and 32 weeks of gestation were included in the initial sample.

After initial stabilization (approximately 45min), the infant was

transported to the room where the mother was cared for. In

2013, when the trial was conducted, neither physical nor short

visual contact between parents and their preterm newborns was

the standard of care in most neonatal departments. In our study,

infants who received standard care had 5min of visual contact with

their parents. Visual contact allowed them to see but not to touch

or kiss their infant. Dyads randomized into the intervention group

received 60min uninterrupted SSC, supervised by the neonatal

team (detailed information in Mehler et al., 2020). Eighty-eight

newborns constituted the initial sample (DR-SSC n = 45, VC n

= 43). Two data collections were planned: at 6 months corrected

age (CA) and between 6 and 8 years, the time when children

enter school, to assess the long-term effects of the DR-SSC on

their behavior. Data collection took place between 2018 and 2021.

Figure 1 shows the design of the initial and the follow-up trial, and

the respective data collection used in this study.

From 2020, the restrictions due to the COVID-19 pandemic

made home visits difficult. Therefore, the study group was

greatly reduced. No significant differences were found between

participants at the 6- to 8-year follow-up and non-participants

regarding neonatal characteristics, maternal age and educational

variables, family income, single parenthood, maternal depressive

symptoms at child’s discharge, nor in the quality of bonding or

parental stress at the age of 6 months. In the study at school

start, 33 children participated (SSC n = 16, VC n = 17). The

sociodemographic and neonatal characteristics of the sample are

shown in Table 1.

The study was approved by the Ethics Committee of the

University of Cologne and was conducted in accordance with the

1964 Declaration of Helsinki. The study is registered under the

number NCT03926923.

2.2 Instruments

To identify depressive symptoms, quality of bonding, parental

stress, and child behaviors, self-reporting methods were used.

TABLE 1 Characteristics of the study group and their mothers (N = 33)a.

VC SSC p

Gender Female (%) 10 (58.8) 10 (62.5) 0.556

Gestation (weeks) 29.2 28.8 0.550

Birth weight (in grams) 1,143.6 1,236.9 0.513

10-min Apgar score 8.47 8.50 0.884

Days at the hospital 60.1 63.8 0.691

Firstborn (%) 11 (68.8) 10 (62.5) 0.592

Age-appropriate school enrollment (%) 12 (70.6) 12 (75.0) 0.859

Maternal age 37.8 39.2 0.480

High school degree (mother) 13 (81.3) 15 (93.8) 0.300

Professional qualification (mother) 15 (93.8) 16 (100) 0.500

Single parent 1 (5.9) 3 (18.8) 0.335

Perceived social support 4.5 4.4 0.824

CES-D 10.1 12.6 0.480

PSI total score 55.1 55.8 0.871

PBQ total score 10.7 9.1 0.582

aN and % for nominal variables/M for continuous variables.

CES-D, Center for Epidemiological Studies Depression Scale; PSI, Parental Stress Index; PBQ,

Postpartum Bonding Questionnaire.

FIGURE 1

Timeline of the initial and the follow-up delivery room skin-to-skin study. GA, gestational age; VC, visual contact; SSC, skin-to-skin contact; CA,

corrected age.

Frontiers in Psychology 03 frontiersin.org

https://doi.org/10.3389/fpsyg.2024.1484419
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Trautmann-Villalba et al. 10.3389/fpsyg.2024.1484419

The assessment time is presented in Figure 1. Sociodemographic

data (e.g., parental age, level of education, financial situation,

employment, and number of children) and basic data on neonatal

course were collected at birth.

2.2.1 Center for epidemiological studies
depression scale (CES-D)

Depressive symptoms were assessed with the German version

of CES-D, long form (Hautzinger and Bailer, 1993). This

instrument consists of 20 self-descriptive statements in the first

person relating to the past week. The items refer to typical affective,

cognitive, somatic, and social depressive symptoms. The possible

answers range from “0—rarely/not at all” to “3—mostly/all the

time”. All 20 items added together build a total score (range of

0–60), and 4 items are scored reversely. Higher values indicate

a higher level of depressive symptoms. Clinical cutoffs are also

available. For this study, only the total value is used. The German

version of CES-D has good overall psychometric proprieties and

internal reliability (Cronbach’s alpha 0.85–0.92).

2.2.2 Postpartum bonding questionnaire (PBQ)
The PBQ was originally developed to assess the emotional

bond between a mother and her child (Brockington et al., 2001,

2006), but meanwhile, the PBQ has been also frequently used

for partners. The PBQ is a self-report screening instrument and

consists of 25 positive and negative statements rated on a scale of

0 to 5. Positive statements are scored as “marked” and negative

statements as “reversed”. The sum of all values constitutes a general

score; in addition, three subscales could be built: impaired bonding,

rejection and anger, and anxiety about care. For all scales, a higher

score indicates more bonding difficulties. The German version

yields a good internal consistency (Cronbach’s alpha 0.85) (Reck

et al., 2006). Brockington et al. (2001) proposes cutoff points for

each scale to identify problematic bonding for this study; however,

we only used the scores.

2.2.3 The parenting stress index (PSI)
The PSI (Abidin, 1995) is a widely used instrument to

assess stress specifically associated with parenting. The self-report

items are related to the parent’s perception of difficulties in the

parental role, the parent–child interaction, and specific infant

characteristics, which make it difficult to cope with the child

(e.g., the baby is perceived as irritable, agitated, and moody). The

German version (Hofecker Fallahpour et al., 2009) contains 12

subscales with four items each. Items are scored on a 5-point

Likert scale. The scales indicate the source of stress and cover the

following aspects: distractibility/hyperactivity, mood, acceptability,

demand, and adaptability in the child domain and attachment,

social isolation, parental competence, depression, health, personal

limitations, and partner relationship in the parent domain. Two

partial scores and total scores could be built. Although cutoff

values were established to identify parents with significant levels of

distress, only the total score values were included in the analysis.

The German version demonstrated very good internal consistency,

with a Cronbach’s alpha of 0.95 for the total score and 0.91 to 0.93

for the subscales.

2.2.4 Child behavior checklist/6-18 (CBCL/6-18)
The Child Behavior Checklist/6-18 is an internationally widely

used, standardized tool for assessing behavioral and emotional

problems of school-age children (6–18 years). The German version

(Döpfner et al., 2024) consists of a 118-item questionnaire and

is administered to parents using a 3-point scale (0 = not true

to 2 = very true) to rate how true each item is. Scores could

be calculated for eight clinical subscales (Withdrawn/Depressed,

Somatic Complaints, Anxious/Depressed, Rule-Breaking Behavior,

Aggressive Behavior, Social Problems, Thought Problems, and

Attention Problems). These subscales can be grouped into two

higher-order factors: internalizing and externalizing problems

(Cronbach’s alpha of 0.90 and 0.94, respectively) and added up to

a total problem score (Cronbach’s alpha of 0.97).

2.3 Statistical analysis

For data management and statistical analysis, SPSS (Version

28, IBM, Armonk, NY, USA) was used. Pearson’s chi-square and

univariate ANOVA were used to test the similarity of the study

group with the drop-out group, likewise to prove the homogeneity

among the SSC and the VC groups.

Means and standard deviations for the CES-D, PBQ, and PSI

scores were calculated, and Spearman’s rho coefficients were used

to determine the association between these variables (CES-D, PSI,

and PBQ) as well as the association between the variables and the

CBCL scores.

A stepwise hierarchical regression analysis was performed to

assess the significance of DR-SSC in the prediction of emotional

and behavioral problems (CBCL total score) while controlling

for neonatal course and maternal variables, including depressive

symptoms, parental stress, and bonding. In the first step, maternal

age and child gender were included, followed by the APGAR

score at 10min after birth and the number of hospitalization

days. After that, the CES-D score, the PBQ, the PSI variables,

and finally skin-to-skin contact were introduced (forced) into

the model.

The level of significance for all tests was two-sided and set at a

p= 0.05.

3 Results

3.1 Depressive symptoms, parental stress,
and bonding

Descriptive statistics for depressive symptoms, parental stress,

and bonding (at 6 months CA) are presented in Table 1. Maternal

depressive symptoms were significantly correlated only with the

parent domain score of the PSI. On the other side, higher scores

in the child domain were associated with more rejection and anger

and more anxiety about care. Interestingly, the only PBQ scale that

correlated with the PSI parent domain was impaired bonding. Both

domains were strongly associated. Contrary to our expectations,

no PBQ scale correlated significantly with depressive symptoms.

Furthermore, higher parental stress (PSI total score) is associated

with a poorer maternal bond to her child (PBQ total scores). All

results are shown in Table 2.
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TABLE 2 Descriptive statistics and intercorrelations (6 mo. CA).

M SD Range 1. 2. 3. 4. 5. 6. 7.

1. CES-D 10.5 8.95 0–35 -

2. PSI Child Domain 57.7 10.22 32–70 0.219 -

3. PSI Parent Domain 54.52 9.61 30–70 0.375
∗

0.883
∗∗∗ -

4. PSI Total Score 56.06 10.58 30–70 0.310 0.957
∗∗∗

0.970
∗∗∗ -

5. PBQ Impaired bonding 5.57 4.37 0–15 0.264 0.342 0.362
∗ 0.340 -

6. PBQ Rejection and anger 2.23 3.06 0–14 0.247 0.442
∗ 0.242 0.340 0.728

∗∗∗ -

7. PBQ Anxiety about care 2.07 1.62 0–7 0.068 0.442
∗ 0.341 0.380

∗
0.448

∗
0.464

∗ -

8. PBQ Total Score 9.87 7.7 0–34 0.219 0.475
∗∗

0.393
∗

0.424
∗∗

0.922
∗∗∗

0.872
∗∗∗

0.631
∗∗∗

∗∗∗p < 0.001; ∗∗p < 0.01; ∗p < 0.05.

CES-D, Center for Epidemiological Studies Depression Scale; PSI, Parental Stress Index; PBQ, Postpartum Bonding Questionnaire. Bold means statistically significant.

TABLE 3 Descriptives for CBCL scores and correlation with CES-D

(Center for Epidemiological Studies Depression Scale), PSI (Parental Stress

Index), and PBQ (Postpartum Bonding Questionnaire).

Variables CBCL
internalizing

CBCL
externalizing

CBCL total
score

1. CES-D 0.147 0.164 0.116

2. PSI child

domain

0.362∗ 0.623∗∗∗ 0.802∗∗∗

3. PSI parent

domain

0.348∗ 0.598∗∗∗ 0.687∗∗∗

4. PSI total

score

0.394∗ 0.607∗∗∗ 0.748∗∗∗

5. PBQ

impaired

bonding

0.241 0.455∗ 0.433∗

6. PBQ

rejection

and anger

0.163 0.295 0.390∗

7. PBQ

anxiety

about care

0.136 0.317 0.380∗

8. PBQ

total score

0.290 0.446∗ 0.511∗∗

M (S) 56.61 (6.55) 54.33 (9.91) 57.36 (8.55)

Min–Max 45–70 35–73 40–74

>cutoff N = 5 N = 3 N = 5

N= 33.
∗∗∗p < 0.001; ∗∗p < 0.01; ∗p < 0.05.

3.2 CBCL scores and maternal depression,
parental stress, and bonding at school entry

No significant associations were found between maternal

depressive symptoms and any CBCL score. However, both PSI

domains (parent and child) presented a high level of association

with all CBCL scores: Higher perceived stress was associated with a

higher number of externalizing and internalizing behaviors, with

a stronger association observed for externalizing behaviors. In

relation to the values observed with the PBQ, no scale presented

a significant association with internalizing behaviors, while the

TABLE 4 Skin-to-skin contact and Child Behavior Checklist Score at

school start—stepwise (forward) regression analysis.

CBCL total score

ß T R2 R2adj. F p

Model 1

PBQ total score 0.418 2.394

0.175 (0.145) 5.731 0.024

Model 2

PBQ total score 0.084 0.667

PSI child domain 0.773 6.107

0.661 (0.635) 25.365 <0.001

Model 3

PBQ total score 0.087 0.657

PSI child domain 0.772 5.931

DR-SSC −0.010 −0.083

0.661 (0.621) 16.267 <0.001

Excluded variables: maternal age, gender of infant, 10-min Apgar score, hospitalization days,

and maternal depressive symptoms.

PBQ, Postpartum Bonding Questionnaire; PSI Parental Stress Index; DR-SSC, delivery room

skin-to-skin contact. Bold means statistically significant.

impaired bonding scale and the PBQ total score correlated with the

externalizing and the total score. The CBCL total score was strongly

associated with all aspects of the PSI and the PBQ (Table 3).

3.3 The role of skin-to-skin contact
immediately after childbirth in the
prediction of emotional and behavioral
problems at school start

Maternal age, gender of infant, Apgar score, hospitalization

days, and maternal depressive symptoms—included in the analysis

for control—were not significant in any of the models. Even though

the PBQ total score reached significance in the first model, this

significance was lost in the next step, when the PSI variables were
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entered. The PSI child domain was the only variable that attained

significance and remained significant after the forced inclusion of

DR-SSC, which was not significant. The last model explained 66%

(R2 0.661, R2cor 0.621) of the variance (<0.001). The results of the

stepwise regression analysis are shown in Table 4.

4 Discussion

The aim of this study was to examine the effect of SSC

immediately after childbirth on the development of emotional

and behavioral problems in children born preterm entering

school. It was hypothesized that children receiving DR-SSC would

have fewer behavioral and emotional problems than children

receiving only VC in the delivery room. We expected that the

positive effect of SSC observed by different authors and in our

own previous studies could also be maintained in the long

term. However, this hypothesis could not be demonstrated: SSC

immediately after childbirth was not significant in the prediction

of emotional and behavioral problems at school start. Neither

the depressive symptoms nor the quality of bonding variable

contributed the most to the variance explanation, but the perceived

parental stress at 6 months CA variable did, which was an

unexpected result. A fundamental aspect of the interpretation

of the results is the small sample size, which unfortunately

does not allow for more complex analyses and can mislead

the results.

The fact that DR-SSC was not the explanatory factor for

the behavioral and emotional problems observed in school-aged

children could be understood (among others), through the feeling

of being a family and belonging together that first becomes evident

to parents as time passes—a comment that is often heard in contact

with these parents in daily clinical practice. Parents of premature

children often say that they do not perceive this feeling of belonging

until the moment their children are discharged, unlike parents of

children born full term and without problems, who can engage in

the parental role and, for example, hold their children immediately

after birth (Schuetz Haemmerli et al., 2020). Therefore, DR-SSC,

an intervention that has a high impact at that specific moment in

family life, might lose this effect over time and with the adjustment

of parental feelings and family life.

The lack of association between maternal depressive symptoms

and the level of behavioral and emotional problems of children at

school entry could be explained in the same direction. Although

depressive symptoms have been widely demonstrated to be a risk

factor for the presence of children’s behavioral and emotional

problems (even regardless of prematurity), it is important to

consider that the depressive data we used for our analyses were

collected a long time before. The existing literature for the specific

case of parents of premature children indicates that in most

cases, depression gradually declines over time (Barkmann et al.,

2018; Genova et al., 2022; Pace et al., 2016). This trend was also

observed in our study (Mehler et al., 2020). However, depressive

symptoms remain associated with parental stress (parent domain),

a phenomenon that could be explained by the inverse relationship

between parents’ perception of the demands of parenting and

the personal available resources to cope with them. This lack of

confidence has been described even for depressive parents of full-

term children (Aviles et al., 2024; Pazzagli et al., 2023; Reck et al.,

2016; Sandnes et al., 2024).

Similarly, parental stress plays an important role in the

development of an emotional bond with the baby: The higher

the stress perceived by the birth parents, the worse the bond

quality to their preterm infants. Our results showed a strong

association between the Parental Stress Index with the observed

values of the PBQ at 6 months. The child domain score, which

comprises negative characteristics of the infants, is related to the

PBQ-Subscales Rejection and Anger, Anxiety about care, and the

PBQ Total Score. It could be hypothesized that these children were

already more irritable, agitated, moody, etc. at the age of 6 months

and that is why their mothers had difficulties in establishing a good

bond with them, which in turn would allow us to think that these

negative characteristics continue even at the age of entering school.

In addition, the PBQ-Subscale Impaired Bonding, which indicates

some kind of occasional delay in, or temporary loss of maternal

feeling about the infant but not established rejection or anger

(Brockington et al., 2001, 2006), is the only subscale associated with

the parent domain score. Further maternal bonding and parenting

stress were still significantly associated with CBCL scores at school

beginning but not with depressive symptoms. These results are

in line with those by Fransson et al. (2020), who pointed out the

mediating role of postpartum bonding difficulties in this context.

This association between parental stress and PBQ scores could

explain the loss of significance when the parental stress variable was

entered into the regression model, although the bonding quality

plays an important role in the development of behavioral problems.

Finally, the role of perceived parental stress could be better

understood from a differentiated perspective of parental stress in

the context of prematurity and the COVID-19 pandemic. Chronic

but also acute stressors have the potential to increase the demands

of parenting and thus parenting stress (Aviles et al., 2024). In their

review, Sandnes et al. (2024) reported increased stress levels in

the first 2 years after birth in 15–56% of parents of premature

infants; however, only a few studies have focused on parental stress

into school age or longer. Nevertheless, parenting stress following

preterm birth can remain high until the age of 7 years and could

be mainly caused by children’s difficulties (Treyvaud et al., 2014)

or characteristics, such as temperament or chronic physical and/or

mental health conditions (Deater-Deckard and Panneton, 2017).

In any case, parenting stress can increase the risk of a child’s

negative behavioral and emotional outcomes in the present and/or

over the years, certainly not only by children born preterm (Crnic

et al., 2005; Deater-Deckard and Panneton, 2017; Han and Lee,

2018; Neece et al., 2012; Ribas et al., 2024; Spinelli et al., 2020).

Considering that part of the data related to children’s problem

behaviors was carried out during the COVID-19 pandemic, it is

possible to speculate that this high-stress situation had an impact

on both the level of parental stress and the CBCL scores. All of

this allows us to hypothesize that the level of parental stress in

these families could have remained high in these years and thus

explain the strong effect of this variable on the behavioral problems

of children upon entering school. In addition, this fact may have led

to a selection bias in the group that participated in this part of the

study. On the one side, parents could have facilitated participation
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in the study to obtain a founded professional opinion if they have

noticed an increase in problematic behaviors by their children or,

on the other, to address doubts and obtain specialized guidance

if necessary.

5 Limitations

Clear limitations of this study should be mentioned.

Even though the study group does not differ in relation to

sociodemographic and perinatal variables from the original group,

the participating families represent <40% of it. A major deficit

was not having included information about the partner (as a

possible moderating factor) and not having collected current

information. Furthermore, the children’s behaviors were only

evaluated with a global instrument (CBCL/6-18), which does not

collect objective information but instead the perception of the

parents. One can speculate that the DR-SSC could have long-term

effects on other areas of development or that its effect could be

much more differentiated than that which could be assessed with

the instruments used.

6 Conclusion

The extensive existing literature has shown that DR-SSC,

even for very premature children, is safe and feasible and

has important benefits for both the babies and their parents.

Although in this study its long-term effect could not be

demonstrated in relation to the presence of behavioral problems

upon entering school, other results are still interesting. Parental

stress and its long-term influence on the emergence of behavioral

problems is an important piece of information, especially

for the support and follow-up programs for families with

children born prematurely. In the long-term perspective, maternal

stress seems to be much more important than having had

skin-to-skin contact immediately after birth. Since premature

birth is a situation of extreme vulnerability for the entire

family, a comprehensive and careful approach that also includes

psychoeducation, coping with stress, parental empowerment, and

at least family mental health is required. Since in Germany,

there are numerous care programs for premature children and

their families, the affected families normally receive the necessary

support throughout the different evolutionary stages. Medical,

psychological, financial, and social familial support is guaranteed

by law.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics

Committee of the University of Cologne, Germany. The studies

were conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation in this study was provided by the participants’ legal

guardians/next of kin.

Author contributions

KM: Conceptualization, Data curation, Funding acquisition,

Supervision,Writing – review& editing. EH: Data curation, Formal

analysis, Writing – review & editing. AK: Conceptualization,

Supervision, Writing – review & editing. PT-V: Data curation,

Formal analysis, Supervision, Validation, Writing – original draft.

Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Abidin, R. (1995). Parenting Stress Index, Third Edition: Professional Manual.
Odessa, FL: Psychological Assessment Resources, Inc.

Arizu, J., González, M. A., Capurro, M. A., Torrecillas, M., and Trautmann-
Villalba, P. (2024). “Maternal mental health and Newborn Intensive Care Units:
regional experiences in Argentina,” in An Integrated Approach to Perinatal Depression
and Anxiety in Spanish-Speaking and Latina Women, ed. S. Lara-Cinisomo (Cham:
Springer Nature).

Aviles, A., Betar, S., Cline, S., Tian, Z., Jacobvitz, D., and Nicholson, J.
(2024). Parenting young children during COVID-19: Parenting stress trajectories,
parental mental health, and child problem behaviors. J. Fam. Psychol. 38, 296–308.
doi: 10.1037/fam0001181

Barkmann, C., Helle, N., and Bindt, C. (2018). Is very low infant birth weight a
predictor for a five-year course of depression in parents? A latent growth curve model.
J Affect Disord. 15, 415–420. doi: 10.1016/j.jad.2017.12.020

Frontiers in Psychology 07 frontiersin.org

https://doi.org/10.3389/fpsyg.2024.1484419
https://doi.org/10.1037/fam0001181
https://doi.org/10.1016/j.jad.2017.12.020
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Trautmann-Villalba et al. 10.3389/fpsyg.2024.1484419

Bhutta, A., Cleves, M., Casey, P., Cradock, M., and Anand, K. (2002). Cognitive and
behavioral outcomes of school-aged children who were born preterm: a meta-analysis.
JAMA 288, 728–737. doi: 10.1001/jama.288.6.728

Brimdyr, K., Stevens, J., Svensson, K., Blair, A., Turner-Maffei, C., Grady, J., et al.
(2023). Skin-to-skin contact after birth: developing a research and practice guideline.
Acta Paediatr. 112, 1633–1643. doi: 10.1111/apa.16842

Brockington, I., Aucamp, H., and Fraser, C. (2006). Severe disorders of the mother–
infant relationship: definitions and frequency.Arch.Womens. Ment. Health 9, 243–251.
doi: 10.1007/s00737-006-0133-0

Brockington, I., Oates, I., Georg, S., Turner, D., Vostanis, P., Sullivan, M.,
et al. (2001). A Screening Questionnaire for mother-infant bonding disorders. Arch.
Womens. Ment. Health 3, 133–140. doi: 10.1007/s007370170010

Campbell-Yeo, M., Johnston, C., Benoit, B., Disher, T., Caddell, K., Vincer,
M., et al. (2019). Sustained efficacy of kangaroo care for repeated painful
procedures over neonatal intensive care unit hospitalization: a single-blind
randomized controlled trial. Pain. 60, 2580–2588. doi: 10.1097/j.pain.00000000000
01646

Carson, C., Redshaw, M., Gray, R., and Quigley, M. (2015). Risk of psychological
distress in parents of preterm children in the first year: evidence from the UK
Millennium Cohort Study. BMJ Open 18:e007942. doi: 10.1136/bmjopen-2015-0
07942

Cassiano, R., Provenzi, L., Linhares, M., Gaspardo, C., and Montirosso, R. (2020).
Does preterm birth affect child temperament? A meta-analytic study. Infant Behav.
Dev. 58:101417. doi: 10.1016/j.infbeh.2019.101417

Conde-Agudelo, A., and Díaz-Rossello, J. (2016). Kangaroo mother care to reduce
morbidity and mortality in low birthweight infants. Cochrane Database Syst. Rev.
23:CD002771. doi: 10.1002/14651858.CD002771.pub4

Crnic, K. A., Gaze, C., and Hoffman, C. (2005). Cumulative parenting stress across
the preschool period: Relations to maternal parenting and child behaviour at age 5.
Infant Child Dev. 14, 117–132. doi: 10.1002/icd.384

Deater-Deckard, K., and Panneton, R. (2017). “Unearthing the developmental
and intergenerational dynamics of stress in parent and child functioning,” Parental
Stress and Early Child Development, eds. K. Deater-Deckard and R. Panneton (Cham:
Springer), 1–14.

Döpfner, M., Plück, J., Kinnen, C., and Arbeitsgruppe Deutsche Child Behavior
Checklist (2024).CBCL/6-18RDeutsche Schulalter-Formen der Child Behavior Checklist
von Thomas Achenbach. Göttingen: Hogrefe.

Fransson, E., Sörensen, F., Kunovac Kallak, T., Ramklint, M., Eckerdal, P.,
Heimgärtner, M., et al. (2020). Maternal perinatal depressive symptoms trajectories
and impact on toddler behavior - the importance of symptom duration and maternal
bonding. J. Affect. Disord. 273, 542–551. doi: 10.1016/j.jad.2020.04.003

Genova, F., Neri, E., Trombini, E., Stella, M., and Agostini, F. (2022).
Severity of preterm birth and perinatal depressive symptoms in mothers and
fathers: trajectories over the first postpartum year. J. Affect. Disord 298, 182–189.
doi: 10.1016/j.jad.2021.10.080

Gerstein, E., Njoroge, W., Paul, R., Smyser, C., and Rogers, C. (2019). Maternal
depression and stress in the neonatal intensive care unit: associations with mother-
child interactions at age 5 years. J. Am. Acad. Child Adolesc. Psychiatry 58, 350–358.e2.
doi: 10.1016/j.jaac.2018.08.016

Gray, P., Edwards, D., O’Callaghan, M., Cuskelly, M., and Gibbons, K.
(2013). Parenting stress in mothers of very preterm infants - influence of
development, temperament and maternal depression. Early Hum. Dev. 89, 625–629.
doi: 10.1016/j.earlhumdev.2013.04.005

Greene, M., Rossman, B., Meier, P., and Patra, K. (2018). Elevated maternal anxiety
in the NICU predicts worse fine motor outcome in VLBW infants. Early Hum. Dev.
116, 33–39. doi: 10.1016/j.earlhumdev.2017.10.008

Han, J. W., and Lee, H. (2018). Effects of parenting stress and controlling parenting
attitudes on problem behaviors of preschool children: latent growth model analysis. J.
Korean Acad. Nurs. 48, 109–121. doi: 10.4040/jkan.2018.48.1.109

Hautzinger, M., and Bailer, M. (1993). Allgemeine Depressionsskala (ADS). Die
deutsche Version des CES-D. Weinheim: Beltz/Test.

Heine, E., Trautmann-Villalba, P., Schoemig, C., Hucklenbruch-Rother, E., Kribs,
A., and Mehler, K. (2023). Delivery room skin-to-skin contact brings mother-child-
interaction of preterm infants close to normal. Acta Paediatr. 112, 2381–2383.
doi: 10.1111/apa.16909

Helle, N., Barkmann, C., Bartz-Seel, J., Diehl, T., Ehrhardt, S., Hendel, A., et al.
(2015). Very low birth-weight as a risk factor for postpartum depression four to six
weeks postbirth in mothers and fathers: Cross-sectional results from a controlled
multicentre cohort study. J. Affect. Disord. 180, 154–161. doi: 10.1016/j.jad.2015.04.001

Hofecker Fallahpour, M., Benkert, T., Riecher-Rössler, A., and Stieglitz, R. D.
(2009). Parenthood and Parenting Stress: Psychometric Testing of the Parenting Stress
Index (PSI) in a German Sample. Psychother. Psychosom. Med. Psychol. 59, 224–233.
doi: 10.1055/s-2008-1067436

Ionio, C., Ciuffo, G., Colombo, C., Melani, O., Figlino, M. F., Landoni, M., et al.
(2024). Preterm birth and maternal mood states: what is the impact on bonding?
Pediatr. Rep. 16, 35–45. doi: 10.3390/pediatric16010004

Larsen, J., Holland, J., Kochhar, P., Wolke, D., Draper, E. S., Marlow, N., et al.
(2024). Comparing the prevalence of psychiatric disorders in cohorts of children born
extremely preterm in 1995 and 2006: the EPICure studies. JAACAP Open. 2, 217–228.
doi: 10.1016/j.jaacop.2024.02.005

Lilliesköld, S., Lode-Kolz, K., Rettedal, S., Lindstedt, J., Linnér, A., Markhus
Pike, H., et al. (2023). Skin-to-skin contact at birth for very preterm infants
and mother-infant interaction quality at 4 months: a secondary analysis
of the IPISTOSS randomized clinical trial. JAMA Netw Open. 6:e2344469.
doi: 10.1001/jamanetworkopen.2023.44469

Martins, C., Cassiano, R., and Linhares, M. (2021). Negative affectivity moderated
by preterm birth predicted toddlers’ behavior problems. Infant Behav. Dev. 2021
63,101544. doi: 10.1016/j.infbeh.2021.101544

Mehler, K., Hucklenbruch-Rother, E., Trautmann-Villalba, P., Becker, I., Keller, T.,
and Kribs, A. (2020). Early sin-to-skin contact in preterm infants is safe and improves
mother-child interaction. Acta Paediatr. 109, 518–526. doi: 10.1111/apa.14975

Mehler, K., Kribs, A., Klein, R., Heine, E., and Trautmann-Villalba, P. (2024).
Delivery room skin-to-skin contact for very preterm infants promotes mother–child
interaction and bonding. Acta Paediatr. 113, 1273–1275. doi: 10.1111/apa.17200

Mira, A., Coo, S., and Bast?as, R. (2024). Mother’s mental health and the interaction
with her moderate preterm baby in the NICU. J. Reprod. Infant Psychol. 42, 299–314.
doi: 10.1080/02646838.2022.2077921

Mughal, M., Ginn, C., Magill-Evans, J., and Benzies, K. (2017). Parenting stress and
development of late preterm infants at 4 months corrected age. Res. Nurs. Health. 40,
414–423. doi: 10.1002/nur.21809

Neece, C., Green, S., and Baker, B. (2012). Parenting stress and child behavior
problems: a transactional relationship across time. Am. J. Intellect. Dev. Disabil. 117,
48–66. doi: 10.1352/1944-7558-117.1.48

Neri, E., Agostini, F., Baldoni, F., Facondini, E., Biasini, A., and Monti,
F. (2017). Preterm infant development, maternal distress and sensitivity:
the influence of severity of birth weight. Early Hum Dev. 106–107, 19–24.
doi: 10.1016/j.earlhumdev.2017.01.011

Pace, C., Spittle, A., Molesworth, C., Lee, K., Northam, E., Cheong, J.,
et al. (2016). Evolution of depression and anxiety symptoms in parents of
very preterm infants during the newborn period. JAMA Pediatr. 170, 863–870.
doi: 10.1001/jamapediatrics.2016.0810

Pathak, B., Sinha, B., Sharma, N., Mazumder, S., and Bhandari, N. (2023). Effects
of kangaroo mother care on maternal and paternal health: systematic review and
meta-analysis. Bull World Health Organ. 101, 391–402. doi: 10.2471/BLT.22.288977

Pazzagli, C., Buratta, L., Coletti, E., and Mazzeschi, C. (2023). Mother-
to-infant bonding mediates the effects of depressive and anxious postpartum
symptoms on parenting stress. Journal of Psychosomatic Obstet. Gynecol. 44:2264487.
doi: 10.1080/0167482X.2023.2264487

Pisoni, C., Spairani, S., Manzoni, F., Ariaudo, G., Naboni, C., Moncecchi, M., et al.
(2019). Depressive symptoms andmaternal psychological distress during early infancy:
a pilot study in preterm as compared with term mother-infant dyads. J. Affect. Disord.
257, 470–476. doi: 10.1016/j.jad.2019.07.039

Reck, C., Klier, C., and Pabst, K. (2006). The German version of the Postpartum
Bonding Instrument: psychometric properties and association with postpartum
depression. Arch. Womens. Ment. Health 9, 265–271 doi: 10.1007/s00737-006-0144-x

Reck, C., Zietlow, A. L.,Müller,M., andDubber, S. (2016). Perceived parenting stress
in the course of postpartum depression: the buffering effect of maternal bonding. Arch.
Womens. Ment. Health 19, 473–482. doi: 10.1007/s00737-015-0590-4

Ribas, L. H., Montezano, B. B., Nieves, M., Kampmann, L. B., and Jansen,
K. (2024). The role of parental stress on emotional and behavioral problems
in offspring: a systematic review with meta-analysis. J. Pediatr. 100, 565–585.
doi: 10.1016/j.jped.2024.02.003

Roque, A., Lasiuk, G., Radünz, V., and Hegadoren, K. (2017). Scoping review of the
mental health of parents of infants in the NICU. J. Obstet. Gynecol. Neonatal Nurs. 46,
576–587. doi: 10.1016/j.jogn.2017.02.005

Sandnes, R., Le Floch, M., Riquin, E., Nocus, I., Müller, J. B., and Bacro, F. (2024).
Parental stress and mental health outcomes following very preterm birth: a systematic
review of recent findings. J. Affect. Disord. 355, 513–525. doi: 10.1016/j.jad.2024.03.154

Schuetz Haemmerli, N., Lemola, S., Holditch-Davis, D., and Cignacco, E.
(2020). Comparative evaluation of parental stress experiences up to 2 to
3 years after preterm and term birth. Adv. Neonatal Care. 20, 301–313.
doi: 10.1097/ANC.0000000000000714

Scime, N., Gavarkovs, A., and Chaput, K. (2019). The effect of skin-to-skin
care on postpartum depression among mothers of preterm or low birthweight
infants: a systematic review and meta-analysis. J. Affect. Disord. 253, 376–384.
doi: 10.1016/j.jad.2019.04.101

Shaw, R., Givrad, S., Poe, C., Loi, E., Hoge, M., and Scala, M. (2023).
Neurodevelopmental, mental health, and parenting issues in preterm infants. Children
10:1565. doi: 10.3390/children10091565

Spinelli, M., Lionetti, F., Pastore, M., and Fasolo, M. (2020). Parents’ stress and
children’s psychological problems in families facing the COVID-19 outbreak in Italy.
Front. Psychol. 11:1713. doi: 10.3389/fpsyg.2020.01713

Frontiers in Psychology 08 frontiersin.org

https://doi.org/10.3389/fpsyg.2024.1484419
https://doi.org/10.1001/jama.288.6.728
https://doi.org/10.1111/apa.16842
https://doi.org/10.1007/s00737-006-0133-0
https://doi.org/10.1007/s007370170010
https://doi.org/10.1097/j.pain.0000000000001646
https://doi.org/10.1136/bmjopen-2015-007942
https://doi.org/10.1016/j.infbeh.2019.101417
https://doi.org/10.1002/14651858.CD002771.pub4
https://doi.org/10.1002/icd.384
https://doi.org/10.1016/j.jad.2020.04.003
https://doi.org/10.1016/j.jad.2021.10.080
https://doi.org/10.1016/j.jaac.2018.08.016
https://doi.org/10.1016/j.earlhumdev.2013.04.005
https://doi.org/10.1016/j.earlhumdev.2017.10.008
https://doi.org/10.4040/jkan.2018.48.1.109
https://doi.org/10.1111/apa.16909
https://doi.org/10.1016/j.jad.2015.04.001
https://doi.org/10.1055/s-2008-1067436
https://doi.org/10.3390/pediatric16010004
https://doi.org/10.1016/j.jaacop.2024.02.005
https://doi.org/10.1001/jamanetworkopen.2023.44469
https://doi.org/10.1016/j.infbeh.2021.101544
https://doi.org/10.1111/apa.14975
https://doi.org/10.1111/apa.17200\aftergroup \futurelet \@let@token \egroup 
https://doi.org/10.1080/02646838.2022.2077921
https://doi.org/10.1002/nur.21809
https://doi.org/10.1352/1944-7558-117.1.48
https://doi.org/10.1016/j.earlhumdev.2017.01.011
https://doi.org/10.1001/jamapediatrics.2016.0810
https://doi.org/10.2471/BLT.22.288977
https://doi.org/10.1080/0167482X.2023.2264487
https://doi.org/10.1016/j.jad.2019.07.039
https://doi.org/10.1007/s00737-006-0144-x
https://doi.org/10.1007/s00737-015-0590-4
https://doi.org/10.1016/j.jped.2024.02.003
https://doi.org/10.1016/j.jogn.2017.02.005
https://doi.org/10.1016/j.jad.2024.03.154
https://doi.org/10.1097/ANC.0000000000000714
https://doi.org/10.1016/j.jad.2019.04.101
https://doi.org/10.3390/children10091565
https://doi.org/10.3389/fpsyg.2020.01713
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Trautmann-Villalba et al. 10.3389/fpsyg.2024.1484419

Treyvaud, K., Lee, K., Doyle, L., and Anderson, P. (2014). Very pretermbirth
influences parental mental health and family outcomes seven jears after birth. J.Pediatr.
164, 515–521. doi: 10.1016/j.jpeds.2013.11.001

Twilhaar, E., Wade, R., de Kieviet, J., van Goudoever, J., van Elburg, R., and
Oosterlaan, J. (2018). Cognitive outcomes of children born extremely or very preterm
since the 1990s and associated risk factors: a meta-analysis and meta-regression. JAMA
Pediatr. 172, 361–367. doi: 10.1001/jamapediatrics.2017.5323

Vigod, S., Villegas, L., Dennis, C. L., and Ross, L. E. (2010). Prevalence
and risk factors for postpartum depression among women with preterm
and low-birth-weight infants: a systematic review. BJOG 117, 540–550.
doi: 10.1111/j.1471-0528.2009.02493.x

World Health Organization (2022).WHORecommendations for Care of the Preterm
or Low Birthweight Infant. Geneve: WHO. Available at: https://apps.who.int/iris/
bitstream/handle/10665/363697/9789240058262-en (accessed July 12, 2024).

World Health Organization (2023a). Preterm Birth. Key facts. Available at: https://
www.who.int/es/news-room/fact-sheets/detail/preterm-birth (accessed October 10,
2024).

World Health Organization (2023b). “Kangaroo mother care: a transformative
innovation in health care,” in Global Position Paper. Geneva: WHO.

Zelkowitz, P., Na, S., Wang, T., Bardin, C., and Papageorgiou, A. (2011).
Early maternal anxiety predicts cognitive and behavioural outcomes of
VLBW children at 24 months corrected age. Acta Paediatr. 100, 700–704.
doi: 10.1111/j.1651-2227.2010.02128.x

Zengin, H., Suzan, O., Hur, G., Kolukisa, T., Eroglu, A., and Cinar,
N. (2023). The effects of kangaroo mother care on physiological
parameters of premature neonates in neonatal intensive care unit: a
systematic review. J. Pediatr. Nurs. 71, e18–e27. doi: 10.1016/j.pedn.2023.
04.010

Frontiers in Psychology 09 frontiersin.org

https://doi.org/10.3389/fpsyg.2024.1484419
https://doi.org/10.1016/j.jpeds.2013.11.001
https://doi.org/10.1001/jamapediatrics.2017.5323
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://apps.who.int/iris/bitstream/handle/10665/363697/9789240058262-en
https://apps.who.int/iris/bitstream/handle/10665/363697/9789240058262-en
https://www.who.int/es/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/es/news-room/fact-sheets/detail/preterm-birth
https://doi.org/10.1111/j.1651-2227.2010.02128.x
https://doi.org/10.1016/j.pedn.2023.04.010
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	Does early skin-to-skin contact have a long-term effect on the emotional and behavioral development of very preterm infants?
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Instruments
	2.2.1 Center for epidemiological studies depression scale (CES-D)
	2.2.2 Postpartum bonding questionnaire (PBQ)
	2.2.3 The parenting stress index (PSI)
	2.2.4 Child behavior checklist/6-18 (CBCL/6-18)

	2.3 Statistical analysis

	3 Results
	3.1 Depressive symptoms, parental stress, and bonding
	3.2 CBCL scores and maternal depression, parental stress, and bonding at school entry
	3.3 The role of skin-to-skin contact immediately after childbirth in the prediction of emotional and behavioral problems at school start

	4 Discussion
	5 Limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


