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Abstract
Background: Twenty-to-forty percent of women experience postpartum depressive symptoms, which can affect
both the mother and infant. In preterm infants, daily skin-to-skin contact (SSC) between the mother and her infant
has been shown to decrease maternal postpartum depressive symptoms. In full-term infants, only two studies
investigated SSC effects on maternal depressive symptoms and found similar results. Research in preterm infants
also showed that SSC improves other mental and physical health outcomes of the mother and the infant, and
improves the quality of mother-infant relationship. This randomized controlled trial will investigate the effects of a
SSC intervention on maternal postpartum depressive symptoms and additional outcomes in mothers and their fullterm infants. Moreover, two potential underlying mechanisms for the relation between SSC and the maternal and
infant outcomes will be examined, namely maternal oxytocin concentrations and infant intestinal microbiota.
Methods/design: Design: A parallel-group randomized controlled trial. Participants: 116 mothers and their full-term
infants. Intervention: Mothers in the SSC condition will be requested to provide daily at least one continuous hour
of SSC to their infant. The intervention starts immediately after birth and lasts for 5 weeks. Mothers in the control
condition will not be requested to provide SSC. Maternal and infant outcomes will be measured at 2 weeks,
5 weeks, 12 weeks and 1 year after birth. Primary outcome: maternal postpartum depressive symptoms. Secondary
maternal outcomes: mental health (anxiety, stress, traumatic stress following child birth, sleep quality), physical
health (physical recovery from the delivery, health, breastfeeding, physiological stress), mother-infant relationship
(mother-infant bond, quality of maternal caregiving behavior). Secondary infant outcomes: behavior (fussing and
crying, sleep quality), physical health (growth and health, physiological stress), general development (regulation
capacities, social-emotional capacities, language, cognitive and motor capacities). Secondary underlying mechanisms:
maternal oxytocin concentrations, infant intestinal microbiota.
Discussion: As a simple and cost-effective intervention, SSC may benefit both the mother and her full-term infant
in the short-and long-term. Additionally, if SSC is shown to be effective in low-risk mother-infant dyads, then
thought could be given to developing programs in high-risk samples and using SSC in a preventive manner.
Trial registration: NTR5697; Registered on March 13, 2016.
Keywords: Skin-to-skin contact, Full-term infants, Postpartum depressive symptoms, Mental health, Physical health,
Mother-infant relationship, Infant behavior, Randomized controlled trial
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Background
Having a new baby is an extraordinary experience that
most often brings much joy and happiness. At the same
time, the first months after birth can also be challenging
for parents. A large number of mothers experience postpartum depressive symptoms, which can affect both the
mother and the infant. In preterm infants, daily skin-toskin contact (SSC) between the mother and her infant
has been shown to decrease maternal postpartum depressive symptoms. In full-term infants, only two studies
investigated the effectiveness of SSC on maternal postpartum depressive symptoms and found similar results.
Studies in preterm infants showed that SSC improves
other mental and physical health outcomes in mothers
as well as the infants, and promotes the quality of
mother-infant relationship. Based on these previous
findings, it can be hypothesized that SSC may have additional positive effects in mothers and their full-term infants as well. This randomized controlled trial (RCT)
will be the first to investigate the effectiveness of a SSC
intervention in decreasing maternal postpartum depressive symptoms and improving additional outcomes in
mothers and their full-term infants, including maternal
mental health, maternal and infant physical health, infant crying and sleeping behavior, the quality of the
mother-infant relationship, and the long-term infant
general development even up to 1 year of age. Additionally, two potential underlying mechanisms for the effectiveness of SSC on maternal and infant outcomes will be
examined, namely maternal oxytocin concentrations and
infant intestinal microbiota.
Maternal postpartum depressive symptoms

Between 20 to 40% of mothers show subclinical levels of
depressive symptoms within the postpartum period [1–3].
Compared to mothers without depressive symptoms,
these mothers tend to be more irritable and show less maternal warmth and sensitivity to their newborn [4]. In
turn, this can disturb the mother-child interaction, which
in the long-term has been related to multiple negative
child outcomes such as poorer emotional and cognitive
development [4–6]. Moreover, mothers who have experienced postpartum depressive symptoms in the past, are
significantly more likely to experience recurrent depressive symptoms even up to 4 years after birth [7].
Especially, these recurrent depressive symptoms seem to
be related to negative child outcomes [6].
A wide range of prevention and intervention programs are available for mothers who experience postpartum depression, including pharmaceuticals and
psychotherapy. The results with regard to the effectiveness
are mixed [4, 8]. In addition, postpartum depression often
remains undetected or remains untreated for a long
period of time [9, 10]. Most mothers with subclinical
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levels of depressive symptoms will often not receive any
treatment at all. Ideally, it would be best to prevent the
mother from having depression and depressive symptoms.
Hence, there is a great need for low-cost and easy-toimplement prevention or (complementary) intervention
programs that are accessible for every mother, and that
can be commenced immediately after birth.
Skin-to-skin contact

Daily SSC between the mother and the infant is a promising, simple, and natural intervention that may be effective
in decreasing postpartum depressive symptoms in
mothers. During SSC, the naked infant, wearing only a
diaper, is placed onto the bare chest of the mother [11].
The SSC method was designed as an alternative treatment
to incubators for low birth weight and preterm infants.
In preterm infants, multiple studies showed that daily
SSC results in lower levels of maternal depressive symptoms [12, 13]. To date, it is mainly unknown whether this
positive effect extends to mothers of full-term infants. In a
case study, a mother with numerous indicators of postpartum depressive symptoms was encouraged to provide SSC
to her full-term infant. Daily SSC in the first days after
birth reduced the levels of reported depressive symptoms
of this mother and the symptoms remained absent even
up to 7 months after birth [14]. Another study in full-term
infants conducted a one-month SSC intervention trial
starting immediately after birth [15]. Mothers were encouraged to provide 6 h of SSC with their infant on a daily
basis during the first week after birth, and then 2 h per
day until the infant was 1 month of age. This study
showed that mothers in the intervention group (n = 30),
compared to mothers in the control group (n = 60),
showed statistically significant lower levels of postpartum
depressive symptoms at 1 week and at 1 month after birth.
These results are promising, however, the studies included
relatively small sample sizes and did not perform a RCT.
In the current RCT, as a primary outcome, we will investigate whether a 5-week SSC intervention period starting at
birth reduces depressive symptoms up to 1 year postpartum in mothers of full-term infants.
Additional effects of SSC in mothers and their full-term
infants

In addition to the possible effectiveness of SSC on maternal postpartum depressive symptoms, SSC may also be related to other positive effects for the mother. In studies
with preterm infants, research has shown that daily SSC is
associated with lower levels of maternal reported anxiety
and stress [16]. Also, SSC is reported to facilitate positive
feelings in the mother and enhance her bonding to the infant, which in turn improves the quality of maternal caregiving behavior (e.g. more sensitive and less intrusive
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caregiving behavior) [16, 17]. Lastly, SSC in preterm infants improved the duration of breastfeeding [18].
In mothers of full-term infants, SSC during the first
hours after birth decreases maternal anxiety, improves
maternal caregiving behavior and is associated with
longer breastfeeding duration [19, 20]. Only one study
studied the effects of SSC on maternal outcomes beyond
the first postnatal hours. Next to maternal postpartum
depressive symptoms, this study found that a one-month
intervention period of SSC was associated with a quicker
maternal postpartum decrease in cortisol concentrations
[15]. Cortisol can be described as a measure of physiological stress, since cortisol is the end product of the
hypothalamic-pituitary-adrenal axis that is activated in
response to stressful events [21].
Previous research in adults has shown that relaxation
interventions can improve sleep quality, physical health,
and recovery after surgery [22–24]. Moreover, multiple
reviews show that touch, including physical intimacy
and massage therapy, decreases physiological stress and
pain and improves sleep and health [25, 26]. As SSC
may constitute a daily hour of maternal relaxation that
also includes touch, SSC may also improve maternal
sleep quality, physical health, and physical recovery from
the delivery.
The potential positive effects of SSC are not restricted to the mothers, as SSC may also be related
to various beneficial outcomes in the full-term infant.
In preterm infants, daily SSC has been related to better infant health and reduced stress, including increased weight gain, fewer infections, less crying,
better sleep and attenuated cortisol stress responses
[16, 27, 28]. Long-term effects of SSC are also seen,
as SSC in preterm infants is related to better cognitive and motor development at 6 months of age and
even to better cognitive control at age ten [13, 16].
In full-term infants, a systematic review showed that
SSC immediately after birth for the first postnatal hours
was related to less crying and fussing [19]. SSC also
seems to have a protective effect during medical procedures. Full-term infants who were in SSC during a heel
lance procedure cried less [29]. Also, 5-to-6 week old
full-term infants’ cortisol concentrations decreased when
resting in SSC, when compared to resting alone in a crib
or playpen [30]. Another study compared sleep quality
in 2-day old infants sleeping alone in a crib next to the
mother or sleeping in SSC with their mother. Infants in
SSC slept for a longer period of time, spent most of the
time in quiet sleep and needed a shorter period to enter
quiet sleep than when they were sleeping in a crib next
to the mother [31]. In the current study, as secondary
outcomes, we will investigate whether a 5-week daily
SSC intervention period starting at birth improves maternal mental health, maternal and infant physical
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health, infant crying and sleeping behavior, the quality of
the mother-infant relationship, and the long-term infant
general development up to 1 year of age.
Potential underlying mechanisms

The underlying working mechanisms that relate SSC
early in life to improved maternal and infant outcomes
are mainly unknown. One possible underlying mechanism is maternal oxytocin concentrations. The hormone
oxytocin is released after the activation of multiple sensory nerves and in response to low intensity stimulation
of the skin, including touch, as well as to suckling of the
nipple [32, 33]. Oxytocin concentrations increase during
social interaction, including parent-infant interactions
[34]. The elevated concentrations of oxytocin are related
to improved maternal mental health, by means of lower
levels of maternal anxiety and stress, and improved
bonding between mother and child [35]. To conclude,
SSC may increase the maternal concentrations of oxytocin through the activation of multiple sensory nerves. In
turn, these increased concentrations of oxytocin may
explain the improved maternal mental health, the better
quality of maternal caregiving behavior, and the longer
duration and higher frequency of breastfeeding.
Another possible underlying mechanism of SSC is the
infant intestinal microbiota. Infants are born with virtually sterile intestines. In vaginal deliveries, colonization
of bacteria in the intestines starts during birth with
bacteria originating mainly from the mother [36]. The
intestinal ecosystem or microbiota consists mainly of
bacteria and rapidly matures in the first months of life
[37]. This early microbial colonization is important for
the development of the immune system and the gastrointestinal tract [37, 38]. Less stable or diverse intestinal
microbiota may delay the development of the immune
system and is associated with diseases and excessive
crying in the infant [39, 40].
Potentially, SSC facilitates the development of the
infant intestinal microbiota, subsequently influencing
infant outcomes, through direct and indirect pathways.
First, daily periods of SSC could provide extra opportunities to exchange bacteria from the mother’s skin to the
infant, hence enhancing microbiota development.
Research has shown that infants born with a C-section
receive fewer of their mother’s bacteria, but bacteria can
still be passed on from the skin of the mother to the
infant although in a lower frequency [41]. Second, as
already mentioned above, SSC potentially reduces maternal depressive symptoms, anxiety, and reported and
physiological stress levels in the mother. The improved
maternal mental health may positively affect her quality
of breast milk, which in turn is important for the healthy
maturation of the infant intestinal microbiota during the
first year of life [42]. Third, research has shown that
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there is a bidirectional communication between the gut
and the brain, in which the stress hormone cortisol plays
an important role [43]. In animal models, stress experienced by an organism can modify the balance of the gut
microbiota, making the path clear for colonization by
pathogenic bacteria, which in turn may affect immune
and brain functioning [44]. SSC may be related to less
stress in the infant, which in turn may facilitate the optimal colonization of the intestines of the infant. In sum,
there are multiple ways through which an improved
infant intestinal microbiota may mediate the relation
between SSC and positive infant outcomes.
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2. Physical health:
– better growth and health (fewer illnesses and health
problems);
– lower levels of physiological stress.
3. General development:
– better regulation capacities;
– better social-emotional capacities;
– better language, cognitive, and motor capacities.
Potential underlying mechanisms:

Objectives

The primary goal of this RCT, with two parallel groups
(intervention versus passive control group), is to examine if
daily mother-infant SSC is effective in decreasing (sub)clinical levels of maternal depressive symptoms in a non-clinical
sample with full-term infants in comparison to mothers
who care for their infant as usual. The intervention starts
immediately after delivery and has a duration of 5 weeks.
The secondary aim is to investigate additional maternal and
full-term infant outcomes, and two possible underlying
mechanisms: maternal oxytocin concentrations and infant
intestinal microbiota. We hypothesize that, compared to the
control (care-as-usual) group, the SSC group will show:
Improved maternal outcomes:
1. Mental health:
– lower levels of depressive symptoms (primary
outcome);
– lower levels of anxiety;
– lower levels of stress;
– lower levels of traumatic stress following child birth;
– better sleep quality.
2. Physical health:
– better physical recovery from the delivery;
– better health (fewer illnesses and health problems);
– more frequent and a longer duration of
breastfeeding;
– lower levels of physiological stress.
3. Mother-infant relationship:
– better bonding to the infant;
– better quality of maternal caregiving behavior.
Improved infant outcomes:
1. Behavior:
– lower amounts of daily fussing and crying;
– better sleep quality.

1. higher levels of maternal oxytocin concentrations.
Maternal oxytocin concentrations will mediate the
relationship between SSC and maternal outcomes.
2. more optimal levels of intestinal microbiota (i.e.
faster developing microbiota, more diverse and more
stable microbiota, and fewer potentially pathogenic
bacteria). Infant intestinal microbiota will mediate
the relationship between SSC and infant outcomes.

Methods
Study design

This SSC intervention project in mothers and their fullterm infants is a RCT with two parallel groups (intervention versus passive control group). The study has been
designed in accordance with the SPIRIT 2013 statement
(see Additional file 1 for complete checklist) [45]. Administrative information related to the trial can be obtained in
Additional file 2. The project will start in April 2016. The
expected total duration of the study from the start of
recruitment to the last participant finishing the 1-year
assessment is 20 months. The study will start with baseline measures in the last trimester of pregnancy. The
intervention period will start immediately after birth and
will have a duration of 5 weeks. Maternal and infant outcomes will be measured at 2 weeks, 5 weeks, 12 weeks
and 1 year after birth.
Ethics

The trial has been approved by the ethics committee of
the Social Science faculty of the Radboud University in
Nijmegen, The Netherlands (ECSW2015–2311-358).
Modifications to the protocol, including changes of
study objectives, study design, population, sample sizes,
study procedures, or significant administrative aspects
will require a formal amendment to the protocol. The
potential amendment will be examined and approved by
the ethics committee of the Social Science faculty of the
Radboud University prior to implementation. Modifications to the protocol will also be included in the formal
trial registration at the Dutch Trial Registration (NTR).
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This study does not involve any harmful procedures or
adverse events. Since trial-related harm is negligible no
provisions will be included, the study will not be audited,
and no data-monitoring committee will be needed.
Although we do not expect that the participants will
experience trial-related harms, mothers will be asked
weekly, for the first 5 weeks after birth, about any problems and mothers will be encouraged to report harms or
adverse events spontaneously. Also, during the home visit
in week 5 we will ask mothers to report any previously unreported harmful or adverse events that occurred during
the study trial. Answers will be assessed by the investigators and will be reported in study reports. In addition, all
participants that are enrolled in the study will be covered
by the indemnity for negligent harm insurance (standard
arrangements of the Behavioural Science Institute,
Radboud University, Nijmegen, The Netherlands).
Sample size calculation

The sample size was calculated with a power analysis,
using the G Power 3 online tool [46]. The effect size of
f = .24 for maternal depressive symptoms was based on
the study of Bigelow and colleagues and was calculated by
using the mean levels and the pooled standard deviation of
maternal depressive symptoms for the SSC and the control
group [15]. The power analysis indicated that a total group
size of 84 mother-infant dyads was required to maintain a
power of 80% to detect a minimum effect size of f = .24 for
maternal depressive symptoms with a significance level of
0.05. Based on a prior longitudinal study in a similar population [47], we assume that 14% of the mothers will sign up
to the study but will never participate. Based on the same
longitudinal study [47], we calculated that the drop-out
rate will be 4% and the loss in follow up rate will be
9%. Additionally, we estimate a non-compliance rate
of 10%. In total, we need to include 31 additional
pregnant women in order to retain power. To maintain equal groups we will recruit 116 participants
(58 mothers and their infants in each arm).
Participants

A total sample of 116 healthy expectant mothers will be recruited during pregnancy in the region of the Radboud
University, The Netherlands. In this region, 17.800 children
are born every year [48]. Pregnant women have to meet
the following eligibility criteria: age ≥ 18, singleton pregnancy, no drug use during pregnancy, no severe physical
or mental health problems, and sufficient understanding of
the Dutch language. Also, exclusive participation in this
intervention trial is required. The infants have to be
born at ≥37 weeks of pregnancy and have to meet
the following eligibility criteria: no congenital anomalies, birth weight ≥ 2500 g, and 5-min Apgar score ≥ 7.
The participant flow is displayed in Fig. 1.
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Outcomes

Tables 1 and 2 show the maternal and infant primary
and secondary outcomes at the different time points.
Table 3 shows the additional information, such as the
demographics and confounders that will be collected in
the current study.
Study protocol

See Table 4 and Fig. 2 for details of the study procedure.
Recruitment

The recruitment includes a cover story. Mothers will be
told that the study will focus on the relationships between
infant sleep and feeding behavior, mother-infant contact,
and maternal and infant mental and physical health. In
addition, the mothers will be told that a subgroup of the
pregnant women will be asked to implement a natural and
simple 5-week daily contact period with their newborn
infant, starting immediately after birth.
Women will be recruited from a database of pregnant
women who have expressed their interest for participating in scientific research. In addition, the experimenter
will recruit women at pregnancy clubs, baby fairs, and
baby shops. All expectant women will be informed about
the study with the study flyer and study website.
After signing up, all expectant mothers will be telephoned by the principle investigator to provide more information about the study. The eligibility questionnaire
will assess the eligibility of the mother. Next, a home
visit in late pregnancy (week 34–36) will be arranged for
interested and eligible women to explain the study in
person by the principle investigator.
Randomization

Primiparous mothers are expected to have more opportunities to provide SSC to their infants compared to multiparous mothers. A stratified random block randomization
method will ensure a balance between the SSC and the
control condition for the primiparae versus multiparae
mothers. Also, this randomization method produces comparable groups by avoiding confounding from known and
unknown factors [49]. The block sizes will be randomly
chosen from the set of 4 and 6. Randomization will be with
a 1:1 allocation. An independent researcher, who is not
involved in the study, will prepare this schedule by a computerized randomisation program and will conceal the allocation sequence in stapled envelopes. The allocation
sequence will be concealed from the researcher enrolling
and assessing participants. The mothers will be included in the study after signing the informed consent,
regarding the use of participant data and biological
samples (see Additional file 3 for the Dutch versions of
the informed consent form and information statement
for participants), and filling out the medical checklist
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Fig. 1 Participant flow

during the pregnancy home visit. Hereafter, the principal investigator will open the envelope and the mothers
in the SSC group will be informed about their group allocation. Participants and the principle investigator will
not be blinded for the group allocation.
Intervention and control condition

The study of Bigelow and colleagues requested their
mothers to provide at least 6 h of SSC per day in the
first week after birth and continue with at least 2 h of
SSC per day until the infant was one moth of age [15].
However, many mothers did not meet the SSC criterion.
In this study we reduce the amount of requested hours
and extend the number of requested weeks of daily SSC
to enlarge the number of mothers that meet the SSC criterion. In the Netherlands mothers are entitled to at
least 10 weeks of paid maternity leave after delivery,
which will facilitate adherence to our adapted SSC
protocol. During the instruction phase of the pregnancy
home visit, all mothers in the intervention group will be
provided with detailed written and oral instructions on
SSC. We will request and encourage mothers in the SSC

condition to provide their infants with at least one uninterrupted hour of maternal SSC, on a daily basis and
for 5 weeks, starting immediately after birth. Other caregivers are allowed to provide supplementary hours of
SSC to the infant. The period of one uninterrupted hour
is based on two arguments. First, the average duration of
the sleep cycle of healthy full-term infants is 47 min
[50]. The requested uninterrupted hour decreases the
chance that infants need to be disturbed in the middle
of a sleep cycle. Second, shorter SSC episodes could potentially decrease or eliminate the effectiveness of SSC,
since undressing and dressing can be defined as a mild
physical stressor for infants [51]. The requested uninterrupted hour requires to undress and dress the infant
only once. During SSC, the naked infant, wearing only a
diaper, will be placed in a stable and upright position between the breasts of the mother to facilitate and
maximize SSC. The head of the infant is positioned in a
slightly upright position to keep the airway open. After,
the infant and mother will be covered by a blanket or
cardigan (see also the practical guidelines of the World
Health Organization [11]). Mothers in the SSC condition

x

x

1.4 Traumatic Stress following child birth

1.5 Sleep quality

2.3 Breastfeeding

2.2 Health

2.1 Physical recovery related to the delivery

x(w1–12)

x

x

1.3 Stress

2. Physical health

x

x

W2

x

x

x

x

x

x

x

W5

x

x

x

x

x

x

x

W12

Timing (W = week/Y = Year)

1.2 Anxiety

1. Mental health

Secondary outcomes

1.1 Depressive symptoms

1. Mental health

Primary outcome

Construct

Table 1 Maternal outcome measures

x

x

x

x

x

x

x

x

Y1

Weekly logbook

Health interview & questionnaire

Maternity carer logbook & Multidimensional
Fatigue
Inventory (MFI) & Bodily Pain subscale of
the Short-Form
Health Survey (SF-36)

Adjusted version of the Karolinska
Sleep Diary
(KSD) & Pittsburgh Sleep Quality
Index (PSQI)

Traumatic Event Scale-B (TES-B)

Alledaagse Problemen Lijst (APL)

State-Trait Anxiety Inventory (STAI)

Edinburgh Postnatal Depression
Scale (EPDS)

Measure

The mother will fill out a weekly logbook
including the estimated times of breastfeeding,
expressed breastmilk feeding, and formula
feeding to examine breastmilk initiation, exclusivity,

A maternal health interview, based on the infant
health interview [61], will be performed during
the second home visit. During the follow-up
assessment the mother will fill out health
questionnaires, based on the infant health
interview [61].

The maternal physical recovery logbook of the
maternity carer from the first week after birth
will be copied at the second home visit. The
MFI is a 20-item validated questionnaire to
examine fatigue [59]. The two-item subscale
of the SF-36 will be used to examine bodily
pain [60].

Every morning, for three consecutive days,
the mother will fill in the KSD starting at
week two, five and twelve [57]. In addition,
questions related to daytime sleep and
reasons for wakening will be included.
At twelve weeks and one year, the mother
will fill in de PSQI [58]. The PSQI is a 19-item
validated questionnaire to examine sleep
quality and disturbances in reference to
their sleep during the past month.

The TES-B is a 35-item validated questionnaire
to examine traumatic stress after giving birth to
a child [56].

The APL is a 49-item validated questionnaire to
assess the occurrence and intensity of daily
hassles [55].

The STAI is a 40-item validated questionnaire to
screen for anxiety [54].

10-item validated questionnaire to screen for
depressive symptoms in a post-partum setting [53].

Additional information
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Oxytocin concentrations

Secondary outcomes: Underlying mechanism
x

x

3.3 Quality of maternal caregiving
behavior (synchrony)

x

x

x

x

3.2 Quality of maternal caregiving
behavior (sensitivity)

3.1 Mother-infant bond

3. Mother-infant relationship

2.4 Physiological stress

Table 1 Maternal outcome measures (Continued)

x

x

Saliva oxytocin

Saliva cortisol

Ainsworth Sensitivity Scales

Maternal Postnatal Attachment
Scale (MPAS)

Hair cortisol

Maternal oxytocin concentrations during the
bathing session will be measured in saliva at
the same time points as cortisol. Saliva will
be collected in tubes.

Synchrony will be measured with saliva samples of
both the mother and infant before and after the
bathing session (undressing, bathing and dressing).
Samples will be collected right before undressing
(baseline, T1), and 25 (stress, T2) and 40 (recovery, T3)
minutes after the infant is taken out of bath [64].
Saliva will be collected in tubes for the mother
and with eye sponges for the child [65]. Cortisol
synchrony consists of the within mother-infant
dyad cortisol associations (i.e. mother cortisol
predicting infant cortisol, infant cortisol predicting
mother cortisol). Cortisol synchrony will be
examined for every saliva sample (pre-stress,
peak-stress, recovery), for total stress cortisol
concentrations (Area Under the Curve (AUC)),
and cortisol recovery (recovery – pre-stress).

An infant bathing session during the home visit on
week five will be videotaped. After, reliable observers,
blinded for group allocation, will observe maternal
sensitivity [63].

The MPAS is a 19-item validated questionnaire to
assess current maternal attitudes, thoughts, and
feelings towards the child [62].

Hair analyses will be used to show the activity of
the HPA axis over longer periods of time. A strand
of hair will be cut from the scalp.

frequency and duration. At one year of age, mothers
will note the number of months the infant was
breastfed and she will note the current feeding status.
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Table 2 Infant outcome measures
Construct

Timing (W = week/Y = Year) Measure
W2

W5

W12

1.1 Crying and fussing

x

x

x

1.2 Sleep quality

x

x

x

2.1 Growth & health

x

x

2.2 Physiological stress

x

Additional information

Y1

Secondary outcomes
1. Behavior
72-h study diary

Crying and fussing will be
collected with a simply
designed 72-h logbook
that mothers fill in with
lines [66].

x

72-h study diary & Adjusted
version Brief Infant Sleep
Questionnaire (BISQ)

Mother will note the amount
of sleep time in the crying and
fussing diary at week two, week
five, and week twelve [66].
Additionally, the mothers will
complete the infant sleepscreening tool in reference to
their child’s sleep during the
past week at week two, week
five, week twelve and year
one [67].

x

Well-baby clinic logbook &
Health interview and
questionnaires

Growth and weight information
will be copied from the well-baby
clinic logbook at week 12 and year
one. In addition, a health interview
will be performed during the
second home visit [61]. Also, the
mother will fill in health
questionnaires, based on the
infant health interview, at week 12
and at 1 year of age [61].

Saliva cortisol

Infant cortisol reactivity and
recovery will be measured with
the saliva samples of the infant
during the bathing session [64].

x

Infant Behaviour Questionnaire
Revised (IBQ) – Short form

The IBQ is a 91-item questionnaire
to assess infant regulation
capacities with the Orienting/
Regulation subscale [68].

3.2 Language, cognitive and motor capacities

x

Ages and Stages Questionnaire- The ASQ-3 is a 30-item validated
Third edition (ASQ-3)
questionnaire to assess
communication, gross motor,
fine motor, and adaptive problem
solving skills [69]. The PersonalSocial subscale of the ASQ will
be used as a measure for socialemotional capacities (see 3.3).

3.3 Social-Emotional capacities

x

Brief Infant Toddler Social
Emotional Assessment (BITSEA)

The BITSEA is a 42-item validated
questionnaire to examine social
and emotional behavior such as
externalizing and internalizing
behavior [70]. The Personal-Social
subscale of the ASQ will be used
(see 3.2) [69].

x

Stool samples

Stool will be collected from the
diaper by the parents. Stool will
be collected in tubes.

2. Physical health

3. General development
3.1 Regulation capacities

x

Secondary outcomes-Underlying mechanism
Intestinal microbiota

x

x
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Table 3 Additional information
Measure

Timing (P = late pregnancy/W = week/Y = Year) Details
P

W2

W5

W12

Y1

Eligibility criteria
Medical checklist

x

Self-developed delivery questionnaire

During the telephone call in pregnancy the
medical checklist will be filled out to examine
severe physical and mental health problems.
In addition, eligibility questions will be
answered: age, language proficiency,
singleton versus twin pregnancy.
x

Infant weight, Apgar, birth and delivery
complications, born ≥37 weeks of pregnancy

Demographics
Demographics questionnaire

x

Self-developed delivery questionnaire

Maternal age, educational level, SES, drugs
use, alcohol use, smoking, number of
siblings, age of siblings.
x

Infant sex.

Physical contact
Daily logbook/weekly logbook/questionnaire
on physical contact

x(w1–12)

x

Mothers will register 1) holding, 2) SSC, and 3)
no contact, as three distinct behavioural
categories, for every 15 min with simple lines
for the first 5 weeks after birth. In the daily
logbook, mothers are able to discriminate
between holding and SSC by the mother or
other caregivers. Between week 5 and week
12, all mothers will note the estimated time
spent in daily holding and SSC on a weekly
basis. During the follow-up assessment at
1 year after birth, mothers will indicate
how many weeks after week 12 they
provided SSC to their infant.

SSC protocol adherence
Maternal prenatal depressive symptoms,
anxiety, and stress

x

The EPDS to screen for depressive
symptoms [53].
The Pregnancy-Related
Anxieties Questionnaire-Revised (PRAQ-R)
is a 34-items validated questionnaire to
screen for pregnancy related anxieties [71].
The STAI to screen for anxiety [54].
The Pregnancy Experience Scale (PES) is a
43-items validated questionnaire to assess
perceived maternal appraisal of pregnancyrelated daily hassles [72].
A 20-item self-developed questionnaire to
examine worries related to the preparation
for the baby’s arrival.
The APL to screen for the occurrence and i
ntensity of daily hassles [55].

Mother-infant bond

x

The Maternal Antenatal Attachment Scale
(MAAS) is a 19-item validated questionnaire
to assess maternal attitudes, thoughts, and
feelings towards the unborn child [73].

Self-developed delivery questionnaire

x

Number of days the father stayed at home
after birth.

Weekly logbook sleep location & night awakenings

x(w1–12)

The mother will register the primary sleep
location of the infant during 00.00–05.00 h
for the previous week [47, 74]. Also, the
average number of night awakenings of
the infant between 00.00–05.00 h will be
noted in the weekly logbook.
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Table 3 Additional information (Continued)
Parental ethnographies questionnaire

x

x

10-item questionnaire to assess cultural
conceptions on parenting [75].

Social support questionnaire

x

x

Adjusted version of the Social Support
Effectiveness Questionnaire (SSE-Q) to
examine instrumental, informative and
emotional partner support, and negative
affect [76].

Social touch

x

The Social Touch Questionnaire (STQ) is a
20-item questionnaire to assess attitudes
towards social touch [77].

Adult attachment

x

The Experiences in Close Relationships
Scale (ECR) is a validated 36-item
questionnaire to asses adult attachment
to her current and previous partners [78].

will explicitly be asked to feed their child before SSC.
However, we will not discourage breastfeeding during
SSC. During the oral and written instructions, we will
explain safety precautions during SSC. We will
emphasize the importance of being awake and alert during SSC, and of avoiding drinking hot beverages during
SSC to protect the infant. During the second home visit
(week 5 after birth), we will ask mothers whether they
experienced problems with the safety precautions.
Mothers in the control condition will not be requested
and encouraged to provide SSC to their infant.
Mother in both groups will fill out the same daily
contact logbook. In the daily logbook, all mothers will
be asked to register for every 15 min with simple lines
the following three categories: 1) holding, 2) SSC, and 3)
no contact. In this logbook, mothers are also able to discriminate between holding and SSC by the mother or
other caregivers, for example the father or grandparents.
Upon signing the informed consent, participants are
informed that they may decide to discontinue the study
at any moment and without giving a reason. Several
measures are taken in order to minimize attrition and
maintain adherence to the study. During the 5-week trial
Table 4 Enrolment and intervention schedule

period, the principal investigator will have weekly contact with the participating mothers. Participants will be
reminded of the upcoming data collection and they will
be asked about any problems they are having with skinto-skin contact, in filling out the logbooks, or with the
collection of the stool samples. In addition, to improve
participant retention the mothers will receive a small
present after birth, and a present and a financial reimbursement of 20 euros at the home visit in week 5. Last,
the mothers will receive the study-wide results after
publication of the study reports.
Pregnancy home visit

One day before the pregnancy home visit, an e-mail will
confirm the home visit. During this visit, the researcher
reconfirms eligibility. Based on the cover story, the
experimenter will provide additional information about the
study. If mothers are still interested, informed consent is
obtained by the principle investigator and mothers will fill
out the medical checklist. Next, the SSC group will be informed about the group allocation. Expectant mothers in
the SSC group will receive detailed instructions on SSC. All
expectant mothers will receive the information statement
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Fig. 2 Study procedure

with a summary of the instructions about the prenatal and
postnatal part of the study. Also, the experimenter will
explain how the study logbooks and questionnaires need to
be filled out, and how the samples need to be collected.
Additionally, the mother will be asked about her preference
related to the communication during the intervention
period (e-mail versus text-message). Lastly, the mother will
fill out the prenatal questionnaires.

Five-week intervention period starting at birth

The mother will be asked to inform the researcher of
the baby’s birth by e-mail, text message or telephone.
Five days after birth, the researcher will telephone all
mothers to assess the eligibility criterion of the baby
and to remind them to fill out the daily contact
logbook and the weekly feeding and sleep logbook.
Also, the researcher will ask if they have any
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questions or comments. If the mother is in the SSC
condition, the researcher will encourage her to provide daily SSC to the infant.
Assessment on week two after birth

Thirteen days after birth, all mothers will receive an
e-mail or text message to remind them to fill out the
additional questionnaires, the 72-h infant crying and
sleep logbook, the maternal sleep logbook, and to collect
an infant stool sample the next day. Fifteen days after
birth, all mothers will be telephoned to ask for questions
or comments related to the data-collection on week 2.
Also, the home visit on week 5 will be arranged, preferably
4 days after the infant becomes 5 weeks of age.
Week three and week four after birth

Twenty-one days and 28 days after birth an e-mail or
text message will be sent to the mother to remind her to
fill out the daily contact logbook, the weekly feeding and
sleep logbooks, and she will be asked for any questions
or comments. The mothers in the SSC condition will be
encouraged to provide daily SSC to the infant.
Home visit on week five after birth

On 34 days after birth, the experimenter will remind the
mother to fill out the additional questionnaires, the 72-h
infant crying and sleep logbook, the maternal sleep logbook, and to collect an infant stool sample on week 5.
One day before the expected home visit an e-mail or text
message will be sent to the mother to reconfirm the home
visit. During the home visit, the mother will bathe her infant as usual. Saliva will be collected from both the mother
and infant before and two times (25 and 40 min) after the
bathing session. The bathing session will be videotaped to
observe the quality of maternal caregiving behavior from
tape. Also, the researcher will copy the logbook of the
maternity carer from the first week after birth. In addition,
a hair sample will be collected from the mother for the
assessment of maternal physiological stress levels. The experimenter will collect all study questionnaires, logbooks
and samples to take back to the lab.
Assessment on week twelve after birth

Between week 5 and week 12, the mother will be
reminded on week 7 and week 9 to fill out the short
weekly questionnaire on infant contact, feeding, and
sleep by e-mail or text-message. On week 12, the experimenter will send an e-mail to the mothers to remind her
to fill out the digital version of the additional questionnaires and to fill out the 72-h infant crying and sleep
logbook and the maternal sleep logbook. Afterwards, the
mothers will send the logbooks and a copy of the growth
curve of the well-baby clinic by post.
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Follow-up assessment on one year after birth

One week before the child’s first birthday, all mothers
will be telephoned to explain the study procedure on
1 year after birth and the experimenter will send a birthday card and information related to the stool sample
to the mother. Also, a digital version of the additional
questionnaires will be sent to the mothers by e-mail.
Afterwards, the experimenter will visit the home to
collect a stool sample and copy the infant’s growth
curve from the well-baby clinic logbook. During this
short visit, the mother will also receive the debriefing
of the study.
Data storage

All information will be stored with ID code numbers to
maintain participant confidentiality. The ID code numbers will be unrelated to participants’ identifiers, except
in a central file with the participants’ contact details. All
records that contain names or other personal identifiers,
such as informed consent forms, will be stored separately from study records identified by the ID code number. All study-related information on paper, including
logbooks, questionnaires, and administrative forms, and
the maternal hair samples will be securely stored in
locked file cabinets in areas with limited access. Biological specimens, including maternal and infant saliva
samples and infant stool samples, will be stored in medical refrigerators in the laboratory area, with limited access, of the Behavioural Science Institute. Digital and
online information will be secured with passwordprotected access systems. Two investigators will check
the imported data values before the data analyses. Only
the principal investigators will be given full access to the
data. The Behavioural Science Institute is currently
working on an open access database. The entire dataset
of this study will be included in this database after publication of all study reports. The dataset will only be
shared without participant identifiers.
Data-analysis

Data will be handled according to standard procedures.
Demographic characteristics and study outcomes will be
described for each treatment group using means and
standard deviations for continuous outcomes. Proportions for categorical data will be provided. The pattern
of missingness will be checked before the analyses. All
measures will be controlled for outliers and checked for
normality. Skewed continuous outcomes will be transformed. The level of significance (p -value) is set at
p < .05 in all analyses.
We will conduct intention-to-treat analyses, in which
participants are compared according to the group they
were randomly assigned to regardless of participants’ compliance, including SSC protocol adherence, or withdrawal
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from the study, and analyses on imputed datasets based
on the multiple imputation method [52]. Primary and
secondary outcomes, that will be examined once, will be
compared within multivariate analyses of covariance.
Multilevel mixed models will be used for repeated measures. Microbiota composition will be examined with
the Pearson’s moving window correlation. Microbiota
diversity will be calculated with the Simpson’s reciprocal index of diversity (1/D). The Benjamini and Hochberg method will analyse differences between the SSC
group and the control group. The analyses will be
adjusted for potential confounding factors identified a
priori (see Table 3). Structural equation models will be
used to examine the mediation effect of the potential
underlying mechanisms, maternal oxytocin concentrations and infant intestinal microbiota, on maternal and
infant outcomes, respectively.
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most studies have focused on preterm infants or on SSC
in full-term infants during the first postnatal hours. If
SSC is shown to be effective in reducing depressive
symptoms in low-risk mothers of infants born full-term,
then an SSC intervention could potentially be investigated in high-risk samples of prenatally and postnatally
depressed mothers who should be carefully screened
(e.g. for touch aversion) and closely monitored and
supported during the intervention period. Also, thought
could be given to developing programs using SSC in a
preventive manner. SSC may also constitute a costeffective prevention program for mothers and their children enhancing and strengthening developmental processes. Finally, by exploring two possible underlying
mechanisms of SSC, this study will additionally provide
important and innovative scientific knowledge that will
deepen our understanding of the biology underlying
mother-infant skin-to-skin contact and dyadic interactions.

Dissemination

Data will be analysed when all the data is collected. The
principal investigators will make every attempt to reduce
the interval between the completion of data collection
and the release of study results to a minimum. The
principle investigators will justify names for authorship
regarding topics suggested for presentation or publication. Data will only be reported study-wide. The study
results will be released in a study-wide manner to participants after publication of the results. Also, the study
results will be released to the general public by several
channels, including international high impact journals
and, at a national level, by oral presentations in health
care organizations to inform nurses, midwifes, pediatricians and mental healthcare practitioners about this
intervention method.

Discussion
Maternal depressive symptoms in the postpartum period
are highly prevalent and affect the mother and child in
the short-and long-term. Most of these mothers remain
untreated for a long period of time or are not treated at
all. There is great need for simple and cost-effective prevention and (complementary) intervention methods that
are easily accessible to mothers and that can be applied
immediately after birth. SSC is such a low-cost intervention that it would be accessible, simple, and feasible for
most mothers in the first postpartum weeks.
In preterm infants, SSC has been shown to be beneficial for the mother and the infant in reducing maternal
postpartum depressive symptoms. Additionally, the preterm infant grows quicker and is healthier, cries less and
sleeps better, while mothers are less anxious and
stressed, invest more in breastfeeding, and feel more
bonded to their infant. SSC may be a promising method
for mothers and their full-term infants as well. To date,

Additional files
Additional file 1: SPIRIT 2013 Checklist. The complete SPIRIT 2013
checklist. (PDF 220 kb)
Additional file 2: Administrative information. Administrative information
related to: (1) title; (2) the online trial registration; (3) the protocol version;
(4) the funding sources; (5) the roles and responsibilities of the protocol
contributors and the trial funders. (PDF 241 kb)
Additional file 3: Informed consent form & information statement.
Dutch versions of the Informed Consent form and the Information
Statement for participants. (PDF 666 kb)
Abbreviations
APL: Alledaagse Problemen Vragenlijst; ASQ-3: Ages & stages questionnaire,
third edition; AUC: Area under the curve; BISQ: Brief infant sleep
questionnaire; BITSEA: Brief infant toddler social emotional assessment;
ECR: Experiences in close relationships; EPDS: Edinburgh postnatal depression
scale; HPA: Hypothalamic-pituitary-adrenal; IBQ-R: Infant behavior
questionnaire revised; KSD: Karolinska sleep diary; MAAS: Maternal antenatal
attachment scale; MFI: Multidimensional fatigue inventory; MPAS: Maternal
postnatal attachment scale; NTR: Dutch trial registration; PES: Pregnancy
experience scale; PRAQ-R: Pregnancy-related anxieties questionnaire revised;
PSQI: Pittsburgh sleep quality index; RCT: Randomized controlled trial; SF36: Short-Form Health Survey; SSC: Skin-to-skin contact; SSE-Q: Social support
effectiveness questionnaire; STAI: State-trait anxiety inventory; STQ: Social
touch questionnaire; TES-B: Traumatic event scale – B
Acknowledgements
Not applicable.
Funding
The Radboud University, The Netherlands, and the graduate school of the
Behavioural Science Institute, The Netherlands, funded the project with an
internal grant. These funding sources had no role in the design of this study
and will not have a role during its execution, analyses, interpretation of the
data, or decisions related to the submission of results.
Availability of data and materials
Not applicable.
Authors’ contributions
KHMC was involved in the design of the study, in drafting the manuscript
and will be the principal investigator of the study. RB was involved in the
study design and critically revised the manuscript for important intellectual

Cooijmans et al. BMC Pediatrics (2017) 17:154

content. ACR was involved in the study design and wrote the first draft of
the study manuscript. CdW developed the original concept, was involved in
the study design and critically revised the manuscript for important
intellectual content. All authors read and approved the final manuscript.
Ethics approval and consent to participate
The trial has been approved by the ethics committee of the Social Science
faculty of the Radboud University, The Netherlands (ECSW2015–2311-358).
Written consent will be obtained from participants.

Page 15 of 16

16.

17.

18.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

19.

20.

21.
22.

Received: 22 June 2016 Accepted: 28 June 2017
23.
References
1. McCoy SJB, Beal JM, Shipman SM, Payton ME, Watson GH. Risk factors for
postpartum depression: a retrospective investigation at 4-weeks postnatal
and a review of the literature. J Am Osteopath Assoc. 2006;106:193–8.
2. Morris-Rush JK, Freda MC, Bernstein PS. Screening for postpartum
depression in an inner city population. Am J Obstet Gynecol. 2003; doi:10.
1067/mob.2003.279.
3. Yelland J, Sutherland G, Brown SJ. Postpartum anxiety, depression and
social health: findings from a population-based survey of Australian women.
BMC Public Health. 2010; doi:10.1186/1471-2458-10-771.
4. Field T. Postpartum depression effects on early interactions, parenting,
and safety practices: a review. Infant Behav Dev. 2010; doi:10.1016/j.
infbeh.2009.10.005.
5. Conroy S, Pariante CM, Marks MN, Davies HA, Farrelly S, Schacht R, Moran P.
Maternal psychopathology and infant development at 18 months: the
impact of maternal personality disorder and depression. J Am Acad Child
Adolesc Psychiatry. 2012; doi:10.1016/j.jaac.2011.10.007.
6. Grace SL, Evindar A, Stewart DE. The effect of postpartum depression on
child cognitive development and behavior: a review and critical analysis of
the literature. Arch Womens Ment Health. 2003;6:263–74.
7. Josefsson A, Sydsjö G. A follow-up study of postpartum depressed women:
recurrent maternal depressive symptoms and child behavior after four years.
Arch Womens Ment Health. 2007;10:141–5.
8. Dennis CL, Hodnett E. Psychosocial and psychological interventions for
treating postpartum depression. Cochrane Database Syst Rev. 2007; doi:10.
1002/14651858.CD006116.
9. Seehusen DA, Baldwin LM, Runkle GP, Clark G. Are family physicians
appropriately screening for postpartum depression? J Am Board Fam Pract.
2005; doi:10.3122/jabfm.18.2.104.
10. Ballestrem CLV, Strauss M, Kächele H. Contribution to the epidemiology of
postnatal depression in Germany–implications for the utilization of
treatment. Arch Womens Ment Health. 2005;8:29–35.
11. Department of Reproductive Health and Research. Kangaroo mother care a practical guide. In: Maternal, newborn, child and adolescent health. World
Health Organization. 2003. http://www.who.int/maternal_child_adolescent/
documents/9241590351/en/. Accessed 22 June 2016.
12. De Alencar AEMA, Arraes LC, De Albuquerque EC, Alves JGB. Effect of
kangaroo mother care on postpartum depression. J Trop Pediatr. 2009; doi:
10.1093/tropej/fmn083.
13. Feldman R, Eidelman AI, Sirota L, Weller A. Comparison of skin-to-skin
(kangaroo) and traditional care: parenting outcomes and preterm infant
development. Pediatrics. 2002; doi:10.1542/peds.110.1.16.
14. Dombrowski MA, Anderson GC, Santori C, Burkhammer M. Kangaroo (skinto-skin) care with a postpartum woman who felt depressed. MCN Am J
Matern Child Nurs. 2001; doi:10.1097/00005721-200107000-00012.
15. Bigelow A, Power M, MacLellan-Peters J, Alex M, McDonald C. Effect of
mother/infant skin-to-skin contact on postpartum depressive symptoms and

24.

25.

26.
27.

28.

29.

30.
31.
32.

33.

34.

35.

36.

37.

maternal physiological stress. J Obstet Gynecol Neonatal Nurs. 2012;
doi:10.1111/j.1552-6909.2012.01350.
Feldman R, Rosenthal Z, Eidelman AI. Maternal-preterm skin-to-skin contact
enhances child physiologic organization and cognitive control across the
first 10 years of life. Biol Psychiatry. 2014; doi:10.1016/j.biopsych.2013.08.012.
Feldman R, Weller A, Sirota L, Eidelman AI. Testing a family intervention
hypothesis: the contribution of mother-infant skin-to-skin contact
(kangaroo care) to family interaction, proximity, and touch. J Fam Psychol.
2003; doi:10.1037/0893-3200.17.1.94.
Flacking R, Ewald U, Wallin L. Positive effect of kangaroo mother care on
long-term breastfeeding in very preterm infants. J Obstet Gynecol Neonatal
Nurs. 2011; doi:10.1111/j.1552-6909.2011.01226.x.
Moore ER, Anderson GC, Bergman N, Dowswell T. Early skin-to-skin contact
for mothers and their healthy newborn infants. Cochrane Database Syst
Rev. 2012; doi:10.1002/14651858.CD003519.pub3.
Walters MW, Boggs KM, Ludington-Hoe S, Price KM, Morrison B. Kangaroo
care at birth for full term infants: a pilot study. MCN Am J Matern Child
Nurs. 2007; doi:10.1097/01.NMC.0000298134.39785.6c.
Charmandari E, Tsigos C, Chrousos G. Endocrinology of the stress response
1. Annu Rev Physiol. 2005; doi:10.1146/annurev.physiol.67.040403.120816.
De Niet G, Tiemens B, Lendemeijer B, Hutschemaekers G. Music-assisted
relaxation to improve sleep quality: meta-analysis. J Adv Nurs. 2009;
doi:10.1111/j.1365-2648.2009.04982.x.
Grossman P, Niemann L, Schmidt S, Walach H. Mindfulness-based stress
reduction and health benefits: a meta-analysis. J Psychosom Res. 2004;
doi:10.1016/S0022-3999(03)00573-7.
Broadbent E, Kahokehr A, Booth RJ, Thomas J, Windsor JA, Buchanan CM, et
al. A brief relaxation intervention reduces stress and improves surgical
wound healing response: a randomised trial. Brain Behav Immun. 2012; doi:
10.1016/j.bbi.2011.06.014.
Stadler G, Snyder KA, Horn AB, Shrout PE, Bolger NP. Close relationships and
health in daily life: a review and empirical data on intimacy and somatic
symptoms. Psychosom Med. 2012; doi:10.1097/PSY.0b013e31825473b8.
Field T. Touch for socioemotional and physical well-being: a review. Dev
Rev. 2010; doi:10.1016/j.dr.2011.01.001.
Ludington-Hoe SM, Morgan K, Abouelfelttoh A. A clinical guideline for
implementation of kangaroo care with premature infants of 30 or more
weeks postmenstrual age. Adv Neonatal Care. 2008; doi:10.1097/01.anc.
0000324330.25734.b6.
Mörelius E, Örtenstrand A, Theodorsson E, Frostell A. A randomised trial of
continuous skin to skin contact after preterm birth and the effects on
salivary cortisol, parental stress, depression, and breastfeeding. Early Hum
Dev. 2015; doi:10.1016/j.eearlyhumdev.2014.12.005.
Okan F, Ozdil A, Bulbul A, Yapici Z, Nuhoglu A. Analgesic effects of skin-toskin contact and breastfeeding in procedural pain in healthy term neonates.
Ann Trop Paediatr. 2010; doi:10.1179/146532810X1270390251612.
Beijers R, Cillessen L, Zijlmans MAC. An experimental study on mother-infant skinto-skin contact in full-terms. Infant Behav Dev. 2016; doi:10.1016/j.infbeh.2016.01.00.
Morgan BE, Horn AR, Bergman NJ. Should neonates sleep alone? Biol
Psychiatry. 2011; doi:10.1016/j.biopsych.2011.06.018.
Uvnäs-Moberg K, Handlin L, Petersson M. Self-soothing behaviors with
particular reference to oxytocin release induced by non-noxious sensory
stimulation. Front Psychol. 2015; doi:10.3389/fpsyg.2014.01529.
Jonas K, Johansson LM, Nissen E, Ejdeback M, Ransjo-Arvidson AB, UvnäsMoberg K. Effects of intrapartum oxytocin administration and epidural
analgesia on the concentration of plasma oxytocin and prolactin, in
response to suckling during the second day postpartum. Breastfeed Med.
2009; doi:10.1089/bfm.2008.0002.
Feldman R, Gordon I, Schneiderman I, Weisman O, Zagoory-Sharon O.
Natural variations in maternal and paternal care are associated with
systematic changes in oxytocin following parent–infant contact.
Psychoneuroendocrinology. 2010; doi:10.1016/j.psyneuen.2010.01.013.
Galbally M, Lewis AJ, IJzendoorn MV, Permezel M. The role of oxytocin in
mother-infant relations: a systematic review of human studies. Harv Rev
Psychiatry. 2011; doi:10.3109/10673229.2011.549771.
Tannock GW, Fuller R, Smith SL, Hall MA. Plasmid profiling of members of the
family enterobacteriaceae, lactobacilli, and bifidobacteria to study the
transmission of bacteria from mother to infant. J Clin Microbiol. 1990;28:1225–8.
Palmer C, Bik EM, DiGiulio DB, Relman DA, Brown PO. Development of
the human infant intestinal microbiota. PLoS Biol. 2007; doi:10.1371/
journal.pbio.0050177.

Cooijmans et al. BMC Pediatrics (2017) 17:154

38. Dimmitt RA, Staley EM, Chuang G, Tanner SC, Soltau TD, Lorenz RG. The role
of postnatal acquisition of the intestinal microbiome in the early
development of immune function. J Pediatr Gastroenterol Nutr. 2010;
doi:10.1097/MPG.0b013e3181e1a114.
39. Sekirov I, Russell SL, Antunes CM, Finlay B. Gut microbiota in health and
disease. Physiol Rev. 2010; doi:10.1152/physrev.00045.2009.
40. De Weerth C, Fuentes S, Puylaert P, De Vos WM. Intestinal microbiota of
infants with colic: development and specific signatures. Pediatrics. 2013;
doi:10.1542/peds.2012-1449.
41. Bäckhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-Patchary P, et al.
Dynamics and stabilization of the human gut microbiome during the first
year of life. Cell Host Microbe. 2015; doi:10.1016/j.chom.2015.04.004.
42. Petherick A. Mother's milk: a rich opportunity. Nature. 2010; doi:10.1038/468S5a.
43. Dinan TG, Cryan JF. Regulation of the stress response by the gut microbiota:
implications for psychoneuroendocrinology. Psychoneuroendocrinology.
2012; doi:10.1016/j.psyneuen.2012.03.007.
44. Galley JD, Nelson MC, Yu Z, Dowd SE, Walter J, Kumar PS, et al. Exposure to
a social stressor disrupts the community structure of the colonic mucosaassociated microbiota. BMC Microbiol. 2014; doi:10.1186/1471-2180-14-189.
45. Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013; doi:10.7326/0003-4819-158-3-201302050-00583.
46. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods. 2007; doi:10.3758/BF03193146.
47. Beijers R, Riksen-Walraven JM, de Weerth C. Cortisol regulation in 12-monthold human infants: associations with the infants’ early history of breastfeeding
and co-sleeping. Stress. 2013; doi:10.3109/10253890.2012.742057.
48. National Statistics Database. Statistics Netherlands, The Hague. 2014. http://
statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=37230ned&D1=017&D2=0-1,14&D3=0-4,104-108,195-199&VW=T. Accessed 22 June 2016.
49. Suresh KP. An overview of randomization techniques: an unbiased
assessment of outcome in clinical research. J Hum Reprod Sci. 2011; doi:10.
4103/0974-1208.82352.
50. Stern E, Parmelee AH, Akiyama Y, Schultz MA, Wenner WH. Sleep cycle
characteristics in infants. Pediatrics. 1969;43:65–70.
51. Jansen J, Beijers R, Riksen-Walraven M, de Weerth C. Cortisol reactivity in young
infants. Psychoneuroendocrinology. 2010; doi:10.1016/j.psyneuen.2009.07.008.
52. Rubin DB. Multiple imputation for nonresponse in surveys. Classic ed. New
York: Wiley; 2004.
53. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression.
Development of the 10-item Edinburgh postnatal depression scale. Brit J
Psychiat. 1987; doi:10.1192/bjp.150.6.782.
54. Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. Manual for the Statetrait anxiety inventory. Revised ed. Palo Alto: Consulting Psychologists Press; 1983.
55. Vingerhoets AJJM, Jeninga AJ, Menges LJ. The measurement of daily hassles
and chronic stressors: the development of the everyday problem checklist
(EPCL, Dutch-APL). Gedrag Gezond 1989;17:10-7.
56. Wijma K, Soderquist J, Wijma B. Posttraumatic stress disorder after childbirth: a
cross sectional study. J Anxiety Disord. 1997; doi:10.1016/S0887-6185(97)00041-8.
57. Akerstedt T, Hume KEN, Minors D, Waterhouse JIM. The subjective meaning
of good sleep, an intraindividual approach using the Karolinska sleep diary.
Percept Mot Skills. 1994; doi:10.2466/pms.1994.79.1.287.
58. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989; doi:10.1016/0165-1781(89)90047-4.
59. Smets EMA, Garssen B, Bonke BD, De Haes JCJM. The Multidimensional
fatigue inventory (MFI) psychometric qualities of an instrument to assess
fatigue. J Psychosom Res. 1995; doi:10.1016/0022-3999(94)00125-O.
60. Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36):
I. Conceptual framework and item selection. Med Care. 1992; doi:10.1097/
00005650-199206000-00002.
61. Beijers R, Jansen J, Riksen-Walraven M, de Weerth C. Maternal prenatal
anxiety and stress predict infant illnesses and health complaints. Pediatrics.
2010; doi:10.1542/peds.2009-3226.
62. Condon JT, Corkindale CJ. The assessment of parent-to-infant attachment:
development of a self-report questionnaire instrument. J Reprod Infant Psyc.
1998; doi:10.1080/02646839808404558.
63. Ainsworth MD, Blehar MC, Waters E, Wall S. Patterns of attachment: a
psychological study of the strange situation. 1st ed. Hillsdale: Lawrence
Erlbaum Associates; 1978.

Page 16 of 16

64. Tollenaar MS, Beijers R, Jansen J, Riksen-Walraven JMA, De Weerth C. Solitary
sleeping in young infants is associated with heightened cortisol reactivity to
a bathing session but not to a vaccination. Psychoneuroendocrinology.
2012; doi:10.1016/j.psyneuen.2011.03.017.
65. De Weerth C, Jansen J, Vos MH, Maitimu I, Lentjes EG. A new device for
collecting saliva for cortisol determination. Psychoneuroendocrinology.
2007; doi:10.1016/j.psyneuen.2007.07.005.
66. Barr RG, Kramer MS, Boisjoly C, McVey-White L, Pless IB. Parental diary of
infant cry and fuss behavior. Arch Dis Child. 1988; doi:10.1136/adc.63.4.380.
67. Sadeh A. A brief screening questionnaire for infant sleep problems:
validation and findings for an internet sample. Pediatrics. 2004;
doi:10.1542/peds.113.6.e570.
68. Putnam SP, Helbig AL, Gartstein MA, Rothbart MK, Leerkes E. Development and
assessment of short and very short forms of the infant behavior questionnaire–
revised. J Pers Assess. 2014; doi:10.1080/00223891.2013.841171.
69. Squires J, Bricker D. Ages & stages questionnaires, third edition (ASQ-3): a
parent-completed child-monitoring system. 3rd ed. Baltimore: Brookes
Publishing; 2009.
70. Briggs-Gowan MJ, Carter AS. Brief infant-toddler social and emotional
assessment (BITSEA) manual, version 2.0. 2nd ed. New Haven: Yale
University Press; 2002.
71. Van den Bergh BR. The influence of maternal emotions during pregnancy on
fetal and neonatal behavior. J Prenat Perinat Psychol Health. 1990;5:119–30.
72. DiPietro JA, Ghera MM, Costigan K, Hawkins M. Measuring the ups and
downs of pregnancy stress. J Psychosom Obstet Gynaecol. 2004; doi:10.
1080/01674820400017830.
73. Condon JT. The assessment of antenatal emotional attachment:
development of a questionnaire instrument. Brit J Med Psychol. 1993; doi:
10.1111/j.2044-8341.1993.tb01739.x.
74. Anders TF, Keener MA. Developmental course of nighttime sleep-wake
patterns in full-term and premature infants during the first year of life, I.
Sleep. 1985;8:173–92.
75. Keller H, Lamm B, Abels M, Yovsi R, Borke J, Jensen H, et al. Cultural models,
socialization goals, and parenting ethnotheories: a multicultural analysis. J
Cross-Cult Psychol. 2003; doi:10.1177/0022022105284494.
76. Rini C, Dunkel Schetter C. The effectiveness of social support attempts in
intimate relationships: “T ain’t what you do, it’s the way that you do it.”. In:
Sullivan K, Davila J, editors. Support processes in intimate relationships. New
York: Oxford University Press; 2010. p. 26–70.
77. Wilhelm FH, Kochar AS, Roth WT, Gross JJ. Social anxiety and response to
touch: incongruence between self-evaluative and physiological reactions.
Biol Psychol. 2001; doi:10.1016/S0301-0511(01)00113-2.
78. Brennan KA, Clark CL, Shaver PR. Self-report measurement of adult attachment:
an integrative overview. In: Simpson JA, Rholes S, editors. Attachment theory
and close relationships. New York: Guilford Press; 1998. p. 46–7.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

